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Objective: To evaluate the efficacy of various strategies for revascularization of chronic total occlusion of femoropopliteal
arteries when the guide wire does not pass in an anterograde direction.

Materials and Methods: Twenty-four patients with totally occluded femoropopliteal arteries (mean occlusion length 13.75
cm; range, 6-22 cm) were treated by using a retrograde approach and two novel catheters. After successful recanalization
or reentry, balloon angioplasty followed by stent placement was performed to complete the revascularization.

Results: In 16 cases in which to cross the occlusion via intraluminal or subintimal route was failed, we used Frontrunner
catheters in five cases and Outback catheters in 11 cases. In eight cases in which to reenter after subintimal passage of the
guide wire was failed, we used Outback catheters. Successful recanalization was achieved intraluminally or subintimally in
all cases. One perforation occurred during subintimal passage of the guide wire that was controlled by recanalization of
another subintimal tract. There were no cases of distal thromboembolism or other complications.

Conclusion: A retrograde approach and using the Frontrunner and Outback catheters are safe and effective for successful
revascularization of chronic total occlusion of femoropopliteal arteries. In particular, they are useful when the initial

antegrade attempts at recanalization have failed.

Index terms: Intervention; Percutaneous transluminal angioplasty; Angiography; Fluoroscopy

INTRODUCTION

A particularly challenging condition for percutaneous

transluminal angioplasty are chronic total occlusions (CTOs).

CTOs are one of the primary causes of procedural failure in
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peripheral interventions (1-4). Percutaneous negotiation

of a guide wire, either intraluminally or subintimally,

should be done to recanalize the CTO successfully.

However, percutaneous recanalization of long CTOs of the
femoropopliteal artery by anterograde methods, using a
guide wire and catheter, has only moderate success rates

- 40% to 60% - depending on lesion length, calcification,
operator experience, and runoff vessels; negotiation failures
lead to failure of recanalization of CTOs (5). Therefore,
other methods that can enhance the success rate of guide
wire negotiation, whether intraluminally or subintimally, are
needed.

Since Tgnnesen et al. first reported the utility of
retrograde popliteal access two decades ago, this approach
has been employed in challenging femoropopliteal
interventions (6-11). Currently, retrograde subintimal
tracking via the popliteal approach, which utilizes the
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anatomical characteristics of the femoropopliteal artery,
delivers an endovascular solution for unsuccessful
anterograde CTO crossings (12).

The frontrunner XP CTO catheter (Cordis, Miami, FL, USA)
is an intraluminal blunt microdissection device used for the
recanalization of CTOs intraluminally. This device has jaws
that can separate the plaque, thereby creating a passage
through the occlusion for the subsequent placement of a
guide wire. The Outback LTD catheter (Cordis, Miami, FL,
USA) has been used when subintimal guide wire passage
into the true lumen fails; when this device is used, a needle
is introduced across the intima into the true lumen to
facilitate the reentry process.

A retrograde popliteal approach and these two novel
catheter technologies, the Frontrunner and OQutback
catheters, were used for recanalization of femoropopliteal
arterial CTOs, and here, their safety and efficacy is reported.

MATERIALS AND METHODS

Patient Selection and Study Population

The study was done prospectively and was approved by
the local institutional review board. From August 2005 to
July 2011, 277 patients with angiographically documented
CTO0s in the femoropopliteal arteries and at least a 6-month
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history of symptoms presented for endovascular therapy.
The conventional anterograde guide wire and catheter
recanalization, intraluminally or subintimally, failed in

24 patients (M : F =17 : 7, mean age: 66.2 years) that
were treated with a retrograde popliteal approach or the
Frontrunner or Qutback catheter. Thirteen of 24 patients
had intermittent claudication of Fontaine classifications
ITa (n = 4) and IIb (n =9), and 9 patients had critical limb
ischemia associated with resting pain. Eleven patients had
lesions in the superficial femoral artery (SFA), and thirteen
patients had a lesion in the SFA and P1 segment of the
popliteal artery. The mean lesion length was 13.75 cm (range
6 to 22 cm).

Procedure

Informed written consent was obtained from all patients
before treatment. The procedure was performed under local
anesthesia, and for all patients, access was obtained with
an anterograde or retrograde approach via the ipsilateral
or contralateral common femoral artery. Subsequently, all
patients received 3000 IU of heparin intra-arterially.

After initial angiographic imaging, the CTO was crossed
with a combination of a 0.035 inch non-hydrophilic guide
wire (Bentson; Cook, Bloomington, IN, USA) and a 4-Fr
angiographic catheter (Terumo, Tokyo, Japan). When guide

Fig. 1. 64-year-old man with severe claudication (Fontaine classification IIb) of right leg.
A-C. Patient had chronic total occlusion of about 20 cm of right superficial femoral artery on angiogram. Successful recanalization with
Frontrunner XP chronic total occlusion catheter was achieved into reconstituted artery (arrow). D. Primary stent placement with self-expandable

nitinol stents was performed.
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wire advancement could not be achieved into the CTO,
despite several attempts, the Frontrunner catheter was used
to facilitate the intraluminal or subintimal negotiation of
the guide wire. After jaw opening and closing, and passage
through the proximal cap of the CTO, the Frontrunner
microtome was navigated forward through the occluded
segments with its jaws closed. Then, to create a larger
microdissection canal, the Frontrunner catheter was
repeatedly pulled back with an “open jaw”. Fluoroscopic
roadmapping was used throughout to verify the alignment
of the catheters with the vessel lumen. After the initial
passage of the Frontrunner catheter, it was advanced into
the distal reconstituted artery and used for guide wire
introduction. Balloon angioplasty was performed, and the
vessel was dilated from the distal to the proximal segment.
Adjunctive stenting with self-expandable nitinol stents was
performed in all cases (Fig. 1).

Intraluminal or subintimal passage using the Frontrunner
catheter was performed in patients in whom passage of the
guide wire into the CTO failed. However, if the guide wire
was able to be passed into the CTO subintimally, subintimal
angioplasty was done in the femoropopliteal CTO. If the
guide wire was not able to enter the true lumen after
passage along the subintimal tract, the retrograde approach
method or the Outback reentry catheter was used to obtain
successful reentry into the true lumen. Initially, when
reentry into the true lumen after subintimal passage of
the guide wire was not successful, the retrograde approach
method was used (n = 8) because the Outback catheter was
not available at that time. After the Outback catheter was
introduced, it was used instead of the retrograde approach
whenever reentry using the anterograde approach method
failed (n = 11).

An attempt to traverse the occlusion with the subintimal
technique, with a combination of the 0.035-inch hydrophilic
guide wire (Terumo, Tokyo, Japan) and a 4-Fr non-taper
angle catheter (Terumo, Tokyo, Japan), was performed.
Reentry was then attempted with the same or similar
guide wires. When reentry into the true lumen could not
be achieved, despite several attempts with standard guide
wires, the retrograde approach was used or the Outback
catheter was introduced to gain access to the true lumen.

The retrograde approach was attempted with the patient
in the decubitus position, and the popliteal fossa was
sterilized. Under ultrasound guidance, a popliteal arterial
puncture was performed using a 22-G needle and a 4-Fr
microsheath was placed in the popliteal artery through the
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0.018-inch guide wire. Then, the CTO lesion was crossed
subintimally in retrograde fashion using a 0.035-inch
hydrophilic guide wire. An anterograde snare (Pfm medical,
Koln, Germany) was used to maneuver the wire into the
sheath to facilitate subsequent procedures in an anterograde
manner. Thereafter, balloon angioplasty followed by stent
placement was performed in femoropopliteal arteries and
hemostasis was established by manual compression (Fig. 2).

The Outback catheter was delivered to the point of
planned reentry over a 0.014 inch guide wire (Cordis, Miami,
FL, USA) through a 6-Fr sheath and manipulated under
fluoroscopic guidance with two fluoroscopic views to orient
the radio-opaque marker located on the nosecone of the
catheter toward the desired arterial lumen. Then, the curved
needle was deployed across the intima into the true lumen.
The needle was retracted, and the catheter was removed.
Balloon angioplasty followed by stent placement was done
in a manner that was similar to the other methods (Fig. 3).

A final angiography was performed to evaluate the treated
site and distal runoff vessels and to check for the presence
of complications in all cases.

Assessment

The technical success of the use of both catheters and the
retrograde method, in addition to any complications during
or immediately after the procedure were evaluated. The
technical success of the Frontrunner catheter was defined
as an advancement of the catheter into the reconstituted
vessel over the CT0, allowing the guide wire to pass.
Successful subintimal passage of the guide wire was defined
as advancement of the hydrophilic guide wire with looping
and reentry into the true lumen. The technical success of
the retrograde method was defined as successful puncture
of the popliteal artery, looping and subintimal upward
advancement of a hydrophilic guide wire, and successful
capture of the guide wire using an anterograde snare. The
technical success of the use of the Outback catheter was
defined as an advancement of the catheter to the CTO
and reentry of the guide wire into the true lumen after
puncture. Complications including angiographically visible
perforations with or without the need for surgical repair and
distal thromboembolism were evaluated.

RESULTS

The Frontrunner catheter was used in five patients.
Intraluminal passage of the catheter into the reconstituted
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Fig. 2. 73-year-old man with severe claudication (Fontaine classification IIb) of both legs.

A. Patient had chronic total occlusion of about 8 cm of left superficial femoral artery on angiogram (arrow). B. Reentry of 0.035 inch hydrophilic
guide wire into true lumen could not be achieved. C, D. Under ultrasound guidance, popliteal arterial puncture was performed and chronic

total occlusion lesion was crossed subinitmally in retrograde fashion. Anterograde snare was used to maneuver wire into sheath to facilitate
subsequent procedures in anterograde manner. E. Thereafter, balloon angioplasty followed by stent placement was performed in femoropopliteal
arteries and hemostasis in popliteal artery was established by manual compression.

470 Korean J Radiol 13(4), Jul/Aug 2012 kjronline.org



Percutaneous Revascularization of FP Artery Occlusion in Antegrade Wire Passage Failure

artery was successful in four patients, and subintimal
passage of the catheter with successful reentry into the true
lumen was performed in one patient. The overall technical
success rate was 100%. Three patients had CTOs in the
SFA, and two patients had a lesion in the distal SFA and
popliteal artery. A contralateral approach with the catheter
was performed in three patients that had the lesion in the
SFA, and an ipsilateral retrograde approach was performed
in two patients with the CTO far from the ipsilateral
common femoral artery. In one patient with a long CTO

in the SFA (20 cm), re-entry into the true lumen was not
possible after subintimal passage of the occluded segment;
attempts to pull the catheter back to the proximal cap

of the CTO and cross the lesion again intraluminally were
successful for intraluminal passage. All patients underwent
balloon angioplasty with a 4 mm balloon catheter followed
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by stent placement using a 6-7 mm self-expandable stent
after the passage of the guide wire.

In eight of the remaining nineteen patients, the
retrograde approach via popliteal arterial access was used.
The technical success rate was 100%, and all patients
underwent balloon angioplasty followed by stent placement
in the same fashion as the cases using the Frontrunner
catheter (Fig. 2).

In all eleven patients in which the Outback catheter
was used, reentry of the guide wire into the true lumen
was successful (100%). Nine patients obtained successful
reentry into the popliteal artery; two obtained successful
reentry into the SFA (Fig. 3). A contralateral approach
of the catheter was used in all patients. One patient had
successful reentry into the true lumen using only the
hydrophilic guide wire. However, reentry sites achieved with

C

Fig. 3. 81-year-old-woman with severe claudication (Fontaine classification IIb) of left superficial femoral artery (SFA).

A. Patient had chronic total occlusion of about 17 cm in left SFA on angiogram. B. Fluoroscopic images show Outback catheter and its needle
deployed (double arrows) with free passage of guide wire into true lumen of reconstituted artery. L configuration at catheter nosecone is noted
(arrow). C. Final angiogram demonstrates that patency was restored following stent placement.
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Fig. 4. 71-year-old-man with resting pain (Fontaine classification III) in left foot.

A. CT angiography shows chronic total occlusion of left superficial femoral artery (SFA). B. Initial attempt with conventional techniques

using hydrophilic guide wire and angiographic catheter created reentry at P2 segment of popliteal artery (arrow). Angiogram after subintimal
angioplasty showed suboptimal results (thin arrows). C. Outback catheter was used to create new reentry site at more proximal artery to P2
segment of popliteal artery to allow stent to be placed. D. Self-expandable nitinol stent was placed at distal SFA including new reentry site. E, F.
Final angiogram demonstrates that patency was restored following stent placement.
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only the guide wire were usually located much more distally
over the P2 segment of the popliteal artery; the result
of subintimal balloon angioplasty using 5 mm and 6 mm
balloon catheters (Cordis, Miami, FL, USA) was suboptimal
for stent implantation for the supply of sufficient blood
flow. Therefore, the Outback catheter was used to create a
new reentry site more proximally for stent placement. The
stent placement was performed in the SFA including the
newly created reentry site and blood flow was completely
restored (Fig. 4). Two patients with femoropopliteal
occlusion had some calcifications at the reentry sites; initial
attempts to create reentry at those sites failed. Therefore,
the Outback catheter was advanced more distally where the
calcification was scarce and successful reentry was achieved.
In one patient, no catheter could advance over the 0.014
guide wire after successful reentry using the Outback
catheter. A 2.0 Fr microcatheter (Terumo, Tokyo, Japan) was
advanced over the guide wire, and it was exchanged for a
0.018 guide wire (V18; Boston Scientific, Natick, MA, USA).
Subsequent procedures were done using this wire.

In one patient, the Outback catheter was not able to
be advanced to the arteries distal to the SFA. Therefore,
dilatation with a 4 mm balloon catheter was performed
after which the catheter could be advanced. One patient
with SFA occlusion had a perforation during the subintimal
passage of the guide wire. However, the guide wire
and catheter were pulled back to the common femoral
artery and subintimal passage through another tract was
attempted. The final angiogram, after successful creation of
the reentry site and stent placement in the SFA, showed no
visible vessel perforation. No distal thromboemolism during
or immediately after the procedure was observed.

DISCUSSION

Chronic occlusions account for a significant portion
of peripheral vascular lesions and have historically
represented a serious technical challenge to endovascular
interventionalists using conventional guide wires and
catheters (13). Recently, new technologies and methods
have been introduced for recanalization of CTOs. Subintimal
recanalization with distal re-entry has been advocated as
a solution to the problem of unsuccessful passage through
multisegmented long calcified occlusions. London et al. (14)
reported a 90% technical success rate for SFA subintimal
angioplasty in a series of patients with a mean occlusion
length of 15 cm. This approach, however, has been limited
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in some cases by the lack of controlled re-entry into the
true lumen of the target vessel. In addition, true lumen re-
entry using hydrophilic wires and catheters is not achieved
until subintimal passage to a site significantly remote from
the level of vessel lumen patency; this causes subintimal
angioplasty or stenting to extend beyond the occluded
segment. In fact, in the present study, one case occurred
in which the creation of a new reentry site proximal to the
remote reentry site created by the traditional subintimal
technique allowed the stent to be placed, overcoming the
suboptimal subintimal balloon angioplasty. Some surgeons
report using retrograde popliteal access (15) for subintimal
recanalization or a “kissing catheter” or “wire pull-through”
technique (16, 17), which requires two access sites (femoral
and popliteal). After femoral access and catheter or guide
wire advancement through the subintimal plane around the
occlusion, the patient is placed in a prone position, and the
popliteal artery is accessed. A catheter is advanced then
through the popliteal artery in the same subintimal plane
to meet the initial catheter. Our study also had a 100%
technical success rate in cases with failure of advancement
of the guide wire into the true lumen. However, this
retrograde approach technique causes patients discomfort,
a complicates the access site, and is technically feasible
only for the superficial femoral artery (18). Therefore,

new instruments, such as the Qutback catheter, that can
enhance the reentry success rate, have been needed; the
purpose of using this reentry catheter is to overcome the
above limitations and problems that prolong the procedure
and increase the amount of exposure of the patient to
radiation while achieving true lumen access in a controlled
manner.

The results of our study demonstrate that use of a reentry
catheter significantly improves the outcome of endovascular
treatment in patients with femoropopliteal occlusions,
with no additional risks or complications. Etezadi et al.
(13) reported that true lumen reentry was achieved in 87%
and 91% of patients with femoropopliteal and aortoiliac
occlusions, respectively, and the overall technical success
rate with the device was 88%. Hausegger et al. (19)
reported that eight of ten patients had successful true
lumen reentry with the prototype of the Qutback catheter;
two technical failures occurred in heavily calcified arteries.
Wiesinger et al. (18) reported a 50% success rate of reentry
(5/10 patients). Although, in our study, the number of
patients was fewer than in previous studies, reentry was
achieved in 100% of cases. It has been suggested that
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heavy calcification of the vessel wall is a contributing factor
to reentry failure (13). In our study there were two cases
that failed reentry at the initial puncture site with the
Outback catheter due to calcification; successful reentry was
achieved after puncture at a more distal site with scarce
calcification. Although the amount of calcification was not
specifically evaluated, based on the limited experience in
this study, it may be necessary to avoid calcification that
interferes with successful reentry at heavy calcification
sites. Decreases in procedure time and radiation exposure
have been suggested as additional benefits of the use of
reentry catheters; these factors were not evaluated in our
study. Therefore, additional prospective studies with the
assessment of calcification, procedure time, and radiation
hazard are needed.

The Outback catheter could not be advanced to the
target lesion and the angiographic catheter could not be
advanced over the reentry site after successful reentry of
the 0.014 inch guide wire into the true lumen. This might
be explained by the presence of a thick intima or heavy
calcifications. Based on the limited experience of this study,
such problems can be overcome technically by pre-balloon
dilatation or use of a microcatheter. The durability of the
subintimally created channels is currently a topic of debate.
Only a few studies on the efficacy of subintimal angioplasty
in the treatment of very long lesions extending over
multiple limb segments have been undertaken thus far. The
initial relatively high long-term patency rate reported by
Bolia’s group has not been reproduced by most other studies
(20-23). Although some recent investigations suggest
that the subintimal technique is effective, no randomized
study comparing subintimal angioplasty with intraluminal
angioplasty has yet been performed (24, 25). Therefore,
some surgeons still prefer intraluminal angioplasty to the
subintimal technique.

The Frontrunner catheter, a relatively new device, is
thought to selectively cause disruption of plaques and the
adventitia and is designed to improve the technical success
of traversing complex lesions. Although it sometimes
creates extraluminal passages along subintimal planes in
CT0s, the passage created by the Frontrunner device is
frequently intraluminal (26). The Frontrunner catheter is
safe and effective to use; however, few reports are available
on the results of peripheral arterial CTO. Charalambous et al.
(27) reported a 65.4% success rate of recanalization using
the Frontrunner for the SFA; the main reasons for failure
were inability to cross the lesion due to heavy calcification,
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similar to the studies using the Outback catheter. In our
study, the success rate using the Frontrunner catheter was
100%. Although the number of patients was small and
calcium in the lesions was not assessed, our study included
only patients with failure of guide wire advancement into
the CTO. In fact, this advancement failure can make it
difficult to use any tools or methods to achieve reentry. The
Frontrunner catheter could pass this lesion and successful
recanalization could be achieved via this catheter.
Occasionally, the Frontrunner catheter was advanced into
the subintimal tract in the femoropopliteal artery and did
not obtain successful reentry into the true lumen. This
occurred in one case, and several attempts to use the
Frontrunner catheter again after pulling it back into the
proximal cap of the CTO resolved the problem.

In conclusion, these various methods using a retrograde
approach and a Frontrunner or Outback catheter for
recanalization of CTOs are promising. Although the study
sample was small, appropriate use of these approaches
appear to be safe and effective options after failed
recanalization of CTOs of the femoropopliteal arteries by
conventional methods using guide wires and angiographic
catheters.
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