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Abstract

Critical limb ischemia (CLI) represents the most severe clinical manifestation of peripheral
arterial disease, defined as the presence of chronic ischemic rest pain, ulcers, or gangrene
attributable to objectively proven arterial occlusive disease. The dominant pathology underlying
CLI is atherosclerosis, distributed at multiple levels along the length of the lower extremity and
with a propensity for involvement of the tibial vessels in the leg and the small vessels of the
foot. To achieve limb salvage in patients with CLI, revascularization of the affected limb is
generally required. In contemporary practice, endovascular techniques are rapidly replacing
surgical bypass as the first option for revascularization for CLI based on high technical success
rates and low rates of procedure-related morbidity and mortality. This review will describe the
clinical strategy of the authors who have adopted an endovascular-first approach to
revascularization in treating patients with CLI and summarize the clinical outcomes of
endovascular therapy in this population. (Prog Cardiovasc Dis 2011;54:47-60)
© 2011 Elsevier Inc. All rights reserved.
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Critical limb ischemia (CLI) represents the most severe
clinical manifestation of peripheral arterial disease (PAD)
(Fig 1).2 It is defined as the presence of chronic ischemic
rest pain, ulcers, or gangrene attributable to objectively
proven arterial occlusive disease (Fig 2). An important
component of the definition of CLI is that symptoms must
be long term, lasting a minimum of 2 to 4 weeks.3 The
dominant pathology underlying CLI is atherosclerosis.
When compared with patients with claudication, the
burden of atherosclerosis in patients with CLI is greater.
Multilevel disease with a propensity for involvement of
the tibial vessels in the leg and the small vessels of the foot
is typical (Figs 3 and 4).4,5 To achieve limb salvage in
patients with CLI, revascularization of the affected limb is
generally required. During the last decade, endovascular
techniques have gained increasing popularity over bypass
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surgery as the primary mode of revascularization.6,7 This
review will describe the clinical strategy of the authors
who have adopted an endovascular-first approach to
revascularization in treating patients with CLI and
summarize the clinical outcomes of endovascular therapy
in this population.
Defining the primary treatment strategy in CLI
In approaching a patient with CLI, several questions
should be asked that will help form the foundation for
the decision regarding the appropriate primary treatment strategy.
•
•
•
•

Is the limb salvageable?
Is the limb worth saving?
Is revascularization possible?
What is the risk-benefit ratio of revascularization?

These questions are interrelated and reinforce the
complexity of the decision-making process that is best
performed by a multidisciplinary team of health care
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specialists.2 The answer
to each of these quesABI = ankle brachial index
tions is derived from a
BASIL = Bypass versus
careful assessment of
Angioplasty in Severe
several patient, limb,
Ischemia of the Leg
and arterial anatomic
variables (Table 1). A
CFA = common femoral
artery
full discussion of the
impact of each of these
CLI = critical limb ischemia
variables on decision
CT = computed tomography
making is beyond the
scope of this review,
MR = magnetic resonance
but a flavor of the impact
PAD = peripheral arterial
of these variables is prodisease
vided in Table 1. AlPVRs = pulse volume
though the greatest
recordings
chance of limb salvage
occurs in patients with
SLP = segmental limb
arterial anatomy amenapressures
ble to revascularization
and who achieve successful revascularization, it needs to be appreciated that
some patients are better served with primary amputation
(eg, 90-year-old patient with significant renal insufficiency, a contracture of the knee in the limb with CLI,
extensive gangrene of the foot, and who is typically
confined to bed); and others may be best served with
wound care alone (eg, 70-year-old patient with creatinine
of 3.0 mg/dL and small nonhealing wound at tip of digit
with no associated infection). Significant clinical experience is required in synthesizing the clinical and anatomic
data and arriving at clinical decisions that maximize rates
of limb salvage with a minimum of overall patient
morbidity and mortality. The enthusiasm to achieve
revascularization needs to always be tempered by the
goal of achieving the best global outcome for the patient.
Abbreviations and Acronyms

x-ray, magnetic resonance [MR] foot, bone scan) to screen
for evidence of underlying osteomyelitis.
Hemodynamics
In all patients with CLI, the authors recommend a full
hemodynamic evaluation of both lower extremities that
includes recording of the ankle brachial index (ABI),
segmental limb pressures (SLPs), pulse volume recordings
(PVRs), and toe pressure. The use and limitations of each
of these parameters in relation to the assessment of patients
with CLI are as follows:
Ankle brachial index
Although the ABI is widely accepted as a useful tool to
screen for the presence of hemodynamic disease in the
lower extremity arteries between the level of the distal
abdominal aorta and the ankle, it has significant limitations
in patients with CLI. Among patients with CLI, the high
incidence of tibial calcification results in a high incidence
of uninterpretable ABI readings (ie, ABI N1.3) (Fig 5).
Less well appreciated is the significant proportion of
patients with CLI who have an ABI within the range
suggesting normal arterial flow (0.9-1.29) or mild to
moderate disease (0.41-0.89) that may be falsely reassuring (Fig 5). This phenomenon may be due to lesser degrees
of tibial calcification or to the specific arterial anatomy of
the patient. For example, a patient with an occlusion of the
tibioperoneal trunk and a patent anterior tibial artery that
becomes occluded more distally at the level of the dorsalis
pedis artery can have a normal ABI because of the patent
anterior tibial artery at the level of the ankle. Therefore,
although an ABI of 0.4 or less or an absolute ankle
pressure 50 mm Hg or less is generally considered to be
consistent with a diagnosis of CLI and therefore helpful in
confirming the diagnosis of CLI, the authors are not

Assessment of patient with CLI
Clinical
The clinical assessment of a patient with CLI should
focus on the patient and limb variables outlined in Table 1.
In addition, a careful clinical evaluation of the arterial
flow to both lower extremities is mandatory, with
documentation of palpable pulses and Doppler signals
from the main arteries (ie, common femoral, popliteal,
posterior tibial, and dorsalis pedis). Evaluation of both
lower extremities is important as CLI is often a bilateral
process, and arterial access to the affected limb for
diagnostic angiography or revascularization procedures is
often achieved via the contralateral limb. It is important to
have a high index of suspicion for associated soft tissue
infection and/or underlying bony infection (ie, osteomyelitis) in patients with CLI. The authors have a low
threshold for proceeding to imaging studies (eg, plain

Fig 1. Schematic of typical clinical presentation and progression of PAD.
Note that the progression of PAD to CLI occurs in a minority of all
patients with PAD (1%-2%). Reproduced with permission from
Casserly.1
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Fig 2. Clinical examples of CLI. A, Wet gangrene of the fifth digit. B, Dry gangrene of the fourth digit with prior amputation of distal phalynx of the second
toe. C, Global ischemia of the entire foot with skin breakdown involving the entire forefoot. D, Gangrene with associated soft tissue and bone infection (ie,
osteomyelitis) involving the medial aspect of forefoot. Reproduced with permission from Casserly.1

reassured by an ABI or ankle pressure measurement above
this traditional threshold in patients with suspected CLI
and will always request a toe pressure measurement in
such patients.

Segmental limb pressures and PVRs
SLPs and PVRs are helpful in assessing the level of
disease along the level of the lower extremity. In planning
endovascular procedures, these measurements may be

Fig 3. Case illustrating endovascular revascularization in a 62-year-old man on dialysis with CLI. A, Appearance of foot with dry gangrene involving the
third and fourth digits of the right foot. B and C, Baseline angiogram of SFA showing patent vessel with marked medical calcinosis along the length of the
vessel. D and E, Baseline angiogram of popliteal artery showing diffuse mild to moderate stenosis and intimal calcification at the junction of the SFA and
popliteal artery. F, Baseline angiogram of the leg showing occlusion of all tibial vessels with the peroneal artery filling via collaterals from the popliteal
artery. G, Baseline angiogram of the foot showing severe small vessel disease and filling of the distal anterior tibial artery and dorsalispedis branch via a
collateral from the peroneal artery. H, Angiography after angioplasty of the tibioperoneal trunk and proximal peroneal artery. The patient subsequently
underwent a transmetatarsal amputation that healed completely. Abbreviation: SFA indicates superficial femoral artery. Reproduced with permission
from Casserly.1
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Fig 4. Case illustrating endovascular revascularization in a 68-year-old man on dialysis with severe CLI of the right forefoot (picture of the foot shown in
Fig 2D). A to E, Baseline angiography of the right lower extremity showing a long occlusion involving the entire length of the SFA, an occlusion of the
distal popliteal artery extending into the tibioperoneal trunk, occlusion of the anterior and posterior tibial arteries, and severe small vessel disease in the foot.
F to I, Angiography after stenting of the SFA, atherectomy and angioplasty of the popliteal artery, and angioplasty of the peroneal and posterior tibial
arteries resulting in the establishment of straightline flow to the foot via the posterior tibial artery. This case highlights the ability of endovascular therapy to
treat multiple segments of disease and multiple tibial vessels either sequentially or simultaneously. Abbreviation: SFA indicates superficial femoral artery.
Reproduced with permission from Casserly.1

helpful in determining the most appropriate target(s) for
revascularization by examination of the relative size of the
drop in pressure or change in PVR amplitude between
sequential cuffs.
Toe pressure
Although small vessels in the foot may become
calcified in a subset of patients with CLI, it is rare to
have significant calcification of the pedal vessels. As a
result, pressure measurements acquired from the toe
typically remain a reliable measure of the severity of
PAD in the entire limb, even in patients with noncompressible ABIs (Fig 5). Although a toe brachial index
measurement may be recorded, most physicians rely on
the absolute toe pressure measurement to confirm the
diagnosis of CLI and make appropriate clinical decisions.
A toe pressure less than 50 mm Hg is consistent with a

diagnosis of CLI and supports an attempt at revascularization. Although measurement of the toe pressure from
the great toe is standard in all vascular laboratories,
recording the toe pressure from all 5 digits is practiced by
some laboratories. This may be particularly important in
patients with wounds involving the forefoot at a distance
from the great toe, as significant asymmetry inflow to the
medial and lateral aspects of the forefoot may be observed
(Fig 6). Failure to record from the digit nearest to the site
of tissue loss may result in some cases of CLI being missed
if angiographic data are not acquired. For patients with
wounds in locations other than the forefoot (eg, the heel
and medial and lateral malleolus), the toe pressure may
also occasionally be misleading. This is explained by the
fact that the toe pressure reflects the measure of flow to
the forefoot that is fed by the metatarsal arch from either
the dorsalis pedis artery or plantar systems. If either one of
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Table 1
Summary of patient, limb, and anatomic variables that influence decision making regarding primary treatment strategy for patients with CLI
Variable
Patient

Impact on Decision Making
Age/comorbidity
Renal insufficiency (CKD)
Functional status
Patient goals

Limb

Anatomy

Size of the wound
Location of the wound
Presence of associated soft
tissue or bony infection
Distribution of disease
Burden of disease
Nature of atherosclerosis
(e.g.,calcification)

Advanced age and comorbidity increase risk of surgical revascularization
CKD increases risk of CIN with endovascular approach
Poor baseline functional status (eg, wheelchair bound, contracture of
affected limb) argues in favor of medical therapy or primary amputation
Some patients place a premium on limb salvage, whereas others primarily
want freedom from pain, discomfort, and wound care, which may shift the
decision toward primary amputation
Smaller wounds are more likely associated with limb salvage
Forefoot wounds are more likely associated with limb salvage
Extensive soft tissue or bony infection associated with less chance
of limb salvage
Disease confined to small vessels of the foot may not allow revascularization
as option for treatment
Review of the burden of disease and quality of atherosclerotic plaque will
determine the most likely successful revascularization strategy

Abbreviations: CKD, chronic kidney disease; CIN, contrast-induced nephropathy.

these systems is intact, the forefoot flow may be adequate.
However, the heel or either malleolus may be entirely
dependent on flow from either the anterior or posterior
tibial artery (eg, the heel typically dependent of posterior
tibial artery flow) and, hence, may have severe ischemia in
the presence of a preserved toe pressure.
Additional measurements, including transcutaneous
oxygen pressure and skin perfusion pressure, are performed in a small number of laboratories. These measurements are felt to provide functional information about
tissue perfusion.8,9 Clinically, they are especially useful in
patients who have had prior digital or transmetatarsal

Fig 5. Ankle brachial index (A) and toe pressure (B) measurements in a
consecutive series of 50 patients with CLI. Horizontal bar in A represents
the mean ABI value for the subset of patients with compressible tibial
vessels. Note the significant number of patients with either noncompressible ABI or with ABI value more than 0.5. Horizontal bar in B
represents the mean toe pressure for the entire cohort. Reproduced with
permission from Shah et al.5

amputation. A cutoff of 30 mm Hg for both transcutaneous
oxygen pressure and skin perfusion pressure is believed
to be consistent with the diagnosis of CLI and the need
for revascularization.
Anatomic assessment
Accurate definition of the anatomy of the arterial
circulation in both lower extremities is fundamental to
the assessment of every patient with CLI in whom
endovascular revascularization is considered. The specific information that is sought includes an assessment of

Fig 6. Angiogram of the foot demonstrating marked asymmetry in arterial
inflow to the medical and lateral aspects of the foot. Abbreviations: Med,
medial; Lat, lateral; AT, anterior tibial; PT, posterior tibial.
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possible arterial access sites; the path from the access site
to potential treatment sites; and the distribution, nature
(eg, calcified vs noncalcified), and severity (ie, stenosis
vs occlusion, length of diseased segment) of atherosclerotic involvement. In the authors' practice, this anatomic
information is usually gathered in 2 steps: noninvasive
MR or computed tomography (CT) angiography followed by invasive angiography (Fig 7). Computed
tomography and MR angiography are both excellent
tools for assessing the arterial anatomy of the aortoiliac
and femoropopliteal segments. In our practice, CT
angiography is the preferred noninvasive angiographic
method for multiple reasons, including superior spatial
resolution, dramatically faster acquisition times resulting
in significantly less motion artifact, ability to acquire
meaningful luminal data in patients with prior stents, and
improved patient comfort because of the larger gantry
and rapid scanning times. The emergence of nephrogenic
systemic fibrosis as a potential complication of exposure
to gadolinium-based contrast agents during MR angiography has resulted in similar thresholds of renal
insufficiency being used as a contraindication to imaging

by MR and CT angiography by most radiology groups,
removing the major clinical advantage previously held by
MR angiography in this patient population.10,11
In the authors' practice, definition of the infrapopliteal
anatomy is generally acquired using invasive angiography.
This is based on our experience that routine angiography is
the only method available with the spatial resolution
required to assess both the tibial anatomy and the small
vessels of the foot. This information is essential in
understanding the anatomy of the arterial supply to the
site of tissue loss (or to the forefoot in a patient with rest
pain) and, hence, determining the most appropriate target
for revascularization.
Endovascular therapy for CLI
General principles
The endovascular treatment of CLI is guided by several
key tenets. The first objective is to establish adequate
inflow to the infrapopliteal vessels through revascularization of the aortoiliac and femoropopliteal segments. This is

Fig 7. Anatomic evaluation of a 68-year-old diabetic man with a nonhealing wound on the great toe of his right foot. A to D, MR angiogram of the pelvic
region and right lower extremity demonstrating widely patentiliac system, right CFA, superficial femoral artery, and popliteal artery. E and F, Routine
angiography of infrapopliteal vessels delineating the anatomy of tibial pedal vessels and showing that the peroneal artery (arrowhead) should be the target
for revascularization. G and H, Final angiogram of the tibial and pedal vessels after angioplasty of the peroneal artery. Reproduced with permission from
Shah et al.5
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Table 2
Advantages and disadvantages of endovascular vs surgical revascularization
in treatment of patients with CLI
Endovascular
Advantages

Less procedural morbidity
Reduced procedural
mortality
Ability to treat patients
with more severe clinical
comorbidities
Ease of treating multilevel
disease
Ability of treating multiple
tibial targets
Ease of repeat intervention
Preservation of venous
conduit
Endovascular approach
rarely prevents future
attempt at surgical bypass
Disadvantages Lower primary and
secondary patency rates
Increased need for repeat
intervention
Renal insufficiency may
limit ability to offer
endovascular therapy

Surgical
Improved primary and
secondary patency rates
No requirement for
exposure to contrast

Higher procedure-related
morbidity and mortality
Ability to treat 1 tibial
target alone
Repeat surgical
revascularization
is difficult
Loss of venous conduit
Surgical bypass may
preclude future ability to
offer endovascular therapy

then followed by an attempt to establish straightline flow
in at least 1 tibial vessel that is judged, based on a review
of the arterial anatomy, to supply that part of the foot that
has rest ischemia (typically the forefoot) or tissue loss.
Attempts to establish straightline flow in more than 1 tibial
vessel is popular among some endovascular specialists and
is one of the advantages of endovascular therapy over
surgical bypass (Table 2). This approach is reasonable in
patients with more extensive tissue loss where the anatomy
of the tibial disease is amenable to revascularization of
multiple tibial targets. However, operators who attempt to
revascularize multiple tibial targets need to be cognizant of
the risk-benefit ratio of this strategy, balancing the risk of
prolonged procedure times and contrast volumes in elderly
patients with multiple comorbidities with the likely
clinical benefit.
In contrast to the treatment of patients with claudication,
where the goal of revascularization is to treat disease
causing exercise-induced ischemia, the target lesions for
revascularization in patients with CLI are those that are
associated with a pressure gradient at rest. Therefore, the
lesions treated in patients with CLI are typically either
occlusions or critical stenoses.
During endovascular therapy for CLI, careful attention to
the small vessel runoff in the foot is required. Successful
revascularization of the main tibial vessel that results in
embolization to the small vessels in the foot is likely to result
in clinical failure. Preventing distal embolization during
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treatment of the target proximal lesion and aggressive
treatment of distal embolization when it occurs are
important components of endovascular treatment of CLI.
The goal of endovascular therapy for CLI is to maintain
patency of the treated lesion(s) until such time as complete
wound healing is achieved. Once wound healing has been
achieved, the amount of blood flow required to maintain
tissue integrity is dramatically less than that required during
the healing phase. Hence, even if restenosis of the treated
site(s) occurs, it will typically be clinically silent. This
phenomenon likely explains the roughly equal limb salvage
rates achieved with endovascular vs surgical revascularization, despite the better patency rates reported for surgical
bypass. This consideration requires that patients be carefully
followed up and screened for evidence of restenosis until
such time as complete wound healing has been achieved.
Because wound healing will vary according to several
wound- and patient-related factors, the duration and
intensity of follow-up will vary from patient to patient.
If planned minor amputations are required as part of the
primary treatment strategy, the authors prefer to perform
the endovascular revascularization procedure before the
amputation, assuming that the patient does not have a lifethreatening infection in the foot.
Technique
This section will review the endovascular techniques
used to achieve revascularization in CLI. Because tibial
intervention is the most common site of intervention in
CLI and is rarely practiced for indications other than CLI,
this will be the primary focus of the section. The
interventional strategies and access sites used in the
endovascular treatment of other lower extremity vascular
territories are identical to that practiced outside the setting
of CLI and are summarized in Table 3. It is important to
understand that there is wide variation in the practice of
tibial intervention depending on operator specialty (cardiologist vs interventional radiologist vs vascular surgeon),

Table 3
Summary of interventional strategies and primary arterial access sites
based on target arterial segment of lower extremity
Territory

Strategy

Primary Access

Aortoiliac

Stenting
Self-expandable
Balloon-expandable
Covered

CFA

Angioplasty
Atherectomy
Angioplasty
Atherectomy
Stenting
Self-expandable

CFA
Contralateral retrograde
Ipsilateral retrograde
Upper extremity
Brachial
Radial
CFA
Contralateral retrograde
CFA
Contralateral retrograde
Ipsilateral antegrade

Femoropopliteal
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Table 4
Summary of commonly used interventional wires and supportive
catheters to cross disease in the tibial arteries
Wires

Supportive Catheters

Workhorse 0.014″
Nonhydrophilic
Asahi Soft (Abbott Vascular)
Asahi Prowater (Abbott Vascular)
Asahi GrandSlam (Abbott
Vascular)
Hydrophilic
Whisper (Abbott Vascular)

0.014″
0.014″ QuickCross
(Spectranetics)
Corsaire (Abbott Vascular)
0.014″ OTW balloon

Pilot (Abbott Vascular)
Fielder (Abbott Vascular)
Choice-PT (Boston Scientific)
PT-MS (Boston Scientific)
CTO 0.014″
Asahi Miraclebro
(Abbott Vascular)
Asahi Confianza
(Abbott Vascular)
Persuader (Medtronic Inc)
0.018″
Glidewire GT (Terumo)
Glidewire Gold (Terumo)

0.018″
0.018″ QuickCross
(Spectranetics)
TrailBlazer (ev3)
0.018″ OTW balloon
Progreat 2.4Fr

0.021″
Progreat 2.7Fr/2.8Fr
0.035″
0.035″ QuickCross
(Spectranetics)
Glide catheter (Terumo)
0.035″ OTW balloon

0.035″
Standard Glidewire (Terumo)

experience and technical skill, and familiarity with and
availability of interventional tools. What follows reflects
the experience and practice of the authors.
Arterial access
Tibial artery interventions are typically performed using
either contralateral retrograde common femoral artery
(CFA) access or ipsilateral antegrade CFA access. The
latter access site has several advantages, including providing
superior support in treating complex occlusive disease,
facility in treating distal tibial disease due to constraints in
the length of interventional equipment, and ability to deal
with distal embolization to small vessels in the foot. These
advantages are balanced against the increased risk of
bleeding at the access site, particularly in obese patients.
In most circumstances, the technical advantages offered by
antegrade access outweigh the risk of bleeding.

stiffer tips, 0.018″ wires, and, rarely, 0.035″ wires. Using
these wires coupled with supportive catheters, most
occlusions can be successfully crossed from an antegrade
approach. However, a failure rate of 20% using the
antegrade approach has been reported by experienced
operators when treating complex occlusions.12 The most
common mechanism of failure is an inability to reenter the
true lumen at the distal cap of the occlusion. This technical
challenge may be overcome by using a dedicated 0.014″
reentry catheter12 or by approaching the occlusion in a
retrograde fashion (Figs 8, 9, and 10).12-20
Retrograde recanalization of tibial occlusions is achieved
by either puncturing the target tibial vessel distal to the
occlusion12-17 or by using a collateral channel between a
patent tibial vessel and the occluded tibial target.12,18-20 The
distal posterior tibial and dorsalis pedis vessels are the most
commonly punctured vessels because of their anatomic
location and ease of access (Fig 8). The collateral channels
most commonly used include the metatarsal arch, which
links the plantar and dorsalis pedis artery, and the anterior
perforating and posterior communicating branches, which
link the distal segments of all 3 tibial vessels (Fig 10). These
techniques require a careful understanding of the tibial and
small artery anatomy and specific technical skills and
understanding. The ability to successfully execute these
techniques can significantly increase the overall technical
and clinical success achieved using an endovascular
approach to revascularization in CLI.
Revascularization
Having successfully crossed the tibial stenosis or
occlusion, the choice of interventional therapy that is used
to achieve revascularization is broad. The most commonly
used technique is plain balloon angioplasty. Newer low
profile angioplasty balloons with long balloon lengths have
greatly facilitated this therapy. The primary advantage of
plain balloon angioplasty is the ease of use and short
duration of time required to achieve revascularization. For
elderly patients with renal insufficiency, this has a definite
value in minimizing procedure times and contrast exposure.

Recanalization
Before any interventional therapy, the tibial disease
must be successfully crossed with an interventional wire.
When treating stenoses, this is almost universally achieved
by crossing the disease in an antegrade fashion using
Workhorse 0.014″ interventional wires (Table 4). Crossing
occlusions is significantly more challenging and requires a
more elaborate range of 0.014″ interventional wires with

Fig 8. Retrograde access in posterior tibial artery with placement of
4F sheath.
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Fig 9. Case illustrating the technique used to achieve revascularization of occluded posterior tibial artery using retrograde tibial artery access in a 70-year-old man with a large
heel wound. A and B, Baseline angiography of the leg and foot via antegrade CFA access showing ostial occlusion of the posterior tibial artery. C, Retrograde access in tibial
artery using micropuncture access kit. D, Long-term total occlusion in the tibial artery crossed using a 0.035″ glidewire. E, Glidewire snared from antegrade CFA access. F,
Quickcross catheter delivered antegrade over glidewire. G, Tibial artery sheath removed and manual pressure applied. H to J, Angioplasty of length of tibial artery occlusion.
K and L, Final angiography. Reproduced with permission from Rogers et al.13
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Fig 10. Retrograde recanalization of posterior tibial artery occlusion using collateral connection between the distal peroneal artery and posterior PT. A and
B, Baseline angiography showing occlusion of PT. Collateral connection between the distal segment of peroneal artery and distal PT indicated by an arrow.
C and D, Progress of wire advanced in retrograde path along the length of PT occlusion. E and F, Angiography after angioplasty of PT occlusion.
Abbreviation: PT indicates tibial artery.

Lesions that are resistant to plain balloon angioplasty,
usually due to the presence of severe calcification, may be
treated with adjunctive use of focal pressure balloons,
including the cutting balloon (Boston Scientific, Natick,
Mass)21 and the newer AngioSculpt (AngioScore, Fremont, Calif) and VascuTrak 2 (Bard, Tempe, Ariz)
balloons. Cutting balloons have 3 (for 1.5- to 4-mm
diameter balloon) or 4 (for 5- to 8-mm diameter balloons)
atherotomes (ie, microsurgical blades) that are fixed
longitudinally on the surface of a noncompliant balloon
and extend 0.127 mm above the height of the balloon, with
balloon inflation producing a longitudinal incision in the
plaque. The AngioSculpt balloon catheter incorporates a
laser-cut highly flexible nitinol scoring element containing
3 spiral struts that encircle a semicompliant balloon
catheter, with the dilating force of the balloon being
concentrated along the edges of the scoring element. The
VascuTrak 2 balloon has 2 guidewires placed external to
the semicompliant balloon to provide focal longitudinal
force to the plaque.
One of the major limitations of plain balloon or focal
pressure balloon angioplasty in the tibial vessels is the
occurrence of flow-limiting dissections after angioplasty.
Although these occur infrequently, the availability of stents
to deal with them greatly enhances the predictability of
achieving a successful acute hemodynamic outcome.
Currently, the most widely used stents in the tibial
circulation include coronary-type balloon-expandable
stents (both bare metal or drug eluting)22-26 and the small
vessel self-expanding Xpert stent (Abbott Vascular, St
Paul, MN).25 The major advantage of the Xpert stent over
coronary balloon-expandable stents is the availability of
40- and 60-mm lengths of stents, which is important when
dealing with tibial disease that is typically diffuse. In
general, the authors are reluctant to use drug-eluting
balloon-expandable stents in the tibial circulation, given
the severe small vessel and microvascular disease that is

typical in patients with CLI that may compromise runoff
and increase the risk of stent thrombosis.
The use of atherectomy and ablation technologies in the
tibial territory has increased significantly in the last 5 years.
Currently, there are 5 such technologies available (Table
5). Plaque excision (ie, atherectomy) may be performed
using either SilverHawk27,28 (ev3, Plymouth, MN) or
Jetstream29,30 (Pathway Medical Technologies, Inc, Kirkland, WA) catheters, whereas plaque modification may be

Table 5
List of atheroablative and atherectomy technologies used to treat
tibial disease
Device
Effect

Anatomic
Indications

Diamondback
Cardiovascular
Classic crown
Systems, Inc
1.25, 1.5, 1.75
Solid crown
1.5, 1.75

Ablation

Focal calcified
stenosis

Rotablator
Burr
1.5, 1.75

Boston Scientific

Ablation

Focal calcified
stenosis

Turbo Elite
Laser
0.9 mm
1.4 mm
1.7 mm

Spectranetics

Ablation

Diffuse disease
Presence of
thrombus

Jetstream
G3 SF

Pathway Medical Atherectomy Diffuse disease
Technologies, Inc
Presence of
thrombus

SilverHawk
SS+, SX, SXL
ES+, EXL
DS

ev3

Device

Company

Atherectomy Eccentric disease
Ostial disease
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Fig 11. Use of atherectomy in treatment of tibial occlusion that was contiguous with popliteal occlusion. A, Baseline angiogram showing occlusion of the
distal SFA (arrow), entire length of popliteal artery, and origin of all 3 tibial vessels. B, Baseline angiogram showing reconstitution of the anterior tibial
artery (arrow) and posterior tibial artery (arrowhead) via genicular collaterals. C and D, Final angiography after retrograde posterior tibial access and
subsequent antegrade revascularization using atherectomy and angioplasty of the occlusion in the SFA, popliteal artery, and the proximal segments of all 3
tibial vessels. Anterior tibial artery (arrow) and posterior tibial artery (arrowhead). Abbreviation: SFA indicates superficial femoral artery. Reproduced with
permission from Rogers et al.13

performed using Turbo Elite Laser31,32 (Spectranetics,
Colorado Springs, CO), Rotablator33 (Boston Scientific,
Natick, MA), or Diamondback34 (Cardiovascular Systems
Inc, Plymouth, MN) catheters. A detailed discussion of the
use of each of these technologies in tibial intervention is
beyond the scope of this review. In general, the authors
have gravitated away from using these technologies in the
tibial territory based on the predictable success achieved
with angioplasty and bailout stenting. When they are used,
the decision to use one technology over another is based on
the anatomic features of the disease being treated (Table 5).
It has been our experience that distal embolization with
these technologies is significant and varies between the
technologies. As a result, the use of filter-type distal
embolic protection devices is encouraged when using these
devices. It is worth repeating that revascularization of the

main tibial vessel will have no clinical benefit if the distal
circulation is compromised by embolization. The risk of
perforation, particularly in angulated segments such as the
proximal segment of the anterior tibial artery, appears to be
increased using these devices. Despite these risks, the
authors have found particular use with these technologies
when treating tibial disease that is continuous with
popliteal disease, a location where stenting is generally
avoided because of conformational changes in this vessel
with leg movement (Fig 11).
Clinical outcome of endovascular revascularization
of CLI
Any discussion of the clinical outcomes of endovascular intervention for the treatment of CLI requires some

Table 6
Summary of clinical outcomes reported in contemporary series of endovascular therapy for CLI
Outcome
Procedural
Mortality (%)

Procedural
Complication (%)

Followup (y)

Limb
Salvage

Mortality

91
82
N/R
90†
76‡
92

48
–
26
12†
18‡
24

Author

Year

n

Technical
Success (%)

Kudo et al40
Kandzari et al27
Faglia et al38
Haider et al39

2006
2006
2005
2006

99
69
1,191
180

99
99
83.6
92

0
–
0.1
2.7

1
1
3.4
8.3⁎

5
0.5
5
2

Eskelinen et al37

2005

221

96

N/R

7

1

Abbreviation: N/R indicates not reported.
⁎ Reported as 30-day complication rate.
†
Data for femoropopliteal intervention.
‡
Data for infrapopliteal intervention.
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Table 7
Summary of series reporting outcomes of tibial intervention using a variety of primary treatment strategies
Primary therapy

Author

n

Proportion with
CLI (%)

Procedural
Success (%)

Follow-up
(mo)

PTA
Cryoplasty
Cutting balloon
Stent
BE-BMS
BE-DES
SE-BMS
Rotablator
Orbital Atherectomy
SilverHawkAtherectomy

Romiti et al36
Das et al42
Ansel et al21
Biondi-Zoccai et al41

2,557
108
73
640

94.7
100
71
N/R

89
97.3
100
N/R

36
6
12
12

13
32
53

94
90.1
97

6
6
24

Jahnke et al33
Safian et al34
Zeller et al28

15
124
36

Limb Salvage
(%)
82.4
93.4
89.5
96.4

100
100
100

Survival
(%)
68.4
95.4
84
N/R

100
97.6
73

Abbreviations: BE-BMS indicates balloon-expandable bare metal stent; BE-DES, balloon-expandable drug-eluting stent; SE-BMS, self-expandable bare
metal stent.

comment regarding the limitations of the available data.
There is a lack of contemporary randomized data
comparing endovascular vs surgical revascularization in
the CLI population. There are no randomized data
comparing different endovascular treatment strategies in
patients with CLI. Most data are derived from observational studies with several shortcomings including small
sample sizes, short duration of follow-up, the use of
inconsistent definitions to report clinical outcome and
complications, the inclusion of a variable proportion of
patients with claudication, marked variation in the
distribution of disease included between series, with series
reporting outcomes for disease along any part of lower
extremity, the infrainguinal segment or the tibial segment
alone, and marked variation in complexity of disease
included across studies based on experience and expertise
of operators, and availability of technology.
Despite these limitations, some reasonable statements
regarding outcomes of endovascular therapy for CLI can be
made. All of the data available suggest that endovascular
therapy appears equivalent to surgical bypass. The Bypass
versus Angioplasty in Severe Ischemia of the Leg trial
(BASIL) was a prospective, randomized trial comparing
endovascular vs surgical revascularization in patients with
CLI with infrainguinal disease that was amenable to
treatment using either revascularization technique.35 A
significant limitation in extrapolating these data to current
practice was that balloon angioplasty was the only
endovascular intervention used. Being limited to balloon
angioplasty resulted in a high rate of immediate technical
failure (20%); however, amputation-free survival after 6
months and health-related quality of life was equivalent in
both groups. Surgery was associated with a significantly
higher rate of morbidity, prolonged length of total hospital
stay, and time spent in high-dependency and intensive care
units. These later findings likely explain the cost savings
observed for the first year of care in the endovascular arm.
The BASIL trial did reinforce the high rate of repeat
intervention associated with endovascular therapy because
of reduced primary patency rates. In the angioplasty arm,

27% of patients required a second revascularization
procedure; and a further 5% required a third revascularization procedure compared with 16% and 7% for second
and third revascularization procedures in the surgical
arm, respectively.
A recent large meta-analysis that included a much
broader spectrum of patients with CLI compared angioplasty of infrapopliteal vessels (n = 2,557) with poplitealto-distal bypass (n = 12,320) and reported findings that are
consistent with the BASIL trial.36 Limb salvage rates at 3
years were similar in both groups (82.4% vs 82.3%).
Although primary and secondary patency data at 3 years
for surgical bypass were superior to that for angioplasty
(48.6% vs 72.3% and 62.9% vs 76.7%, respectively), these
did not translate into any measurable difference in limb
salvage rates.
The findings of contemporary studies reporting outcomes of endovascular therapy in a broad population of
patients with CLI27,37-40 and in the specific population of
patients undergoing tibial intervention21,28,33,34,36,41,42 are
summarized in Tables 5 and 6, respectively. It is apparent
that endovascular therapy for CLI is associated with high
rates of technical success (N90%), low rates of periprocedural mortality (b2%), and complication (b5%) and that
intermediate term (1-2 years) limb salvage rates of more
than 80% are typical. Although the series reporting
outcomes of tibial intervention contain a significant
proportion of patients with claudication (Table 7), the
data do support that tibial intervention has become a
highly predictable procedure with acute technical success
rates that exceed 90%.

Conclusions
An increasing body of data and significant clinical
experience support endovascular therapy as the revascularization strategy of choice in patients with CLI in
contemporary practice. The favorable risk-benefit profile
of endovascular therapy will likely allow revascularization
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to be offered to a broader spectrum of patients with CLI
and holds the promise of significantly improving limb
salvage rates for the entire population with CLI. Although
current endovascular techniques and technology have
evolved to a reasonably mature level, achieving improved
patency rates with endovascular treatments remains an
important goal. In addition, optimizing overall clinical
care after revascularization may hold the key to altering
the poor long-term prognosis of patients with CLI.
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