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Purpose: To report the 12-month follow-up data from the prospective 16-center Below-theKnee (BTK) Chill Trial, which examined the use of primary cryoplasty for BTK occlusive
disease in patients with critical limb ischemia (CLI).
Methods: The trial included 108 patients (77 men; mean age 73611 years, range 41–101)
with CLI (Rutherford categories 4–6) involving 111 limbs with 115 target infrapopliteal
lesions. Angiographic inclusion criteria were reference vessel diameter $2.5 mm and
#5.0 mm and target lesion stenosis $50%. The primary study endpoints were acute
technical success (the ability to achieve #50% residual stenosis and continuous inline flow
to the foot) and absence of major amputation of the target limb at 6 months. Secondary
endpoints were serious adverse events specifically related to use of primary cryoplasty and
absence of major amputation of the target limb at 1, 3, and 12 months.
Results: Acute technical success was achieved in 108 (97.3%) of treated limbs, with only 1
clinically significant dissection ($type C) and 2 residual stenoses .50%; stent placement
was required following cryoplasty in only 3 (2.7%) procedures. At 6 months and 1 year,
major amputation was avoided in 93.4% (85/91) and 85.2% (69/81) of patients, respectively.
Through 1 year, 21% (17/81) of patients underwent target limb revascularization. Rates of
major amputation and death at 1 year were 0% for limbs of patients with initial Rutherford
category 4; 11.4% and 0%, respectively, for initial category 5; and 40.0% and 31.8% for
initial category 6. One-year rates of major amputation and death were 20.4% and 8.8%,
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respectively, for diabetics, versus 4.0% and 10.7% for non-diabetics. At 1 year, major
amputation occurred in 16.7% (2/12) of limbs that were expected to be amputated at the
time of treatment.
Conclusion: Cryoplasty therapy is a safe and effective method of treating infrapopliteal
disease, providing excellent results and a high rate of limb salvage in patients with CLI.
Study outcomes through 1 year support the use of cryoplasty as a primary treatment
option for patients with CLI secondary to BTK occlusive disease.
J Endovasc Ther. 2009;16(Suppl II):II19–II30
Key words: peripheral arterial disease, critical limb ischemia, endovascular therapy,
amputation, diabetes, angioplasty, cryoplasty
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Endovascular intervention is being employed
with increasing frequency as a first-line
treatment for preventing or delaying amputation in patients with critical limb ischemia
(CLI).1–5 Cryoplasty therapy (cold balloon
angioplasty) has been used as an effective
primary strategy for limiting the incidence of
dissection, vessel recoil, and subsequent
intimal hyperplasia and restenosis associated
with the endovascular dilation of atherosclerotic lesions in the peripheral vasculature.6–9
Specialized cryoplasty balloon catheters, approved by the US Food and Drug Administration, are inflated not with the standard
mixture of saline solution and contrast medium but rather with nitrous oxide, which
causes the plaque in the artery to freeze.
Previous scientific studies have shown that
this process results in: (1) weakening of the
plaque, promoting uniform dilation and reducing vessel trauma; (2) alteration of elastin
fibers to reduce vessel wall recoil, while
collagen fibers remain unperturbed and capable of maintaining architectural integrity10,11; and (3) induction of smooth muscle
cell apoptosis, which is associated with
reduced neointima formation and subsequent
restenosis.12 In the primary treatment of
patients with claudication and femoropopliteal disease, cryoplasty therapy has yielded
excellent periprocedural results, with a low
rate of dissection and a reduced need for
bailout stenting. Clinical patency rates (freedom from target lesion revascularization) of
82.2% through 9 months and 75.0% through
3.4 years have been reported.8,9
In the prospective, multicenter Below-theKnee (BTK) Chill Trial, primary cryoplasty
treatment of BTK occlusive disease in CLI
patients yielded favorable technical success:

¤
residual stenosis #50% and continuous flow to
the foot were achieved in 108 (97.3%) of treated
limbs, with only 1 clinically significant dissection ($type C) and 2 residual stenoses .50%.6
Bailout stenting was needed in only 2.7% of
procedures.6 Of 91 limbs available for followup at 6 months, major amputation was avoided
in 85 (93.4%). To better assess the long-term
impact of cryoplasty therapy for this seriously
ill population, the trial was designed to track
adverse events and limb status through 1 year,
with attention to high-risk subgroups. Notably,
in the BTK Chill trial, over two thirds of the
patients were diabetic, representing a subset
particularly liable to amputation within 1 year
of being diagnosed.13,14

METHODS
Study Design and Patient Population
The study design and patient population have
been reported and described.6 Between August 2004 and October 2005, 108 patients (77
men; mean age 73611 years, range 41–101)
with CLI (Rutherford categories 4–6) involving
111 limbs with 115 target infrapopliteal lesions were enrolled at 16 US institutions.
Patients with a diagnosis of CLI (rest pain,
non-healing ulcers, or gangrene) based on
objective clinical assessments were considered eligible for the study if they had de novo
or restenotic stenoses or occlusions in the
infrapopliteal arteries amenable to minimally
invasive treatment. Angiographic inclusion
criteria were a target stenosis of $50% and
reference vessel diameter of $2.5 and
,5 mm. Patients were excluded from the
study if they had comorbidities that reduced
their life expectancy to ,1 year, myocardial
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infarction (MI) with a CK-MB .3 times normal
within the previous 48 hours, evolving MI,
stroke or transient ischemic attack within the
previous 2 months, or serum creatinine levels
$2.5 mg/dL within 24 hours prior to the
procedure. Angiographic exclusion criteria
included heavily calcified lesions and an
inability to advance a guidewire through the
stenosis or occlusion.
The study protocol required follow-up at 1,
3, 6, and 12 months after the index procedure.
The primary study endpoints were acute
technical success (the ability to cross and
dilate the lesion, achieve #50% residual
angiographic stenosis by visual estimate,
and establish continuous inline flow to the
foot) and absence of major amputation of the
target limb at 6 months. Secondary endpoints
were serious adverse events specifically related to use of primary cryoplasty and
absence of major amputation of the target
limb at 1, 6, and 12 months after the index
procedure.

Cryoplasty Procedure
Each patient underwent a baseline clinical
examination within 30 days before the intervention, including ankle-brachial index (ABI)
measurement. Patients received 325 mg of
aspirin on the day of the procedure, and they
received clopidogrel either in 75-mg doses for
4 days prior to and then on the day of the
intervention or as a 450-mg bolus right before
the procedure. Standard diagnostic angiography of the target vessels was performed to
confirm the presence of lesions suitable for
endovascular therapy, and consenting patients were subsequently enrolled.
All inflow and outflow lesions in the
affected limb requiring treatment at the time
of intervention were addressed during the
index procedure. For all lesions other than the
target lesion(s), any commercially available
treatment was allowed. Adjunctive predilation and/or debulking of the target lesion
were performed at physician discretion.
Stenting was permitted as a bailout measure
to resolve dissection or significant residual
stenosis.
Following identification of the target lesion(s), the PolarCath Peripheral Dilatation

CRYOPLASTY IN CLI: 12-MONTH FOLLOW-UP
Das et al.

II21

System (Boston Scientific, Natick, MA, USA)
was prepared according to the instructions
for use. The PolarCath cryoplasty system
consists of 3 components: the cryoplasty
catheter, a microprocessor-based inflation
unit, and a cartridge containing the inflation
medium (nitrous oxide). Using conventional
transluminal percutaneous procedures, the
PolarCath catheter is introduced through a
6-F sheath over a 0.014-inch guidewire and
positioned at the target lesion. The catheter is
then connected to the PolarCath inflation unit,
and a nitrous oxide cartridge is inserted. The
physician initiates treatment by activating a
button on the inflation unit, which causes
pressurized liquid nitrous oxide to be delivered into the balloon via an inlet tube
integrated into the guidewire lumen. As it
enters the balloon, the liquid nitrous oxide
rapidly undergoes phase change to a gas.
This endothermic reaction draws energy and
decreases the temperature inside the balloon
while simultaneously dilating the balloon.
The system is designed to provide a dilation
force of 8 atmospheres and an outer balloon
surface temperature of 210uC. The automated
20-second treatment cycle is followed by a
passive warming cycle. Subsequently, the
balloon is manually deflated and either
removed or repositioned. Study target lesions
were treated with single or multiple inflations
of the PolarCath catheter.
ABI measurements were performed after
the procedure and prior to hospital discharge.
Patients received aspirin (325 mg/d) and clopidogrel (75 mg/d) indefinitely after the index
procedure or according to the accepted
standard of care for the institution or investigator. At 1, 3, 6, and 12 months after
intervention, the patients were required to
return for clinical examination, including
assessment of wounds and ABI measurements of both the dorsalis pedis and posterior
tibial arteries.

Statistical Analysis
All primary and secondary endpoint data
were analyzed on an intent-to-treat basis. Quantitative baseline, procedural, and follow-up
data are expressed as counts (percentages)
for categorical variables and means 6 stan-
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dard deviations for continuous variables.
Adverse events are presented as cumulative
data at 1, 3, 6, and 12 months.

RESULTS
The baseline risk factors, comorbidities, and
lesion characteristics were those typical of
patients suffering from CLI (Table 1). Nearly
70% of the patients were diabetics, and there
were high rates of hypertension, hyperlipidemia, and coronary artery disease. More than
two thirds of the patients were categorized
with Rutherford category 5/6 ischemia, with
tissue loss (nonhealing ulcers and/or gangrene) noted in the majority of target limbs.
Most patients reported multiple lower extremity symptoms. The mean diameter stenosis was 86.9%; a third (33.9%) of the lesions
were occlusions with a mean length of
57.7629.7 mm. In 76 (68.5%) of the 111
treated limbs, there were multiple additional
lesions identified; in relation to 40 (36.0%) of
the treated BTK lesions, there were proximal
lesions (iliac, common femoral, superficial
femoral, and/or proximal popliteal arteries) as
well.
Outcomes through 6 months after cryoplasty
have been reported.6 Briefly, acute technical
success was achieved in 108 (97.3%) of 111
study procedures. Mean target lesion percent
diameter stenosis was reduced from
86.9%613.6% at baseline to 15.5%616.9% after
cryoplasty, and stent placement was performed
following cryoplasty in 2.7% of procedures.
Procedural success was high for both stenotic
(98.7%) and occlusive (95.1%) lesions. There
was no vessel perforation, embolization, or
major bleeding in any of the study procedures.
Through 1 year of follow-up, 21 of the initial
108 patients had withdrawn or become lost to
follow-up (representing 22 of the initial 111
limbs), and 8 (9.2%) patients (8 treated limbs)
had died, leaving 79 (73.1%) patients [81
(73.0%) of the treated limbs] available for
assessment (Table 2). The event rate for
amputation (Table 2) was 6.6% (6/91) at 6
months and 14.8% (12/81) at 1 year; by
Kaplan-Meier analysis, the rate of survival
free from major amputation was 89.0% at 6
months and 78.5% at 1 year (Figure). Of the 19
limbs for which records indicated that am-
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TABLE 1
Demographics, Risk Factors, and Clinical and
Lesion Characteristics for 108 Patients with 115
Below-the-Knee Lesions in 111 Limbs
Age, y
Men
Risk factors (per patient)
Diabetics, all
Diabetics, insulin dependent
Hypertension
Hyperlipidemia
Smoker, current
Smoker, past
Coronary artery disease
Obesity

73611 (41–101)
77 (71.3%)
71
47
89
74
10
73
75
22

(67.6%)
(44.3%)
(84.0%)
(71.8%)
(10.0%)
(72.3%)
(70.1%)
(20.6%)

71/108
73/110
28/76
76/108
19/77
84/110
68/108
47/110

(65.7%)
(66.4%)
(36.8%)
(70.4%)
(24.7%)
(76.4%)
(63.0%)
(42.7%)

22/111
49/111
28/111
12/111

(19.8%)
(44.1%)
(25.2%)
(10.8%)

Symptoms
Rest pain
Nonhealing ulcers
Gangrene
Claudication
Anticipated amputation
Skin discoloration
Sensory deficit
Edema
Clinical categories (Rutherford)
Class
Class
Class
Class

4
5
6
unknown

Lesion characteristics
Mean vessel diameter, mm
Mean stenosis, %
Mean lesion length, mm
Occlusions
Location
Anterior tibial
Peroneal
Posterior tibial
Popliteal
Tibioperoneal trunk
Dorsalis pedis
Other

¤

3.260.7
86.9613.6
41.1630.4
39
35
33
23
19
11
1
1

(2.0–6.0)
(50–100)
(2.0–110.0)
(33.9%)
(28.5%)
(26.8%)
(18.7%)
(15.4%)
(8.9%)
(0.8%)
(0.8%)

¤

Continuous data are presented as means 6
standard deviation (range); categorical data are
given as counts (percentages).

putation was expected at baseline, major
amputation was avoided in 100% of those
available for follow-up at 30 days, in 93.3% at
3 months, in 92.3% at 6 months, and in 83.3%
at 1 year; amputation of any nature (major or
minor) was avoided in 94.7% at 1 month, in
80.0% at 3 months, in 69.2% at 6 months, and
in 50.0% at 1 year. Mortality in patients in
whom amputation was expected was 18.8%
(3/16) at 6 months and 25.0% (4/16) at 1 year.
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TABLE 2
Cumulative Clinical Outcomes for 108 Patients With 111 Treated Limbs
1 Month

3 Months

6 Months

12 Months

2/95 (2.1%)
4/96 (4.2%)
4/96 (4.2%)

5/93 (5.4%)
6/91 (6.6%)
5/91 (5.5%)

8/87 (9.2%)
12/81 (14.8%)
7/81 (8.6%)

0/19 (0.0%)
1/19 (5.3%)

1/15 (6.7%)
2/15 (13.3%)

1/13 (7.7%)
3/13 (23.1%)

2/12 (16.7%)
4/12 (33.3%)

1/107 (0.9%)
2/107 (1.9%)
6/108 (5.6%)

3/96 (3.1%)
2/96 (2.1%)
9/96 (9.4%)

12/91 (13.2%)
2/91 (2.2%)
15/91 (16.5%)

13/81 (16.0%)
4/81 (4.9%)
23/81 (28.4%)

Death
0/104 (0.0%)
Major amputation overall*
3/107 (2.8%)
Minor amputation overall{
1/107 (0.9%)
In 19 limbs with planned amputation at baseline
Major amputation
Minor amputation
Target limb revascularization
Endovascular
Surgical bypass
Rehospitalization and other{

¤

¤

* Transfemoral (above knee) or transtibial (below knee).
{ Transmetatarsal or digital.
{ Among the 81 limbs followed at 1 year, only 2 of the 23 rehospitalizations or other adverse events were deemed
possibly related to the study device (1 thrombosis, 1 pain and discoloration in toes).

Through 1 year of follow-up, 17 (21.0%) of 81
target limbs available for assessment had
undergone revascularization: surgical in 4
(4.9%) limbs and percutaneous in 13 (16.0%)
limbs. There were 23 instances of rehospitalization or other adverse events in patients
available for follow-up through 1 year, but
only 2 of these were considered possibly
related to the study device (1 thrombosis and
a patient who experienced pain and discoloration in toes subsequent to a change in
medication regimen, which primarily resolved
within ,1 week). These adverse events included individual cases of skin graft, groin hematoma, contralateral limb interventions, coronary artery bypass, and debridement of ulcers.
While procedural outcomes did not differ
significantly according to the baseline Rutherford categories of the patients, rates of
death and major amputation through 1 year

Figure ¤ Survival free from major amputation at
180 and 365 days by Kaplan-Meier analysis.

were higher for those classified as category 6
(extensive ischemic lesions that could require
major amputation if not cleared): 7 of the 8
deaths reported overall and 6 (50%) of the 12
major amputations reported overall occurred
in this group (Table 3). Four of the major
amputations occurred in patients who were
classified at baseline as Rutherford category 5
(limited ischemic lesions that might require
minor amputation if not cleared). The baseline Rutherford category was not known for
the patients who underwent the other 2 major
amputations.
The data through 1 year of follow-up were
also stratified according to baseline diabetes
and smoking status of the patients (Table 4).
At baseline, 71 patients with 73 treated limbs
were known to be diabetics, while 34 patients
with 35 treated limbs were registered as nondiabetic (3 subjects did not report diabetes
status). Among patients available for followup, rates of major amputation and death at 1
year were 20.4% and 8.8%, respectively, for
diabetics versus 4.0% and 10.7%, respectively, for non-diabetics. At baseline, 73 patients
with 76 treated limbs were known to have a
history of smoking (7 subjects did not report
history of tobacco use). Among patients
available for follow-up, rates of major
amputation and death at 1 year were 13.2%
and 10.5%, respectively, for smokers versus
13.0% and 4.2%, respectively, for the 28
nonsmokers.
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TABLE 3
Cumulative Clinical Outcomes by Baseline Rutherford Category for 108 Patients With 111 Treated Limbs

Technical success*
Death
1
3
6
12

mo
mo
mo
mo

Unknown

Category 4

Category 5

Category 6

12/12 (100%)

21/22 (95.5%)

48/49 (98.0%)

27/28 (96.4%)

0/12
0/12
0/12
1/12

(0.0%)
(0.0%)
(0.0%)
(8.3%)

0/22
0/21
0/21
0/21

(0.0%)
(0.0%)
(0.0%)
(0.0%)

0/44
0/40
0/38
0/34

(0.0%)
(0.0%)
(0.0%)
(0.0%)

0/27
2/23
5/23
7/22

(0.0%)
(8.7%)
(21.7%)
(31.8%)

0/12
0/12
1/12
2/11

(0.0%)
(0.0%)
(8.3%)
(18.2%)

0/22
0/21
0/21
0/21

(0.0%)
(0.0%)
(0.0%)
(0.0%)

2/47
2/42
2/40
4/35

(4.3%)
(4.8%)
(5.0%)
(11.4%)

1/27
2/21
3/18
6/15

(3.7%)
(9.5%)
(16.7%)
(40.0%)

Major amputation{
1
3
6
12

¤

mo
mo
mo
mo

¤

* Per limb; acute technical success was the ability to cross and dilate the lesion, achieve #50% residual
angiographic stenosis by visual estimate, and establish continuous inline flow to the foot.
{ Per limb; transfemoral (above knee) or transtibial (below knee).

For lesions classified at baseline as stenoses (angiographic stenosis ,100%) and available for follow-up at 1 year, the rates of major
amputation and death were 14.0% and 7.5%,
respectively, while for lesions classified as
occlusions, the respective rates were 19.4%
and 12.1%.

DISCUSSION
According to the 2000 report of the TransAtlantic Inter-Society Consensus (TASC I),15 the
universally accepted indication for angioplasty of infrapopliteal lesions is limb salvage.
This consensus was upheld by the abbreviated

¤

¤
TABLE 4
Cumulative Clinical Outcomes by Baseline Diabetes and Smoking Status for 108 Patients With 111
Treated Limbs

Patients (limbs) treated*
Technical success{
Death
1
3
6
12

mo
mo
mo
mo

Major amputation{
1 mo
3 mo
6 mo
12 mo

¤

Diabetics

Nondiabetics

Smokers

Nonsmokers

71 (73)
71/73 (97.3%)

34 (35)
34/35 (97.1%)

73 (76)
76/76 (100.0%)

28 (28)
26/28 (92.9%)

0/71
1/63
3/61
5/57

(0.0%)
(1.6%)
(4.9%)
(8.8%)

0/33
1/30
2/30
3/28

(0.0%)
(3.3%)
(6.7%)
(10.7%)

0/71
2/64
4/62
6/57

(0.0%)
(3.1%)
(6.5%)
(10.5%)

0/26
0/25
1/25
1/24

(0.0%)
(0.0%)
(4.0%)
(4.2%)

3/71
4/64
6/60
11/54

(4.2%)
(6.3%)
(10.0%
(20.4%)

0/34
0/30
0/29
1/25

(0.0%)
(0.0%)
(0.0%)
(4.0%)

1/74
2/65
4/61
7/53

(1.4%)
(3.1%)
(6.6%)
(13.2%)

2/26
2/25
2/24
3/23

(7.7%)
(8.0%)
(8.3%)
(13.0%)

* Diabetic status was not reported by 3 patients (3 limbs), and history of tobacco use was not reported by 7 patients
(7 limbs).
{ Per limb; acute technical success was the ability to cross and dilate the lesion, achieve #50% residual
angiographic stenosis by visual estimate, and establish continuous inline flow to the foot.
{ Per limb; transfemoral (above knee) or transtibial (below knee).
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2007 TASC II report16 and by the 2005
practice guidelines of the American College
of Cardiology/American Heart Association,17
which affirm the evolution of endovascular
technology as a viable first-line alternative to
the traditional choices of bypass surgery or
primary amputation in treatment of CLI, as
noted by other investigators.1,3,18–22 Many
patients first receive the diagnosis of peripheral artery disease only when they present
with symptoms of rest pain, nonhealing
ulcers on the foot or lower leg, tissue loss,
and/or gangrene. Primary amputation remains a distressingly common initial treatment for CLI (67% of cases in one data
analysis), without any attempt at revascularization, and often without any diagnostic
vascular evaluation (49% of the primary
amputation cases in the same data analysis).23 Major amputation, often deemed necessary for stemming progression of the
disease (in as many as 25% of patients at 1
year23), is clearly not a benign procedure,
with high subsequent mortality. Furthermore, recovery from major amputation is
compromised by the significant comorbidities and advanced cardiovascular disease
state of the CLI population.24–26 All considered, the costs to the health system associated with major amputation are high compared to those for revascularization and limb
salvage.23 While lower extremity bypass
surgery has been reasonably effective as a
limb salvage strategy, it carries substantial
morbidity and mortality risks due to the
high-risk disease profiles. Moreover, the
procedures are technically challenging and
can be compromised by poor-quality or
inadequate venous conduits.27–31
The evolved rationale for a primary endovascular approach to treatment of infrapopliteal lesions associated with CLI is based on
the potential for more rapid and minimally
invasive re-establishment of pulsatile blood
flow to the foot, an outcome associated with
prompt relief of rest pain, facilitated clearing
of infection, and speeded wound healing.
These benefits of improved blood flow plus
good wound care usually result in limb
salvage, with amputation either prevented
altogether or else limited to below the ankle
(toes or transmetatarsals). It is understood
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that even short-term patency of 3 to 6 months
may be sufficient to accomplish these
goals. Thus the acknowledged shortcoming
of sometimes short-term loss of primary
patency following endovascular therapies
need not nullify the clinical benefit. Such loss
is rarely associated with a degree of ischemia
that is worse than before treatment. In
contrast, failure of a distal bypass graft can
prompt amputation if the surgical wound has
not healed or is infected. Repeat/redo surgery
is usually more difficult than the initial
surgery, whereas repeat endovascular treatments are frequently technically easier than
the initial treatment, due either to less severe
or extensive restenoses or to easier traversal
of reocclusions (because they are shorter or
softer). Further, failure of endovascular therapies is usually not associated with vascular
bed alterations that make surgical treatment
more difficult.3,20,22
Conventional balloon angioplasty in infrapopliteal vessels is frequently supported by
subintimal recanalization32–35 and occasionally
by bailout stenting (bare metal and, more
recently, drug-eluting) in the characteristic
instances of flow-limiting dissection, elastic
recoil, and postangioplasty residual stenosis
.30%.35–37 The concerns related to stent
deployment — the potential for in-stent restenosis (apparently less likely with the drugeluting stents37,38), thrombosis, and fracture —
are heightened in the infrapopliteal vasculature
due to the smaller caliber and increased
motion of the vessels and the more diffuse
nature of the atherosclerotic disease.38,39 In
addition to cryoplasty, other specialized forms
of angioplasty that have been used for infrapopliteal lesions involve the use of the cutting
balloon40 or the excimer laser.41
Comparison between series of CLI cases in
which angioplasty was employed as a firstline strategy for treating infrapopliteal lesions is difficult because many studies
include claudicants (with infrapopliteal lesions) as well as CLI patients; often, the
studies feature femoropopliteal as well as
infrapopliteal lesions and do not stratify for
lesion length or runoff status.3 Whereas
patients with Rutherford category 6 ischemia
have been excluded in many studies involving placement of infrapopliteal stents, a
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quarter (25.2%) of the patients in our cryoplasty trial had category 6 ischemia and
44.1% had category 5 ischemia. Many
studies of infrapopliteal stenting have excluded lesions beyond a minimal length
owing to limitations in available stent
lengths and the cost of deploying multiple
stents. Our trial, however, included lesions
ranging up to 11 cm in length (mean
4.11 cm). It is also the case that many studies
have not reported on the extent of adjunctive
use of subintimal angioplasty or other
procedures or on the percentage of cases
requiring bailout stent placement.
Among the studies of endovascular treatment for CLI, a high degree of variance has
been observed in terms of acute outcomes,
with reported procedural success rates ranging from 79% to 98%.22,35,42,43 In our multicenter trial, cryoplasty was the primary intervention in a patient population with CLI,
skewed toward the clinically worst degree of
ischemia, and treatable infrapopliteal lesions;
claudicants and patients with only above-theknee lesions were excluded. Nonetheless, we
achieved an acute technical success rate of
97%. The rates of dissection (only 1 that was
flow-limiting) and unplanned stent placement
(only 3 cases) were low. These excellent
success rates were achieved despite a high
incidence of occlusions and the most advanced clinical ischemia: technical success
rates of 94.9% for occlusions, 98.0% in the
Rutherford category 5 subset, and 96.4% in
the Rutherford category 6 subset.
Infrapopliteal angioplasty may result in
major complications, such as puncture site
hematomas and acute arterial occlusions,
previously reported in 2% to 17% of cases.3,15,16,20 In our primary cryoplasty series,
only the 1 (subacute) complication was noted:
the reocclusion of the target lesion within
24 hours of the index procedure that eventuated in surgical bypass.
The TASC I report noted 2-year rates of limb
salvage after infrapopliteal angioplasty ranging between 60% and 86%, depending on
anatomical factors such as distal runoff
status.15 In a random-effects meta-regression
analysis of 18 studies involving 1280 cases of
infrapopliteal angioplasty (14% for claudication, 86% for CLI) between 1984 and 1997, the
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1- and 2-year rates of limb salvage were 79%
and 74%, respectively.44 Six-month data from
the Bypass versus Angioplasty in Severe
Ischemia of the Leg (BASIL) study, which
randomized 452 patients with severe leg
ischemia to either a surgery-first or an angioplasty-first strategy, demonstrated broadly
similar outcomes in terms of amputation-free
survival, with death or amputation occurring
for 50 of 228 surgery-arm patients and 46 of 224
angioplasty-arm patients (50% of the angioplasties were subintimal; the superficial femoral artery was treated in 80% of the angioplasties and more distal vessels in 62%).45 In a
population of 314 seriously impaired CLI
patients who were deemed unsuitable for open
surgery and underwent either primary amputation or angioplasty [31.8% (47/148) of procedures on aortoiliac vessels and 68.2% (101/148)
on infrainguinal vessels] with optional bailout
stenting, angioplasty (along with appropriate
wound and foot care) was associated with a
63% 12-month limb salvage rate (by KaplanMeier life-table analysis), although the investigators noted that the benefit derived from
angioplasty in terms of maintenance of ambulation lasted only 12 months.46 With primary
use of cryoplasty for infrapopliteal lesions in
the BTK Chill trial, major amputation was
avoided for 85.2% through 1 year. By KaplanMeier analysis, the 1-year rate of survival free
from major amputation was 78.5%.
Major amputation had been anticipated in
19 known cases at baseline (90% of those
limbs were Rutherford category 6) but was
averted with primary cryoplasty treatment in
83.3% at 1 year; the 1-year survival rate in
those patients was 75.0%. Regardless of
whether amputation had been anticipated,
primary cryoplasty was effective overall in
avoiding major amputation and death in the
most seriously ill patients with the most
severe atherosclerosis.
People with diabetes mellitus are at particularly high risk of developing CLI,14,47 and their
prognosis is considerably worse.48 According to
the TASC II report, the need for a major
amputation is 5 to 10 times higher for diabetics
versus non-diabetics.16 Whereas current smoking is closely related to proximal peripheral
artery disease, diabetes affects the arterial tree
in a centrifugal pattern, predisposing to infra-
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genicular atherosclerotic disease.49,50 The
spread of atherosclerosis is accelerated in
diabetics, with faster progression of intimal
hyperplasia at anastomoses or angioplasty
sites.16,48 In our trial of primary cryoplasty for
treatment of infrapopliteal disease, more than
two thirds of the CLI patients were diabetics. The
1-year rate of limb salvage was 79.6% for
diabetics versus 96.0% for non-diabetics; the
survival rates were comparable: 91.2% for
diabetics versus 89.3% for non-diabetics. Target
limb revascularization occurred in 20.4% (11/54;
8 percutaneous and 3 surgical) of diabetics and
in 24.0% (6/25; 5 percutaneous and 1 surgical) of
non-diabetics available for 1-year follow-up.
The positive outcomes reported with primary use of the PolarCath device in this
prospective study may be attributed to the
unique combination of effects that cryoplasty exerts on the vessel wall, which
differentiate this therapy from other conventional endovascular revascularization methods. By inducing phase change in the tissue
during dilation, cryoplasty generates thermal stresses that lead to a weakening of the
plaque,51 while ice formation in interstitial
fluids can lead to fragmentation of elastin
fibers and uncoiling of elastic layers. Dissections during conventional angioplasty tend
to be due to the differences in elastic
properties in regions where plaque abuts
adjacent normal arterial tissue.52 Taking
advantage of the known propensity of freezing to alter the mechanical properties of both
normal and abnormal tissue,53 cryoplasty
promotes a more uniform response to
dilation with less barotrauma. The consequent reduction in vessel trauma, flowlimiting dissection, and postdilation elastic
recoil can mean less need for bailout stent
placement, as seen in the current trial.
Restenosis may also be inhibited by cryoplasty due to the induction of apoptosis in
arterial smooth muscle cells (facilitated by the
cooling algorithm of the PolarCath device),
which may inhibit neointima formation.12
Taking the rate of target limb revascularization (only 21.0% at 1 year) as an indicator of
restenosis, this trial of primary cryoplasty for
infrapopliteal lesions would seem to bear out
that advantage.
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Conclusion
Clinical trials have now demonstrated the
mid- to long-term safety and efficacy of
primary cryoplasty in the treatment of both
femoropopliteal and infrapopliteal arterial
disease. Cryoplasty therapy has been shown
to safely dilate stenotic and occluded lesions,
with excellent acute success characterized by
low rates of dissection and bailout stenting.
Through 1 year of follow-up in the current
trial involving CLI patients with infrapopliteal
lesions and primarily Rutherford category 5/6
ischemia, cryoplasty provided durable outcomes, delaying the need for revascularization and supporting limb salvage and survival. Cryoplasty is readily performed in
conjunction with other minimally invasive
percutaneous methods and does not preclude
additional treatment, including bypass surgery. The 1-year data from this trial support
the use of cryoplasty in patients with CLI as a
primary treatment strategy for restoring
blood flow and promoting healing while
avoiding or minimizing amputation. More
extended follow-up will be important for
further evaluating the durability of the outcomes with cryoplasty in the infrapopliteal
region, particularly for the high-risk diabetic
patients who comprised over two thirds of
this population. Randomized trials including
cryoplasty will also be important for developing our comparative understanding of the
outcomes with various interventional treatment strategies in the management of CLI.
Acknowledgments: The authors would like to acknowledge the participation of the following physicians who
contributed to the completion of study enrollment:
Robert Hieb, MD (Froedtert Memorial Lutheran Hospital,
Milwaukee, WI); James D. Joye, DO (El Camino Hospital,
Mountain View, CA); Zvonimir Krajcer, MD (Texas Heart
Institute, Houston, TX); Manish Mehta, MD, R. Clement
Darling III, MD, and Kyran Dowling, MD (Albany Medical
Center, Albany, NY); Bret N. Wiechmann, MD (North
Florida Regional Medical Center, Gainesville, FL); John
Laird, MD (Washington Hospital Center, Washington,
DC); Lawrence A. Garcia, MD (Beth Israel Deaconess
Medical Center, Boston, MA); and Robert E. Beasley, MD
(Mt. Sinai Medical Center, Miami Beach, FL). The
authors would like to thank Galen Press, Inc, for
assistance in drafting and editing the manuscript.
Additional editorial support was provided by Boston
Scientific.

II28

CRYOPLASTY IN CLI: 12-MONTH FOLLOW-UP
Das et al.

REFERENCES
1. Nasr MK, McCarthy RJ, Hardman J, et al. The
increasing role of percutaneous transluminal
angioplasty in the primary management of
critical limb ischaemia. Eur J Vasc Endovasc
Surg. 2002;23:398–403.
2. Kandarpa K, Becker GJ, Ferguson RD, et al.
Transcatheter interventions for the treatment
of peripheral atherosclerotic lesions: part II.
J Vasc Interv Radiol. 2001;12:807–812.
3. Tsetis D, Belli AM. The role of infrapopliteal
angioplasty. Br J Radiol. 2004;77:1007–1015.
4. Nowygrod R, Egorova N, Greco G, et al. Trends,
complications, and mortality in peripheral vascular surgery. J Vasc Surg. 2006;43:205–216.
5. Bosiers M, Hart JP, Deloose K, et al. Endovascular therapy as the primary approach for limb
salvage in patients with critical limb ischemia:
experience with 443 infrapopliteal procedures.
Vascular. 2006;14:63–69.
6. Das T, McNamara T, Gray B, et al. Cryoplasty
therapy for limb salvage in patients with critical
limb ischemia. J Endovasc Ther. 2007;14:
753–762.
7. Fava M, Loyola S, Polydorou A, et al. Cryoplasty for femoropopliteal arterial disease:
late angiographic results of initial human
experience. J Vasc Interv Radiol. 2004;15:
1239–1243.
8. Laird J, Jaff MR, Biamino G, et al. Cryoplasty
for the treatment of femoropopliteal arterial
disease: results of a prospective, multicenter
registry. J Vasc Interv Radiol. 2005;16:
1067–1073.
9. Laird JR, Biamino G, McNamara T, et al.
Cryoplasty for the treatment of femoropopliteal arterial disease: extended follow-up results.
J Endovasc Ther. 2006;13(Suppl II):II52–59.
10. Gage AA, Fazekas G, Riley EE. Freezing injury
to large blood vessels in dogs. With comments
on the effect of experimental freezing of bile
ducts. Surgery. 1967;61:748–754.
11. Mandeville AF, McCabe BF. Some observations on the cryobiology of blood vessels.
Laryngoscope. 1967;77:1328–1350.
12. Tatsutani KN, Joye JD, Virmani R, et al. In vitro
evaluation of vascular endothelial and smooth
muscle cell survival and apoptosis in response
to hypothermia and freezing. Cryo Letters.
2005;26:55–64.
13. Wolfe JH, Wyatt MG. Critical and subcritical
ischaemia. Eur J Vasc Endovasc Surg. 1997;13:
578–582.

J ENDOVASC THER
2009;16(Suppl II):II19–II30

14. Jaff M, Biamino G. An overview of critical limb
ischemia: today’s therapeutic advances are
changing the way we evaluate and treat this
common and often fatal disorder. Endovascular Today. 2004;3:44–48.
15. Dormandy JA, Rutherford RB. Management of
peripheral arterial disease (PAD). TASC Working
Group. TransAtlantic Inter-Society Consensus
(TASC). J Vasc Surg. 2000;31(1 Pt 2):S1–S296.
16. Norgren L, Hiatt WR, Dormandy JA, et al. InterSociety Consensus for the Management of
Peripheral Arterial Disease (TASC II). J Vasc
Surg. 2007;45(1 Suppl):S5–S67.
17. Hirsch AT, Haskal ZJ, Hertzer NR, et al. ACC/
AHA 2005 guidelines for the management of
patients with peripheral arterial disease (lower
extremity, renal, mesenteric, and abdominal
aortic): executive summary a collaborative
report from the American Association for
Vascular Surgery/Society for Vascular Surgery,
Society for Cardiovascular Angiography and
Interventions, Society for Vascular Medicine
and Biology, Society of Interventional Radiology, and the ACC/AHA Task Force on Practice
Guidelines (Writing Committee to Develop
Guidelines for the Management of Patients
With Peripheral Arterial Disease) endorsed by
the American Association of Cardiovascular
and Pulmonary Rehabilitation; National Heart,
Lung, and Blood Institute; Society for Vascular
Nursing; TransAtlantic Inter-Society Consensus; and Vascular Disease Foundation. J Am
Coll Cardiol. 2006;47:1239–1312.
18. Molloy KJ, Nasim A, London NJ, et al. Percutaneous transluminal angioplasty in the treatment of critical limb ischemia. J Endovasc
Ther. 2003;10:298–303.
19. Dorros G, Jaff MR, Dorros AM, et al. Tibioperoneal (outflow lesion) angioplasty can be used
as primary treatment in 235 patients with
critical limb ischemia: five-year follow-up.
Circulation. 2001;104:2057–2062.
20. Rastogi S, Stavropoulos SW. Infrapopliteal
angioplasty. Tech Vasc Interv Radiol. 2004;7:
33–39.
21. Kudo T, Chandra FA, Kwun WH, et al. Changing pattern of surgical revascularization for
critical limb ischemia over 12 years: endovascular vs. open bypass surgery. J Vasc Surg.
2006;44:304–313.
22. Faglia E, Dalla Paola L, Clerici G, et al. Peripheral angioplasty as the first-choice revascularization procedure in diabetic patients with
critical limb ischemia: prospective study of

J ENDOVASC THER
2009;16(Suppl II):II19–II30

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

993 consecutive patients hospitalized and
followed between 1999 and 2003. Eur J Vasc
Endovasc Surg. 2005;29:620–627.
Allie D, Hebert C, Lirtzman M, et al. Critical limb
ischemia: a global epidemic. A critical analysis
of current treatment unmasks the clinical and
economic costs of CLI. EuroIntervention. 2005.
Feinglass J, Pearce WH, Martin GJ, et al. Postoperative and late survival outcomes after major
amputation: findings from the Department of
Veterans Affairs National Surgical Quality Improvement Program. Surgery. 2001;130:21–29.
Dormandy J, Heeck L, Vig S. Major amputations: clinical patterns and predictors. Semin
Vasc Surg. 1999;12:154–161.
Davies B, Datta D. Mobility outcome following
unilateral lower limb amputation. Prosthet
Orthot Int. 2003;27:186–190.
Kalra M, Gloviczki P, Bower TC, et al. Limb
salvage after successful pedal bypass grafting
is associated with improved long-term survival. J Vasc Surg. 2001;33:6–16.
Curi MA, Skelly CL, Woo DH, et al. Long-term
results of infrageniculate bypass grafting using
all-autogenous composite vein. Ann Vasc
Surg. 2002;16:618–623.
Toursarkissian B, Stefanidis D, Hagino RT, et al.
Early duplex-derived hemodynamic parameters after lower extremity bypass in diabetics:
implications for mid-term outcomes. Ann Vasc
Surg. 2002;16:601–607.
Pomposelli FB, Kansal N, Hamdan AD, et al. A
decade of experience with dorsalis pedis artery
bypass: analysis of outcome in more than 1000
cases. J Vasc Surg. 2003;37:307–315.
Ballard JL, Mills JL. Surgical management of
critical limb ischemia. Tech Vasc Interv Radiol.
2005;8:169–174.
Vraux H, Bertoncello N. Subintimal angioplasty
of tibial vessel occlusions in critical limb
ischaemia: a good opportunity? Eur J Vasc
Endovasc Surg. 2006;32:663–667.
Lipsitz EC, Veith FJ, Ohki T. Subintimal angioplasty in the management of critical lowerextremity ischemia: value in limb salvage.
Perspect Vasc Surg Endovasc Ther. 2005;17:
11–20.
Kim JS, Kang TS, Ahn CM, et al. Efficacy of
subintimal angioplasty/stent implantation for
long, multisegmental lower limb occlusive
lesions in patients unsuitable for surgery.
J Endovasc Ther. 2006;13:514–521.
Mousa A, Rhee JY, Trocciola SM, et al. Percutaneous endovascular treatment for chronic
limb ischemia. Ann Vasc Surg. 2005;19:
186–191.

CRYOPLASTY IN CLI: 12-MONTH FOLLOW-UP
Das et al.

II29

36. Feiring AJ, Wesolowski AA, Lade S. Primary
stent-supported angioplasty for treatment of
below-knee critical limb ischemia and severe
claudication: early and one-year outcomes.
J Am Coll Cardiol. 2004;44:2307–2314.
37. Siablis D, Karnabatidis D, Katsanos K, et al.
Sirolimus-eluting versus bare stents after suboptimal infrapopliteal angioplasty for critical
limb ischemia: enduring 1-year angiographic
and clinical benefit. J Endovasc Ther. 2007;14:
241–250.
38. Scheinert D, Ulrich M, Scheinert S, et al.
Comparison of sirolimus-eluting vs. bare-metal stents for the treatment of infrapopliteal
obstructions. EuroIntervention. 2006.
39. Rand T, Basile A, Cejna M, et al. PTA versus
carbofilm-coated stents in infrapopliteal arteries: pilot study. Cardiovasc Intervent Radiol.
2006;29:29–38.
40. Ansel GM, Sample NS, Botti IC Jr., et al.
Cutting balloon angioplasty of the popliteal
and infrapopliteal vessels for symptomatic
limb ischemia. Catheter Cardiovasc Interv.
2004;61:1–4.
41. Laird JR, Reiser C, Biamino G, et al. Excimer
laser assisted angioplasty for the treatment of
critical limb ischemia. J Cardiovasc Surg
(Torino). 2004;45:239–248.
42. Molloy KJ, Nasim A, London NJ, et al. Percutaneous transluminal angioplasty in the treatment of critical limb ischemia. J Endovasc
Ther. 2003;10:298–303.
43. Tefera G, Hoch J, Turnipseed WD. Limbsalvage angioplasty in vascular surgery practice. J Vasc Surg. 2005;41:988–993.
44. Kandarpa K, Becker GJ, Hunink MG, et al.
Transcatheter interventions for the treatment
of peripheral atherosclerotic lesions: part I.
J Vasc Interv Radiol. 2001;12:683–695.
45. Adam DJ, Beard JD, Cleveland T, et al. Bypass
versus angioplasty in severe ischaemia of the
leg (BASIL): multicentre, randomised controlled trial. Lancet. 2005;366:1925–1934.
46. Taylor SM, Kalbaugh CA, Blackhurst DW, et al. A
comparison of percutaneous transluminal angioplasty versus amputation for critical limb ischemia in patients unsuitable for open surgery. J Vasc
Surg. 2007;45:304–311.
47. Hiatt WR. Medical treatment of peripheral
arterial disease and claudication. N Engl J Med.
2001;344:1608–1621.
48. Dick F, Diehm N, Galimanis A, et al. Surgical or
endovascular revascularization in patients with
critical limb ischemia: influence of diabetes
mellitus on clinical outcome. J Vasc Surg.
2007;45:751–761.

II30

CRYOPLASTY IN CLI: 12-MONTH FOLLOW-UP
Das et al.

49. Diehm N, Shang A, Silvestro A, et al. Association of cardiovascular risk factors with pattern
of lower limb atherosclerosis in 2659 patients
undergoing angioplasty. Eur J Vasc Endovasc
Surg. 2006;31:59–63.
50. Graziani L, Silvestro A, Bertone V, et al.
Vascular involvement in diabetic subjects
with ischemic foot ulcer: a new morphologic categorization of disease severity.
Eur J Vasc Endovasc Surg. 2007;33:
453–460.

J ENDOVASC THER
2009;16(Suppl II):II19–II30

51. Shi X, Datta AK, Mukherjee Y. Thermal stresses
from large volumetric expansion during freezing
of biomaterials. J Biomech Eng. 1998;120:720–726.
52. Fitzgerald PJ, Ports TA, Yock PG. Contribution of
localized calcium deposits to dissection after
angioplasty. An observational study using intravascular ultrasound. Circulation. 1992;86:64–70.
53. Zhang A, Cheng S, Lei D, et al. An experimental
study of the mechanical behavior of frozen
arteries at low temperatures. Cryo Letters.
2002;23:389–396.

