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Objectives and Background: Recanalization of a chronic total occlusion (CTO) is tech-
nically challenging with less than optimum results in arterial disease. CrosserV

R

is a
novel technology that utilizes high frequency (20 KHz) vibration energy to fragment
occlusive fibrous atherosclerotic plaque and helps in traversing the occluded vessel.
We report a single center experience with this catheter as the primary device in periph-
eral chronic total occlusions. Methods: The catheter was used as the primary device in
25 consecutive patients with peripheral CTOs. The peripheral CTOs in this study are
defined as 100% occluded vessels involving any segment of the iliac artery or below
the inguinal ligament down to the trifurcation vessels which have been occluded for
greater than 3 months judged by patient’s history of longstanding symptoms with no
worsening in the past 3 months. Procedural success was defined by the ability of the
device to facilitate guide wire crossing of the occlusion. All angiograms were evaluated
by two operators. Data on demographics, angiographic variables, and patient compli-
cations was collected. Results: The device was used in 25 consecutive patients and 27
CTO lesions were treated. Critical limb ischemia and claudication were the indications
in 32 and 68% of the patients, respectively. Average lesion length was 117 mm (range
10–300 mm). Superficial femoral artery was the most common lesion site (n 5 20,
74%). Crosser-assisted guide wire recanalization was achieved in 11(41%) lesions
while the final overall procedure success rate with any device was 63% (n 5 17).
Perforation occurred in five lesions with one directly attributable to this device.
Conclusions: In this single center observational review, the Crosser device in periph-
eral CTO lesions had a procedural success of 41%. VC 2010 Wiley-Liss, Inc.
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BACKGROUND

Recanalization of arterial chronic total occlusion
(CTO) is technically challenging with less than optimum
results. Many patients with peripheral CTOs have criti-
cal limb ischemia (CLI) or severe disabling claudication
[1]. Failure to recanalize a CTO leaves the patient with
surgery as the only other viable option as aggressive
medical therapy may not provide symptomatic relief.
The technical success rate in peripheral CTOs is vari-
able and depends on lesion characteristics and site as
well as operator experience [1,2]. Failure to cross the
occlusion with a guidewire is the main reason for tech-
nical failure. Newer devices have been developed to
facilitate guidewire crossing into the distal vessel.

Crosser
VR
is a novel technology that utilizes high fre-

quency (20 KHz) vibration energy to fragment occlu-
sive fibrous atherosclerotic plaque and helps in travers-
ing the occluded vessel. It is developed by FlowCardia,
Sunnyvale, California. There are a few published
manuscripts that have demonstrated the efficacy of this

new device in recanalizing CTOs in the coronary circu-
lation [3,4]. As yet, there are no manuscripts published
in the literature which describe the outcomes of this
device in the peripheral CTOs when used as the
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primary CTO crossing device. We report a single cen-
ter experience with this catheter as the primary CTO
crossing device in peripheral CTOs.

METHODS

There are two major components of the Crosser
device which includes the catheter and the generator.
High frequency current is produced by the ultrasound
generator, which is then delivered to the transducer.
This current is converted into high-frequency mechani-
cal vibration by the transducer. The vibration energy
hence produced is propagated to the tip of the catheter.
The catheter tip is made of 1–1.6 mm stainless steel
and once activated, delivers vibrational energy at
20,000 cycles per second to mechanically recanalize
the CTO. Three versions of the device are available.
One is for above the knee CTOs that has a 1.6 mm tip
and utilizes a 7F sheath while the other two are for
below the knee CTOs. These are 6F sheath compatible
with a 1.1 mm tip. The Crosser is a monorail catheter
which utilizes a conventional 0.014 in. or 0.018 in.
guide-wire (Fig. 1).

We used the conventional 0.014 in. guidewire with our
Crosser system only. During the procedure, the Crosser
catheter was advanced to the face of the occluded seg-
ment over a standard 0.014 in. guide wire and activated
to facilitate guide wire passage across the CTO.

The peripheral CTO in this study was defined as a
100% occluded vessel (no angiographically detectable
antegrade flow) involving the iliac artery or any other
segment below the inguinal ligament, down to the tri-
furcation vessels which has been occluded for greater
than 3 months judged by patient’s history of longstand-
ing symptoms with no worsening in the past 3 months.
During the duration of the study, a total of 25 patients

were treated at our institution that met the above crite-
ria and all of them were included in this study.

We, therefore, used the Crosser catheter as the pri-
mary CTO crossing device on 25 consecutive patients
with 27 peripheral CTO lesions from August 2008 till
May 2009. All lesions were in native vessels. There
were no lesions in occluded stents or bypass grafts.

Further devices were used at the discretion of the
primary operator.

Technical success and device efficacy was defined
by the ability of this novel device to facilitate guide
wire crossing of the occlusion and achievement of dis-
tal vessel guidewire position with a conventional 0.014
in. guidewire.

All angiograms were evaluated independently by
two operators for procedural success and lesion com-
plications. Data on demographics, angiographic varia-
bles, and patient complications was also collected.
Degree of lesion calcification was quantified using one
of the author’s (KN) calcium grading system. Calcium
in the arterial wall was assessed with unsubtracted
angiograms and was categorized into four grades.
Grade 0 was defined as a vessel which has no visible
calcium. Grade 1 was defined as a vessel with evidence
of any amount of calcium and on only one side of the
vessel wall. Grade 2 is a vessel which has calcium on
both sides of the arterial wall but not in a continuous
fashion while grade 3 is a vessel with continuous cal-
cium on both sides of the vessel wall (‘‘rail-road’’
track). Perforation was defined angiographically as evi-
dence of adventitial extravasation of contrast.

Statistical Methods

Continuous variables are expressed as mean �
standard deviation and categorical variables as values

Fig. 1. Labeled figure of the CrosserV
R

device (Image courtesy of FlowCardia, Sunnyvale, CA).
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and percentages. Continuous variables were compared
using the student t test. Comparison of categorical vari-
ables was done by chi-square test or the Fisher exact
test. A P-value of <0.05 was considered statistically
significant. All statistical analysis was performed on
Statistical Package for the Social Sciences software for
Windows (version 16.0, SPSS, Chicago, IL).

RESULTS

Clinical Characteristics

The ultrasound-based device was used as the pri-
mary CTO crossing device in 27 consecutive lesions in
25 patients. Half of the patients were male with a
mean age of 65 years. Hypertension, diabetes mellitus,
dyslipidemia, current tobacco abuse, and chronic renal
insufficiency were present in 100, 48, 92, 25, and 32%,
respectively. Forty percent of patients had previous his-
tory of coronary artery disease while two thirds of the
patients had history of peripheral vascular disease.
Fifty six percent of patients had a previous peripheral
intervention. Basic demographics and patient comorbid
conditions are summarized in Table I.

Critical limb ischemia was the indication in one-
third of the patients while exertional claudication was
the indication in the rest of the two-thirds as shown in
Table II.

Angiographic Findings

The mean lesion length was 117 mm (range 10–300
mm). Grades 1, 2, and 3 level of lesion calcification
was found in 22, 26, and 15%, respectively. There was
negligible calcification in 37% of the lesions (Table
II). The superficial femoral artery was the lesion site in
the majority of patients (74%), while popliteal artery
was the lesion site in 33.3% of the patients (Table II).
A small number of the procedures were performed in
common iliac artery, common femoral artery, and the

tibio-peroneal trunk. Lesion characteristics and sites
are summarized in Table III.

Clinical Outcome

The Crosser device was used as the primary CTO
crossing device in all patients. It was successful in
41% of the lesions (n ¼ 11). Overall technical success
with any CTO device or technique was seen in 63% of
the lesions (n ¼ 17). Therefore, once the Crosser
device was unsuccessful, other CTO devices were suc-
cessful in another six patients. These devices included
LASER atherectomy, Pioneer

VR
reentry device or use of

aggressive guide-wire/catheter technique (these were
used either alone or in combination with each other).
Procedural results and devices used are summarized in
Tables IV–VI.

There were no patient complications although six
lesion complications were documented. Five of these
lesion complications were perforation while there was
dissection and thrombus formation in one lesion. Only
one perforation was directly attributable to the Crosser
device. Aggressive guide-wire technique was responsi-
ble for two perforations, while laser atherectomy and
the front runner recrossing device caused one perfora-
tion each, respectively (Table IV).

The perforation due to the Crosser catheter occurred
when the operator was using a stiff 0.014 in. guide
wire in a distal popliteal occlusion with faint

TABLE I. Basic Demographics and Comorbid Conditions

Variables (patients ¼ 25) N (%)

Males 13 (52)

Age in years (mean � S.D) 65.3 � 12.4

Hypertension 25 (100)

DM 12 (48)

Hyperlipidemia 23 (92)

Smoker 5 (25)

H/o PVD 17 (68)

H/o CAD 10 (40)

H/o Prior PTA 14 (56)

H/o CRI 8 (32)

S.D: Standard deviation, PVD: Peripheral vascular disease, CAD: Coro-

nary artery disease, PTA: Percutaneous Transluminal Angioplasty, CRI:

Chronic renal insufficiency.

TABLE II. Indications for Procedure

Indications (Patients ¼ 25) N (%)

CLI 8 (32)

Exertional Claudication 17 (68)

CLI: Critical Limb Ischemia

TABLE III. Lesion Characteristics

Variables (lesions N ¼ 27) N (%)

Lesion length in mm (mean � S.D) 117 � 85 (Range 10–300 mm)

Lesion calcification grade

0 10 (37)

1 (Mild) 6 (22.2)

2 (Moderate) 7 (25.9)

3 (Severe) 4 (14.8)

Lesion sitea

CIA 1 (3.7)

CFA 1 (3.7)

SFA 20 (74)

Popliteal artery 9 (33.3)

TP 1 (3.7)

Mm: Millimeter, S.D: Standard deviation, CIA: Common iliac artery,

CFA: Common femoral artery, SFA: Superficial femoral artery, TP:

Tibioperoneal trunk/ Deep peroneal artery.
aDoes not add up to 27, since some long lesions traversed more than

one site.
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visualization of the posterior tibial artery via collater-
als. The ultrasound system was able to penetrate the
proximal cap and was advanced for about 40 mm fur-
ther after which the wire could not cross the tip of the
catheter. Multiple unsuccessful attempts were made
with the stiff guidewire. Following this the Crosser
catheter and the guidewire were pulled out and an
angiogram was performed which revealed a small local
perforation which subsequently sealed off.

Dissection and thrombus formation occurred in one

patient that had distal superficial femoral artery/popliteal

artery occlusion. Crosser catheter was unsuccessful in this

lesion; therefore, a number of other secondary devices

were used. The Quick-Cross
VR
catheter was able to deliver

a 0.014 in. guidewire into the lumen of the anterior tibial

artery. After the Quick-Cross catheter was removed, laser

and subsequently Silverhawk
VR

atherectomy was per-

formed with no benefit. A balloon dilatation with an

Amphirion
VR

balloon was then done. The vessel still

showed significant residual stenosis with poor antegrade

flow. Another balloon dilatation was performed with an

Angiosculpt
VR
balloon. The subsequent angiogram revealed

dissection and presence of thrombus with poor antegrade

flow. There was no spasm at the level of tibio-peroneal

trunk. The dissection was sealed with the Amphirion bal-

loon and the thrombus was treated with an Export
VR
throm-

bectomy device. The angiography at the end of the proce-

dure revealed that the dissection had completely sealed

with no evidence of thrombus. There was a 20% residual

stenosis in the treated vessel with brisk antegrade flow.

DISCUSSION

Percutaneous intervention of a peripheral CTO is
technically challenging and time consuming. It also
involves higher radiation exposure as well as increased
contrast load. Most patients with peripheral CTOs have
critical limb ischemia or disabling claudication [1]. Re-
canalization of CTO results in clinical improvement of
the aforementioned symptoms.

Successful intervention of a peripheral CTO requires
the ability to cross the occlusive lesion with a guide-
wire. A number of techniques and devices have been
utilized to fulfill the aforementioned prerequisite. This
includes aggressive guidewire and catheters, various
crossing devices such as the Front runner

VR
, Safe-cross

VR

and LASER athero-ablative devices. Pioneer and Out-
back

VR
are reentry devices which facilitate the wire pas-

sage from the subintima to the true lumen, once it is
beyond the occlusion. All these devices and techniques
have varied reported success in the literature. Develop-
ment of new techniques and devices continue to date
as none of these devices have a guaranteed success
especially in long complex lesions.

Gandini et al. have recently reported their experience
with the Crosser catheter [1]. They used it in 12 lesions,
all of which were refractory to conventional guidewire
techniques. All their patients had diabetes and critical
limb ischemia. The reported success rate was 75% in
their series. No complications were reported.

Joye reported the data from the PATRIOT study as
an abstract in October 2007 [2]. They used the Crosser
device on 85 occlusions after conventional guidewire
techniques were unsuccessful. Their reported success
rate was 81.2% with no complications.

In a recent case series consisting of three patients
with peripheral CTOs, Al-Ameri et al. reported the use
of the Crosser device. The device was successful in all
three cases [5].

We report a single center experience with the
Crosser catheter as the primary device in consecutive
patients with peripheral CTOs. We report data on tech-
nical and clinical outcomes as well as safety endpoints.
In this study, the Crosser device was found to have a
poor (41%) technical success. Our overall procedural
success with any device was reasonable (63%).

TABLE IV. Procedure Results and Complications

Variables (lesions N ¼ 27) N (%)

Procedure successful 17 (63)

Crosser
VR
successful 11 (40.7)

Patient complication 0

Lesion complication 6 (22.2)

Dissection/thrombusa 1

Perforation 5

With Crosser
VR
device 1

With Frontrunner
VR
device 1

With LASER 1

With aggressive guide-wire 2

*Dissection and thrombus not secondary to Ultrasound based device.

TABLE V. Other Devices Used With or Without the CrosserV
R

Device

Devicea (lesions N ¼ 27) N (%)

LASER Atherectomy 8

Pioneer
VR
reentry device 2

Frontrunner
VR
crossing device 1

Guide-wire/catheter technique 15

aDoes not add up to 100% since more than one device was used in the

same lesion.

TABLE VI. Other Devices Used When CrosserV
R

Device was
not Successful

Devicea (lesions N ¼ 6) N

LASER atherectomy 4

Pioneer
VR
reentry device 2

Guide-wire/catheter technique 1

aDoes not add up to 100% since more than one device was used in the

same lesion.
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Recanalization of a total occlusion does carry a higher
risk of perforation and other complications such as dis-
section. One perforation was directly attributable to the
Crosser device which could have been secondary to the
use of a stiff guidewire and poor visualization of the
distal vessel after the occlusion. Additional four perfo-
rations were secondary to other devices. We did not
perform intravascular ultrasound after the ultrasound
system failed and before a secondary device was used.
The team included experienced operators and we
believe that four out of five perforations were not
related to the device. However, it is uncertain whether
high frequency ultrasound may have affected the vessel
wall in a way that predisposed it to perforation with
other subsequent devices and wires. In absence of fur-
ther information, it is pure speculation that all the per-
forations were directly or indirectly caused by the
ultrasound system.

There was one patient in our series that developed
dissection and thrombus formation. The dissection
could have been secondary to the fact that multiple
secondary devices were utilized after the primary de-
vice failed and aggressive guide wire use was per-
formed. Distal embolization is a risk while recanalizing
total occlusions and that may have been the reason in
this lesion as well. We cannot speculate at this point
whether high frequency ultrasound signals can cause
platelet activation and subsequent thrombus formation.

CTOs, especially long and calcified lesions, are a
formidable challenge for endovascular interventional-
ists. Option of bypass surgery is available but many
patients have diffuse disease with multisegmental
involvement. Moreover, with aging population more
patients are being identified with peripheral arterial dis-
ease. These patients also have a multitude of other
comorbidities making surgical bypass a high risk pro-
cedure. On the other hand, endovascular interventional
options are associated with fewer risks. We need to
keep improving and developing technology that would

allow these CTOs to be addressed in a more facile
manner in a shorter period of time.

Limitations

This is a case series of a small number of consecu-
tive lesions with heterogeneity of lesion types and vas-
cular families. Because of the insufficient patients,
comparative analysis with other CTO devices is not
possible. There would be limited case selection bias
considering the fact that the device was used as the
primary device on consecutive CTOs.

Also, there may be a learning curve associated with
the use of this novel catheter and it is possible that
with increased experience, higher rates of technical
success may be achieved.

CONCLUSIONS

In this single center observational review of 27 con-
secutive lesions in 25 patients, the ultrasound-based de-
vice in peripheral CTO lesions had a poor procedural
success of 41% when used as the primary device. De-
vice efficacy should be further studied in a larger series
or a trial.
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