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5th Annual Amputation Prevention Symposium Hosts
Nation’s Largest Gathering of Clinicians Dedicated to
Preventing CLI Amputations
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J.A. Mustapha, MD

he 5th annual AMPutation Preven-
tion Symposium (AMP) was held
in Chicago from August 12 to 15,
2015. This year’s record attendance
included nearly 800 participants from 19
countries, convening for the nation’s only
medical conference focused on preventing
lower-limb amputation in patients with crit-
ical limb ischemia (CLI). Attendees includ-
ed those involved with peripheral vascular
interventions: vascular and general surgeons,
interventional and general cardiologists,
interventional

primary care physicians,

radiologists, podiatrists, wound care special-
ists, nurses, vascular technicians, and cardiac
cath technologists. They interacted with the
world’s most respected leaders and pioneers
in critical limb ischemia therapy and gained
knowledge and strategies to help prevent
lower limb amputations in patients. AMP
2015 featured presentations from leading
CLI experts with 4 days of high-level ed-
ucation, hands-on workshops, and tools and
technologies used for access, intervention,
and closure of CLI cases.

SAVING LIMBS Is THE NUMBER ONE
PRIORITY

The AMP Symposium was born due to
an unmet need for education and technolo-
gies to address the critical health issue of
CLI. AMP gives physicians the opportunity
to share strategies with the very best minds
in this field, embrace innovation, and learn
about the vital role emerging therapies play
in preventing amputations. It has become
our personal mission to see amputations due

Continued on page 31

Lessons Learned in Treatment of Calcified SFA and
Popliteal Lesions

Marianne Brodmann, MD

From the Division of Angiology, Medical University Graz, Austria.

Marianne Brodmann, MD

o-called complex lesions within the femoropopliteal vascu-
lar territory include long lesions of more than 15 cm in
length or heavily calcified lesions. The last update of the
TASC 1I criteria recommend a primarily surgical approach
for these lesions." But the evolving endovascular techniques allow
the recanalization of such heavily calcified complex lesions and even
improve patency. Therefore more and more endovascular special-
ists go for endovascular reopening techniques first. But how can we
overcome the issue of calcium burden in superficial femoral artery

(SFA) and popliteal artery disease?

chronic totally occlusions (CTOs). Many companies have come to the
market with dedicated CTO crossing devices. But not only have de-
vices have improved, also the way of crossing the lesions has changed.
If antegrade crossing is not possible as a first step, a retrograde approach
from the foot of at least below-the-knee level is used more frequently.
After a successful crossing, the main problem that remains is the cal-
cium burden in the vessel wall.

Plain old balloon angioplasty (POBA) does not give us good results.
In contrast, it proved to be worse than bare metal stenting (BMS).

The RESILIENT trial showed at 12 months a freedom from target

The first step is an improvement in devices, especially guidewires

and crossing catheters, which improve the crossing of those usually
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Tibial Interventions:
Technical Factors That Matter

John H. Rundback, MD; Kevin “Chaim” Herman, MD; Amish Patel, MD
From the Interventional Institute, Holy Name Medical Center, Teaneck, New Jersey.

John H. Rundback, MD

ritical limb ischemia (CLI) is

marked by multilevel peripheral

arterial disease (PAD), of which

the infrapopliteal component is
the most influential and arguably the most
challenging to treat. Isolated tibial occlu-
sive disease is highly prevalent in diabetics
and chronic kidney disease patients, repre-
senting almost half of the population with
PAD. Due to an evolution of technology,
experience, and device options, tibial in-
tervention is increasingly (although still
insufficiently) performed to treat ischemic
rest pain and ulcerations that would oth-
erwise be poorly amenable to surgical by-
pass and often result in limb loss. There are
several important technical considerations
to optimize the results of endovascular
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tibial therapy. Among these are balloon siz-
ing, specific device strategies, and angio-
graphically assessed treatment targets and
endpoints.

BALLOON SIZING

A review of the impact of balloon siz-
ing on arterial lumen after percutaneous
transluminal angioplasty (PTA) is largely
an antediluvian reflection. The principal
mechanism of PTA is intimal and medial
dissection, with undermining of elastic
tissue in the least atherosclerotic por-
tions of the artery, or multidimensional
fragmenting of circumferential, noncom-
pressible plaque. Remodeling and endo-
thelialization in response to physiologic
flow results in a maintained luminal gain.'
Conceptually, underdilation will inad-
equately stretch and dehisce structural tis-
sues, thereby impairing luminal expansion,
while overdilation will increase the risk of
flow-limiting dissection, rupture, spasm,
and barotrauma (see figure). Early data
in cadaveric models supported a greater
amount of intimal-medial disruption with
oversized balloons, which was also accom-
panied by deformation and necrosis of the
medial smooth muscle cells that benefited
acute angioplasty results." However, other
factors also affect acute PTA results, most
notably the phenomenon of viscoelastic
recoil (and corresponding later uniform
geometric arterial contraction). Hanet et
al studied 28 coronary arteries and found
better acute results with smaller balloons
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than larger balloons due to a greater
amount of immediate recoil with the
oversized PTA. However, at 24 hours,
overall luminal improvement was better in
the overstretch cohort.” This phenomenon
of early recoil after PTA has been observed
in tibial arteries as well, with an approxi-
mately one-third loss of the flow channel
15 minutes after angioplasty when com-
pared to immediately post treatment.’
Early pathologic analysis from surgically
excised human angioplasty segments has
shown that arteries that achieve greater
initial luminal caliber have lower resteno-
sis rates.* Collectively, these findings sug-
gests that an overstretch injury produced
by larger rather than smaller diameter bal-
loons during tibial angioplasty may result
in better patency.

DEVICE STRATEGIES

While PTA remains the primary meth-
od for endovascular tibial revasculariza-
tion, other strategies may have unique
advantage in certain settings. In the tibial
arteries, intimal and plaque calcification
is highly prevalent, potentially limiting
uniform balloon expansion and mitigat-
ing the “controlled” arterial injury de-
sired from angioplasty. Atherectomy has
been shown to alter plaque and vessel
morphology, effectively debulking luinal
calcium. The best evidence to date is with
the use of orbital atherectomy (OA).

Continued on page 12
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Learning From the Best:
Imaging Modalities for
Infrainguinal Calcified

Lesions

George A. Pliagas, MD, FACS, FRCS(C]

George A. Pliagas, MD, FACS, FRCS(C)

he array of available treatment op-
tions for patients with peripheral
vascular disease has undergone sig-
nificant changes over the past 10
years. What has remained the same is that
we still require appropriate knowledge of
the patient’s vascular inflow and outflow
and the location and length of the lesion.'?
From an endovascular perspective, the
aim 1s to obtain as much clinical and imag-
ing information about the vascular bed pri-
or to taking the patient to the angiographic
suite. A therapeutic plan prior to angiogra-
phy is necessary in setting up the room for
the various access options at our disposal.
Preoperative imaging can help guide re-
vascularization efforts. Being aware of the
occlusions or types of lesions enables bet-
ter planning. The diagnostic selective an-
giogram will be helpful, but it is definitely
advantageous to troubleshoot ahead of
time, especially when calcium i1s involved.
Preoperative imaging modalities include
duplex ultrasound, computerized tomo-
graphic angiography, and contrast en-
hanced magnetic resonance angiography.

ULTRASOUND

It was 39 years ago, in 1976, that the
British  Medical Journal announced that
vascular labs were becoming familiar in
their hospitals and that patients would be
selected for reconstructive arterial sur-
gery on the basis of routine ultrasound
investigations alone.” The initial work by
Strandness et al in 1964 solidified duplex
ultrasonography as the cornerstone of pre-

operative imaging.*

Always first in line after a thorough
clinical evaluation, duplex ultrasonogra-
phy utilizing both gray scale (B-mode)
and color flow Doppler is a safe, inexpen-
sive technique resulting in useful informa-
tion. It is an important part of preoperative
imaging in an endovascular program. A
thorough, meticulous examination by an
experienced operator is time consuming
but beneficial. Information gathered can
be used to diagnose a clinically significant
stenosis. This is operator dependent, and
multisegmental disease can make interpre-
tation difficult.> When reviewing an out-
side sonogram, carefully assess the infor-
mation it provides and don’t be afraid to
correlate it with another imaging modality.

Experienced  ultrasonographers  can
scan a lower extremity to identify hemo-
dynamically significant plaque. Calcified
plaque makes scanning difficult, if not al-
most impossible. What may mimic a severe
stenosis may actually be a total occlusion
at the time of angiography. Total occlu-
sions, whether in the superficial femoral
artery, the popliteal artery, or the tibials,
can be identified, but distal reconstitution
can be difficult to recognize, depending
on collateral flow. Current complex criti-
cal limb ischemia cases require that the
interventionalist know if the distal tibials
are patent prior to angiography. In the past,
tibial patency was difficult to ascertain, but
Mustapha et al showed that the overall
sensitivity of ultrasound in detecting tib-
ial artery patency was calculated at 93%.°
Thirty years ago, Jager et al concluded that
noninvasive mapping was as good as ar-
teriography in defining the location and
the extent of arterial involvement.” For
some centers, ultrasound is the only mo-
dality used prior to angiography. Future
technological advancements will change
ultrasound from a 2-dimensional into a
3-dimensional model, which will further
enhance lower extremity imaging, and al-
low better assessments of the degree and
extent of calcified stenotic lesions.®

COMPUTERIZED TOMOGRAPHIC
ANGIOGRAPHY

Some of the first articles describing
computerized tomographic angiography
(CTA) appeared in the November 1992
issue of Radiology.”'" It its current state,
CTA is still noninvasive, requires higher
volumes of contrast, has high doses of ra-
diation that are being scrutinized, and can
be difficult to reconstruct and interpret in

highly calcified vessels.> Use of different
viewing windows can assist in plaque bur-
den assessments, allowing the physician to
more accurately identify stenoses that were
not seen with contrast bolus itself. I make
it my routine to follow the source images
through the artery of interest, looking for
the pattern of calcium distribution and
trying to identify the areas of severe steno-
sis or occlusion. Vessels with dense calcifi-
cation can result in overestimation of ste-
nosis.'" Dual—energy CTA post-processing
allows differentiation of iodine from cal-
cium®"" and is very promising. In certain
situations where infrainguinal stents have
been placed, CTA has shown superior-
ity over magnetic resonance angiography
(MRA) in the evaluation of restenosis."!

MAGNETIC RESONANCE
ANGIOGRAPHY

Magnetic  resonance  angiography
(MRA) has evolved over the past 23 years.
Operators once felt it would remain an
investigational technique,' but currently,
with its contrast-enhanced 3-dimensional
technique, it has become an alternative
to angiography in some instances. It can
take advantage of the difference in signal
properties between static tissue and flow-
ing blood."

Magnetic resonance angiography can
provide excellent 3-dimensional 1m-
ages, but it can overestimate the degree
of stenosis.”” Contrast-enhanced MRA,
performed appropriately, reduces venous
contamination and can display distal tib-
ial segments that cannot be detected by
digital subtraction angiography (DSA).'*'5
Long-segment CTOs of the tibials are dif-
ficult to visualize with DSA, but MRA
can image blood flow at velocities as low
as 2 cm/sec, establishing target vessels for
revascularization and helping with plan-

' Remember to avoid gadollinium

ning.
in patients with renal insufficiency, espe-
cially if their glomerular filtration rate is
less than 30 mL/min/1.73m?, given the
risk of nephrogenic systemic fibrosis.

Most institutions offer the techniques
discussed above. Each method has its ad-
vantages and disadvantages. As a specialist,
one should be able to decide which meth-
od to choose initially and which imaging
modality each institution performs best. I
like to correlate the methods chosen and
see if they agree with each other. This al-
lows the opportunity to individualize an
imaging protocol depending on the clini-
cal presentation and the location of the
ischemic lesion.

The TASC 1II guidelines* and the
European Society of Cardiology recom-
mend using MRA, CTA, or duplex to im-
age the inflow and the distal vessels, taking
into account cost, availability, and experi-
ence. The American Heart Association and
American College of Cardiology support
the use of CTA or MRA.

Most comparative studies use DSA as
the gold standard. When CTA is compared
to DSA, CTA performs well, showing
97% sensitivity and 94% specificity in the

femoropopliteal region. Tibial artery CTA
shows 95% sensitivity and 91% specificity."
The higher performance 64-slice CT scan-
ners increase these values to a sensitivity
of 99% and specificity of 97%. Contrast-
enhanced MRA can demonstrate sensi-
tivities and specificities greater than 95% in
these head-to-head studies."

CONCLUSION

Endovascular specialists must consider all
of the above before making a decision on
which imaging modality will assist in plan-
ning decisions prior to selective angiogra-
phy."” There are instances where it could
be helpful to use more than one modality.
Imaging ahead of time will ensure you will
be well prepared to take on the endovascu-
lar challenge of revascularization.

Disclosure: Dr. Pliagas discloses consultancy
to and reimbursements from CSI as well as ex-
pert witness fees.
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Three Key Considerations
in the Treatment of Critical

Limb Ischemia

Tom Davis, MD, and James Torey, PA-C
From the St. John Hospital and Medical Center, Detroit, Michigan.

Tom Davis, MD

ritical limb ischemia (CLI) is

defined as limb pain that oc-

curs at rest, or impending limb

loss that is caused by severe
compromise of blood flow to the af-
fected extremity.! Chronic ischemia
can lead to critical changes that may
involve trophic lesions or gangrene of
the legs and is considered the end stage
of peripheral arterial disease (PAD).??
These are classified as Rutherford Class
IV,V, or VI. Critical limb ischemia fre-
quently presents as multilevel and mul-
tivessel disease and presents challenges
when considering the optimal strategy
for treatment. When performing CLI
percutaneous intervention, especially
multilevel, the three things to keep in
mind are determining the angiosome
that is affected, maximizing the inflow
and outflow, and understanding when
the goal of therapy is reached.

ANGIOSOME DETERMINATION

First, in-line flow to the angiosome
vessel 1s imperative for wound healing.
The angiosome model for treatment
takes into account a division of the
body into three-dimensional vascular
territories supplied by specific source
arteries.’ Direct intervention to the af-
fected angiosome shows a high rate of
ulcer healing, especially in the absence
of collateral circulation.>”’

Prior to starting the case we will be
sure to map out the wound or isch-
emic area on the foot and know which
vessel will be targeted (see figure). We
also have a discussion with the patient’s
wound care specialist to ascertain if an
amputation is being considered. For in-
stance, if a transmetatarsal amputation
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is a possibility, the plantar flap will need
adequate perfusion and the calcaneal
branches from the peroneal and the
posterior tibial arteries will be the tar-
get. Secondary targets will be the com-
municating (“choke”) vessels between
the anterior tibial and peroneal ar-
tery and posterior tibial artery. Similar
choke vessels exist between the pero-
neal and posterior tibial vessels.

MAXIMIZING INFLOW AND
OUTFLOW

Second, inflow and outflow must be
maximized. The idea that improving in-
flow will help improve outflow through
collaterals may be feasible for patients
who present with claudication but not
for wound healing. In a suboptimal in-
tervention, rest pain may be improved,
but wound healing will not be achieved.
Therefore, limb salvage does not equal
vessel patency but adequate flow distal
to the target lesion.

In my practice, I treat the inflow ves-
sel first to allow better visualization of
the outflow target vessel. If there is any
embolization distally, this can be taken
care of when dealing with the outflow.
A significant advantage in this approach
is that the vessels distal to the target
lesion are frequently occluded rather
than stenotic; therefore, the outflow
occlusion can act as a surrogate filter.
A notable exception to this strategy is
when the iliac is involved and requires
stenting. To avoid advancing the sheath
through a freshly placed stent, I will an-
gioplasty the iliac lesion to allow sheath
passage if needed, fix every distal lesion
next and then place the iliac stent last.

Once the inflow has been improved,
I will take a more detailed view of the
outflow. The outflow vessels are usually
the tibials, which are frequently oc-
clusive and lengthy. Having improved
proximal flow often brings out hiber-
nating vessels that were not seen on
the initial angiograms such as collateral
vessels and communicating (“choke”)
vessels, which can be important chan-
nels to navigate through to achieve suc-
cessful wound healing.

Initial attempts at crossing typically
involve using a central lumen-crossing
device in order to reduce the risk of
perforations, flow-limiting dissections,
and hematomas. Perforations from wire
crossings, which are more common
with hydrophilic wires, can be difficult
to treat and are sometimes unforgiving.

An_te_r.uor Medial
Tibial Tibial
Artery 194

Artery

Calcaneal Branch
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Tibial Artery
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Tibial
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Figure. Angiosomes of the foot and ankle. Image courtesy J.A. Mustapha, MD.

Covered stents for the tibial vessels are
not readily available and the only po-
tential salvage in these situations may be
prolonged balloon inflations or emboli-
zation techniques. Once I have crossed
distally, I will typically bring down a
support catheter, remove the wire, and
inject into the distal space to confirm
intraluminal access. It is not uncom-
mon to find plantar or pedal stenosis
that should also be treated to maximize
outflow. When treating the outflow, the
use of balloons and or atherectomy de-
vices is the typical treatment algorithm.
Stenting in the tibial vessels has been
done for focal lesions, but there are no
approved stents for the peripheral ar-
teries below the knee to date. My go-to
strategy for the distal reference is rota-
tional or orbital atherectomy followed
by adjunctive balloon angioplasty.

KNOwW WHEN THE GOAL Is
ACHIEVED

Lastly, due to the differences in the
caliber when treating multiple infrap-
opliteal vessels, it is almost impossible
to use the same treatment modality
for every vessel. Cost per case can sky-
rocket if using multiple atherectomy
devices for treatment of the various
vessels. Therefore, it is important to
know that durability of the procedure
is not as important as short-term suc-
cess of adequate blood flow to limb
salvage. Restenosis should be low on
the list of factors that play into the
choice of device to open the occlusion.
Getting a good initial result should
be the goal. With this in mind, I will
use the simplest device that will get a
good outcome. Peripheral angioplasty,
with long-lasting balloon inflations,
have shown a high rate of acute success
(95%), acceptable 5-year limb salvage
rates (88%) and acceptable repeat inter-
vention rates (12.7%).* Focal stenoses
will usually respond to balloon angio-
plasty, whereas long heavily calcified
vessels or restenotic vessels will respond

poorly. In these cases, I will use atherec-
tomy or stenting as first-line treatment.
Even with the various and complex
morphologies that exist, there is usually
a treatment strategy that will be a good
first-line therapy.

Disclosure: Dr. Davis reports honoraria,
advisory board membership, and travel ex-
pense reimbursement as well as stock owner-
ship with Avinger. James Torey reports no
related disclosures.
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he widespread epidemics of di-

abetes, kidney disease, and obe-

sity have all led to an increase

in the incidence of vascular dis-
ease. Peripheral arterial disease (PAD)
is one of the most prevalent forms of
vascular disease and affects 8 million to
12 million Americans and an estimated
202 million people worldwide."* Those
affected with PAD present with a range
of different symptoms, from asymp-
tomatic to rest pain and non-healing
wounds. The latter is a characteristic of
critical limb ischemia (CLI), the worst-
case scenario. Patients with CLI are of-
ten faced with the grim possibility of
limb amputation due to nonhealing
wounds leading to gangrene and infec-
tion. Patients with PAD who undergo
an amputation have increased morbid-
ity and mortality. The 5-year mortali-
ty associated with amputation due to
PAD approaches 50%.* Revasculariza-
tion of these vessels to support wound
healing i1s one of the last resorts avail-
able to patients facing the possibility of
amputation.

The goal of revascularization is to
improve in-line pressure to distal vascu-
lature, improving perfusion of ischemic
tissue and enhancing wound-healing
efforts. Both surgical and endovas-
cular revascularization of peripheral
vessels can be employed to reach this
goal. In recent years, endovascular re-
vascularization has overtaken surgical
procedures as the preferred treatment
option.* Endovascular procedures are
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minimally invasive and have fewer as-
sociated complications when compared
to surgery. Furthermore, these catheter-
based procedures can be employed on
patients who are poor surgical candi-
dates, thereby expanding therapeutic
options to a previously underserved
population. Advances in the develop-
ment of novel interventional tools and
treatment techniques have allowed in-
terventionalists to treat a wider and
more complex variety of cases. Keeping
this in mind, an interventionalist must
treat in a manner to leave the patients
with surgical options if endovascular
therapy fails.

AREAS OF CONCERN

Access

Cases of CLI often present with mul-
tilevel disease, both above and below the
knee. An estimated 67% of CLI cases
present with both femoropopliteal and
infrapopliteal disease.”> Multiple access
modalities, including contralateral ret-
rograde (common femoral), antegrade
(common femoral, popliteal), and ret-
rograde (common femoral, superficial
femoral, popliteal, tibial, and digital)
are utilized to treat arterial occlusions.
Care must be taken with each access
modality to preserve bailout surgical
revascularization options. With each
access, the operator runs the risk of dis-
section, arteriovenous fistula formation,
pseudoaneurysm, and bleeding compli-
cations. Each of these access risks can
eliminate the opportunity for bail-out
surgical revascularization.

Understanding  the
giographic techniques, and external

anatomy, an-

ultrasound guidance for accurate ac-
cess can reduce these complications.
Additionally, bleeding
are directly correlated to larger sheath

complications

sizes; therefore, using low-profile devic-
es and smaller sheaths is recommended.
Retrograde access through smaller ves-
sels should be reserved as a second line
of attack for traditional femoral access,
because accessing smaller vessels may
lead to similar complications as well
as thrombosis.® For example, if a retro-
grade access is attempted and a compli-
cation such as thrombosis occurs distal
to a bail-out surgical target, the patient
may lose the option of surgical bypass.

Treatment
Recently, there has been a prolif-
eration of novel endovascular tools for

treating peripheral arterial disease. Each
of these tools has inherent risks that
may complicate future surgical options.
A skilled interventionalist must have
the foresight to predict potential com-
plications while treating lesions and put
safeguards in place to preserve the op-
tion of surgical bail-out. Understanding
how various treatment tools can be de-
ployed to best treat a variety of plaque
morphologies is critical for successful
revascularization. The use of intravas-
cular ultrasound (IVUS) can assist in
determining the appropriate treatment
strategy for each case. For example, if
plain old balloon angioplasty (POBA)
is used on a heavily calcified lesion, the
propagation of uncontrolled pressure
vectors can lead to spiral dissections
that require bail-out stenting. Future
surgical revascularization can be ad-
versely affected if the stents are placed
near potential bypass targets. Early as-
sessment of the plaque morphology
would prompt the clinician to modify
the plaque with atherectomy before
PTA to reduce the risk of dissection
and ultimately preserve future surgical
bypass targets.

In addition to dissection, distal em-
the odds of

revascularization.

bolization can reduce
successful  surgical
Embolization is a risk when using ag-
gressive techniques such as atherectomy
and when treating soft-fatty plaques us-
ing traditional PTA and stenting tech-
niques. Distal embolization is a signifi-
cant cause for concern when treating
complex multilevel disease and is en-
countered in most CLI cases. These
emboli compromise distal flow and can
reduce the efficacy of endovascular and
surgical procedures. The use of embol-
ic protection devices is recommended
when treating the complex disease
characteristic of CLI. Use of these de-
vices can preserve surgical options.

HYBRID APPROACH

There is much debate about wheth-
er endovascular or surgical therapy is
optimal for treating multilevel PAD.
However, a hybrid approach utilizing
both treatment paradigms may be most
beneficial to patients. Advances in the
development of endovascular devices
have broadened the scope of treat-
ment for peripheral vascular interven-
tions, but some types of lesions are best
treated with surgical endarterectomy or
bypass. For example, a patient with CLI

presenting with a long diseased lesion
of the SFA is best treated using a sur-
gical approach. However, these patients
may also have significant tibial, and
popliteal disease.

Davies et al previously showed that
patency of the inflow is dependent on
the patency of the outflow and vice
versa. Endovascular revascularization
of the outflow before surgical treat-
ment of the inflow can improve the
patency of the femoropopliteal by-
pass, which allows for improved pa-
tient outcomes.’

CONCLUSION

Treating complex PAD cases is predi-
cated on the skill of the clinician. An
interventionalist must treat with an eye
toward the future and understand how
present treatment can affect options
available to the patient in the future.
Planning ahead for potential complica-
tions associated with endovascular ac-
cess and treatment will allow the clini-
cian to preserve the chances for surgical
options in the future.

Similarly, complications of vascu-
lar surgery can adversely affect future
endovascular treatment. Development
of excess scar tissue after endarterec-
tomy or tying oft arteries after bypass
can eliminate the possibility of future
endovascular procedures, which may
be needed if surgery alone isn’t suc-
cessful in improving the patency. While
it is unclear if one is better than the
other, utilizing a hybrid approach of
both endovascular therapy and surgery
to determine the best course of treat-
ment that is optimal for the patient is
essential as we begin to see a growth in
the number of patients presenting with
complex PAD.

Disclosure: The authors report no disclosures
related to the content herein.
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ne-year mortality and major amputation

rates for critical limb ischemia (CLI) range

from 20% to 50%.' The natural history of

advanced peripheral artery disease (PAD)
is characterized by progression and shift to CLI, and
therefore a parallel increase in its incidence is expect-
ed as the patient population continues to age. Efforts to
identify and treat these patients at an earlier point (the
“pre-CLI” stage) should be undertaken: when patients
transition from PAD to CLI, the therapeutic algorithm
should transition accordingly and be made urgent rath-
er than elective.

Evolutions in technology, techniques, and approaches
are currently disrupting the therapeutic paradigm in CLI.
The surgical approach used to represent the “standard of’
care” for infrapopliteal lesions classified as TASC D (the
vast majority of patients with CLI). However, coexisting
comorbidities, lack of adequate outflow vessels or “tar-
gets,” and lack of suitable conduits for bypass commonly
limit the role of vascular surgery. Because of this, endo-
vascular revascularization has become the default thera-
peutic option, as successful interventions can be achieved
in most cases, even in tibial arteries with complex disease.
Arterial patency after percutaneous transluminal angio-
plasty (PTA) tends to be short lived due to elastic recoil,
neointimal hyperplasia, and restenosis with primary pa-
tency rates of 48% to 81% at 1 year and 40% to 78% at
2 years,” although limb salvage rates at 1 year have been
deemed equivalent to bypass surgery in a recent meta-
analysis.’ Attempts at improving patency rates (and hence
long-term outcomes), have clearly been a challenge, as
the extent of the disease (severity, length, and calcifica-
tion) among CLI patients is far beyond that seen in pa-
tients with claudication. In the femoropopliteal segment,
the arteries are exposed to unique biophysical forces that
have compromised the intended improvement supposed
to be gained by the use of stents, while below the knee,
their use is limited due to the length of the lesions, the
vessel diameter, and the superficial location of the tibial
arteries.

DCBS IN THE LITERATURE

Recent studies have provided strong evidence to sup-
port the use of drug-coated balloons (DCBs) to signifi-
cantly improve the sustainability of positive outcomes
achieved with endovascular treatments. Ideal DCBs
should enable both the transportation of the desirable
drug dose to the treatment site as well as the drug’s imme-
diate release into the vessel wall. Successful drug-assisted
angioplasty depends on the harmonious and synergistic
action of both the drug (paclitaxel, a cytotoxic agent that
stops the cell cycle in the M phase of the mitotic cycle,
with hydrophobic-lipophilic properties that facilitate its
cellular uptake and deliverability following a single dose
with maintained long-term results and limited toxicity)
and the coating technology, which enables drug delivery
to the target lesion with the least amount lost through
the systemic circulation, while facilitating rapid and uni-
form drug release.
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DCBs allow for the treatment of segments where
stents could “jail” other vessel branches and provide the
potentially perfect scenario of adequate treatment with-
out leaving any metal behind. However, from a patho-
logic point of view, tibial arterial disease characteristi-
cally affects the media and is associated with a very high
prevalence of calcification that could theoretically affect
the diffusion of the drug into the media and adventitia.
These pathologic premises have recently raised contro-
versies regarding the efficacy of DCBs in tibial arteries.
After successful single-center experiences,*’ the most re-
cent multicenter, randomized study comparing DCB to
plain old balloons in the tibial vessels in patients with CLI
failed to show improvement, and actually showed a trend
toward increased amputations.® Questions have arisen as
to why this study failed to show benefit. Several theo-
ries have been postulated; however, no one has discussed
whether or not there was proper determination of the
size of the vessels and of the DCBs utilized. Despite the
fact that there was no core lab adjudication of vessel size,
the average reference vessel diameter in patients treated
with DCB in DEBATE-BTK was 2.91 mm, while in
IN.PACT DEEP it was 2.46 mm, which indirectly trans-
lates in the usage of DCBs that were at least 0.5 mm
larger in DEBATE-BTK. The potential implications of
this observation are that undersizing of balloons leads to
lack of contact between the DCB and the arterial wall
(Figure), which in turn results in the following:

1) Failure to deliver the antiproliferative drug to the
vessel wall;

2) Loss of acute luminal gain; and

3) Downstream migrations of the drug/excipient,
into the wound’s capillary beds (which act as drug
“reservoirs” and foster wound nonhealing second-
ary to the accumulation of antiproliferative drugs
that inhibit cell regeneration), potentially leading
to increased adverse events.

The sizing issue has also partially been addressed
in studies using intravascular ultrasound such as
CALCIUM360,” which showed that tibial arteries nor-
mally range in size from 2.5 mm distally, to 3.0 mm mid,
and 3.5 mm proximally (in contrast to the average sizes
reported in the two studies previously cited). These find-
ings have also been confirmed by histopathologic studies.
Kashyap et al compared the angiographic vs histologic
size of the popliteal and tibial arteries from patients with
CLI who ultimately underwent amputation, and deter-
mined that angiography (considered the “gold standard”)
severely underestimated both the extent of atherosclero-
sis (even in “normal appearing’ segments), and the size of
the popliteal and tibial vessels.'

More recently, the use of extravascular ultrasound
(EVUS) performed at the time of peripheral interven-
tions has allowed accurate sizing of balloons and DCBs
by matching them to the lesions and arterial segments
being treated, increasing the contact between the balloon
surface and the arterial wall.!' Taking this simple extra
step will likely lead to higher drug transfer and theoreti-
cally should lead to improved acute results and potentially

Figure 1. Proper 1:1 balloon sizing in the infrain-
guinal vessels for optimization of drug delivery

to the vessel wall during the utilization of DCB.
Clearly defined inflated balloon in the popliteal. The
green arrow shows the circumferential diameter

of the balloon. The white arrow shows the large
area not being accurately or properly treated due
to undersizing of the balloon (A). The problem is
fixed by using a proper 1:1 balloon based on the
measurement (B). Real-time difference in balloon
sizing (B, C). The left green arrow represent a 5.0-
mm diameter balloon. Size was decided based

on angiographic visual observation of the vessel
angiogram. The right green arrow represents the
6.0-mm diameter balloon. The size was determined
based on the direct measurement of the vessel
diameter with extravascular ultrasound (EVUS). The
left white double head arrow shows the significant
amount of mismatch and uninterrupted plaque area
between the undersized balloon and the vessel
wall. The right white arrow shows the significant
reduction in the plaque area after the balloon size
was increased to match the 1:1 sizing of the bal-
loon to vessel lumen ratio by EVUS.

long-term outcomes. An artery with sustained patency is
critical for tissue healing; therefore, maximizing the odds
for a positive, reliable, and durable result should be at-
tempted during peripheral vascular interventions in CLI.

This analysis offers a window into at least one of the
elements that may account for the negative results of
IN.PACT DEEP. While we do not expect to prove that
sizing may be the only reason for these results, we do be-
lieve that this venue will provide us with a better under-
standing of the limitations of this technology and, more
importantly, with a potentially simple way to overcome
this hurdle.

CONCLUSION

Due to the complexity of the lesions seen in patients
with CLI, (long, irregularly shaped, moderately to se-
verely calcified stenoses and occlusions), DCBs represent
an attractive and unique technology that can potentially
achieve excellent, durable results. We believe that periph-
eral vascular interventions (PVI) using DCBs should be
performed differently than conventional balloon angio-
plasty, with a clear understanding of the methodology to
be used, the importance of adequate sizing, and avoid-
ance of geographic miss. The drug-coated balloon can-
not and should not be regarded as the “newest balloon,”
as it is an entirely new device and its proper utilization

Continued on page 12
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DCB for Tibial Vessels
Continued from page 10

requires the use of a specific technique that differs from
that of plain PTA.As data on DCBs continue to be gath-
ered and evolve and their use continues to increase, op-
timistic caution should be exercised. In the infrapopliteal
segment, questions remain. Postulated answers include
the need for further optimization of drug-excipient
coatings; reduction (or elimination) of the downstream
drug loss during balloon insertion; as well as increased
drug penetration and persistence in the vessel wall after
balloon inflation.

In our view, removal of the calcium barrier prior to
treatment with DCB, followed by precise and adequate
sizing of the DCBs in the tibiopedal vessels is likely to
improve the outcomes observed until this point in CLI
patients by maximizing drug transfer to the vessel wall
and minimizing downstream loss.

As we move forward, gathering data in an attempt
to solve the mystery of this era and enroll patients in
studies of infrapopliteal use of DCBs, it is of paramount

importance to keep in mind that each combination of
balloon, and drug/excipient, represents a unique device
and that there is no “class effect.”

More importantly, it does appear that we may be in
the midst of a “blast from the past,” where proper an-
gioplasty techniques, such as correct sizing, slow infla-
tion to decrease strain, prolonged inflation to allow for
acute remodeling, low pressure to decrease barotrauma,
and slow deflation to decrease barotrauma and avoid
“Venturi” effect with resulting detachment of drug from
the wall back into the lumen, are back in the spotlight.
This reminds us of the words of John Hartford: “The
whole universe is based on rhythms. Everything happens
in circles, spirals.” Everything comes back to its point of
origin, and here we are again...
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Tibial Interventions
Continued from page 3

This technology uses an eccentrically
weighted diamond-coated crown rotat-
ing at high speeds to centrifugally disrupt
vessel calcium. Thus, subsequent balloon
inflation can be performed at lower pres-
sures,” and more importantly, balloons can
be inflated uniformly and without the
production of a “sausage-link” configura-
tion. This uniform inflation results in an
even vessel injury along the treated vessel
length that is less predisposed to focal or
asymmetric recoil, major dissection, and
intimal hyperplasia. Early data from 50 pa-
tients in the Calcium 360 trial, random-
ized to PTA alone or PTA following OA
found target lesion revascularization rates
of 20% and 7%, respectively.® In all cases,
the best outcomes of OA (reduction in
angiographic adverse events) are achieved
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Figure. Posterior tibial occlusion (A, arrows) initially predilated with 2.0 mm PTA with residual stenosis (B, oval), subsequently treated
with 2.5 mm PTA without residual narrowing (C, dashed oval).

Coll Cardiol. 1991;18(2):506-511.
3. Baumann F, Fust ], Engelberger RP, et al. Early re-

with low spin rates, fewer passes, and
slower advancement of the rotating crown
during treatment.” While the normal
mechanism of PTA is to produce focal in-
timal and medial disruption, flow-limiting
dissections or significant acute recoil may
occur, particularly with eccentrically cal-
cified lesions. Several studies have shown
that coronary drug-coated balloons are re-
markably effective in providing scaffolding
and a biological inhibition of restenosis for
short tibial lesions.® A review of tibial DES
data found 24-month primary patency of
73% and limb salvage of 86% in 240 pa-
tients with tibial stenosis under 3 cm in
length.” This suggests that longer DES de-
signed specifically for tibial use could im-
pact long-term patency.

ANGIOGRAPHIC ASSESSMENT

There are 6 major vascular trunks, or
angiosomes, to the foot, with each perfus-
ing a distinct region of the foot. A review
of angiosome-directed revascularization
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has shown improved wound healing
when compared to nontargeted bypass
or angioplasty.'’
angiosome-guided therapy is incomplete.

However, the concept of

Numerous factors may limit the applica-
bility of the angiosome principle, includ-
ing variations in tibial and pedal arterial
anatomy, the presence or absence of an
intact pedal loop, microcirculatory distur-
bances that impair collateral formation,
and the presence of watershed regions
with dual arterial perfusion."!

Consequently, the targeting of tibial
vessels for revascularization should more
optimally be predicated upon a careful an-
glographic assessment, identifying which
major obstructed tibial vessel(s) reconsti-
tute flow to ischemic tissue in the foot
either directly, via large collaterals, or via
the pedal loop. This “angiographosome,”
or angiographically mediated pattern of
revascularization, requires selective distal
injections, biplanar angiography, and the
liberal use of vasodilators.

Tibial revascularization can be challeng-
ing, both cognitively (in the selection of
device and treatment strategies) and ana-
tomically (due to long, calcified, multivessel
involvement). The appreciation of several
key technical considerations can improve
initial and long-term success. The epidemic
nature of CLI, as well as the evolution of
new devices and approaches to this com-
plex disease process, will continue to chal-
lenge interventionalists for years to come.

Disclosure: Dr. Rundback reports consultan-
cy to Medtronic | Covidien, CSI, and Bard. Dr.
Herman reports reimbursements for education
presentations from CSI, Bard, and Terumo. Dr.
Patel reports no related disclosures.
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he ability to safely gain arteri-

al access is perhaps the most im-

portant step in the performance

of routine and complex endo-
vascular procedures. Advanced peripher-
al arterial disease (PAD) and critical limb
ischemia (CLI) remain complex entities
that pose a challenge in each step of re-
vascularization, and establishment of di-
rect blood flow to the infrapopliteal
vessels 1s a must to achieve adequate re-
vascularization in these patients. Endo-
vascular revascularization could be bro-
ken down into 3 major steps:

1. Obtain arterial access.

2. Cross high-grade stenosis/chron-

ic total occlusion (CTO).

3. Deliver therapy.

Traditionally, ultrasound (US) guidance
has been used to obtain vascular access in
venous conduits, and multiple trials have
shown this approach to be safe and effi-
cient."” In an attempt to decrease access-
related complications, this technique has
also been successfully used to guide tra-
ditional and tibial-pedal access in patients
with CLL* The use of retrograde com-
mon femoral artery (CFA) access with
“up and over” approach has been the
“go-to” technique when treating long
and complex CTOs in the superficial
femoral artery (SFA); however, this ap-
proach has been trumped by failure rates
of up to 40%.3¢

These limitations, in conjunction with
the increasing availability of disruptive
technologies, have fueled the explora-
tion of alternative access as a means to
improve the success rates of endovascular
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revascularization for patients with ad-
vanced PAD and CLI.

ALTERNATIVE ARTERIAL ACCESS

This category includes antegrade CFA
as well as antegrade/retrograde popliteal,
tibiopedal, and metatarsal access.”" In
2012, a technique consisting of puncture
of the distal SFA and/or the proximal
popliteal (P1) (distal to the reconstitution
point) to cross SFA CTOs in retrograde
fashion was described by Schmidt et al
to treat patients with claudication (62%)
and CLI (38%)."" We have recently devel-
oped a modification of the latter approach
whereby we directly access the occluded
CTO segment in retrograde fashion. This
report will offer a brief review of these al-
ternative techniques for when tibial-pedal
access 1s either not feasible or simply not
enough.

FAILED ANTEGRADE APPROACH:
TIBIAL-PEDAL NOT FEASIBLE. Now
WHAT?

Retrograde tibial-pedal access and
interventions have been described as a
useful technique to treat patients with
advanced PAD and CLI.° There are,
however, certain limitations to the use
of this approach such as the “White Stop
Sign” (a term used to describe complete
luminal obliteration of tibial vessels, as
seen with US; Figure 1) and the “CAST”
sign (CAlcification Separating Tibial ar-
teries), which describes the fluoroscopic
appearance of medial calcification typi-
cally seen in tibial arteries around the
ankle strap area. These areas of calcifica-
tion are separated by “fractures” or gaps
composed of fibrous tissue, which make
intraluminal crossing of these areas very
difficult (Figure 2) and represent areas
with increased risk of perforation.

Even when able to obtain retrograde
tibial-pedal access, many times we face
heavily calcified and long CTOs in the
femoropopliteal segment, which render
pushing equipment from a tibial pedal
site (small caliber) a futile effort. When
faced with these limitations, alternatives
are to be sought, especially in cases of
limb salvage. The addition of an access
point located in the middle of these long
CTOs enables breakdown of the resis-
tance vector in smaller segments, which
in turn results in increased pushability
and maneuverability of the devices used

Figure 1. Short-axis view of the posterior tibial artery with completely oblit-
erated lumen (A). Long-axis view of the completely obliterated lumen of the

distal posterior tibial artery (B).

to cross and treat these lesions. While ra-
dial and brachial access might be help-
ful, these sites suffer from similar limi-
tations, as they are far away from the
area of interest and are hindered by the
acute axilo-thoracic angle, decreasing
the much-needed pushability. In view of
these limitations, and the physics-based
logic of breaking down a resistance vec-
tor into smaller segments, we describe
the “Schmidt” technique, a modifica-
tion of the original approach described
by Schmidt et al, whereby we directly
access into the CTO segment with US
guidance, rather than into the reconsti-
tuted lumen."'

THE SCHMIDT TECHNIQUE

Step 1: Access

Arterial access is obtained in retro-
grade fashion directly into the CTO, just
proximal to the distal cap, in an effort
to guarantee an intraluminal location
(Figure 3). This can be done either un-
der US or fluoroscopic guidance. When
using US, the short-axis view is used
to advance the needle into the lumen,

and once this is achieved, the probe is
switched to the longitudinal access in
order to visualize the wire penetration
into the CTO. If fluoroscopic guidance
is chosen, the C-arm is placed in a 30°-
45° contralateral oblique projection to
line up the needle with the vessel. As the
needle is advanced, the C-arm is rotated
to a 30°-45° ipsilateral oblique projec-
tion to determine the distance from the
needle to the vessel. Once the needle
is in the desired location (easily con-
firmed with US or fluoroscopy), use of
an .018"wire (V-18 Boston Scientific) is
recommended, in order to have enough
support. Depending on the situation, a
microsheath or a 4 Fr sheath can be uti-
lized, or in selected cases, the access may
be used to advance wires and catheters
without introducers.

Step 2: Retrograde Crossing and Access
Reversal

After sheath insertion, .018” or .035”
support catheters may be used, accom-
modating different wire platforms. The

Continued on page 15
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Alternative Access
Continued from page 14

use of 4 Fr sheaths may accommodate
low-profile CTO crossing devices, such
as the Viance (Covidien-Medtronic), and
TruePath (Boston Scientific), to navi-
gate the CTO in retrograde fashion. In
cases where it is impossible to cross into
the proximal true lumen, simultaneous
antegrade-retrograde angioplasty may be
performed as previously described' or
re-entry devices could be also used. Once
the antegrade and retrograde wires meet,
the retrograde wire is snared from the
antegrade access site (either an ipsilateral
antegrade CFA or the traditional con-
tralateral retrograde CFA with “up and
over” approach) and the access is reversed.

Step 3: Therapy

Therapy is delivered in two steps.
First, the segment between the proxi-
mal CTO cap and the “Schmidt” access
point is treated with whichever modali-
ties are considered necessary, including
atherectomy, angioplasty, and stenting. A
retrograde sheath in the distal SFA acts
as embolic protection, preventing any
clinically significant embolization. Then,
the “Schmidt” access point must be
crossed with either the antegrade wire
or catheter combination or with a re-
entry device.

Once this is achieved, the retrograde
sheath is removed, leaving the wire in
place in order to provide a “rail” to ad-
vance devices through the heavily cal-
cified segment of the CTO and at the
same time to serve as a hemostatic de-
vice. Then the intervention is finished
in antegrade fashion, with attention paid
to the need for a prolonged angioplasty
that covers the access point (to achieve
hemostasis).

Once a therapeutic device is across
the Schmidt access point, the retrograde
wire is removed. On some occasions, a
third access (retrograde tibial pedal) is
needed to cross the distal cap in retro-
grade fashion. The rest of the interven-
tion is carried out following the pre-
viously described steps (access reversal
and therapy delivery using whichever
modality is considered necessary). Final
hemostasis is achieved using a com-
bination of intraluminal angioplasty
across the Schmidt access point and a
blood pressure cuff inflated at suprasys-
tolic levels.

DiscussION

Alternative access remains the founda-
tion that operators performing complex
procedures for patients with advanced
PAD and CLI rely upon. Collaborations
between physicians and industry have
resulted in the creation of newer and
disruptive technologies, which coupled
with the development of newer tech-
niques and approaches have increased the
success rate of treatments and decreased
the rate of procedure-related complica-
tions among this complex subset of pa-
tients. The uniqueness of the Schmidt
technique described here is in the access
of an occluded arterial segment proximal
to the reconstitution, which offers several
advantages:

1. Accessing an occluded segment
decreases the chance of having an
access site complication.

2. Breaking the long resistance vec-
tor into smaller components of-
fers superior pushability, maneu-
verability, and ability to deliver
therapy for complex, long, and
calcified SFA CTOs, compared
to that provided by retrograde
tibial-pedal access and remote
upper-extremity access.

3. This method avoids the need to
use traditional popliteal access,
which is effective but inconve-
nient, because the patient typi-
cally has to be repositioned dur-

ing the procedure.'"!>13

CONCLUSION

Alternative arterial access is a tool of
paramount importance to cross and treat
long and complex femoropopliteal CTOs
in patients with advanced PAD and CLI.
Antegrade CFA and tibiopedal access are
gaining more acceptance among clini-
cians treating CLI patients. The Schmidt
technique is one more tool in the ar-
mamentarium of the CLI specialist who
spends time tackling complex CTOs.
The availability of low-profile devices,
including sheaths, catheters, wires, and
CTO crossing devices, makes this tech-
nique easier to incorporate. The long-
term benefit and efficacy of this approach
should be the subject of further study in
prospective registries.
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or those of us who treat patients

with critical limb ischemia (CLI),

there is a conscious, and in fact

often unconscious, personaliza-
tion of medicine. We incorporate mul-
tiple variables into the treatment algo-
rithm including anatomic assessment of
vascular supply, degree of tissue loss, co-
morbid medical conditions, and even
psychosocial issues. Our goals for indi-
vidual patients vary — in some to close
the ulcer and prevent any amputation, in
others to minimize the level of ampu-
tation, and in yet others to heal stumps
and flaps. While much of the approach
is driven by evidence-based medicine,
there remains an art to wound healing.
Unfortunately, when designing and im-
plementing research trials and registries,
the multitude of variables that impact
successful CLI outcomes become diffi-
cult to control for and the precise end-
points that are most relevant become
challenging to define. The selection of
appropriate endpoints also has implica-
tions for quality metrics, which are in-
creasingly emphasized in modern health
care systems.

OUTCOMES USED IN CLI STUDIES

A variety of endpoints either alone or
in composite definitions have been used
in clinical trials in the CLI population.'”
These outcomes include variables that are
limb specific and those that are broader in
their scope and include hard cardiovascu-
lar events. These former endpoints include
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freedom from amputation, freedom from
unplanned amputation, and wound heal-
ing/closure. Some studies have included

hard cardiovascular endpoints including
death and many use amputation-free sur-
vival to capture morbidity and mortal-
ity. Secondary endpoints, particularly in
revascularization-focused studies (either
surgical or endovascular), have centered
on safety, need for repeat intervention,
and patency outcomes. Endpoints used in
selected CLI studies are shown in Table 1.

We can categorize the endpoint as-
sessments into patient outcome driven,
anatomic/angiographic, and physiologic.
Outcomes that are patient driven include
quality of life, limb and gait preservation,
reduction in time to wound healing, re-
duction of cardiovascular events, ampu-
tation-free survival, and overall mortal-
ity. Anatomic outcomes include vessel or
graft patency, late loss (LL), and target le-
sion revascularization (TLR). Physiologic
outcomes include changes in markers of
perfusion, such as skin perfusion pressures

(SPP), transcutaneous oximetry measures
(TCOMs), or changes in arterial Doppler
derived velocities (change in peak veloci-
ties) and lower-extremity pressures (ankle
or toe brachial index [ABI/TBI]).¢
Ultimately, most of these endpoints
have clinical relevance but as with any
intervention in medicine, clinical end-
points trump surrogate markers — par-
ticularly from the patient’s perspective
(Figure 1). Although physiologic mea-
surements provide prognostic data and
help with surveillance, they are seldom
primary outcome measures. The role of
anatomic endpoints remains even more
controversial. In revascularization trials,
vessel patency is often a key metric. The
importance of patency — certainly in the
longer term (>6-12 months from index
procedure) — incites much consternation

Continued on page 17

Table 1. Selected Critical Limb Ischemia Trials and Included Endpoints

Trial

BASIL'

Prevent IlI2

RESTORE-CLI®

BEST-CLI*"

IN.PACT DEEP®

Description

Randomized controlled
trial comparing efficacy of
angioplasty vs open surgi-
cal bypass for patients
with critical limb ischemia
(CLI)

Randomized controlled

trial evaluating efficacy of
a molecular agent (edifoli-
gide) to prevent vein graft
failure in patients with CLI

Randomized controlled

trial of autologous bone
marrow cells vs placebo
for patients with CLI

Multicenter randomized
trial comparing endovas-
cular therapy with open
surgical treatment in CLI
patients eligible for both
treatments

Randomized controlled
trial comparing drug
(paclitaxel) coated bal-
loons versus non-coated
balloons for treatment of
infrapopliteal disease in
CLI patients.

Primary Endpoints

Amputation-free survival

¢ Time to nontechnical
index graft reintervention
e Major amputation due to
index graft failure

Primary endpoints were
safety related

Major adverse limb event
(MALE) free survival as
defined by the Society of
Vascular Surgery

Two co-primary endpoints
were assessed: e Clini-
cally driven target lesion
revascularization (CD-TLR)
in the entire study cohort e
Late lumen loss in a sub-
group of subjects under-
going repeat angiography

Other Key/Secondary
Endpoints

e Postprocedural mor-

bidity e Reinterventions
¢ Health-related quality
of life e Use of hospital

resources

¢ All-cause graft failure

e Clinically significant
graft stenosis ¢ Amputa-
tion e Reintervention-free
survival ® Nontechnical
primary graft patency

Efficacy endpoints in-
cluded in secondary
outcomes: e Time to first
occurrence of treatment
failure (major amputation,
death, doubling of wound
total surface area from
baseline) ¢ Occurrence
of de novo gangrene
Amputation-free survival e
Incidence of major ampu-
tation ¢ Wound healing

e Amputation-free sur-
vival e Reintervention and
amputation-free survival
(RAFS) ® Freedom from
reintervention in the index
leg ® Number of reinter-
ventions per limb salvaged
¢ Freedom from clinical
failure ® Freedom from CLI
e Freedom from all-cause
mortality, freedom from
hemodynamic failure e
Functional and quality of
life measures

The primary safety end-
point: ¢ Composite of
all-cause death, major
amputation, and CD-TLR
at 6 months




CLI Endpoints

Continued from page 16

in the field of CLI revascularization.” The
underlying current in this discussion ac-
tually reflects a more complex debate be-
tween endovascular therapies vs surgical
revascularization.®” Studies have dem-
onstrated that given an autologous vein
and a suitable target, bypass outperforms
a percutaneous transluminal angioplasty
(PTA) approach in terms of vessel pa-
tency. However, multiple data sets reveal
that limb salvage rates are comparable de-
spite this finding.*'” One might draw the
conclusion, therefore, that patency is not
important. While the majority of wounds
heal within 3 months to 6 months with
revascularization and appropriate wound
care, nearly 30% to 40% may take lon-
ger.”!! Restenosis or frank occlusion is a
common finding in cases of stalled heal-
ing.” Furthermore, even the term patency
can be dissected and scrutinized. Patency
can refer to primary patency, which
evaluates the performance of the initial

Endpoints in Critical Limb Ischemia:
Multiple Perspectives

What patients think about:

Will this ulcer heal?

Will | lose my leg?
Will | ever walk again?
Will | be able to go back to work?

intervention, assisted primary patency
when additional intervention is needed
to maintain patency, and secondary pa-
tency, when reintervention is needed for a
subsequently occluded vessel. Patency or
any variation of it is rooted in the surgi-
cal literature, where the presence of graft
flow provided the criteria for patency. A
patent but stenosed graft may still not
provide adequate flow for healing. These
considerations are even more challeng-
ing in the endovascular era, where much
like cardiac stent trials there is a shift to
outcome assessments with LL, TLR, or
binary restenosis. How modern endovas-
cular therapy (atherectomy, drug-coated
technologies) might compete with sur-
gical bypass remains to be tested. The
ongoing BEST-CLI trial will provide
further insights into the relationship of
patency with outcomes between surgery
and endovascular approaches.'? Further
complicating the use of patency as an
endpoint is the fact that some patients
may have lack of wound healing despite
arterial patency, as additional factors such
as infection, diabetic control, and status

1

What clinicians think about:

What is the inflow, outflow, pedal circulation?
What is the patency rate, TLR rate, late loss, binary
restenosis rate?

Physiology
What is the tissue level perfusion?
What is the ABl and TBI?
What are the Doppler velocities and waveforms?

Clinical
What is the ulcer bed look like?
What is the size of the ulcer?
What level of amputation might be needed?
What is the patient’s risk of death, myocardial
infarction or stroke?
What is the patient’s psycho-social status?

~ What is the patient’s change in diabetic control,

smoking cessation and risk factor modification?

Figure 1. Endpoints in critical limb ischemia: patient and physician perspectives.
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of comorbidities may be overwhelming

forces. Perhaps even more sobering are
data that suggest that even with patency
and successful limb salvage, a return to
baseline functional status is often elusive
in many patients."”

EFFORTS TO STANDARDIZE
OUTCOMES IN CLI TRIALS

In an effort to standardize outcome
reporting, several organizations have put
together consensus documents to address
the outcome issues. A major push to cre-
ate standard outcomes in CLI therapy
was undertaken by the Society of Vascular
Surgery (SVS)." This group was largely
comprised of vascular surgeons and in-
volved interactions with the US Food and
Drug Administration (FDA). The objective
performance goals (OPGs) were largely
developed by examining the design and
results of randomized, controlled trial data.
The primary trials included the Project
of Ex Vivo vein graft Engineering Via
Transfection [II (PREVENT III) trial,? the
Circulase II trial,”® and the Bypass versus
Angioplasty in Severe Ischemia of the Leg
(BASIL) trial." The OPGs were designed,
in part, to provide benchmarks for single-
arm device trial evaluations. The details
of the SVS OPGs are available at http://
criticallimb.org. Highlights of the recom-
mendations included reporting acute peri-
procedural complications for both surgical
and endovascular therapies: death, major
adverse cardiac events, reinterventions, and
amputation rates. The OPG recommen-
dations for endovascular therapy include
access complications (hematomas, fistulas),
contrast-induced kidney injury, and distal
embolization. Surgical outcomes included
bleeding, need for reoperation, and sur-
gical wound complications. In terms of
longitudinal outcomes, trial duration in
the context of CLI is recommended as 1
year. Two years is suggested as a potential

17

preference — largely on the 2-year BASIL
trial data, which demonstrated potentially
better survival with surgical therapy over
angioplasty.'® The efficacy measures focus
on death, amputation-free survival, free-
dom from clinical failure, and the compos-
ite endpoint of major adverse limb event
(MALE), with this latter term encompass-
ing amputation (below the knee or high-
er) and need for reintervention. Additional
efficacy measures for wounds were incor-
porated, although less specific in nature as
well as quality of life metrics. The role of
these OPGs remains to be better defined,
whether as premarket device benchmark
tools, clinical trial endpoints, or practice
performance goals.

Another effort to standardize definitions
and provide some endpoint metrics comes
from the Academic Research Consortium
(ARC).The ARC is a largely cardiology-
based group and has been instrumental in
codifying definitions and measures of ad-
verse events in cardiovascular trials, includ-
ing stent thrombosis (ARC definitions),
percutaneous valve technologies (VARC),
and bleeding (BARC). The Peripheral
Arterial Research Consortium (PARC)
has been developed as a combined effort
between multidisciplinary (vascular medi-
cine, vascular surgery, cardiology, and ra-
diology) academic groups in the United
States, Japan, and Europe, along with in-
dustry and regulatory agencies, to address
the need for concrete definitions in PAD
trials.”” The specific goals of PARC in-
clude development of standardized defi-
nitions for clinical syndromes, anatomic
designations, surrogate endpoints includ-
ing physiologic and imaging measures,
and symptomatic limb endpoints. The
PARC has defined acute and longer term
benchmarks for success of peripheral pro-
cedures. The clinical endpoints were based
in part on the SVS recommendations and
include MALE, defined as an above-ankle

Continued on page 19
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Figure 2. Meta-analysis of vessel patency and limb salvage rates, modified from Romiti et al.®
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CLI Affects More Than the
Legs: Upper-Extremity
Critical Limb Ischemia

Abdul Bahro, MD, FACC, FSCAI', Nissa Mollema, PhDz? and

Brad Martinsen, PhD?

From 'Merit Health Center, Jackson, Mississippi, and ?Cardio-
vascular Systems Inc., St. Paul, Minnesota.

Abdul Bahro, MD

pper-extremity critical limb

ischemia (UE-CLI) or criti-

cal hand ischemia (CHI) can

be devastating and may poten-
tially result in amputation."? CHI may
be caused by obstructions in above-
the-elbow (ATE) arteries or in below-
the-elbow arteries (BTE). Although
lower-extremity CLI (LE-CLI) has been
well studied and described in the litera-
ture, UE-CLI and CHI are rarely men-
tioned. Critical hand ischemia caused
by chronic occlusive arterial disease is
an uncommon condition and there is
still no consensus concerning the most
appropriate revascularization strategy.'?
Surgical interventions for UE-CLI have
focused on bypass grafting, often from
the saphenous vein; however, these
techniques are invasive and may result
in a longer recovery time.’

Physicians are beginning to treat UE-
CLI patients with percutaneous trans-
luminal angioplasty before resorting
to amputation."*> Atherectomy in the
upper extremities is not typically con-
sidered due to the small anatomy; how-
ever, the Diamondback 360 Peripheral
Orbital Atherectomy System (OAS)
(Cardiovascular Systems, Inc.) can enter
treatment areas with a reference vessel
diameter of 1.5 mm. Here we describe
4 cases of radial artery occlusions treat-
ed with Diamondback OAS and bal-
loon angioplasty.

CASE STUDY SERIES

Ten patients had calcific disease of
the radial artery and UE-CLI/CHI.
The first patient was a 47-year-old
male, presenting with a necrotic right
index finger (Figure 1) and a history of’
peripheral vascular disease; an occlusion
was identified at the level of the wrist
in the radial artery (Figure 2). The ra-
dial artery was treated with 1.25 mm
Diamondback OAS crown and balloon
angioplasty (2.5 mm to 3.5 mm x 60
mm to 220 mm, dilated 6 atm to 8 atm
for 2 minutes), resulting in high blood
flow to the hand (Figure 3).The wound
healed by 4 weeks post procedure
(Figure 4). Similar treatment was used
for the other nine UE-CLI patients
with radial artery occlusions and CHI.

A second case was a 57-year-old
female with a history of stroke, hy-
pertension, peripheral and coronary
artery disease, amputations, and steal
syndrome. She had severe disease at the
proximal and distal anastomosis site of
a jump graft to the left brachial artery.
Her radial artery had very little flow.

In a third case, a 39-year-old male
presented with gangrene in the first and
second index fingers as well as a left be-
low-the-knee amputation. Blood flow
was slow through an occlusion in the
patient’s right radial artery. A fourth
case was a 79-year-old male with end-
stage renal disease and prior finger am-
putations. He had circumferential calci-
fication of the radial artery. The other 5
cases had similar calcified radial artery
occlusions.

RESULTS

All patients had good flow to the hand
after intervention and did not experi-
ence any complications during or im-
mediately after the procedures. The pa-
tients had positive long-term follow-up
results and have not returned for repeat
procedures on the lesions presented here.

Tips on Treating  Upper-Extremity
Critical Limb Ischemia
1. Make sure activated clotting time
is therapeutic (~250).

Continued on page 19

Abdul Bahro, MD, Director of the Interventional Catheterization Laboratory, Merit
Health Center, 1860 Chadwick Drive, Ste. 256, Jackson, MS, 39204. Abdul.Bahro@
MyMeritHealth.com or abdulbahro@hotmail.com
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Figure 1. A 47-year-old male, presenting with a necrotic right index finger,
upper-extremity critical limb ischemia, and chronic hand ischemia.

Figure 2. Angiogram indicating an occlusion at the level of the wrist in the
radial artery.




CLI Endpoints

Continued from page 17

amputation of the index limb or major
repeat revascularization of the target limb
(new bypass graft, jump/interposition graft
revision, repeat endovascular therapy, or
thrombectomy/thrombolysis). Assessment
of wound healing is recommended at 30
days to assess early response to therapy,
with healing defined as complete epi-
thelialization of an ischemic wound of
target limb persistent for at least 14 days.
Ischemic pain relief is defined as an im-
provement in (or relief of) pain of target
limb for at least 2 weeks using visual ana-
logue scale. This document was published
in 2015 and therefore its impact on clinical
trial design and device approval pathways
remains to be determined.

TAKE-HOME POINTS

Healing of an ischemic ulcer and pre-
vention of major amputation requires a
multipronged and multidisciplinary ap-
proach. While there are many outcome

metrics that must be met along the way,
a holistic approach and the patient’s goals
need to be kept in mind at each step of
therapy. The use of composite endpoints
— particularly MALE — is likely the fu-
ture standard, as this outcome captures
global and limb-specific data and allows
for design of studies without the need for
excessive sample sizes. The use of out-
comes designed by consensus will need
to be vetted in ongoing clinical trials such
as the BEST-CLI study.

Disclosure: Dr. Prasad reports consultancy
and grants from Osprey Medical as well as
reimbursement for educational presentations
from AstraZeneca and Gilead Medical. Dr.
Prasad can be reached at prasada@uthscsa.
edu.
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Upper-Extremity CLI

Continued from page 18

2. Use very gentle wire
manipulation.
3. Utilize a small Diamondback

OAS crown (1.25 mm).

4. Be aggressive with vasodilators
and give through the exchange
catheters.

5. Balloon size for angioplasty
should match the size of the
vessel. Complete long and low-
pressure inflations. If a small area
does not respond, use a smaller
balloon with higher atmosphere
inflation pressure.

DISCUSSION

The incidence of CHI due to BTE
artery disease is difficult to assess, be-
cause most patients are treated conser-
vatively and rarely identified.!' BTE oc-
clusions are more common in dialysis
patients with symptoms of CHI and/
or vascular access dysfunction." In addi-
tion, calcification of the distal vessels of
the upper extremities has been shown
to be a major factor in causing hand
ischemia."®” The improving survival
time of end-stage renal disease patients
suggests that UE-CLI and CHI may
become a frequent problem in the fu-
ture.! Thus, new treatment algorithms

are needed to properly diagnose and
treat these patients.

CONCLUSION

Favorable outcomes can result from
treating UE-CLI or CHI with endovas-
cular techniques. Obtaining good out-
flow to the fingers is critical for wound
healing. Orbital atherectomy is a use-
ful tool in preparing vessels for balloon
angioplasty, particularly in cases where
calcification is present. Interventions in
the radial artery may prevent or reduce
the need for amputation of the fingers
or hand. Although the radial artery has
a small diameter, it can still be treated
with orbital atherectomy, providing re-
lief for patients with UE-CLI.

Disclosure: Dr. Bahro reports consultancy
and travel reimbursements from CSI.
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Amputation or Not for
Rutherford Class VI
Patients: Is It Final?

Syed M. Hussain, MD, and Jennifer L. Ash, MD
From the Vein & VVascular Center, Christie Clinic,

Champaign, lllinois.

Syed M. Hussain, MD

eripheral arterial disease (PAD)

represents a wide array of presenta-

tions that range from asymptomat-

ic PAD, stable symptomatic inter-
mittent claudication, critical imb ischemia
(CLI), acute limb ischemia, and amputa-
tion.! Critical limb ischemia is defined as
PAD causing resting lower-extremity pain
or with impending or overt tissue loss, and
is classified as Rutherford Class IV-VI or
Fontaine Class III and IV. Critical limb
ischemia is a disease associated with high
rates of cardiovascular morbidity and mor-
tality.® It represents the end of the spectrum
of PAD prior to major amputation.

Critical imb ischemia was first defined
in published form in 1982. At that time, the
term CLI was intended to be applied to pa-
tients without diabetes whose major threat
to a limb was chronic ischemia. Critical imb
ischemia was defined as an ankle pressure
<40 mmHg in the presence of rest pain and
<60 mmHg in the presence of tissue necro-
sis. In the cited document from 1982 de-
scribing the Rutherford classification system,
the authors stated: “It was generally agreed
that diabetic patients who have a varied clin-
ical picture of neuropathy, ischemia and sep-
sis make definition even more difficult and
it is desirable that these patients be excluded
... or should be clearly defined as a separate
category to allow the analysis of the results in
the nondiabetic patients.”

Despite this cautionary verbiage, the
use of the term CLI has been universally
applied to a much broader spectrum of
patients than originally intended. Because
of the overly liberal application of the
term CLI, efforts to measure and com-
pare outcomes of different treatment op-
tions have been problematic, especially as
revascularization options and other treat-
ment approaches have rapidly expanded.*
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Although CLI
without

implies amputation
stud-
ies have shown this not to be true. The
CIRCULASE trial enrolled patients with
rest pain and ischemic ulcers (Fontaine
I and IV). The placebo arm demon-

strated a 13% amputation rate at 6 months,

intervention, multiple

with untreatable infection being the most
common reason for major amputation.’
Furthermore, Marston reported on 142
patients with severe ischemia and wounds.
Patients underwent meticulous wound care
at a specialized center without revascular-
ization. Major amputation rates at 6 and 12
months were 19% and 23%, respectively.®
These studies show that diabetic patients
with wounds and without revasculariza-
tion options cannot be deemed candidates
destined for major amputation. Therefore,
current classification systems such as
Rutherford or TASC are inadequate to de-
termine amputation risk, since only arterial
lesions are taken into account.

The Society ofVascular Surgery (SVS) es-
tablished the Lower Extremity Threatened
Limb (Wound Ischemia foot Infection,
or WIfI) Classification System in 2013 to
gauge the risk that patients with critical
limb ischemia (CLI) will require amputa-
tion. The goal of the system was to improve
stratification of patients in clinical trials of
CLI treatment. The WIfI system is based
on wound extent, degree of ischemia, and
extent of infection, with each graded on a
scale of 1 to 3. Patients receive a spectrum
score, with those considered at very low
risk of imb amputation within 1 year clas-
sified as stage 1. Low-risk patients are clas-
sified as clinical stage 2 under the system,
moderate-risk as stage 3, and high-risk as
stage 4 (Figure 1). The researchers evalu-
ated the system using data they had gath-
ered prospectively on 139 patients with
foot wounds who underwent a total of 158
revascularization procedures. Seventy-nine
percent of the wounds healed, and the me-
dian time to healing was 2.7 months, with
a range of one to 18 months. Diabetes mel-
litus, wound location, wound size, wound
depth, and degree of ischemia were all as-
sociated with wound healing. Patients clas-
sified as stage 1 had a 3% likelihood of am-
putation at 1 year, stage 2 had a 10% chance,
stage 3 a 23% chance, and stage 4 a 40%
chance. Staging also predicted the risk of
wound nonhealing, which was 8%, 10%,
23%, and 40%, respectively.*

Although the WIfl system takes into
consideration both wound and infection
characteristics, it remains a system that also
overlooks several other variables that are

40

30

” -

J E—

Stage 1 Stage 2

Stage 3 Stage 4

Figure 1. Estimated 1-year amputation risk (%) by Society for Vascular Sur-

gery threatened limb clinical stage.
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Premises:

1. Increase in wound class increases risk of amputation (based on PEDIS, UT, and

other wound classification systems)

2. PAD and infection are synergistic (Eurodiale); infected wound + PAD increases
likelihood revascularization will be needed to heal wound

3. Infection 3 category (systemic/metabolic instability): moderate 1o high-risk of
amputation regardless of other factors (validated IDSA guidelines)

Four classes: for each box, group combination into one of these four classes

Low = L = clinical stage 2

Clinical stage 5 would signify an unsalvageable foot

Figure 2. Risk/benefit: clinical stages by expert consensus.

frequently encountered in the PAD pa-
tient population: BML’ nutritional status,’®
preoperative functional ability (Barthel
Index),” age, cognitive ability, and balance,'
to name a few. Thus, this classification sys-
tem also has its limitations in determining
limb salvage and amputation-free survival.
Therefore, Rutherford Class VI disease is
not an absolute indication for major am-
putation; on the other hand, Rutherford
class VI is also not an absolute indication for

complex revascularization (surgical bypass
vs endovascular therapy). As clearly illustrat-
ed, decisions regarding limb salvage cannot
be made based on vascular anatomy alone,
despite its clear contribution to patient out-
comes. Decisions regarding revasculariza-
tion vs major amputation require that we
look beyond the Bypass vs Angioplasty in
Severe Ischemia of the Leg (BASIL) and

Continued on page 22
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Amputation
Continued from page 20

Project of EX-Vivo Vein Graft Engineering
via Transfection III (PREVENT III) trials.
In the final analysis, a new and more in-
depth classification system must first be de-
veloped to guide clinicians in determining
which patients will benefit from revascu-
larization and which patients will go on to
major amputation.

Disclosure: The authors report no disclo-
sures related to the content herein.
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Lessons Learned

Continued from page 1

lesion revascularization of 87.3% for the
stent group compared with 45.1% for the
angioplasty group (P<.0001). Duplex
ultrasound-derived primary patency at
12 months was better for the stent group
(81.3% vs 36.7%; P<.0001).2
The DURABILITY trial
that with bare metal stents in complex

showed

and calcified lesions with a mean le-
sion length of >9 cm, there was a pri-
mary patency rate of 72.2% at 1 year
combined with a clinical improvement
of 91.8%. Nevertheless, we have to face
the problem of in-stent restenosis (ISR)
in bare metal stents, which is a chal-
lenge for successful treatment options.
Drug-eluting stenting (DES) as a treat-
ment option was evaluated by the Zilver
PTX trial and several subgroup trials us-
ing the paclitaxel-coated stent. In com-
plex lesions in a Japanese trial, the Zilver
PTX DES proved a primary patency rate
of 50.2% and a freedom from clinically
driven target lesion revascularization rate
of 68.6%.” Ultimately, Zilver PTX stent
implantation for complex femoropoplite-
al artery disease did not affect long-term
durability. The limit for this treatment
option is the length of the stents (12 cm
usable stent length) and the treatment of
ISR if it is occurring.

Adhering to the philosophy of “leave
nothing behind” is more and more chal-
lenging. It has resulted in the increased
usage of drug-eluting balloons (DEB).
Trials have proved the efficacy in SFA
and popliteal lesions, and even in longer
lesions. More data will be shown in the
future from global registries. So far, we
know from the INPACT SFA trial that
we can gain a primary patency of 82.2%
with the DEB compared to 52.4% in
the POBA arm in SFA lesions associ-
ated with a gain of clinical improvement
with the usage of DEBs in SFA lesions.*
The mean lesion length was 8.94 cm and
the percentage of heavily calcified lesions
was 8.1%. Results were reinforced by the
LEVANT II data.’

In all the trials, calcium is the barrier
for efficient drug penetration to the ves-
sel wall. Treatment modalities to over-
come these issues are mainly methods
that prove that they are effective in re-
moving the calcium from the vessel wall.
Those modalities include well-known
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procedures such as atherectomy as well as
newer modalities such as the idea of dis-
rupting calcium with lithoplasty.

A recent Cochrane review looked at
atherectomy for SFA and popliteal ar-
tery treatment. Four trials were includ-
ed with a total of 220 participants (118
treated with atherectomy, 102 treated
with balloon angioplasty) and 259
treated vessels (129 treated with ather-
ectomy, 130 treated with balloon an-
gioplasty). All studies compared ather-
ectomy with angioplasty. No study was
properly powered or assessors blinded
to the procedures, and there was a high
risk of selection, attrition, detection,
and reporting biases. The estimated
risk of success was similar between the
treatment modalities although the con-
fidence interval (CI) was compatible
with small benefits of either treatment
for the initial procedural success rate
(Mantel-Haenszel risk ratio [RR] 0.92,
95% CI 0.44 to 1.91, P=.82), patency at
6 months (Mantel-Haenszel RR 0.92,
95% CI 0.51 to 1.66, P=.79), and pa-
tency at 12 months (Mantel-Haenszel
RR 1.17,95% CI 0.72 to 1.90, P=.53)
following the procedure. The reduction
in all-cause mortality with atherectomy
was most likely due to an unexpectedly
high mortality in the balloon angio-
plasty group in one of the two trials that
reported mortality (Mantel-Haenszel
RR 0.24,95% CI 0.06 to 0.91, P=.04).
Cardiovascular events were not report-
ed in any study. There was a reduction
in the rate of bailout stenting follow-
ing atherectomy (Mantel-Haenszel RR
0.45,95% CI 0.24 to 0.84, P=.01), and
balloon inflation pressures were lower
following atherectomy (mean differ-
ence -2.73 mmHg, 95% CI -3.48 to
-1.98, P<.00001).

Complications such as embolization
and vessel dissection were reported in
two trials, indicating more emboliza-
tions in the atherectomy group and
more vessel dissections in the angio-
plasty group, but the data could not be
pooled. From the limited data available,
there was no clear evidence of differ-
ent rates of adverse events between
the atherectomy and balloon angio-
plasty groups for target vessel revascu-
larization and above-knee amputation.
Quality of life and clinical and symp-
tomatic outcomes such as walking dis-
tance or symptom relief were not re-
ported in the studies. This review has

identified poor quality evidence to
support atherectomy as an alternative
to balloon angioplasty in maintaining
primary patency at any time interval.
There was no evidence for superiority
of atherectomy over angioplasty on any
outcome, and distal embolization was
not reported in all trials of atherectomy.
The conclusion of this Cochrane re-
view was that properly powered trials
are recommended.®

In the meantime, more actual data
have been generated for atherectomy
as shown by the DEFINTIVE Ca**
trial. The proportion of asymptomatic
subjects increased from 0% at base-
line to 52.3% at the 30-day follow-up
visit. In total, 88.5% of subjects ex-
perienced an improvement of one or
more Rutherford categories.” In the
CONFIRM registry series, patients
(n=3,135) undergoing orbital atherec-
tomy (OA) by more than 350 physi-
cians at over 200 United States institu-
tions were enrolled on an “all-comers”
basis. Treatment with OA reduced pre-
procedural stenosis from an average of
88% to 35%. Final residual stenosis after
adjunctive treatments, typically low-
pressure percutaneous transluminal an-
gioplasty (PTA), averaged 10%. Plaque
removal was most effective for severely
calcified lesions and least effective for
soft plaque.®

Lithoplasty is a new technology de-
signed to disrupt calcium in periph-
eral vessels. Six-month data from the
DISRUPT PAD trial were recently
presented.” Lithoplasty is a balloon-
based technology that utilizes integrated
lithotripsy, a pulsatile mechanical ener-
gy commonly used to break up kidney
stones, disrupt both superficial and deep
calcium, and normalize vessel wall com-
pliance prior to low-pressure balloon
dilatation. Lithoplasty is designed to be
naturally gentle to soft tissue (nondis-
eased portions of the vessel) while re-
maining hard on calcium, the tissue that
limits vessel expansion and the effective-
ness of current technologies.

DISRUPT PAD is a
multicenter study evaluating the safety
and utility of the Lithoplasty Balloon
(Shockwave Medical) for the treatment
of peripheral artery disease (PAD). The
results from DISRUPT PAD demon-
strate safe and effective dilatation of calci-

single-arm,

fied stenosis with no acute failures, favor-
able residual stenosis, no major adverse

events, and no need for stent placement.
At 6 months, freedom from reinterven-
tion was 100% and patency assessed by
duplex ultrasound was 83%.” Primary ef-
ficacy results demonstrated 100% success,
defined as ability to achieve less than 50%
residual stenosis using lithoplasty with or
without adjunctive angioplasty. Device
success was 87% using lithoplasty alone.
The device achieved an average residual
stenosis of 23% (initial 76%), with no dif-
ference in the ability to dilate lesions be-
tween moderate (36%) and severely (64%)
calcified lesions.

CONCLUSION

Many different concepts are currently
being investigated to fight the calcium
burden in SFA disease, especially with the
focus of drug use post procedure. The ap-
propriate outstanding technology has not
yet been found.

Disclosure: The author has completed and
returned the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Dr. Brodmann
reports no disclosures related to the content
herein.
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Abstract 1: A Rare Cause of Critical Limb Ischemia in a Young Adult
Jagadeesh Kalavakunta, MD'; Yashwant Agrawal, MD?; Elizabeth Sayers, PA%; Fadi Saab,
MD?; J.A. Mustapha, MD?

From "Michigan State University; ?Western Michigan University; SMetro Health Hospital,
Wyoming, Michigan.

Atherosclerosis is the most common etiology of obstruction of the arteries leading to
limb ischemia. When critical limb ischemia (CLI) presents in a young adult, the clinician
should consider nonatherosclerotic diseases. We present a rare of cause CLI in a 35-year-
old male who presented with Rutherford class VI symptoms of nonhealing gangrenous
right great toe. His angiograms revealed medial type of fibromuscular dysplasia (FMD)
of the popliteal and peroneal arteries with “string of beads” appearance. He underwent
endovascular therapy requiring multiple attempts to complete revascularization of pe-
roneal and anterior tibial arteries. In young adults with CLI, interventionalists need to
consider FMD as a possible etiology.

Abstract 2: Does Cerebrovascular Disease Affect the Prognosis of
Patients With Critical Limb Ischemia?

Gabriel C. Inaraja-Pérez, PhD'; Herbert Tejada-Meza, MD’; Ernest Spitzer-Cano, MD'; Maria
Julvez-Blancas, MD’; Irene Molinos-Arruebo, PhD'; Alejandro Rodriguez-Morata, PhD?
From the "University Hospital Miguel Servet, Zaragoza, Spain, and *University Hospital
Virgen de la Victoria, Malaga, Spain.

Introduction: Critical limb ischemia (CLI) has a similar physiopathology to cere-
brovascular disease, because in both conditions, arteries are affected. Sequelac from
stroke can influence the decision to revascularize or not, and this could potentially
elevate the amputation rate. Objectives and Materials/Methods: Members of the
Neurology and Vascular Surgery Department have collected data on 265 patients during
hospital admissions and follow-up related to the limb ischemia and neurologic status/
variables. Data were recorded retrospectively (admissions) and prospectively (follow-
up). A “per-patient” statistical analysis (descriptive and inferential) was performed us-
ing SPSS. Results: More than 20% of the patients (54/267) had a previous history of
cerebrovascular ischemia and 64% (171/267) had diabetes. Hypertensions was present in
almost 75% (200/267),and 61% (163/267) were or had been smokers. Dyslipidemia was
also present in 33% of the patients (87/267). Cardiopulmonary comorbidities were of-
ten found (coronary disease in 22% and COPD in 13%). There were no diftferences re-
garding risk factors and comorbidities among patients with or without previous history
of cerebrovascular disease (stroke or transient ischemic attack). Although patients in the
“cerebral ischemia” group were more dependent in activities of daily living (P=.002,
RR=1.2), statistical tests did not show any difference in the minor amputation rate
(P=.332), major amputation rate (P=.805), or diagnosis of “no-option” CLI (P=0.899).
Discussion: Although patients with history of cerebrovascular disease were more de-
pendent in activities of daily living, we did not observe differences in major amputa-
tions, absence of revascularization options, or changes in prognosis when compared to
patients without history of cerebrovascular events. Regardless of these results, appropri-
ate assessment of carotid artery disease is encouraged in patients with CLI who plan to
undergo a revascularization procedure, to prevent further complications.
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Figure 1. Risk factors in the population.
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Figure 2. Time (months) from the diagnosis of CLI to the event of stroke/TIA,
in the general population (left) and divided into option vs no-option critical
limb ischemia.

Abstract 3: Chronic Limb Ischemia in the Upper Arms
Abdul Bahro, MD
From Cardiovascular Services of Central Mississippi, Jackson, Mississippi.
Introduction: Critical hand ischemia (CHI) can be devastating and may potentially
result in amputation. The Orbital Atherectomy System (OAS) (CSI) can enter treat-
ment areas with a reference vessel diameter of 1.5 mm. Objective: Five cases of CHI
treated with OAS and balloon angioplasty are described here. Methods: The 5 patients
ranged in age from 39 years to 79 years: all were referred with pain/ischemic changes to
the hand and had typical comorbidities associated with vascular disease. Cases 1—4 had
occlusions in the radial artery; case 5 had a brachial artery occlusion. In addition, case 3
had severe disease at the proximal and distal anastomosis site of a jump graft to the left
brachial artery. The radial artery occlusions in patients 1—4 were treated with 1.25 mm
OAS crowns and balloon angioplasty (2.5 mm to 3.5 mm x 60 mm 220 mm; dilated
6 atm to 8 atm for up to 2 minutes). The anastomosis site in case 3 was dilated with 3
mm x 40 mm balloons (up to 8 atm for 2 minutes). The brachial artery occlusion in
case 5 was treated with a 2.0 mm OAS crown, 5 mm x 40 mm balloon, and 5 mm x
40 mm Supera Stent (Abbott). Results: All patients had good flow to the hand after
intervention with no complications, and most had almost immediate relief of rest pain.
The patients had positive long-term follow-up results and have not returned for repeat
procedures on the lesions presented here. Conclusion: Interventions in the arm may
prevent or reduce the need for amputations of the fingers or hand. These small-diameter
vessels can be treated with atherectomy.

Abstract 4: Do Hybrid Revascularization Procedures Provide Any Benefit
to Patients?
Maria Julvez-Blancas, MD'; Gabriel C. Inaraja-Pérez, PhD'; Alejandro Rodriguez-Morata,
PhD?; Irene Molinos-Arruebo, PhD'; Emest Spitzer-Cano, MD'; Vicente Borrego-Estella,
PhD'; Lorena Colomina-Callén, MD’
From the "University Hospital Miguel Servet, Zaragoza, Spain, and *University Hospital
Virgen de la Victoria, Malaga, Spain.

Introduction: Advances in endovascular materials and procedures provide the vas-
cular specialist new tools to treat more

patients. These techniques can also be RENGCRBMHNEE R EHGREGTE

used to optimize the inflow/outflow

’ Open Hybrid
of open surgery in the same procedure. surgery  surgery
Objectives and Materlals/Methods: Apai] 71,2 71,7 0855
Because these hybrid surgery procedures ! !
increase operating time and the “aggres- Lengthofstay(d) 449 371  0.083
sion” to the patient, we compared them Ditbetes 58,7%  485%  0.338
to open surgery-only procedures to de- | ' |
termine if there were any benefits to the Sall | 3595 || 33,506 | 9029 |
patient or, on the contrary, if the addi- COPD 12,7%  12,1%  0.935
tion of more techniques in a single-stage . ' : : '

Renal failure 22,2%  152%  0.409

surgery increased the complication rate.
Results: We collected data from 96 pa-
tients revascularized because of critical limb ischemia (CLI), 63 in the “open surgery”
(OR) group (65.6%) and 33 in the “hybrid procedure” (HP) group (34.3%). Iliac percu-
taneous transluminal angioplasty (PTA) (36.4%) and femoropopliteal PTA (42.4%) were
added to several open techniques (mainly femoral endarterectomy and femoropopli-
teal bypass). There were no differences in the characteristics of both groups regarding
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Figure 1. Femoral endarterectomy (left) and retrograde iliac endarterectomy
prior to the deployment of a stent to fixate the proximal flap.

diabetes (P=.338), hypertension (P=.172), dyslipidemia (P=.868), smoking (P=.774),
COPD (P=.935), renal insufficiency (P=.409), ASA risk (P=.292), rest pain (P=.540),
or major tissue loss (P=.183). There were more patients with coronary heart disease in
the hybrid group (33.3% vs 14.3%, P=.029). There were no differences in the amputa-
tion rate after surgery (P=.122) or the development of complications in hospital (acute
renal insufficiency P=.969, wound healing issues P=.227, general major complications
P=.655). Hospital admission time was not affected by a more aggressive revasculariza-
tion and although not being statistically significant (P=.083), it was shorter in the HP
group (37.1 vs 44.9 days). Discussion: The addition of an endovascular procedure to
open surgery in a single-stage revascularization does not worsen the general outcome. It
enables treatment of more patients (in comparison to open surgery only) and does not
increase the complication rate.

Abstract 5: Is Age an Important Factor in Critical Limb Ischemia Today?
Maria Julvez-Blancas, MD'; Gabriel C. Inaraja-Pérez, PhD’; Alejandro Rodriguez-Morata,
PhD?; Irene Molinos-Arruebo, PhD’; Vicente Borrego-Estella, PhD'; Ernest Spitzer-Cano,
MD?'; Virtudes Rico-Romero, MD’

From the 'University Hospital Miguel Servet, Zaragoza, Spain, and 2University Hospital
Virgen de la Victoria, Malaga, Spain.

Introduction: Life expectancy is increasing due to health care improvements and
better perioperative management. Patients are frequently older and have multiple co-
morbidities, both factors affecting clinical decisions (revascularization, amputation,
medical treatment). Because this is becoming an everyday issue, we investigated whether
age had a real impact in critical ischemia outcome or not. Objectives and Materials/
Methods: 267 patients with critical limb ischemia (Rutherford class V-VI) were in-
cluded in our study (admis-

sion between 2006 and Table 1. Risk Factors in Patients Under 70 Years of Age

2010). Risk factors, comor- Risk factors L =70 £

bidities, and surgical inter- Male 63/81(77.8%) 117/186 (62.9%) 0.017
ventions were recorded. Smoker 66/81 (81.5%) 97/186 (52.2%)  <0.001
Patients were divided into  Previous claudication 45/81 (55.6%) 76/186 (40.9%)  0.027
three groups depending on No option CLI 30/81(37%)  68/184(37%)  0.990
the age (<70, 70-75 and  Minoramputation  38/81(46.9%) 73/185(39.5%) 0.257
>75 years) to analyze if age Major amptutation  16/81 (19.8%)  36/185(19.5%)  0.956
was a predictive factor of gy oo aton  6/81(7.4%)  23/185(12%) 0231

the final outcome. Results:
70  years
old were more often male
(P=.017, RR=1.2), smok-
ers (P=.001, RR=1.6) and

Patients under

Table 2. Risk Factors in Patients Under 80 Years of Age

Risk factors <80 >80 P

had previously a PAOD Diabetes 129/175 (73.7%) 42/92 (45.7%) <0.001
(history of proven claudi- Dyslipidemia 71/175 (40.6%) 16/92 (17.4%) <0.001
cation, P=.027, RR=1.4). CHD 30/175(17.1%) 28/92(30.4%) 0.012
Patients under 80 had more No option CLI 66/173 (38.2%) 32/92 (34.8%) 0.589
endocrine disorders (dia-  Minor amputation  75/174 (43.1%)  36/92 (39.1%) 0.532
betes [P<.001, RR=1.6]  pajoramptutation 37/174 (21.3%) 15/92 (16.3%) 0.332
and dyslipidemia [P<.001, oo o o0 tation 18/175(103%)  11/92 (12%)  0.677

RR=2.3]). Despite these

differences, the amputation

rate (minor amputation [P=.257, P=.289, P=.532] and major amputation [P=.958,
P=.941, P=.332]), and the primary amputation rate (P=.231, P=.310, P=.677) did
not show any significant variation. Discussion: Analysis of the data shows that age
is no longer a reason not to revascularize a patient; it is more important to assess the
clinical presentation of the patient and make an individualized decision. Moreover, new
endovascular devices allow interventionalists to treat more patients with a lower post-
operative impact.
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Abstract 6: Should We Check the Heart Before Looking to the Limbs in
Patients With Critical Limb Ischemia?

Gabriel C. Inaraja-Pérez, PhD'; Emest Spitzer-Cano, MD'; Maria Jilvez-Blancas, MD';
Alejandro Rodriguez-Morata, PhL?; Irene Molinos-Arruebo, PhD'; Juan Pedro Reyes-Ortega,
MLD?; Vicente Borrego-Estella, PhD'; Virtudes Rico-Romero, MD!

From the "University Hospital Miguel Servet, Zaragoza, Spain, and 2University Hospital Virgen
de la Victoria, Malaga, Spain.

Introduction: Peripheral artery disease (PAD) is an advanced manifestation of athero-
sclerosis closely related to coronary artery disease (CAD) and a proven marker of global
atherosclerotic burden. Fontaine stage IV (F-IV) is the utmost manifestation of this condi-
tion with the highest risk of morbidity and mortality. When CAD is present, it constitutes a
very limiting factor in terms of operating risk. Patients with advanced CAD have a higher
risk of mortality and more frequently develop complications during hospital admissions.
Objectives and Materials/Methods: The aim of this study was to evaluate the con-
comitant occurrence of cardiac diseases, including CAD, heart thythm disorders (HRD),and
structural heart disease (SHD) in patients first admitted for F-IV PAD. Cardiac data (ECGs,
echocardiograms, and coronary angiographies, when available) were collected from 265 pa-
tients with CLI. Results: Almost 70% of patients (179/265) were male and more than 60%
(171/265) suffered from diabetes. Thirty-seven patients (14%) had history of angina and
28 (10.6%) had had a myocardial infarction. Eighteen patients (6.8%) had a pacemaker, 63
(23.8%) had atrial fibrillation (AF), and 64 (6.8%) had heart failure. Revascularization had
been performed in 10.7% of the patients (4.3% open, 6.4% endovascular).

Echocardiogram was performed in 41.5% of patients, with the following findings: 25% were
normal, 25.4% had moderate to severe systolic dysfunction, 22.7% had left ventricle (LV) hy-
pertrophy, 4.6% severe aortic stenosis, 43.7% aortic sclerosis, 3.6% severe mitral insufficiency,
33.3% mitral annular calcification, 3.6% mitral stenosis, 1.8% severe tricuspid insufficiency,
3.4% pericardial eftusion. No cardiomyopathies were detected in echocardiography except for
ischemic dilated cardiomyopathy (6%), 1 patient had restrictive cardiomyopathy, and 1 patient
had hypertensive cardiomyopathy. The mean pulmonary pressure was 41.7 mmHg. Coronary
angiography was performed in 27 patients (10.2%). The studies were done prior to CLI ad-
mission in almost 75% of the patients (1.8 years before admission of CLI in 73.1% of the pa-
tients, and 2.3 years after CLI admission in 27%). Angiograms showed the presence of 3-vessel
disease with severe calcification in 61.5% of the patients, with a mean number of lesions 4.1.
Discussion: Coronary artery disease was the most frequent cardiac ailment in patients with
Fontaine stage IV peripheral arterial occlusive disease, affecting 29% of individuals. Coronary
angiography, when performed, showed complex multivessel disease. Atrial fibrillation was
present in 24% of patients, and pacemakers were implanted in 7%. Significant valvular heart
disease amounted to 13.6% of cardiac comorbidities. Nonischemic cardiomyopathies were
uncommon. Conclusion: In patients with CLI, a comprehensive cardiac assessment should
be performed as part of the work-up, including the initial exclusion of CAD and significant
valvulopathies, since both are known predictors of mortality.
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Abstract 7: What Factors Are Associated With No-Option Critical Limb

Ischemia?

Maria Jilvez-Blancas, MD'; Gabriel C. Inaraja-Pérez, PhD’; Alejandro Rodriguez-Morata,

PhD?; Emest Spitzer-Cano, MD'; Irene Molinos-Arruebo, PhD'; Juan Pedro Reyes-

Ortega, MD?; Vicente Borrego-Estella, PhD'; Virtudes Rico-Romero, MD'

From the "University Hospital Miguel Servet, Zaragoza, Spain, and *University Hospital

Virgen de la Victoria, Malaga, Spain.
Introduction:

Between 10% and 30%

of patients diagnosed 50,0+

with critical limb isch-

emia (CLI) will not have

the option of revascu-

L . . . 40,01
larization, leading inevi-

tably to a conservative

treatment.  Sometimes

amputation is necessary 300
in cases of major tissue
loss. Objectives and
Materials/Methods:

A database was created
based on 202 patients
admitted

admissions due to CLI)
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Figure. Patients by age.

phy. A per-patient analy-

sis was done to determine which factors were associated with no options of revascu-
larization (NOCLI). Results: 80 patients of the 202 were diagnosed as “no option”
(39.2%). There were no statistical differences between the two groups (“option” vs “no
option”) in sex (P=.609), hypertension (P=.290), smokers (P=.568), coronary disease
(P=.232), nephropathy (P=.111) and previous surgeries (P?=.970). However, the fol-
lowing factors were associated with NOCLI: diabetes (P=.016, RR=1.5), fully depen-
dent in activities of daily living (P=.024, RR=1.5), and low ABI (0.39 vs 0.46, P=.028).
These patients were admitted for a longer period (42.8 vs 29.1 days, P<.001), suffered
from more complications (P<.001, RR=1.8), and underwent amputation more often
(major amputation, P<.001, RR=26). Discussion: Diabetes, being fully dependent
in activities of daily living, and a low ABI are risk factors for a bad outcome in patients
with critical limb ischemia, not only in terms of limb morbidity, but also regarding hos-
pital stay and in-hospital complications.

Table. Risk Factors in Option and No-Option CLI Patients

Diabetes

68 (55,7%)

58 (72,5%)

0,016

Hypertension

88 (72,1%)

63 (78,8%)

0,290

Dyslipidemia

44 (36,1%)

27 (33,8%)

0,736

Smoker

84 (68,9%)

52 (65%)

0,568

CHD

30 (24,6%)

14 (17,5%)

0,232

COPD

21 (17,2%)

7 (8,8%)

0,089

Renal failure

22 (18%)

22 (27,5%)

0,111

CVvD

25 (20,5%)

11 (13,8%)

0,221

Dependence

43 (35,2%)

41 (51,2%)

0,024
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Abstract 8: How to Close Large-Bore Sheaths With a Single Device,
Leaving Nothing Behind

Rex Teeslink, MD

From Wound Care 360°, Olathe, Kansas.

Background: Wound Care 360 has designed a closure device, SiteSeal, which simu-
lates external compression, but removes the associated variables. It applies invariant pres-
sure to the vessel wall access site by utilizing internal stainless steel coils, which function
as shock absorbers to dampen blood vessel pressure fluctuations. Methods: SiteSeal
utilizes a number 2 Vicryl suture to make a Z stitch, which holds the SiteSeal device
in place and closes the arteriotomy site in a linear fashion. The Z stitch is placed by
entering the soft tissue at the skin insertion site of the sheath. If right handed, the first
entrance is 1 cm east of the sheath, passing under the sheath and exits 1 cm west of the
sheath. The second entrance is 1 cm above the skin insertion of the sheath and 1 cm to
the east. The needle then crosses up and over the sheath and back down into the soft
tissue and exits 1 cm west of the sheath. The two ends of the Z stitch form a double half
knot, which when closed, creates an “X” over the arteriotomy site (see images). Bioseal
powder is placed around the sheath and half knot. The device is cocked by turning the
cross bar horizontally and applying pressure, which loads the springs. It is then centered
over the sheath at the arteriotomy site with the incline plane facing north. The dilator is
removed from the sheath. The two suture ends are pulled tight against the sheath as pres-
sure is applied to the device, closing the Z stitch into an “X” over the arteriotomy site,
and the sheath is removed. The suture ends are pulled up through the designed slots and
tied into the notched slot of the cross bar. The loaded springs are released by turning the
cross bar back to a vertical position. Once the device is activated, the pressure created
by the Z stitch continues to elevate the artery and folds in the soft tissues surrounding
the arteriotomy site, closing the site in a linear fashion. The roof is placed and Tegaderm
is applied for stabilization. Results: 38 EVAR and 18 Impella procedures have been
performed using SiteSeal without any hematoma formation at discharge, 24 hours, 7
days, and 30 days. Conclusion: SiteSeal has the ability to close large-bore sheaths with
a single device, leaving nothing behind.

Associated advantages:

* Not limited by sheath size, including EVAR, TEVAR, TAVR

* No patient limitation: size, anticoagulation, calcification, etc.

 Simple and rapid deployment

* Allows immediate re-access

* Minimizes patient discomfort, allowing immediate head elevation to 30° with
no restriction to leg movement

* Early ambulation

* Nothing left behind; the potential of minimal risk of vessel wall injury, infection,
or embolization

Arteriotomy site with Site Seal in place, elevating artery and soft
tissues, closing the arteriotomy
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Abstract 9: Occlusion Perfusion Catheter (OPC): Next-Generation
Treatment for Restenosis

Rex Teeslink, MD

From Advanced Catheter Therapies, Chattanooga, Tennessee.

Background: Advanced Catheter Therapies has designed the Occlusion Perfusion
Catheter (OPC) to function as a universal agent-delivery system that will accommodate
any therapeutic agent, including pharmaceuticals, biologics, and live cells. The OPC is a
five-lumen catheter designed with proximal and distal occlusion balloons, a center space
occupying balloon, an inflow port, an outflow port, and a guidewire lumen compatible
with standard .014” sizes. It is a 5 Fr catheter compatible with a 6 Fr sheath. A fiber
optic pressure sensor is incorporated into the inflow lumen to monitor treatment region
pressure. Occlusion balloons define the treatment region. Methods: The proximal and
distal occlusion balloons are inflated simultaneously to control blood flow and create a
treatment chamber. In addition, they serve to prevent systemic distribution of the agent.
The fourth and fifth lumens are for inflow and outflow ports located within the estab-
lished treatment chamber. The trapped blood is removed from the treatment chamber
by flushing with saline. The space-occupying balloon can be inflated to minimize the
amount of therapeutic agent required, when indicated. This balloon never touches the
vessel wall. Once the blood has been evacuated, the therapeutic agent is delivered. A sen-
sor monitors, controls, and optimizes pressure within the chamber for penetration into
the media of the vessel wall, longitudinally and circumferentially. Preclinical Results:
Confocal analysis of the vessel wall demonstrated delivery of fluorescent paclitaxel with-
in media and adventitial layer, circumferentially and longitudinally. Pharmacokinetic
analysis demonstrated a straight line of 0.1 mcg/mL for 72 hours. According to Axel
et al (Circulation 1997:96:636-645; Figure 2), the effective range of paclitaxel is 0.085-
0.85 mecg/mL to affect a 90% to 99% inhibition of human arterial smooth muscle cells.
Seven-day scanning electron microscopy demonstrated paclitaxel delayed healing ef-
fect. Twenty-eight-day histology demonstrated normal endothelium. Live cell testing
demonstrated that the OPC can deliver live cells with minimal mechanical damage at
a wide rand of pressures. Conclusion: The OPC delivers an agent circumferentially
and longitudinally into the vessel wall; delivers the effective range of paclitaxel for 90%
to 99% inhibition of human arterial smooth muscle cells, maintaining normal intimal
endothelial function by noncoating; delivers multiple agents; supports multiple use in
the same patient, above and below the knee; delivers live cells with minimal mechanical
damage to the cell membrane; negates blood/agent admixture; minimizes systemic ef-
fect via flushing; and decreases cost.

Control

3 days

1 hour

©~ IEL

Figure 1. OPC performance in rabbit model study.

The Results: Pre-Clinical — PK Analysis
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Figure 2. Preclinical pharmacokinetic analysis.
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Abstract 10: Effect of Porcine pes

Intestinal Submucosa Matrix

on the Healing Rate of Stage IV

Trunk Pressure Wounds

Abdelfatah Abou Issa, MD'; Karen

Brown, RN?; David Cool, PhD’; Richard

Simman, MD’ qy

From "Boonshoft School of Medicine at f
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intestinal submucosa. A prospective,
randomized, blinded clinical trial was
conducted to study the effect of Oasis
Ultra combined with negative pressure
wound therapy (NPWT) on the heal-
ing date of stage IV pressure wounds
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and Methods: Twelve subjects were
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involved in the study, 6 study and 6 con-
trol. Negative pressure wound therapy
was changed twice a week for all sub-
jects and Oasis Ultra was applied weekly.
The wounds were measured weekly and
the healing rate was calculated for each
subject for 12 weeks. The canisters were
collected monthly for 3 months.Vascular
endothelial growth factor (VEGF), fi-
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Conclusion: These preliminary results demonstrate an increased healing rate of the stage IV
pressure wounds in the Oasis Ultra and NPWT group when compared with NPWT only
control group.
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Abstract 11: Clinical Usage Outcome of Porcine Intestinal Submucosa, a
Case Series
Abdelfatah Abou Issa, MD; Walid Mari, MD; Richard Simman, MD
From Boonshoft School of Medicine at Wright State University, Fairborn, Ohio.
Introduction: Porcine intestinal submucosa matrix is an extracellular collagen-rich matrix
derived from submucosa of porcine intestine. It is composed of collagen type I, glycosamino-
glycan, and proteoglycans. Our case series study has shown the promising effect of porcine
submucosa matrix in healing of different kind of wounds. Objective: To test the clinical out-
come of porcine submucosa matrix when used in a variety of wounds with different etiologies.
Materials and Methods: This was an observational case series with prospective review of 5
different patients with different types of wounds who received this collagen-rich matrix (sub-
mucosa of porcine) during their treatment. Results: The first case was a diabetic patient with
complicated transmetatarsal amputation of gangrenous left forefoot with flaps closure. A total of
3 applications over the period of 2 months were needed to heal his wounds. The second case
involved a patient with a nonhealing right leg ulcer. The pathology revealed Marjolin’s ulcer
(squamous cell carcinoma). After clearing the margins, 2 applications of submucosa porcine
matrix were needed over the period of 6 weeks to heal the wound. The third case involved an
anticoagulated patient with right-hand traumatic hematoma. Surgical debridement was done,
leaving her with exposed extensor tendons. One application of submucosa porcine matrix was

Figure 1. Surgical excision with frozen section of chronic venous ulcer
wound, right leg (A). Six weeks after the second application, healed wound
at right leg after two Oasis Applications (B).




Figure 2. Traumatic hematoma of right hand; patient was on Coumadin
(A). Intraoperative view of the right hand after debridement before applying
Oasis-Ultra (B). Oasis-Ultra application (C). Healed wound at 4 weeks post
Oasis-Ultra application (D).

required to achieve complete healing in 4 weeks. The fourth case involved a patient with a
stage IV sacral coccygeal pressure wound. Three months later and after 11 applications of sub-
mucosa porcine matrix, his wound healed. The last patient was referred with a 2-year history
of chronic venous ulcers at the medial aspect of his right leg. After ruling out malignancy and
after 12 applications of the collagen matrix for a period of 3 months, the ulcers showed 80%
healing. Conclusion: Wounds with different etiologies were successtully treated with porcine
intestinal submucosa matrix. By replacing the lost extracellular matrix to guide cellular growth
and migration, porcine intestinal submucosa matrix did ultimately speed the healing process.

Abstract 12: Coverage of Exposed Lower Extremity Bypass Vascular
Graft with Bi-Laminar Dermal Regeneration Template and NPWT for
Limb Salvage
Abdelfatah Abou Issa, MD,
DepartmentofPharmacology
and Toxicology, Richard
Simman, MD, Department
of  Pharmacology — and
Toxicology,  Plastic ~ and
Reconstructive Surgery,
Julie Gilkeson, MD, Vascular
Surgery, Wright  State
University, Boonshoft School
of Mediicine, Dayton, Ohio
Introduction: A bi-

laminar dermal regenera- Figure 1. Medial aspect of the right leg with ex-

tion template is a synthetic PIEEEE SYIHNENE [SREES G2,

skin graft that was devel-
oped to treat large burns
and to provide coverage
of soft tissue defects. It acts
as a network for dermal
regeneration. Unlike skin
grafts, a dermal regen-
eration template acts as a
bridge by which revascu-
larization starts from the Figure 2. The Integra covering the graft one week
terminal part of the bi- post operatively.
laminar dermal regenera-
tion template and gradu-
ally spreads out from the
edges and covers a non-
vascularized lower layer.
The advantage of bi-lam-
inar template is to reduce
morbidity of the donor
site, minimize scar forma-

tion and provide coverage Figure 3. The graft 3 months post operatively with
of vital structures when  patent bypass graft.

flaps are not available.
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Objective: To cover an exposed lower extremity vascular bypass graft to achieve limb
salvage in a patient with no other available options. Methods: 56-year-old male with
type 2 diabetes, PVD, CAD, and COPD. Status post failed three previous bypass surger-
ies on his right leg. The third bypass with ringed ePTFE (expanded polytetrafluoroeth-
ylene) from the external iliac to a vein patched distal posterior tibialis. Due to severe
PVD, the patient wasnt a good candidate for local or free flap coverage. Results:
The graft remained patent at first 6 months, where it needed distal anastomosis angio-
plasty to maintain patency. At one year post op, the graft thrombosed and the patient
presented with a gangrenous right foot that required a right below-knee amputation.
Conclusion: Using the bi-laminar dermal regeneration template and NPWT, we were
able to achieve limb salvage for a year in a patient with otherwise threatened limb with
exposed bypass graft and no other options available.

Abstract 13: The Correlation Between Wound Healing Rate and Circulating
Microvesicles Collected from Stage lll and IV Pressure Wounds Fluid
Treated With NPWT Alone Vs NPWT and Oasis Ultra

Walid Mari, MD, Sara Younes, MD, Sami G. Alsabri, Abdelfatah Shaban, Richard Simman,
MD, FACS, FACCWS, Yanfang Chen, PhD, MD, FAHA, David R. Cool, PhD, Terry Oroszi,
MS, Wright State University, Boonshoft School of Medicine, Department of Pharmacology
and Toxicology, Dayton, Ohio

Figure 1. Microvesicle composition.
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Figure 1. Microvesicle composition.
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fluid samples were obtained from patients with stage IV trunk pressure ulcers on negative
pressure wound therapy (NPWT) with and without SIS dressing. MVs were isolated us-
ing an ultracentrifugation method. MVs concentration was measured by a nanoparticle
tracking analysis machine (Nanosight). Results and Discussion: The obtained result
showed that there is a correlation between MVs concentration and wound-healing rate
in patients who received combined therapy of SIS plus NPWT. Conclusion: SIS could
enhance the cells to release more MVs at the earlier stage, which might help to speed
up the healing rate.

Abstract 14: Limb Salvage of Complicated Diabetic Patient Using Multiple
Contemporary Treatment Modalities and a Team Approach
Alicia Ward, DPM, Podiatry, Guy Pupp, DPM, Podiatry, Patrick Alexander, MD,
Interventional Cardiology, Providence Hospital, Farmington Hills, Michigan

A 57-year-old male was referred with a dislocated ankle joint 8 months status post
total ankle joint replacement surgery. The patient underwent further surgery to correct
underlying deformity and reduction of dislocated ankle joint. Due to noncompliance
and multiple comorbidities, the patient failed to heal his incisions and ultimately devel-
oped infected wound ulcerations of the left lower extremity, thereby placing him at risk
for below-the-knee amputation. Objective: To demonstrate the effectiveness of using
contemporary treatment modalities and a team approach for limb salvage in a high-risk,
complicated patient with insulin-dependent diabetes mellitus, chronic kidney disease,
renal transplant, peripheral arterial disease, chronic lymph edema and neuropathy. This
case was conducted to establish treatment options that are available aside from a be-
low-the-knee amputation in a complicated high-risk patient with infected non-healing
wounds. The patient was treated over a 12-month period on a weekly basis, including
office visits and hospital stays. Arterial duplex, CO, angiography, Sensilase tissue per-
fusion testing, bone biopsies, wound cultures, radiographs, and MRI were all used to
monitor and evaluate. Treatment modalities included arterial stenting, surgical debride-
ment, graft applications, negative pressure therapy, and both oral and IV antibiotics. With
the help of podiatry, interventional cardiology, nephrology, internal medicine, infec-
tious disease, and a wound care team, the patient’s limb was salvaged. All wounds have
completely healed and adequate ankle joint range of motion was maintained. Arterial
studies revealed complete occlusion of the superficial femoral artery. By using CO, an-
giography and stenting, blood flow was restored with no further detriment to patient’s
failing kidney, thereby eliminating the need for dialysis. By using multiple contemporary
treatment modalities in a team approach, limb preservation was possible.

Abstract 15: Non-Invasive Hemodynamics Poorly Predict Disease
Severity and Response to Endovascular Therapy in Patients With Critical
Limb Ischemia

Jihad A. Mustapha, MD’; Larry J. Diaz-Sandoval, MD'; Fadi Saab, MD'; George Adams,
MD?; James Froehlich, MD?; Theresa McGoff, RN'; Sara Finton, RN', Michael R. Jaff,
DO?; Larry E. Miller, PhD®.

"Metro Heart and Vascular, Wyoming, Michigan, ?Rex Healthcare and University of North
Carolina Health Systems, Raleigh, North Carolina; SUniversity of Michigan, Ann Arbor,
Michigan; “Massachusetts General Hospital, Boston, Massachusetts; ° Miller Scientific
Consulting, Inc., Asheville, North Carolina.

Introduction: Critical limb ischemia (CLI), defined as Rutherford 4-6 with
multilevel/multivessel involvement, is end-stage peripheral arterial disease (PAD).
Ankle and toe-brachial indices (ABI, TBI), and toe pressure (TP) are used to evalu-
ate PAD and CLI.ABI >0.7,TBI >0.5 and TP >50 mmHg are exclusion criteria in
studies of infrapopliteal (IP) CLI therapies. Objectives: To determine the reliabil-
ity of these non-invasive hemodynamic studies (NIHS) to predict disease severity
and response to endovascular treatment (EVT) in CLI. Methods: The Peripheral
Reglstry of Endovascular Clinical OutcoMEs (PRIME) is a prospective, multi-
center, outcomes registry focused on minimally invasive EVT for advanced PAD
and CLI. The registry enrolled 76 CLI patients who underwent baseline NIHS and
IP EVT with 30- to 90-day follow-up NIHS. Results: Mean age: 74, 68% male,
67% diabetic. 65% had ABI >0.7, 28% TBI >0.5, and 50% TP >50 mmHg. Three
months after successful EVT, limb salvage rates, wound healing and Rutherford class
improvement were similar among patients with baseline TP lower or higher than 50
mmHg (P=NS).ABI, TBI and TP improved after EVT (0.18 £ 0.08, P<0.001; 0.09
+0.08, P<0.05;12 + 11, P<0.05, respectively). Based on NIHS, 50-72% of patients
would have been excluded from contemporary studies of novel IP CLI therapies.
Conclusion: NIHS are not useful to discriminate among CLI patients who may
benefit from IP EVT. Major revision of currently used inclusion criteria in studies
of novel CLI therapies is in order, as many of the patients who might benefit are
being excluded.

Note: The PRIME Registry is supported, in part, by unrestricted grants from Bard Peripheral
Vascular, Inc., Terumo interventional Systems, Cardiovascular Systems, Inc., Access Closure,
Inc., Covidien LP, Boston Scientific Corporation, and Spectranetics Corporation.
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Table 1. Predictor of Baseline Disease Severity.

Rutherford Class
Variable

v v, vi
ABI (DP) 0.77+0.30 0.83x0.41
ABI (PT) 0.78+0.33 0.85+0.39
TBI 0.39+0.20 0.41+0.31
Toe Pressure 5931 61+48

Values are mean = standard deviation; DP: dorsalis pedis; PT: posterior tibial.

Table 2. Patients Achieving Rutherford Success (Post Endovascular

Treatment) by Baseline Non-Invasive Hemodynamic Studies.

Hemodynamic cutoff data 1+ class improvement 2+ class improvement
Ankle-brachial index (DP)
=07 16 (62) 14 (54)°
> 0.7 31(67)" 25 (54) ®
Ankle-brachial index (PT)
<07 17 (74) ¢ 14 (61) ¢
>0.7 27 (589)® 24 (52)®
Toe-brachial index
=05 34 (64) ¢ 28 (53) ¢
> 0.5 14 (67) ¢ 12 (57) ¢
Toe pressure
=50 23(62)" 18 (49) '
> 50 25 (68) f 22 (60) "

Values are n (%); DP: dorsalis pedis; PT: posterior tibial; *n=26; ®n=46; ‘n=23; n=53;
*n=21; 'n=37

Abstract 16: Chronic Total Occlusion Crossing Based on Cap Morphology
(C-TOP) in CLI Patients: A Pilot Study and Interim Analysis of the PRIME
Registry.
Fadi Saab, MD', Jihad A. Mustapha, MD', Larry J. Diaz-Sandoval, MD', James Froehlich,
MD?, Gwennan Engen, RN', Carmen Heaney, RN, BSN', Eva Kline-Rogers, NP°, Larry
Miller, PhD®, George Adams, MD*
"Metro Heart and Vascular, Wyoming, Michigan; 2University of Michigan, Ann Arbor,
Michigan; 3Miller Scientific Consulting, Inc., Asheville, North Carolina; “Rex Healthcare
and University of North Carolina Health Systems, Raleigh, North Carolina.
Introduction: Critical limb ischemia (CLI) is characterized by long, calcified chron-
ic total occlusions (CTOs). Traditional crossing approaches fail in 20-40%. Objectives:

To analyze CTO cap morphologies and determine if their study can aid in the design

Figure 1. C-TOP classification.




of successful crossing and treatment strategies. Methods: CTOs from 100 consecutive
patients enrolled in PRIME (a prospective multicenter outcomes registry developed to
measure and report on minimally invasive endovascular therapies for advanced PAD and
CLI) were retrospectively analyzed and categorized according to their cap morpholo-
gies using the “C-TOP classification” (Figure 1).Types of primary arterial access (ante-
grade, retrograde, femoral, tibialpedal, combined) were studied in a univariate regression
model, comparing their frequency and need for additional access (access conversion).
Multivariate logistic regression was utilized to analyze predictors of crossing direction
(antegrade, retrograde) and need for combined access. Results: Mean age: 68 years;
Average CTO length: 250mm. CTOP: Type I (14%), Type II (39%), Type 111 (14%), Type
IV (33%). Primary combined access: 31%. Access conversion: 26%. Retrograde pedal
access: 73%. Retrograde crossing: 26%. CTOP Type IV: mostly crossed in retrograde
fashion (OR=70, P<0.05). CTOP Type III: mostly approached with combined access
(OR=4.3, P=0.02). Conclusion: This is the first report of CTO cap morphology
analysis to guide access and therapy in CLI patients. The CTOP classification accurately
predicts the successful approach in most cases. Data from this study support the use of
retrograde tibial pedal access in complex CTOs and the recommendation to design ac-
cess and treatment protocols based on CTO cap analysis.

Note: The PRIME Registry is supported, in part, by unrestricted grants from Bard Peripheral
Vascular, Inc., Terumo interventional Systems, Cardiovascular Systems, Inc., Access Closure,
Inc., Covidien LP, Boston Scientific Corporation and Spectranetics Corporation.

Abstract 17: Tibio Pedal Arterial Minimally Invasive Retrograde
Revascularization (TAMI Technique): Initial Findings of the Peripheral
Reglstry of Endovascular Clinical OutcoMEs (PRIME Registry)

Jihad A. Mustapha, MD', Fadi Saab, MD’, Larry J. Diaz-Sandoval, MD', James
Froehlich MD?, Sara Finton, RN,
Theresa McGoff, RN', Judy Van

Table 1. Complications With Tibio Pedal
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of Michigan, Ann Arbor, Michigan; | Hospital stay, days *
SMiller Scientific Consulting, Inc., 0.6
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Healthcare and University of |(0,0,13)
North Carolina Health Systems, | Death 0
Raleigh, North Carolina. e 0
Background: A growing
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dergo revascularization proce- *
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due to anatomical and clinical o
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on access site). 56 total lesions were treated (20 femoro-popliteal, 36 tibials).

Treatment included balloon angioplasty (14), stenting (5), orbital atherectomy
(19), and laser atherectomy (1). Complications were 3 non-flow limiting dissec-
tions (7.7%) and 1 perforation (2.6%). No additional complications were noted
(including hematoma, arteriovenous fistula, embolism/thrombus, bleeding, pseu-
doaneurysm, aneurysm, compartment syndrome, amputation, death). Mean length
of hospital stay: 0.6 days. Conclusion: PRIME is the first clinical registry to
follow patients with advanced PAD and CLI. Data from this registry supports the
use of the TAMI technique, which results in low complication rates and short-
ened length of hospital stay. The TAMI technique represents a safe and effective
approach in CLI patients.

Note: The PRIME Registry is supported, in part, by unrestricted grants from Bard
Peripheral Vascular, Inc., Terumo interventional Systems, Cardiovascular Systems, Inc.,
Access Closure, Inc., Covidien LP, Boston Scientific Corporation and Spectranetics
Corporation.

Abstract 18: Ultrasound-Guided Access in Patients With Critical
Limb Ischemia: Initial Findings of the PRIME Registry
Jihad A. Mustapha, MD', Fadi Saab, MD’, Larry J. Diaz-Sandoval, MD', James
Froehlich, MD?, Sara Finton, RN', Theresa McGoff, RN1, Eva Kline-Rogers, NP?,
Larry Miller, PhD?, George Adams, MD*
" Metro Heart and Vascular, Wyoming, Michigan; 2University of Michigan, Ann
Arbor, Michigan; *Miller Scientific Consulting, Inc., Asheville, North Carolina; “Rex
Healthcare and University of North Carolina Health Systems, Raleigh, North Carolina.
Introduction: Critical limb ischemia (CLI) is a complex disease. Current
endovascular therapies (EVT) require multiple, “non-traditional” arterial ac-
cesses in patients with severely diseased vessels. Ultrasound has been shown to
decrease complications related to arterial access. Objectives: To analyze immedi-
ate outcomes related to the use of ultrasound (US)-guided access in traditional
and advanced tibio-pedal access approaches in patients from the PRIME registry.
Methods: 578 access sites from 407 patients enrolled in the Peripheral Reglstry
of Endovascular Clinical OutcoMEs (PRIME) (a prospective multicenter out-
comes registry developed to measure and report on minimally invasive EVT for
advanced peripheral arterial disease (PAD) and CLI) were evaluated. Access dis-
tribution/success, immediate outcomes, complications, and length of hospital stay
were analyzed. Results: Mean age: 70 years; 67% males. Most patients (58%)
had CLI (Rutherford class =IV). Access approach: antegrade femoral (n=119),
retrograde femoral (n=112), dual femoral/tibial (n=77), dual retrograde femoral
(n=42), retrograde tibio-pedal (n=39), and other (n=17). Mean number of at-
tempts: 1.3 * 0.3. Median access time: 42 + 14 seconds. Access success: 90+10%.

Table 1. Access Site Complication Rates (406 patients*).

Variable Femoral Femo- Dual Dual - Tibio- Other
Ante- ral - Femo- Femoral pedal (n=17)
grade Retro- ral/ Retro- Retro-

(n=119) grade Tibio- grade grade -
(n=112) pedal (n=42) TAMI
(n=77) (n=39)

Hospital stay, 1.4(0,1,8) 1.3 1.4 1.1 0.6 1.5

days ** (01,14 (0,1,14) (01,5  (0,0,13) (1,1,5)

Death 0 0 0 0 0 0

Hematoma 3 0 1(1.3%) O 0 1 (5.9%)
(2.5%)***

Amputation 1(09%) O 0 0 0 0

Compartment 0 0 0 0 0 0

syndrome

Aneurysm 0 0 0 0 0 0

Pseudoaneu- 2(1.7%) O 2(26%) 1(2.4%) 0 1 (5.9%)

rysm

Bleeding 18 5(@4.5%) 12 5 0 3
(15.1%) (15.6%) (11.9%) (17.6%)

BARC1 1 1 1 0 0 0
BARC2 13 4 10 B 0 2
BARC3a S 0 0 0 0 1
BARC3b 1 0 1 0 0 0
Transfusion 4 0 0 0 0 1
Endovascular 0 0 1 0 0 0
intervention

Surgical 1 0 0 0 0 0
intervention

*Of 407 patients, unable to obtain access in one patient using femoral retrograde approach
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Complications: hematomas (1.2%), bleeding requiring transfusion/intervention

(1.5%), pseudoaneurysm (1.5%), aneurysm (0%), compartment syndrome (0%),
amputation (0.2%: not access-related), and death (0%). Shortest length of stay was
for tibio-pedal retrograde access alone (0.6 days). Conclusion: PRIME is the
first clinical registry to follow patients with advanced PAD and CLI. Utilization
of US-guided arterial access in this complex cohort carries a high success rate, and
a low rate of complications. As therapeutic strategies evolve, these features will be
of paramount importance to improve overall clinical outcomes in these patients.

Note: The PRIME Registry is supported, in part, by unrestricted grants from Bard
Peripheral Vascular, Inc., Terumo interventional Systems, Cardiovascular Systems, Inc.,
Access Closure, Inc., Covidien LP, Boston Scientific Corporation and Spectranetics
Corporation.

Abstract 19: Below-the-Knee and Visceral Arterial Revascularization
Following Acute Ischemia From Thrombo-Embolic Events Using
a Novel Mechanical Thrombectomy System — The PRISM Study
Interim Results George Adams, MD', James Benenati, MD? Richard
Saxon, MD?, Corey Teigen, MD*

'Director of Cardiovascular and Peripheral Vascular Research, Interventional
Cardiology, North Carolina Heart and Vascular Research, Raleigh, North Carolina;
2Interventional Radiology, Baptist Health South Florida, Miami, Florida; SInterventional
Radiology, Tri City Medical Center, Oceanside, California; “Interventional Radiology,
Sanford Medical Center, Fargo, North Dakota.

The Indigo System (Penumbra) is a trackable and novel aspiration system indi-
cated for peripheral/visceral arterial thromboembolism. The multicenter PRISM
trial set out to assess the safety and efficacy of this system in patients with defined
peripheral/visceral arterial occlusions. Objective: To determine the safety and
efficacy profile of the Indigo system in peripheral/visceral arterial thromboembo-
lism from diverse causes. Methods: To date, 55 patients have been enrolled in this
retrospective study. Mechanical thromboembolectomy was performed using the
Indigo System in cases of failed thrombolysis, acute ischemia, or complication-
related distal emboli. Primary site of occlusion was popliteal (38.9%), superficial
femoral (18.5%), peroneal (9.3%), anterior tibial (9.3%), posterior tibial (7.4%),
profunda femoris (3.7%), superior mesenteric (3.7%,), renal (3.7%), common
femoral (1.9%), external iliac (1.9%), and brachial (1.9%) arteries. Results: Mean
age of patient was 7013 years. Baseline angiographic TIMI 0/1 was reported in
96.1% of patients. Prior to intervention with the Indigo system, 45.3% of patients
had no treatments, 37.7% received thrombolytics, 9.4% received mechanical inter-
vention, and 7.5% received concomitant thrombolytics and mechanical therapies.
Median time from symptom onset to intervention was 5.0 days (IQR 2.0-24.0).
Following treatment, 96.1% of patients were revascularized to TIMI 2 (39.2%)
or TIMI 3 (56.9%). Six patients experienced serious adverse events; none were
device-related. Conclusion: Clinical experience thus far supports mechanical
thromboembolectomy from aspiration to be safe and effective in the treatment
of peripheral/visceral aterial occlusions. High revascularization rates validate ap-
plication of the Indigo System in the peripheral vasculature.

Abstract 20: A Multidisciplinary Treatment Approach for Chronic Non-
Healing Transmetatarsal Amputation Secondary to Calciphyalxis
and Peripheral Vascular Disease
Guy Pupp, DPM, Priya Sajja, DPM, Thomas Davis, MD, Rebecca Studinger, MD, St.
John Providence Hospital, Detroit, Michigan

Calciphylaxis or calcific uremic arteriolopathy is a rare finding that is common-
ly associated with end-stage renal disease. This disease primarily starts as erythe-
mous, violceaous mottling which progresses to black eschar, forming non-healing
ulcers that often occur in the lower limbs. This process can be complicated with
peripheral vascular disease and can result in below-the-knee amputations. We dis-
cuss a 56-year-old non-diabetic female with a history of kidney transplant, end-
stage renal disease, hemodialysis, peripheral vascular disease and calciphylaxis who
presents with a chronic non-healing transmetatarsal amputation site. Multiple
consultants recommended below-the-knee amputation. This study demonstrates
that with a multidisciplinary approach and the use of contemporary technology,
patients have the ability to heal lower extremity wounds. Our team consisted
of infectious disease, nephrology, plastic surgery, interventional cardiology and
podiatric surgery. The patient underwent multiple endovascular revascularization
procedures. Plastic surgery performed a deep epigastric perforator flap graft. Over
the next year the podiatry, plastics, and infectious disease team performed routine
serial debridements, including the use of orthobiologics and negative pressure
wound therapy. The patient successfully healed and is biomechanically optimal to
continue her daily activities. Utilizing a tailored team approach and seeking out
innovative techniques provides patients the potential to heal complicated lower
extremity wounds without the need for major lower limb amputations.
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Abstract 21: Use of Low Pressure Diagnostic Angioplasty for
Selective Orbital Atherectomy Below-the-Knee and Below-the-Ankle
Julio Sanguily Ill, MD, Martin Memorial Medical Center, Stuart, Florida

Introduction: Peripheral artery disease (PAD) is a prevalent disorder that af-
fects 18 million Americans. Left untreated, PAD can lead to amputation. The
number of amputations performed annually in the U.S.is estimated to be 160,000
to 180,000, and more than 50% of these patients never undergo an arterial evalu-
ation prior to amputation. In the last two decades, the rate of major amputation
declined by half. The lower major amputation rates demonstrate that with appro-
priate treatment strategy, better outcomes can be achieved. Objectives: A case
presentation of low pressure (<4atm) diagnostic angioplasty for selective (focal)
orbital atherectomy system (OAS) treatment of calcified lesions below the knee
(BTK) and below the ankle (BTA). Methods: A 53-year-old male presented
with critical limb ischemia, and 2nd and 4th toe amputations. The patient had a
history of diabetes and kidney disease. In areas where the balloon was unable to
completely inflate (low pressure diagnostic angioplasty), the OAS device was used
to focally treat the lesions prior to final balloon angioplasty. Results: Patient
presented with critical limb ischemia and baseline angiograms indicated severe
blockages and poor blood flow BTK and BTA. Low pressure (<4atm) diagnostic
angioplasty enabled targeted/focal OAS treatment of calcified lesions, resulting in
improved blood flow BTK and BTA. Conclusions: Low pressure (<4atm) diag-
nostic angioplasty is a novel concept developed to enable targeted/focal treatment
and reduced treatment time of calcified lesions using OAS. A larger study would
be worthwhile to further analyze the outcomes and cost benefits of such an ap-
proach in CLI patients.

Abstract 22: Limb Preservation in the Navajo Nation
Scott M. Brannan, MD, Keith Goss, DPM, Thomas J. Peters, MD, Tuba City Regional
Health Care, Tuba City, Arizona

Introduction: American Indian/Alaskan Native groups have rates of diabetes
and amputations 2 to 5 and 3 to 4 times higher (respectively) than age-matched
cohorts in the general population. The Navajo Reservation is the largest reserva-
tion in the U.S., equivalent in size to West Virginia, with 300,418 registered Tribal
members. In May 2014, to address the endemic presence of diabetic foot com-
plications in the Navajo Nation, the existing podiatry/orthopedic limb preserva-
tion program was augmented with onsite vascular evaluation and intervention.
Objective: Prospectively monitor outcomes of a multi-disciplinary limb pres-
ervation program, including onsite vascular intervention and optimal foot care at
an Indian hospital. Materials and/or Methods: Patients seen in the podiatry
clinic were evaluated for peripheral arterial disease (PAD) with a standard screen-
ing form and physical examination. At-risk patients were referred for vascular
diagnostic evaluation and discussion by the multidisciplinary limb preservation
team. Candidates for revascularization were treated onsite by a specialty trained
vascular interventionalist, and followed in the podiatry clinic for ongoing wound
care. Clinical endpoints included successful target lesion revascularization, peri-
procedural or procedural complications, post-procedural morbidity/mortality in
first 30 days, and major amputation at six months. Discussion/Results: Total
vascular interventions: 87. Successful target lesion revascularization: 89%. Major
amputations: 1. Mortality: 0. Wound healing: 95%. Conclusion: The addition of
onsite vascular evaluation and intervention at a native American hospital signifi-
cantly improved outcomes for healing of diabetic foot wounds and significantly
reduced the rate of major amputation.

Clinical experience thus far supports mechani-
cal thromboembolectomy from aspiration to be
safe and effective in the treatment of peripher-
al/visceral aterial occlusions. High revascular-
ization rates validate application of the Indigo
System in the peripheral vasculature.




CLI GLOBAL COMPENDIUM 31

AMP Meeting

Continued from page 1

to CLI drastically reduced across this
country and across the world. We want
every physician focused on techniques to
save limbs, because we hold the utmost
responsibility to care for patients with
this very serious disease and help improve
and extend their lives.

GAME-CHANGING EDUCATION

Thomas Zeller, MD, interventional
cardiologist and director of the depart-
ment of angiology at Universitaets-
Herzzentrum Freiburg-Bad Krozingen,
Germany, and AMP course co-director,
shared a global perspective on the lat-
est advances, devices, and therapies for
critical limb ischemia in his keynote,
“Historical Perspective on the Evolution
of DCB Therapy: Is the DCB the Holy
Grail for CLI Therapy?”

Leading physicians including Dr. D.
Chris Metzger, MD, from Wellmont
CVA Heart Institute in Kingsport, TN;
Dr. Mehdi Shishehbor, DO, from the
Cleveland Clinic in Cleveland, OH;
and Dr. George Adams, MD, from Rex
Healthcare and University of North
Carolina Health Systems performed live
cases via video stream as expert faculty
panels offered discussion and exchange.

Conference education highlights in-
cluded contributions from nearly 100
faculty, including CLI thought lead-
ers Drs. Thomas Davis, MD, Lawrence
Garcia, MD, Michael R. Jaff, DO, Krishna
J. Rocha Singh, MD, Robert Beasley,
MD, Marianne Brodmann, MD, Ramon
Varcoe, MD, Mariano Palena, MD,
William Hiatt, MD, Osamu Iida, MD,
Lanfroi Graziani, MD, Aljoscha Rastan,
MD, and Sven Briunlich, MD.

This year’s conference offered attend-
ees the ability to practice ultrasound
guided tibial-pedal access on cadaveric
models. AMP faculty member Robert
Vorhies, MD, a board certified vascu-
lar and endovascular surgeon with Cox
Health Systems in Springfield, Missouri,
observed, “The cadaver lab is a phenom-
enal opportunity for attendees to im-
prove their abilities without placing their
patients at risk while they learn. It gives
them the ability to focus completely on
scrutiny, sedation management, and so
on.” He added, “It also gives the attendee
confidence to implement this technique
into their practice on day one when they
return home.”

Next year’s AMP Symposium will be
held August 10-13, 2016 in Chicago. For
more information, visit http://www.
amptheclimeeting.com.

Upcoming Clinical Events

Transcatheter Cardiovascular
Therapeutics (TCT)

San Francisco, CA, United
States

October 11-15, 2015
www.crf.org/tct

VIVA 2015: Vascular Interven-
tional Advances

Las Vegas, NV, United
States

November 2-5, 2015
www.vivaphysicians.org

VEITHsymposium 2015

New York, NY, United

States

Tuesday, November 17,
2015 to Saturday, November
21,2015
www.veithsymposium.org

The VERVE Symposium in
Conjunction with LINC Australia
Sydney, Australia
December 3-5, 2015
WWW.Vervesymposium.com

Leipzig Interventional Course
(LINC) 2016

Trade Fair Leipzig, Leipzig,
Germany

January 26 - 29, 2016
http://www.leipzig-interven-
tional-course.com/

Toe to Toe Transcatheter
Solutions: 4TS International
Conference

Conrad Dubai, Dubai, Unit-
ed Arab Emirates

February 18-19, 2016
4tsconference.com

THE GLOBAL EDUCATION COURSE FOR VASCULAR MEDICINE AND INTERVENTION

90000
SAVE
THE

DATE

NOVEMBER 2-5, 2015

WYNN LAS VEGAS
WWW.VIVAPHYSICIANS.ORG

Come early and get MORE
from your VIVA Experience!
(October 31- November 1, 2015)

CRC

COMPREHENSIVE
REVIEW COURSE

CVEINS

AT VIVA
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Spectranetics’

Always Reaching Farther

A New Day in CLI Treatment

Spectranetics now provides a new approach to
complex cases of CLI by offering differentiated
and unique technologies for treating the full-
spectrum of CLI disease below-the-knee -
Quick-Cross™ to cross stubborn occlusions, laser
atherectomy with the Turbo-Elite™ to vaporize
long, diffuse atherosclerotic lesions and
AngioSculpt™ to power through severe calcium
deposits.

L
Turbo-Elite’

Laser Atherectomy Catheter
)
Quick-Cross’

Support Catheter

AngioSculpt

IMPORTANT SAFETY INFORMATION
See complete IFU for more information.
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