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Critical limb ischemia (CLI) is 
considered one of the most com-
plex and challenging scenari-
os in vascular medicine due to 

the high associated morbidity and mortal-
ity, poor long-term outcomes, and a rel-
evant socio-economic impact.1 Diabetes 
mellitus (DM) is the main cause of low-
er limb atherosclerotic disease, in particu-
lar for below-the-knee (BTK) artery dis-
ease.2 A strong correlation exists between 
DM and peripheral arterial disease: dia-
betic patients show a four-fold increased 
risk of CLI,1 with more frequent major 
amputation compared to nondiabetic in-
dividuals.3 Among CLI patients, the dis-
ease generally affects distal segments,4 with 
multivessel involvement5 and long and cal-
cified occlusions.6,7 

CLI is considered a complex scenario in 
diabetic patients for several reasons. First, 
the pattern of BTK disease, characterized 
by long and heavily calcified occlusions, 
turns tibial intervention into a technical 
challenge that demands optimization of 
all aspects of lower-extremity interven-
tion, from arterial access to lesion crossing 
to treatment to closure. Second, diabetic 
patients need a diabetic foot clinic with 
a dedicated program to pursue fast and 
complete ulcer healing to avoid major 
amputation and restore ambulation func-
tion. Third, high cardiovascular morbid-
ity and mortality are associated with this 
condition, prompting an aggressive diag-
nosis and early treatment strategy. Thus, a 
multispecialty team is the ideal environ-
ment to deal with diabetic foot syndrome, 

providing angiosome-based limb revascu-
larization, ulcer healing surveillance, and 
cardiovascular assessment and monitoring 
to reduce acute events. 

In the last decade, the percutaneous 
approach to BTK disease has seen wide-
spread adoption, replacing open surgical 
procedures as the primary modality of 
peripheral revascularization.8 This obser-
vation is related to recent improvements 
in the technical success rate of chronic 
total occlusion (CTO) angioplasty, which 
appears to be more attributable to evo-
lutionary improvement of conventional 
interventional equipment (e.g., guide-
wires, support catheters, drug-eluting de-
vices) coupled with the introduction of 

A s technology evolves, so do 
the severity and complexity 
of the disease state of critical 
limb ischemia (CLI). There is 

an aging global population that is more 
than ever in need of multiple peripher-
al interventions, which come at a high 
cost. Proper care and post-procedure 

follow-up seem to be weak at this time, 
with no clear pathway. Critical limb 
ischemia patients require intense pre 
and post peripheral vascular interven-
tion (PVI) care, and the need is great 
for absolute care delivery for all CLI 
patients, regardless of their race or geo-
graphic location. 

The PRIME CLI Registry was 
born because we recognized the lack 
of a formalized multidisciplinary path-
way of care and saw the clearly unmet 
need for data. In March, the Critical 
Limb Ischemia Global Compendium 
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In 2007, The Sage Group estimat-
ed that approximately 2 million peo-
ple suffer from critical limb ischemia 
(CLI) in the United States (US). They 

also predicted that with the aging pop-
ulation and increased diabetes preva-
lence, this number may rise to between 
2.8 million and 3.5 million CLI patients 
by 2020. Though this number equates to 
only 1% to 2% of the US population, 
it packs a huge financial punch to our 
health care system, with CLI treatment 

costing $10 billion to $20 billion annu-
ally. With a reduction in amputation, this 
cost could be significantly reduced.1

In the United States, CLI therapy has 
been considered a “pathway to amputa-
tion,” as described by Allie et al in 2005, 
who found that of 67% of patients who 
received a major amputation, the major 
amputation was the first procedure for 
their critical limb.2 With the current in-
flux of endovascular techniques and de-
vices, a need has grown to determine if 
endovascular revascularization can help 
to reduce amputation rates, mortality, and 
cost while increasing quality of life for CLI 
patients. Though peripheral arterial dis-
ease (PAD) registries do exist, the overall 
emphasis tends to be broad. For example, 
the focus of the Blue Cross Blue Shield 
of Michigan Cardiovascular Consortium 
(BMC2) registry was on both percuta-
neous coronary interventions (PCI) and 
peripheral vascular interventions (PVI). 
Additionally, the patients in this quality-
focused registry were followed for only 6 
months and the level of detail collected 
on each intervention is minimal. Trials 
studying CLI are also limited and exclude 
the most complicated CLI patients with 
serious comorbidities. The BEST-CLI 
trial is currently enrolling and will focus 
on comparing surgical revascularization 
to endovascular revascularization, which 

will provide extremely valuable infor-
mation. Unfortunately, it will be several 
years before the results of this trial are 
available, and many patients will be ex-
cluded due to comorbidities limiting sur-
gical eligibility.

No registry, thus far, has focused ex-
clusively on the endovascular treatment 
of advanced lower extremity and CLI, 
until now. The Peripheral Registry of 
Endovascular Clinical Outcomes (PRIME 
Registry) was founded in January 2013 to 
prospectively collect comprehensive pro-
cedural and follow-up data for 3 years (1, 
3, 6, 12, 24, and 36 months) following an 
index endovascular procedure. Eligible 
patients are over 18 years of age, able to 
consent, meet Rutherford Classification 
III-VI, and are scheduled to receive an en-
dovascular intervention.

PRIME is a collaborative effort among 
3 centers across the US with the goal of 
reaching 15 sites globally. To date, infor-
mation has been collected on more than 
500 patients and more than 800 endo-
vascular procedures collectively. Follow-
up data has been recorded on over 400 
patients at 30 days and over 250 patients 
at 12 months. Variables collected include 
demographics, medical history, prior vas-
cular procedures, presenting symptoms, 

An Update on the PRIME Registry for 
Critical Limb Ischemia 
J.A. Mustapha, MD1; Theresa McGoff, BSN1; Larry J. Diaz-Sandoval, MD1; George Adams, MD2; 
Robert Beasley, MD3; Fadi Saab, MD1

From 1Metro Health Hospital, Wyoming, Michigan, 2Rex Healthcare, Garner, North Carolina, 
and 3Mount Sinai Medical Center, Miami Beach, Florida.
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Every endeavor by physicians to 
seek hospital administration sup-
port for a new initiative should 
begin with aligning the goals 

and mission of the hospital system. 
When done correctly, the results of these 
strategic alliances can be widely success-
ful. Well-established and successful part-
nerships already exist in several fields of 
medical care. For example, stroke and 
STEMI alert systems are protocol-driv-
en processes in multiple teams that result 
in evidence-based practices that vastly 
improve patient care and save lives.1,2 

There are similarly well established 
partnerships in cancer care. To promote 
access to the same high-quality care 
for patients, regardless of residence, the 
National Cancer Institute (NCI), one of 
the 27 institutes of the National Institutes 
of Health, designed the Community 
Cancer Centers Program (NCCCP) 
pilot as a public-private partnership to 
accelerate the diffusion of the latest sci-
ence to local communities.3 Limb sal-
vage programs are no different and have 
the potential to provide cutting-edge, 
high-quality care to the patients that are 
served, regardless of location. In 2013, 
we set out to secure TriStar Health’s 
support in a much-needed limb pres-
ervation program by aligning our goal 
of decreasing major amputations with 
the goals of the hospital system and its 

commitment to the delivery of cost-ef-
fective, high-quality care.

According to Medicare, surgeons at 
hospitals in the Nashville metropolitan 
area amputated 3 per 1,000 diabetic 
patients diagnosed with PAD in 2010.4 
This rate exceeded all other major met-
ropolitan cities in Tennessee, such as 
Knoxville and Memphis. Furthermore, 
Nashville physicians performed more 
open bypass procedures (4.8 per 1,000) 
and far fewer endovascular interven-
tions (12.4 per 1,000).4 These data were 
consistent with data we were collecting 
in our advanced wound care center in 
2012-2013. We observed a low rate of 
endovascular procedures (especially for 
disease below the knee), a large num-
ber of open vascular procedures, and an 
alarmingly high rate of amputation. In 
fact, over 5% of patients that presented 
with lower-extremity wounds under-
went a major amputation (below vs 
above the knee) despite the hospital be-
ing considered an advanced wound care 
center. This trend resulted in devastating 
outcomes for our patients and was con-
sistent with national survival rates for 
patients post amputation (Figure 1).

Team Approach
Developing a multidisciplinary team 

was the first step we took in developing 
a successful limb salvage program. Our 
team began with an interventionalist, a 
wound care director and a device terri-
tory manager. Over time, we recruited 
additional clinician specialties and hos-
pital administrators. Each member of 
this team brought a unique perspective 
and skill set to the initiative and a pas-
sion for improving outcomes for pa-
tients with critical limb ischemia. Our 
interventionalist is a fellowship-trained 
vascular surgeon with specialized 
knowledge of lower extremity disease 
processes and their natural progression. 
His skill set includes both advanced 
open (femoral-tibial and pop-pedal 

bypass) and endovascular techniques 
(tibiopedal access/pedal arch interven-
tions). The director used her experi-
ence as a leader in the wound care cen-
ter to better understand systems-based 
issues, such as patient access and hos-
pital processes. Finally, the device terri-
tory manager had a wealth of resources, 
including market and national data as 
well as educational support materials. 
Similar to the Amputation Prevention 
Symposium model no hierarchy exists 
and each individual can freely contrib-
ute and critique unfavorable aspects of 
the program without the fear of repri-
sal from other members of the team (an 
observation of an intentional removal 
of titles like MD with only the attend-
ee’s first/last name on their badge). A 
passion for limb preservation is shared 
among all of the team members and 
likely represents the most important as-
pect of creating a successful program.

Engaging Administration and 
Achieving Buy-in

The components and processes 
mentioned above were absolutely nec-
essary before the hospital was brought 
to the table. Prior to approaching ad-
ministrative leadership about starting 
a limb salvage program, the vascular 
interventionalist was deliberate about 
educating physician leaders in the di-
verse fields that regularly encounter 
patients with peripheral vascular dis-
ease (hospitalists, emergency depart-
ment, infectious disease). More spe-
cifically, he diligently worked to give 
feedback regarding the outcomes of 
patients that were referred due to a 
high risk of limb loss. This provided 
the foundation for conversations with 
administration by exemplifying a cul-
ture of collaboration where one previ-
ously did not exist. 

Despite these efforts, beginning the 
process of a hospital physician partner-
ship to decrease major amputations was 
disappointingly slow. Initially, the hos-
pital was actively engaged in fostering 
a robust orthopedic surgery program. 
After a year of persistently pursuing a 
limb salvage program, the intervention-
alist engaged hospital leadership by in-
viting them to view live complex low-
er-extremity cases. Administrators soon 
realized that the key technical compo-
nent (a competent interventionalist) of 
the program that was being proposed 
was already in place. Furthermore, the 
hospital realized that leveraging already 
established infrastructure (nurse naviga-
tors, cardiovascular marketing) would 
streamline and even accelerate the pro-
cess of developing a robust program. 
General monthly meetings with the 
hospital chief operating officer and the 
interventionalist evolved into specific 
discussions about how to decrease the 
number of major amputations and thus 
improve outcomes in patients with criti-
cal limb ischemia. 

Although our formal limb preserva-
tion program is still in its infancy, we 
have created a truly multidisciplinary 
evidence-based approach aimed at sig-
nificantly reducing amputation rates 
and thus reducing patient mortality. 
Communication and teamwork provided 
the basis for establishing a successful part-
nership between hospital administration 
and physicians interested in limb pres-
ervation. Established paradigms helped 
all parties involved realize that a robust 
program was possible. Next, teamwork 
between medical specialties and indus-
try helped start a conversation about the 
importance of preventing major am-
putations and the impact that a strong 

Case Study: Securing 
Administration Support 
for a Successful Limb 
Salvage Program
Bryan T. Fisher, MD; Sharon Hannan 
From The Surgical Clinic, PLLC, Nashville, Tennessee, and the TriStar Southern 
Hills Advanced Wound Care Center, Nashville, Tennessee.

Bryan T. Fisher, MD

Figure 1. A summary table that illustrates yearly survival rates and the additive ef-
fect that PAD has on survival rates in patients with concomitant diabetes. Source: 
CSI Amputation Prevention Think Tank, September 21, 2015, Health Economics 
and Outcomes Research (HECOR) CTI Clinical Trial & Consulting Cincinnati, OH. 
Unpublished material; printed with permission. 

An organized approach that explored the 
economic savings achieved by preventing major 
amputations created a strong argument for the 
hospital becoming a significant stakeholder.

Continued on page 10
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I have been practicing interventional 
cardiology for 3 years. Peripheral en-
dovascular interventions and critical 
limb ischemia (CLI) are a very im-

portant part of my practice. As I look 
back at my CLI cases from the past 3 
years, I wondered if my most challeng-
ing case was the one that took the larg-
est effort and time in the lab, or if it was 
the one with the best final angiograph-
ic or clinical result. Or was it the worst 
complication that was averted? 

A “good” CLI case should bring out 
many attributes in a specialist: technical 
skills, ability to plan a revascularization 
strategy, outpatient follow-up, and, most 
importantly, perseverance.

Case Presentation
This is the case of a 64-year-old male 

with a history of heavy smoking, diabe-
tes, and chronic kidney disease stage IV. 
He has a known history of coronary ar-
tery disease, with a coronary artery by-
pass graft in the past, as well as peripheral 
vascular disease, with bilateral resting pain 
in the legs on initial presentation. Initial 
evaluation with computed tomography 
angiography demonstrated a right exter-
nal iliac artery severely calcified chronic 
total occlusion (CTO) with severe calci-
fied contralateral iliac disease. He also had 
severe bilateral superficial femoral artery 
(SFA) disease. An aortofemoral bypass 
had been offered in the past, which he 
declined. He was previously not thought 
to be an endovascular candidate.

He was brought to the lab for bilat-
eral stenting of the iliac territories us-
ing ipsilateral .035˝ Glidewire Advantage 
(Terumo) and super stiff Glidewires 
(Terumo), introduced with a Navicross 
catheter (Terumo). We also attempted a 

contralateral approach, using the same 
Glidewires and a contralateral catheter. 
Despite these efforts, CTO crossing was 
not successful. A surgical approach was 
recommended, which he again declined. 
Months passed with close follow-up and, 
as expected, his symptoms progressively 
worsened. In hopes that my skill set had 
improved, I attempted another percutane-
ous intervention (Figure 1). This time, we 
used an Ocelot catheter (Avinger) with a 
Treasure wire (Asahi); fortunately, we were 
able to cross the CTO and stent the bi-
lateral common and external iliac arteries 
with a combination of balloon expandable 
and self-expanding stents.  

The patient had significant symptomat-
ic improvement for months with a modest 
improvement of his resting ankle brachial 
index. After 10-12 months, he had recur-
rence of severe resting symptoms. This 
time his right SFA lesion had progressed 
and his left SFA was now a heavily calci-
fied CTO. We treated the right SFA first, 
because the symptoms on the right were 
worse. We used CSI atherectomy and bal-
loon percutaneous transluminal angioplas-
ty, initially with a conventional .018˝ bal-
loon, then with a Lutonix balloon (Bard 
PV), with excellent angiographic and 
clinical results (Figure 2).

The left SFA was more challeng-
ing. The heavily calcified CTO proved 
very difficult to cross. We attempted us-
ing a Navicross catheter combined with 
Glidewires and .014˝ wires. We also used 
.014˝ catheters combined with differ-
ent high-grain tip wires and hydrophilic 
wires. In addition, we had difficulty pro-
viding adequate sedation; it was not our 
day, so we terminated the procedure early. 
We monitored him for months until his 
symptoms were again severe and his left 
ankle brachial index was 0.3. 

The second attempt at this lesion was 
successful (Figure 3). The lesion was 
crossed using an Ocelot catheter. After 
crossing, we ballooned and placed Supera 
stents (Abbott Vascular) in the entire seg-
ment. We achieved excellent angiograph-
ic and clinical results.

The final percutaneous intervention was 
performed in August 2015. At present, the 
patient’s ankle brachial indices are around 0.7 
bilaterally, and clinical results were fantastic.

Treatment of peripheral arterial disease, 
and CLI in particular, is about skill, tim-
ing, and adequate follow-up, but mostly 
perseverance. Many times, we are the last 
stop before our patients face limb ampu-
tation. We should always give our best ef-
fort before we throw in the towel. n

Critical Limb Ischemia Case Study: My 
Most Challenging CLI Case 3 Years Post 
Fellowship Training
Maximiliano Arroyo, MD, FACC, FSCAI
From St. Bernards Heart and Vascular, Jonesboro, Arkansas.

Maximiliano Arroyo, MD, FACC, 
FSCAI

Figure 1. Initial iliac anatomy and intervention. Chronic total occlusion (CTO) of the right external iliac artery, with severe lesions of bilateral common iliac arter-
ies and the contralateral external iliac (A). Ocelot catheter (Avinger) with Treasure wire (Asahi) used to cross the CTO (B). Postinterventional results with balloon-
expandable and self-expanding stents (C).

A B C

Treatment of peripheral 
arterial disease ... is 
about skill, timing, and 
adequate follow-up, but 
mostly perseverance.
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Many times, we are the last stop before our patients face limb amputation. We should always give 
our best effort before we throw in the towel. 

Figure 2. High-grade calcified disease of the right superficial femoral artery (A). After CSI atherectomy and balloon angioplasty, initially with a conventional .018-inch 
balloon, then with a Lutonix balloon (Bard PV) (B).

A B

Figure 3. Severely calcified chronic total occlusion of proximal and mid left superficial femoral artery (A). The lesion was crossed using an Ocelot catheter 
(Avinger), then balloon angioplasty was performed followed by deployment of Supera stents (Abbott Vascular) through the diseased segment (B). 

A B
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An estimated 160,000 to 
180,000 major and minor 
limb amputations are per-
formed annually in the United 

States.1 Peripheral arterial disease (PAD) 
is responsible for the majority of foot 
and leg amputations.2 The average am-
putation rate among PAD patients with 
critical limb ischemia (CLI) is estimated 
to be 25%.3 Many patients with CLI are 
65 years of age or older and have a his-
tory of smoking and serious comorbid 
conditions such as diabetes, hyperten-
sion, and heart and kidney disease.4 Al-
though severity of disease and a patient’s 
risk profile each play an important role 
in the decision to revascularize or ampu-
tate, there appear to be other factors that 
contribute to CLI treatment variations 
observed across the United States. Uti-
lizing the Healthcare Cost and Utiliza-
tion Project (HCUP) nationwide inpa-
tient sample, a heat map was constructed 
to visualize this variation by displaying 
amputation rates by hospitals for inpa-
tient visits with a primary PAD diagnosis 
for the year 2011. As may be seen from 
Figure 1, amputation rates vary from as 
low as 2.5% to as high as 30% depending 
on hospital and region. Moreover, con-
siderable variation persists even within 
narrowly defined geographic areas such 
as southern California. Why is there so 
much variation in care? A host of fac-
tors contribute to this variation in treat-
ment patterns across the United States, 

including regional differences in patient 
mix and treatment norms, race, insur-
ance, and a lack of consistent guidelines 
for the appropriate treatment of CLI.  

As Figure 2 indicates, whites have the 
lowest amputation rates, and markedly 
higher rates for blacks and Hispanics. 
Indeed, racial/ethnic disparities in the 
treatment and management of patients 
with PAD and CLI have been docu-
mented in several studies.5-7 Compared 
to white patients, blacks were less likely 
to receive a revascularization, surgical or 
endovascular approach.6,7 The probabil-
ity of undergoing a revascularization was 
reduced by 34% to 65% among blacks 
relative to whites.5,7,8 Furthermore, 
blacks were at a disproportionately high 
risk of lower extremity amputation.5-8 
In an analysis of acute-care hospitals in 
Florida, Huber et al found that, despite 
similar incidence rates of PAD-related 
surgical intervention, blacks were at a 
four-fold greater risk to undergo ampu-
tation than revascularization when com-
pared with whites.9 

A recent descriptive study demon-
strated the low revascularization and high 
amputation rates in CLI patients among 
blacks and Hispanics compared to whites 
on a national level.5 Building on that 
analysis, we examined revascularization 
and amputation rates over time in the 
HCUP nationwide inpatient sample. As 
Figure 3 indicates, amputation rates have 
been consistently highest among blacks 
followed by Hispanics compared to 
whites. In contrast, revascularization rates 
for whites are consistently higher than for 
Hispanics and blacks, the latter of which 
have the lowest revascularization rates 
(Figure 4). Notwithstanding the increased 
use of revascularization procedures, and 
endovascular interventions in particular, 
over the past 2 decades, significant racial 
and ethnic disparities persist for the treat-
ment of patients with PAD and CLI.5-8

There is limited consensus on amputa-
tion vs limb salvage for target populations 
with no formal guidelines in place, leav-
ing key decision-making up to a physi-
cian’s discretion. For example, TASC II 
2007 guidelines state that while limb 
preservation can be achieved through a 
multiarmed treatment involving anti-
biotics, revascularization, and/or staged 
wound closure, primary amputation is 
favored if it offers an expedient return 
to a useful quality of life vs a prolonged 
course of aggressive vascular reconstruc-
tion with little likelihood of healing.4 

Amputation has a significant clinical, 
economic, and quality of life burden. In 
2015, an estimated 1.3 million Americans 
are living with a lower extremity ampu-
tation (LEA).2 Moreover, most amputees 
are not “one and done.” The unfortunate 
fact is that following an initial LEA due 
to dysvascular causes, 27% of patients will 
have one or more re-amputations within 
a year.9-10 For those patients that have 
a minor amputation, 40% progress to a 
higher level of limb loss within a year of 
an initial toe, foot, or ankle amputation.10 
Among diabetic patients, this rate rises 
to 62%.10 And 55% of diabetics that are 
amputated get an opposite limb amputa-
tion within 2-3 years.11 Post-amputation 
mortality rates are dismal, with periop-
erative mortality at 4.2% to 10.4%,12-14 
1-year mortality at 9.1% to 33%,9,10 and 
5-year mortality at 25.6% to 81.5%.9,15 
This is a very costly condition as well, 
with lifetime post LEA per capita costs at 
$509,275.16 The mean length of hospital 
stay for LEA is 9.8 days to 12.7 days9,17 
with diabetics having a >10% higher 
amputation-related cost than nondiabet-
ics, primarily in office and outpatient care 
settings.10 Quality of life suffers with an 
increase in anxiety and depression. People 
with amputations make significantly 

poorer psychosocial adjustments to their 
domestic and social environments, and 
report lower overall quality of life.16,18-21 

What can be done? A multidisciplinary 
team-based approach to PAD manage-
ment may lead to reduction in unneces-
sary amputation procedures. Given the 
large racial disparities in amputation rates, 
such an approach must pay particular at-
tention to addressing unnecessary ampu-
tations among minority groups. A holistic 
amputation prevention program needs 
comprehensive pre- and post-revascu-
larization procedure care. In addition to 
benefits to the patient, there are potential 
benefits to hospitals engaging in limb sal-
vage programs including cost-effective-
ness.22 Substituting revascularization pro-
cedures for amputations may substantially 
reduce length of stay (LOS). Performing 
a revascularization procedure in place 
of an LEA reduces LOS by an average 
of 8.5 days (LOS reduction; amputation 
11.3 vs revascularization 2.8 days).9,17,23 

Significant cost savings may be realized 
as well. Since average daily hospital ward 
expenses are $2,255,24 moving a patient 
from LEA to revascularization may save 
the hospital $19,000 in ward expenses. 

The rate of LEA has been relatively 
flat over time, but it remains markedly 

Economics of Limb Salvage 
and Racial Disparities in 
Treatment Patterns
Candace Gunnarsson, EdD; John Rizzo, PhD
From CTI Clinical Trial & Consulting, Cincinnati, Ohio.

Candace Gunnarsson, EdD
Figure 1. Variation in amputation rates across the United States.

Figure 2. Amputation rate variation by region and race.

The unfortunate fact 
is that following an 
initial [lower extremity] 
amputation, 27% of 
patients will have one or 
more re-amputations.
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clinical characteristics, medications, en-
dovascular procedure details, immediate 
and follow-up outcomes, and procedural 
information on subsequent endovascular 
revascularizations.

The registry has already yielded some 
interesting results, which were present-
ed at the 2015 Amputation Prevention 
Symposium (AMP) in Chicago, IL. 
Ultrasound-guided access for 407 pa-
tients and 578 access sites were analyzed 
and revealed high access success and low 
complication rates for all arterial conduits 

(single femoral antegrade, single femoral 
retrograde, dual femoral retrograde, dual 
femoral/tibiopedal, and single tibiopedal 
[TAMI]).3 Ankle-brachial and toe bra-
chial indices (ABI, TBI) were found to be 
poor predictors of baseline disease severi-
ty and response to endovascular treatment 
for CLI patients, leading to the questions 
of whether these should be used as inclu-
sion criteria for clinical trials.4

Currently, five new manuscripts are 
in development, led by site investiga-
tors. Through the collaboration of the 
PRIME team, a broad understanding of 
the complex nature and clinical outcomes 
of patients with advanced PAD and CLI 
is possible. Currently, randomized clini-
cal trials represent the gold standard of 

high-quality data with which evidence-
based medicine builds its foundation. 
However, it is of paramount importance 
to realize the complex nature of the dis-
ease process, along with regional varia-
tions in expertise and practice patterns, 
limit the ability of these trials to encom-
pass a wide enough range of patients that 
are representative of “real-world” scenar-
ios. By tracking patient history, clinical 
presentation, treatment modalities, and 
long-term follow-up, PRIME is creating 
a platform that can help clinicians under-
stand the clinical course of CLI beyond 
revascularization. The PRIME registry 
will serve as a basis to define quality mea-
sures and guidelines that are focused on 
CLI care and improved outcomes. n
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describes this registry, which is the first 
CLI registry developed to collect valu-
able real-world data through which we 
will learn and adapt new methods of 
therapy with the goal of creating global 
evidence-based guidelines for physicians 

to follow. This issue also features global 
CLI experts who share their views and 
expertise. Successful multilevel, multi-
vessel CLI therapy is not easy and defi-
nitely is not the same as treating only 
above-the-knee disease.

Critical limb ischemia kills more peo-
ple that breast cancer, colon cancer, and 
prostate cancer, yet no formal program 
exists to raise awareness for patients and 

their families of CLI, a disease associated 
with severe outcomes if left untreated or 
if the presentation is late. The time has 
come for a call to action for more and 
better training of CLI specialists, more 
data on CLI therapy outcomes, and bet-
ter public CLI awareness.

I recently returned from the Leipzig 
Interventional Course in Leipzig, 
Germany. This meeting is a good example 

of a conference where like minded in-
dividuals can discuss the above concerns 
and issues. It was an extremely educa-
tional conference with presentations 
on the latest cutting edge technologies 
and the latest updates on clinical trials. 
I encourage you to attend these meet-
ings, meet with your colleagues, and 
stay abreast of the latest technologies in 
CLI therapy. n

Real-World Data
Continued from page 1

higher for minorities than for whites. 
Policies aimed at limb-sparing treatments 
for PAD patients and research to better 
understand racial and ethnic disparities in 
amputation rates are essential to redress 
this issue. This holds the promise of pro-
viding treatment for PAD patients that is 
both higher quality and more cost effec-
tive than at present. n
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Peripheral arterial disease (PAD) 
affects between 8 million and 
12 million Americans and more 
than 202 million people world-

wide, making it a significant public health 
burden. Characterized by the narrowing 
of arteries in the extremities, the presen-
tation of PAD varies from patients who 
are asymptomatic to those with life-lim-
iting rest pain and nonhealing ulcers. The 
latter is a typical feature seen in patients 
afflicted by critical limb ischemia (CLI). 
Historically, these patients have been un-
derserved due to a lack of awareness and 
technological limitations. As our under-
standing of CLI has evolved, the para-
digm for preventing amputation by re-
vascularization and diligent wound care 
has become standard. Successful recogni-
tion and treatment of CLI requires dedi-
cated clinicians and a supportive admin-
istrative structure that allows clinicians to 
treat patients optimally.

Rex Hospital, located in Raleigh, 
North Carolina, is recognized as one of 
the leading CLI programs in the United 
States. This past year, approximately 1,700 
PAD patients underwent endovascular in-
terventions at Rex Hospital, and of those 
cases 52% were CLI. We are the highest 
enrolling site for the peripheral vascular 
interventional registry supported by the 
National Cardiovascular Data Registry 
(NCDR). Rex is also one of currently 
3 enrolling sites for the CLI-focused 
Peripheral RegIstry of Endovascular 
OutcoMEs (PRIME). 

The success of our program stems from 
a collaborative work culture between our 
administrators and clinical team. Our 
multidisciplinary team is comprised of 
vascular interventionalists, which in-
cludes cardiologists, radiologists, and vas-
cular surgeons supported by technicians 

and nurses; noninvasive vascular special-
ists; and wound care specialists, including 
podiatrists and surgeons. Recognizing 
the enormous public health burden of 
CLI, our program is committed to pre-
venting amputation and enhancing qual-
ity of life as demonstrated in the follow-
ing case study.

Case Presentation
A 68-year-old male with a past medi-

cal history of diabetes, hypertension, and 
hypercholesterolemia was referred to our 
CLI clinic because of a nonhealing left 
foot ulceration (Figure 1). His left lower 
extremity ankle brachial index was 0.52, 
and duplex ultrasound indicated a >70% 
stenosis of the left distal superficial fem-
oral artery (SFA) and occlusion of the 
posterior tibial (PT) artery. Angiography 
confirmed these findings by accessing 
the right common femoral artery. The 
left SFA stenosis was crossed with a .014˝ 
floppy tipped wire and balloon angio-
plasty was performed with a 5 mm x 20 
mm cutting balloon taking the 70% ste-
nosis to 20% residual. To prevent resteno-
sis, a direct drug delivery device was used 
to deliver dexamethasone to the SFA site. 
Attention was then directed to the left 
occluded PT. 

A series of wires including an .014˝ 
coiled tip 18 gm wire, followed by a 
polymer coated 18 gm tipped .014˝ wire, 
followed by a 30 gm tipped .018˝ wire 
was attempted to cross the PT occlusion 
from an antegrade approach without suc-
cess. Therefore, retrograde PT access was 
obtained and a 2.9 Fr sheath was placed. 
An 18 gm .014˝ coiled-tip wire was ad-
vanced through the PT occlusion but 
could not reenter the proximal vessel. 

A double-balloon technique utilizing 
a 2.5 mm x 40 mm balloon from above 

and a 2.5 mm x 80 mm pedal balloon 
from below was then utilized to fenes-
trate the lumen of the vessel, allowing the 
retrograde wire to reenter the proximal 
lumen. The retrograde wire was then 
inserted into an angled catheter and 
brought out the right femoral sheath in 
a flossing fashion. A 2.5 mm x 200 mm 
balloon was inserted from the groin and 
extended through the PT occlusion. The 
balloon was inflated to maximum pres-
sure for 3 minutes, successfully taking the 
100% PT occlusion to 20% residual, pro-
viding in-line flow to the ulcer. 

The patient was then referred back to 
the podiatrist in the wound care clinic. 
Over the next 12 weeks, wound care 
with debridement, careful attention 
to signs of infection, and hyperbaric 
therapy were used to heal the wound 
(Figure 2). 

As this case illustrates, successful patient 
outcomes are strongly dependent on the 
commitment of the clinicians and the 
dedication of a cohesive multidisciplinary 

team. Rex Hospital has become a center 
of excellence for the treatment of CLI 
by providing comprehensive clinical care 
and advancing the field through research 
(currently enrolling in 22 peripheral vas-
cular trials). We participate in training and 
education of our national and interna-
tional colleagues. 

The Annual North Carolina Heart 
and Vascular conference held by Rex 
Hospital attracts experts in the CLI field 
from across the world. The opening of 
the NC Heart and Vascular Hospital in 
2017 will mark a new chapter for our 
program. This new 8-story, 114-bed hos-
pital will house 12 state-of-the-art pro-
cedure rooms. This facility will also house 
an education center that will enhance our 
ability to train both international and na-
tional audiences. 

As we look to the future, our program 
will continue to evolve and contribute 
globally to the fight against CLI with the 
ultimate goal of eradicating unnecessary 
amputations. n

Collaborative Critical Limb 
Ischemia Care: The CLI 
Program at Rex Hospital
George Adams, MD, MHS; James Zidar, MD; Ravish Sa-
char, MD; Robert Mendes, MD; Martyn Knowles, MD; 
Dorian deFreitas, MD; Wayne Smith, MD; Patrick Washko, 
RVT; Kelly Barbour, RVT; David Smith, MD; Daniel Vig, MD; 
Bruce Fawcett, DPM; Clarence Stewart, DPM; Vinayak 
Subramanian, BS; Diana Massa, MHA; Steve Burriss, MBA

Figure 1. Chronic nonhealing ulcer-
ation of the left foot. 

Figure 2. The wound is successfully 
healed after revascularization fol-
lowed by wound care. 

program would have on the community. 
Finally, an organized approach that ex-
plored the economic savings achieved by 
preventing major amputations created a 
strong argument for the hospital becom-
ing a significant stakeholder in building 
a successful systems-based approach to 
preventing limb loss. Ultimately, each of 

these step-wise processes resulted in a 
multidisciplinary pilot program that will 
serve as the framework for nationwide 
scalability resulting in decreased costs to 
the medical system, improve patient care, 
and decrease long-term mortality in pa-
tients at high risk for limb loss. n
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novel techniques such as the retrograde 
approach. Successful BTK recanalization 
requires high confidence with an antero-
grade approach, either intraluminal or sub-
intimal with distal reentry, and all types of 
retrograde approaches (direct tibial punc-
ture, transcollateral, navigation and pedal-
plantar loop technique). 

Direct tibial or digital puncture may in-
crease the success rate in the case of ante-
grade failure. However, the puncture of a 
tibial artery is not always easy, particularly 
when dealing with a small, heavily calcified 
vessel, which in most cases is also the last 
remaining artery providing pedal perfu-
sion. Complications of direct tibial artery 
puncture, such as dissection and acute oc-
clusion, may further compromise distal 
flow to the wound, resulting in acute foot 
ischemia with catastrophic consequences. 
However, application of these novel tech-
niques and availability of new devices al-
low an expert operator to achieve success 
in complex BTK occlusions without com-
promising patient safety. The adoption of 
this concept by low-volume operators and 
hospitals may lead to different procedural 
and clinical outcomes. As in coronary set-
tings, several studies showed lower mor-
tality, higher technical success, and lower 
amputation rates in high-volume com-
pared to low-volume centers performing 
peripheral interventions. The difference in 
outcomes may be explained by the ability 
to complete a long learning curve in CTO 

recanalization and the possibility to build a 
dedicated logistic environment for patient 
and foot care in a large volume hospital. 
Figures 1-3 show an example of an early 
and aggressive treatment strategy by our 
multidisciplinary team.

Adhering to the following criteria will 
increase the chances of establishing a suc-
cessful CLI program:
• Institutional volume of 400 pe-

ripheral vascular procedures yearly 
(minimum of 150 CLI procedures);

• Individual operator volume of at 
least 75 CLI cases per year;

• Creation of a CLI revasculariza-
tion team that includes at least 
2 operators to provide 24-hour 
coverage all year, as well as nurses 
and technicians with complete 
knowledge of the interventional 
armamentarium and vascular ac-
cess management;

• On-site training with highly expe-
rienced operators in the early cases;

• Creation of an outpatient CLI 
team that includes a diabetic foot 
specialist and nurses who provide 
foot care management and healing 
surveillance. This unique group of 
individuals must be trained in CLI-
related protocols, determine the 
timing of revascularization and mi-
nor amputations, drive the request 
for vessel patency testing (duplex 
ultrasound) and give indication for 
target lesion revascularization in a 
fast-track strategy fashion; and

• Serial planned cardiovascular eval-
uation in all patients to reduce the 
high morbidity and mortality ob-
served in this specific population.

Only in this way, with a dedicated 
team with extensive experience technical 
aspects of lower limb revascularization, 
will we see increased patency, lower tar-
get lesion revascularization, and reduced 
cardiovascular death. n
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Figure 1. A 69-year-old patient with diabetes, Rutherford class V claudication in 
the right limb, and a University of Texas Wound Classification System 3D lesion 
with gangrene of the second toe and the sole of the foot. Right-foot necrosis and 
dry gangrene (A, B); three months after revascularization and debridment the 
healing process stopped (C) as observed by fibrin deposition (arrows) and new 
necrosis. The healing process began again after target lesion revascularization 
and continued (D, E) until complete healing (F).

Figure 2. Angiography of the right infrapopliteal circulation showing occlusion of 
the anterior and posterior tibial arteries with peroneal artery filling the distal part of 
the posterior tibial artery with plantar arteries as the only remaining foot circulation 
(A). Retrograde recanalization of the PTA via peroneal collateral “surfing” (B) and re-
verse CART technique to cross the occlusion by retrograde wire (C, D). Angioplasty 
with 3 mm x 120 mm conventional balloon (E) and optimal final result (F).

Figure 3. Three months repeat angiography dictated by the evidence of no healing 
progression showing reocclusion of the right posterior tibial artery (A). Target lesion re-
vascularization with 3 mm x 120 mm drug-eluting balloon (B) with optimal result (C, D).
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