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Purpose: To report the findings from a multicenter study of patients treated with cryoplasty
who were then followed for an average of .2 years post-treatment.
Methods: Extended clinical follow-up was obtained for 70 patients (45 men; mean age
70.568.8 years) who originally received cryoplasty therapy to treat symptoms of intermittent claudication as part of a multicenter investigational device exemption (IDE) study. For
all subjects, cryoplasty was used to treat stenoses or occlusions #10 cm in the femoropopliteal arteries. The original IDE study protocol enrolled 102 patients with a primary
endpoint of target lesion patency at 9 months post-treatment. This collection of additional
longer term follow-up data was initiated 2.5 years after the onset of study enrollment.
Results: Extended clinical follow-up ranged from 11 to 41 months (mean 31). The clinical
patency rate (freedom from target lesion revascularization) calculated by the Kaplan-Meier
method was 83.2% after the original follow-up period of 300 days. After .3 years (1253
days), the clinical patency rate was well maintained at 75.0%.
Conclusions: Long-term data indicate that cryoplasty is a durable therapy, with relatively
low long-term restenosis rates compared to other endovascular treatment approaches.
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Endovascular therapy is increasingly employed as the initial approach in treating femoropopliteal arterial disease, having been
shown to result in less morbidity and mortality than bypass surgery.1 Durability, however,
has emerged as the Achilles’ heel of percu-

taneous transluminal angioplasty (PTA) and
its various adaptations.
Conventional PTA is limited by high rates of
dissection, recoil, and restenosis, leading to
an excessive need for reintervention.2 Stenting has reduced the incidence of dissection
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and recoil but has done little to improve restenosis rates.3–6 While drug-eluting stents have
improved outcomes in percutaneous treatment of coronary arteries, such encouraging
results have yet to be reproduced in the peripheral vessels. Various endovascular strategies, including laser and excisional atherectomy, have proven beneficial as adjunctive
therapies, particularly when used as debulking mechanisms prior to primary treatment,
but have not been proven superior to PTA
when employed as the initial therapy.7,8 Clearly, there is a need for a durable minimally invasive approach to treating diseased femoropopliteal vessels.
The cryoplasty technique was designed to
address the primary pitfalls of PTA, i.e., dissection, recoil, and restenosis, by combining
the dilation force of balloon angioplasty with
the delivery of cold thermal energy to the vessel wall. The saline and radiopaque contrast
medium used to inflate the balloon in conventional angioplasty is replaced with nitrous
oxide, which both dilates and cools the balloon. The application of this cooling treatment
results in a benign modification of the plaque,
potentially leading to several benefits: (1) altered plaque response that prevents the formation of large tears deep into the vessel
wall, which can occur in conventional angioplasty and result in dissection9; (2) reduced
vessel wall recoil due to freeze-induced alteration of the elastin fibers of the vessel10,11;
and (3) smooth muscle cell (SMC) apoptosis
(a noninflammatory form of cell death triggered by cold exposure and interstitial ice formation), which is associated with reduced
neointima formation and restenosis.12
The prospective, nonrandomized, 16-center
investigational device exemption (IDE) study
of cryoplasty began enrollment in November
2001; the last of the 102 patients was treated
in December 2002.13 Study methodology, lesion characterization, and follow-up terms
were chosen in accord with outcome assessment guidelines set by the TransAtlantic InterSociety Consensus (TASC) on the recommended management of peripheral arterial
disease.14 For this trial, a 9-month endpoint
was approved by the Food and Drug Administration as an appropriate follow-up period
for treatment in the femoropopliteal segment.
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The initial technical success rate (#30% residual angiographic stenosis and ,50% residual narrowing by duplex) in femoropopliteal
lesions #10 cm was 94.1%. Stand-alone cryoplasty success (without the need for adjunctive stenting) was achieved in 85.3%. In particular, the strongest immediate attributes of
cryoplasty appear to be low rates of major
dissection (6.9%) and the need for bailout
stenting (8.8%) during the procedure.
Midterm results have been promising as
well, with a 9-month clinical patency rate of
82.2%.13 Only 16 patients required repeat revascularization during the study period. At 9
months, ankle-brachial indices (ABI) averaged
0.8860.16 (compared to 0.7260.17 at baseline), and 89% of patients reported improvement in claudication. These findings were
consistent with the first clinical cryoplasty experience for femoropopliteal disease, in
which an 83% angiographic patency rate was
reported at 18 months after treatment.15
To better assess the long-term durability of
cryoplasty therapy, the investigational sites
involved in the original IDE study were invited
to participate in continued surveillance of
their study subjects. We present here the outcome of this extended follow-up, which started 2.5 years after enrollment began in the
randomized trial. Survival free from target lesion revascularization (TLR) in the study cohort over the entire follow-up period was the
primary endpoint of the analysis.

METHODS
Patient Selection in the Original Trial
The FDA-approved prospective, nonrandomized, multicenter study included 102 patients
with intermittent claudication caused by femoropopliteal arterial disease.13 To be eligible
for the study, patients had Rutherford category 2 or greater intermittent claudication
caused by de novo or restenotic (non-stented)
lesions in the superficial femoral artery (SFA)
or popliteal artery. Lesions up to 10 cm long
were eligible for treatment in patients with at
least 1 patent runoff vessel to the foot. The
lesions were subsequently classified as TASC
class A, B, or C stenoses or occlusions. Patients excluded from the study included those
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expansion. The balloon is inflated in 2-atmosphere increments until the nominal dilation
force of 8 atmospheres is achieved. The temperature on the surface of the balloon is reduced to 2108C. The treatment cycle lasts for
20 seconds, after which the balloon is passively warmed and then deflated; thereafter,
it is either removed or repositioned.
Post-treatment, patients received 30 days of
clopidogrel and were encouraged to take aspirin indefinitely. ABI measurement was performed within 24 hours, and a lower extremity arterial duplex scan was completed within
7 days of treatment. Patients returned for clinical assessment, ABI measurement, and duplex ultrasound at 3 and 9 months.
Figure 1 l PolarCath Peripheral Dilatation System.

Endpoints and Statistical Analysis
with recent myocardial infarction or stroke,
serum creatinine levels .2.5 mg/dL, rest pain,
or ischemic foot ulceration. The patients provided signed consent, and the protocol received institutional review board approval at
all enrolling centers.

Technique
Baseline evaluation was performed for all
patients who met the enrollment criteria, including resting ABI and lower extremity arterial duplex ultrasound. Patients received 325
mg/d of aspirin and 75 mg/d of clopidogrel for
4 days before treatment (or a 300-mg preprocedural loading dose); intravenous heparin or
bivalirudin was administered during the procedure. Standard angiography was performed to identify the target lesion and confirm that trial criteria were met.
Cryoplasty was performed with the
PolarCath Peripheral Dilatation System
(CryoVascular Systems, Inc., Los Gatos, CA,
USA), components of which include a catheter, a microprocessor-based inflation unit, and
a nitrous oxide cylinder (Fig. 1). Using standard interventional techniques, a 0.035-inch
guidewire is advanced through a 7-F sheath
to the site of the lesion. The cryoplasty balloon is situated at the lesion, and pressurized
liquid nitrous oxide is delivered. As it enters
the balloon, the nitrous oxide undergoes
phase change to a gas, resulting in balloon

The primary endpoint of the extended follow-up protocol was target lesion primary patency, defined as the absence of clinically
driven repeat revascularization of the target
lesion or the need for surgical bypass grafting
or amputation due to reocclusion of the target
lesion as diagnosed by arteriography or duplex scan. Follow-up information was obtained via office visits, telephone interviews,
or review of medical records. The KaplanMeier method was employed to calculate survival free from TLR over the entire follow-up
period.

RESULTS
Extended follow-up information was ultimately obtained for 70 patients (45 men; mean age
70.568.8 years) from the 7 highest-enrolling
investigational sites. Of the 80 patients originally enrolled at these 7 sites, 4 died of unrelated causes and the remaining 6 patients
either could not be located for follow-up or
refused to participate. Follow-up ranged from
11 to 41 months (mean 31) post-treatment.
Comorbidities and baseline lesion characteristics in the initial IDE study cohort and the
extended follow-up group were similar. Risk
factors in the follow-up group included coronary artery disease (64.3%), hypertension
(87.1%), hyperlipidemia (82.9%), and history
of smoking (72.9%). Target lesions were located mainly in the SFA (84.3%); 15.7% were
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Figure 2 l Survival free from target lesion revascularization in 70 patients followed for .3 years
after cryotherapy in the femoropopliteal segment.

in the popliteal artery. The majority of lesions
were de novo (84.3%); only 15.7% were restenotic. At baseline, 9 (12.9%) lesions were totally occluded. Target lesion stenoses at baseline ranged from 65% to 100% (mean
87.1%69.1%), and lesion lengths ranged from
2.0 to 10.0 cm (mean 4.862.7) for the extended follow-up group, similar to the 4.7-cm average lesion length in the initial 102-patient
study group. The distribution of TASC A, B,
and C lesions in the extended follow-up group
was also similar to the distribution in the original study group and included a large percentage of complex or TASC C lesions
(42.9%). The remainder were TASC A (35.7%)
or TASC B (21.4%).
Acute outcomes for the 70 follow-up patients were similar to those in the initial patient group; the post-treatment residual stenosis ranged from 0% to 40% in the target
lesion (mean 10.7%610.4%), and 5 (7.1%) lesions required stents. The procedural success
rate was 92.9%, and the stand-alone technical
success rate was 85.7%.
Utilizing the Kaplan-Meier method, the clinical patency rate (defined as freedom from
TLR) was 83.2% after the original follow-up of
.9 months (300 days) and 75.0% after 3.4
years (1253 days; Fig. 2).

Case Studies
The first patient was an 81-year-old man
with a history of smoking, coronary artery disease, hypertension, and hyperlipidemia who

Figure 3 l In the first case (A), a 6-cm lesion with
up to 85% stenosis in the right SFA was treated
with cryotherapy. After treatment (B), there was no
residual stenosis at the treatment site.

presented with bilateral lower limb claudication. A clinical examination confirmed exercise-induced claudication in both limbs. Angiography revealed a 6-cm lesion with up to
85% stenosis in the right SFA (Fig. 3A). The
lesion was dilated with a 5320-mm PolarCath
catheter followed by 2 dilations with a 6340mm PolarCath catheter. Acute angiographic
results revealed 0% residual stenosis at the
treatment site (Fig. 3B) and improved distal
runoff. At 3- and 9-month follow-up, the patient reported improvement in claudication.
Long-term clinical evaluation performed at
41.1 months after the procedure found a resting ABI of 1.0 in the target limb. No surgical
or interventional procedures had been performed in the target vessel since the time of
the index procedure. The patient reported improvement in claudication, with exercise limited only by shortness of breath.
In the second case, a 52-year-old man with
a history of smoking, hypertension, and hyperlipidemia presented with right lower limb
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Figure 4 l In the second case example (A), a 6-cmlong total occlusion in the right SFA was treated
with the PolarCath catheter. Post-treatment angiography (B) revealed 20% residual stenosis.

claudication. The resting ABI in the right leg
was 0.64. During the index procedure, a 6-cmlong total occlusion was identified in the right
SFA (Fig. 4A). The lesion was dilated with 2
inflations of a 5340-mm PolarCath catheter
and 3 inflations of a 6320-mm PolarCath catheter. Post-treatment angiography (Fig. 4B) revealed 20% residual stenosis with improved
distal runoff; a resting ABI of 0.93 was measured prior to discharge. The target limb ABI
was 1.1 at 3 months and 1.0 at 9 months posttreatment, and the patient reported complete
elimination of claudication. At 29.2 months after the index treatment, the resting ABI was
.1.0 in the right leg, and the patient reported
maintained improvement in symptoms of
claudication. No secondary surgical or interventional procedures had been performed in
the target vessel since the time of the initial
treatment.
In the final example, a 77-year-old female
smoker with a history of coronary artery disease, hypertension, and hyperlipidemia presented with bilateral lower limb claudication.
The right leg ABI was 0.51. The clinical exam
confirmed claudication in the right leg after 3
minutes of exercise. During the index procedure, a 10-cm diffusely diseased arterial segment with areas of 80% stenosis was identified in the right SFA (Fig. 5A). The lesion was
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Figure 5 l In the last case (A), a 10-cm diffusely
diseased arterial segment with areas of 80% stenosis was treated with cryotherapy. Completion
angiography (B) showed 0% residual stenosis and
a type B dissection.

dilated with 3 inflations of a 5340-mm
PolarCath catheter. Post-treatment angiography showed 0% residual stenosis and a type
B dissection (Fig. 5B). No further treatment
was performed. At 3- and 9-month follow-up,
the patient’s claudication had resolved. At
26.5 months, the resting ABI was 0.75 in the
right leg, and the patient reported continued
freedom from claudication. No TLR was reported.

DISCUSSION
Peripheral arterial disease (PAD) is a relentless, progressive disease that affects the entire vasculature, making treatment challenging. Nowhere is this more apparent than in
the femoropopliteal vessels, where diffuse
disease and calcification are very common,
progression to total occlusion is a frequent
occurrence, and co-existent disease of the infrapopliteal runoff vessels negatively impacts
long-term outcomes following any intervention. PTA results have been suboptimal in this
vascular bed, and the long-term results with
stents have been disappointing. Femoropopliteal bypass surgery has been considered the
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most durable revascularization strategy for
femoropopliteal disease, but this procedure is
associated with significant morbidity for the
patient and may be best reserved as the final
revascularization option. As applied to targeted treatment of stenotic or occluded lesions
in the femoropopliteal vessels, the optimal
treatment strategy would start with the least
invasive modality and would seek to delay
more invasive measures as long as possible.
Using this approach of a ‘‘phased revascularization’’ or a step-wise treatment strategy,
angioplasty or cryoplasty would qualify as the
least invasive approaches in the continuum of
treatment that includes stenting, bypass surgery, and amputation. Based on the outcomes
of this study and prior studies, the advantages of cryoplasty over conventional PTA include lower dissection rates, less frequent
bailout stent placement, and improved longterm vessel patency. Stenting may be used
provisionally to address dissection and recoil
but may not be desirable as a first-line therapy for a number of reasons. Due to the compression, torsion, and flexion forces that the
femoropopliteal arteries are subject to, stents
can fracture, potentially leading to aggressive
restenosis.16,17 Furthermore, treatment of instent restenosis is difficult, and the placement
of stents in the femoropopliteal arteries can
complicate future bypass surgery.
Failing interventional therapies, limbs
would subsequently be treated with surgical
bypass or amputation. In addition to higher
morbidity and mortality rates than minimally
invasive therapy, bypass surgery is also problematic because most PAD patients also have
coronary artery disease, and graft vessels often must be reserved for potential coronary
bypass. Moreover, many PAD patients are unsuitable surgical candidates. Ultimately, the
progression of PAD leads to critical limb ischemia and finally amputation.
Numerous strategies have been developed
to create a durable minimally invasive approach. Many percutaneous treatments that
initially appeared promising have proven disappointing once mid and long-term follow-up
was completed. Cryoplasty has been shown
to produce excellent acute and midterm results, and the extended follow-up results presented here confirm that this approach deliv-
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ers a long-term benefit in the maintenance of
vessel patency.
Cryoplasty is differentiated from other interventional methods by its unique combination of biological and mechanical effects on
the vessel wall, including an alteration in the
plaque response to dilation, a reduction in
elastic recoil post-dilation, and the induction
of SMC apoptosis. During the cryoplasty procedure, freezing induces nonuniform volume
changes in liquid and solid elements in the
plaque and tissue, resulting in the accumulation of thermal stresses. 18 These internal
stresses are believed to cause microfractures
in the plaque, thereby weakening it and allowing more uniform dilation.19,20 Additionally,
during conventional PTA, the difference in the
distensibility or elasticity of plaque compared
to adjacent normal arterial tissue causes high
tensile stresses to occur at junctions between
plaque and the normal wall.21,22 This frequently causes dissections involving extensive medial tears and separation of plaque
from the underlying artery wall, with acute
obstruction of the vessel.23 Freezing produces
more homogenous mechanical properties
within the plaque and tissue, resulting in
more uniform distribution of stress during dilation.24 These effects are believed to reduce
the frequency and severity of dissection during cryoplasty. Dissection is one of the major
acute failure modes of PTA, contributing to a
high rate of provisional stent placement. Published reports also indicate that severe dissection may initiate an aggressive restenosis
response.25,26
Elastic recoil represents another acute failure mode of conventional PTA, particularly in
vessels with high elastin content.27 Prior work
has established that ice formation in arterial
tissue produces an acute alteration in elastin
fibers, described histologically as fragmentation of elastin fibers and uncoiling of elastic
layers.10,11 These changes are believed to reduce vessel wall elasticity and elastic recoil
following cryoplasty. By reducing both dissection and elastic recoil, cryoplasty reduces the
need for provisional stenting.
Another effect of cryoplasty is the induction
of SMC apoptosis. During the cryoplasty
treatment, ice nucleates first in the tissue adjacent to the balloon and grows radially out-
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ward. Because ice does not incorporate solutes, as the ice field grows, it ejects solutes
into the remaining unfrozen fraction, creating
a hypertonic environment.28 The SMCs in the
frozen region therefore undergo osmotic dehydration, followed by rehydration upon
thawing.28 This exposure to dehydration and
rehydration causes sublethal damage to the
cells and initiates the apoptotic sequence.29–32
Prior research has proven that cold treatment
triggers the genetic signal for apoptosis in
arterial SMCs.12 It has been postulated that
elevated apoptosis of arterial SMCs may
yield a reduction in neointima formation and
restenosis.33
The mounting evidence suggests that cryoplasty is an appropriate first step on the interventional treatment path, combining the
low morbidity of PTA with significantly improved durability. As such, cryoplasty may be
able to provide many PAD patients with longer term benefit, preventing or delaying treatment with stents, bypass surgery, and amputation. This evidence suggests that
cryoplasty may open up new treatment options for patients who typically are medically
managed until their symptoms progress to
late stages, by which time fewer treatment
options are available. As a durable minimally
invasive treatment, cryoplasty can be offered
to patients sooner, potentially delaying or preventing progression to chronic limb ischemia
and amputation. Furthermore, cryoplasty is a
no-harm therapy that can be repeated, yet
leaves open the possibility of future treatment
with other therapies should restenosis occur.

Study Limitations
The long-term surveillance of study subjects was limited by the lack of duplex ultrasound evaluations or core laboratory oversight as included in the original IDE study.
The assessment of freedom from TLR provides a clinical endpoint that demonstrates
the ultimate success of cryoplasty in delaying
or preventing additional treatment. This endpoint has its limitations, however, and it may
not accurately reflect vessel patency at the
treatment site as would otherwise be assessed by duplex ultrasound. The KaplanMeier method, which allows continuous ad-
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justment of sample size to calculate survival
estimations, was selected as the most appropriate statistical method to assess TLR rates
since the length of follow-up varied for subjects in the long-term surveillance group. The
TLR endpoint is based on reporting of an important hard clinical event that provides good
representation of the status of the patient and
the durability of the cryoplasty result.

Conclusion
These long-term data demonstrate that cryoplasty provides lasting results in the oftenchallenging treatment of PAD of the femoropopliteal arteries. The durability and low
incidence of morbidity indicate that cryoplasty should be considered early in the treatment
spectrum, potentially preventing or delaying
stenting, bypass surgery, and amputation. Ultimately, the goal in treating atherosclerotic
femoropopliteal vessels is the patient’s improved health and quality of life, and freedom
from target lesion revascularization is a primary step in ensuring that result.
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