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Successful recanalization and percutaneous revascularization of coronary arteries with 
chronic total occlusion (CTO) is one of the ‘last frontiers’ in coronary interventions. 
Conquering this obstacle will enable complete percutaneous revascularization in an 
increasing number of patients. The introduction within the last few years of enhanced 
guidewires combined with increasing operator experience and creative procedural 
techniques, such as the retrograde approach and the re-entry subintimal tracking 
technique (STAR), have significantly reduced the number of CTOs that should now be 
considered unapproachable. In addition, novel devices have been developed over 
recent years that may increase the success rate, as well as the safety, of the procedure. 
The Safe-Cross radiofrequency combines optical coherence reflectometry that warns the 
operator when the wire tip moves to within 1 mm of the outer vessel wall, combined with 
radiofrequency energy pulses to facilitate the passage. The CROSSER catheter 
mechanically vibrates against the face of the CTO at 20 kHz at a stroke depth of 
approximately 20 µm, creating a channel through the CTO. The most novel approach is the 
biologic one, in which proteolytic enzymes that digest the CTO cap to facilitate 
mechanical passage. The success rates for otherwise refractory CTOs will continue to 
improve with the development and validation of new imaging modalities and active 
energy source catheters. 
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Over the last decade there has been remarkable
progress in the percutaneous management of
coronary artery disease, as an established alter-
native to coronary artery bypass surgery. When
compared with dilatation of coronary lesions
using balloons, the scaffolding properties of
stents have resulted in increased safety and pre-
dictable results, with reduced rates of acute clo-
sure and late restenosis. Recently, the addition
of antiproliferative agents on the surface of the
metal stents (drug-eluting stents) has been
shown to markedly attenuate the vascular
responses of neointimal hyperplasia, resulting in
a marked reduction in the rate of restenosis [1,2]. 

Successful recanalization and percutaneous
revascularization of coronary arteries with
chronic total occlusion (CTO) is one of the
‘last frontiers’ in coronary interventions. Con-
quering this objective will enable complete per-
cutaneous revascularization in an increasing

number of patients. Revascularization of CTOs
carries multiple advantages, such as improve-
ment in abnormal wall motion and left ven-
tricular function and, ultimately, increased
long-term survival. In the long term, when cor-
onary disease may progress, having an open
artery may increase the tolerance to future cor-
onary events. Reducing or abolishing myocar-
dial ischemia improves electrical stability and
reduces predisposition to arrhythmic events.
The definitions, clinical relevance, indication
for treatment and results were recently
reviewed and summarized in a three-part con-
sensus document [3–5]. Recently, the recanaliza-
tion of CTO in patients with persistant occlu-
sion after myocardial infarction (MI) has been
questioned. In the Occluded Artery Trial
(OAT), a randomized study of a selected group
of patients, in which the infracted related
artery has been persistently occluded 3–28 days
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post-MI, routine percutaneous coronary intervention (PCI) of
the CTO did not reduce the occurence of death, reinfarction or
heart failure [6]. Unfortunately, not only did this study enroll
only stable patients unrelated to their clinical symptoms or
demonstration of myocardial ischemia, patients that had triple
vessel disease or had a stress test that documented severe
ischemia were excluded. 

The prevalence of CTO in the general population is not
clear. In the early 1990s it was reported that a chronically
occluded coronary artery was found in approximately one
third of patients undergoing angiography, approximately half
of them suitable for angioplasty [7]. Despite this high preva-
lence, recanalization of CTO has been reported to be
attempted in only 8–15% of the patients undergoing PCI
[8–10]. The disparity between the frequency of CTO and percu-
taneous treatment underscores not only the technical and pro-
cedural complexities of this lesion subtype but also the clinical
uncertainties with regard to which patients benefit from CTO
revascularization [3].

The histopathology of the chronically occluded coronary
artery has been described comprehensively [11,12]. Chronic cor-
onary occlusion most often arises from thrombotic occlusion,
followed by thrombus organization and fibrosis. Approximately
half of all CTOs are less than 99% stenotic when observed by
histopathology, despite the angiographic appearance of total
occlusion. The typical atherosclerotic plaques of CTO consist
of intracellular and extracellular lipids, smooth muscle cells,
extracellular matrix and calcium. Collagens are the major struc-
tural components of the extracellular matrix. Another hallmark
of CTOs is the extensive neovascularization, which occurs
throughout the vessel wall. 

Learning and mastering the skills to recanalize CTO is an
advanced stage procedure that is left for the experienced opera-
tor. The variety of CTO cases is wide and special expertise is
needed to differentiate between different anatomic situations,
selecting the appropriate devices, being able to change strategies
as the cases progresses and keep it safe – avoiding and treating
potential complications. Needless to say, the success rate of
CTO treatment is related to the accumulative general PCI
experience of the operator in general and CTO cases in particu-
lar. The operator who takes on CTOs should approach cases of
increasing difficulty; progressing gradually from tapered to flash
occlusions, from short occlusions to longer ones, from straight
segments to more tortuous vessels and, with time, to being able
to tackle long-standing complete CTOs. 

Angiography & access of CTO
In the modern approach to the treatment of CTO, angio-
graphy is the key point for success. Correct evaluation of the
occluded segment, vessel course, CTO morphology, edges and
bifurcations will enable the operator to select the appropriate
strategy and devices, leading to high success rates. Features
considered to be favorable (which increase the success rate of
recanalization) include occlusion of less than 3 months, occlu-
sion segment less than 1.5 cm, some antegrade blood flow and

visible stump (dimple). Unfavorable features are long-standing
occlusion, long segment, thrombolysis in MI (TIMI) 0 flow
and bifurcating branches at either the proximal or distal edge
of the occlusion segment [13–15].

The documentation of collaterals, which serves to evaluate
the segments of the artery, distal to the occlusion, is essential to
the success of CTO. In addition to valuable information, such
as the size of the ischemic territory, the operator can evaluate
the length of the occluded segment and the size and location of
the run-off. One should never blindly cross an occlusion with-
out clearly knowing where the wire should be directed and
whether it is inside the lumen or in a dissection plane. Having a
simultaneous contralateral injection can simplify the procedure
and increase the chances of conducting successful and safer pro-
cedure if ipsilateral collaterals are insufficient. The contralateral
injection is performed by using a 4–5 F diagnostic catheter,
which is inserted through an additional arterial access, usually
the contralateral groin. 

As is true in regular interventions, the guiding catheter is of
paramount importance in providing safe access of interven-
tional tools to the treatment area, while providing adequate
support. In CTO cases, extra support is usually needed in
order to deliver devices. This is especially important after
crossing with the wire. Often there is significant resistance to
lesion crossing even with a very low profile balloon, and having
an extra support guiding catheter can be of help. When the
support of the guiding catheter is insufficient, the success rate
is lower, especially in cases with unusual anatomic variations,
calcified vessels and tortuousity.

In the left coronary artery, good guiding catheter support can
be achieved with a broad transition guiding catheter that has a
secondary curve that leans against the opposite wall of the aorta
(passive back-up), usually extra back-up (EBU; Medtronic), XB
(Cordis) or Voda (Boston Scientific) will be sufficient, with rare
cases requiring an Amplatz curve catheter. 

In the right coronary artery, excellent support can be achieved
with the left Amplatz family of catheters, usually Amplatz left
(AL)1, with AL 0.75 for small aortas and AL 1.5 or 2.0 for
dilated roots. 

Additional active back-up maneuvers can help to improve
support for forward advancement of the hardware. The anchor
wire or balloon techniques are used frequently:

• Anchor wire technique: if there is a reasonable size side
branch proximal to the occlusion (such as a proximal diag-
onal for mid-left anterior descending [LAD] occlusion or
the left circumflex [LCx] for ostial LAD occlusion), a sec-
ond wire can be inserted into this branch, helping to fix
the catheter position in place. A relatively stiff support wire
is preferred; 

• Anchor balloon technique: with this technique, a wire, fol-
lowed by a balloon, is introduced into a side branch proximal
to the occlusion. The balloon is inflated to a low pressure and
size that are just sufficient to anchor the guiding catheter and
enable deeper engagement, while pushing the guide over the
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balloon catheter shaft. Again, the operator should keep in
mind the risk of proximal dissection with this procedure,
which may necessitate a longer segment of stenting. 

Intravascular ultrasound
Sometimes, despite multiple view angiography, it is still diffi-
cult to assess the exact entry point of the proximal edge of the
CTO. This is typical of any flush occlusion at a bifurcating
branch. Thus, intravascular ultrasound guidance allows identi-
fication of the origin of the true lumen [16]. In such cases, the
location of the entry point can be obtained by wiring the side
branch and performing thorough intravascular ultrasound
(IVUS) interrogation by pulling back from the side branch to
the main branch origin and directing the crossing wire to the
spot that was identified by the IVUS image. The IVUS will be
less useful in cases of heavy calcification in the vessel wall at the
CTO ostium or side branch. A similar technique can be used,
placing the IVUS in a false lumen and identifying the true
lumen paralleled and placing the crossing wire in the spot on
the IVUS, but this carries the risk of increasing the size of the
false lumen and perforation.

The current available IVUS technology is limited owing to
its ‘looking aside’ characteristics. The development of ‘for-
ward-looking’ IVUS may be helpful in the identification of the
proximal cap and differentiating between true and false lumen.

Novel imaging approaches
Computerized tomographic angiography
Computerized tomographic (CT) angiography has made  sig-
nificant progress in coronary imaging with the introduction of
the 64-slice CT. This improved technology allows rapid acqui-
sition of superior studies, in terms of temporal resolution and
image quality, compared with previous generations. In the eval-
uation of a CTO, the CT angiogram is able to provide comple-
mentary data to that of conventional angiography that may be
relevant to the success of the CTO recanalization. Such infor-
mation may include precise quantification of the length of the
occlusion, defining the composition of the plaque, identifica-
tion of the amount and depth of calcification and evaluation of
the distal vessel beyond the occlusion. In addition to these
lesion characteristics, the CT angiogram can also define bends
and angles inside the occluded segment, important features that
help the operator to navigate the wire safely and successfully
through the occlusion to the distal vessel.

This imaging technology is most beneficial when the CT
images can be used side by side with the angiographic and
other imaging modalities (FIGURE 1).

Mollete and colleagues performed multislice CT coronary
angiography in 45 patients who had CTOs and were scheduled
for percutaneous recanalization [17]. Using this new imaging
technique, they were able to identify the predictors of procedural

Figure 1. Coregistration of computerized tomographic angiography with angiogram of a chronic total occlusion in the mid right coronary artery. This 
new imaging modality can support the procedure with better evaluation of the anatomy and enable accurate and safe use of a combined device for recanalization.
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failure: blunt stump (as by conventional angiography), occlusion
length greater than 15 mm and severe calcification (by multislice
CT coronary angiography). 

Magnetic-assisted navigation 
Another novel imaging system that may be helpful in the treat-
ment of CTOs is the magnetic-assisted navigation system,
NIOBE® (Stereriotaxis, MO, USA). The system utilizes two per-
manent magnets mounted on articulating or pivoting arms that
are enclosed within a stationary housing, with one magnet on
either side of the patient table. These magnets generate magnetic
navigation fields that are less than 10% of the strength of fields
typically generated by magnetic resonance imaging (MRI) equip-
ment and therefore require significantly less shielding, and cause
significantly less interference than MRI equipment. The NIOBE
magnets precisely steer the working tip of the dedicated
guidewires, using the 3D reconstruction of the coronary arteries.
Coregistration of the 3D map with CT angiography data may
assist the operator in navigating the wire through torteousity inside
the occluded segment, keeping it coaxial along the vessel through-
out its course. If it can be effectively coupled with a radiofrequency
(RF) source at the wire tip, such a system could conceivably evolve
into a remote controlled semi-automated method (FIGURE 1).

Wire-based recanalization techniques
Guidewire technology for CTO
Coronary guidewires have remained the most common tech-
nology for CTO revascularization, ranging in variable

degrees of stiffness and the presence or absence of a
hydrophilic coating. Two groups of wires are usually used for
CTOs: polymer-coated and coil wires. The polymer coated
wires have a hydrophilic coating that markedly lowers friction,
helping it to move very easy through the vessel lumen [18]. This
feature may also increase the risk of advancing the wire into
subluminal planes and creating a false lumen, long dissec-
tions or perforations. The coil wires maintain good torqua-
bility, even inside the fibrosed CTO segment, while retaining
excellent pushability. The stiffer the wire tip, the higher the
torquability of the wire but the less resistance at the tip felt
by the operator and the higher the risk of entering a false
channel. With tapered tip wires (e.g., Confienza
0.014–0.009” or Crossit 0.014–0.010”) there is a greater
chance to enter microchannels than normal 0.014 ‘tip coil
wires’ [19]. With stiffer coil wires, such as the Crossit
300–400 (Abbott Vascular, Inc., CA, USA), Miracle 9, 12 g
(Asahi, Inc./Abbott Vascular, Inc., CA, USA) (FIGURE 2) or
Persuader (Medtronic), the stiffer tips can increase penetra-
tion ability but do run the risk of ending up in a false lumen,
especially after bends. Using these specific wires requires
close attention by the operator to the 3D wire orientation at
all times to reduce the likelihood of perforations. These wires
should be used only by experienced operators after the use of
more conventional wires has been attempted. In a registry of
214 CTO revascularizations initially attempted with tapered
guidewires, overall technical success was achieved in 82% of
patients. In the presence of a visible microchannel, however,

Figure 2. Example of a series of guide wires designed for recanalization of chronic total occlusion lesions. Asahi (Abbott Vascular), Japan.  
*The working length has a hydrophilic coating to ease navigation while the distal 1-mm tip is hydrophobic for increased control and tactile feedback in 
chronic occlusions.

• Tip load: 3.0 g
• Radiopacity length: 11 cm
• Jointless

• Tip load: 4.5 g
• Radiopacity length: 11 cm
• Jointless

• Tip load: 6.0 g
• Radiopacity length: 11 cm
• Jointless

• Tip load: 12.0 g
• Radiopacity length: 11 cm
• Jointless

• Tip load: 9.0 g
• Radiopacity length: 20 cm
• Outside diameter: 0.014 inch
• Tip outside diameter: 0.009 inch
• Jointless

• Tip load: 9.0 g
• Radiopacity length: 20 cm
• Outside diameter: 0.014 inch
• Tip outside diameter: 0.009 inch
• Jointless

• Tip load:12.0 g
• Radiopacity length: 20 cm
• Outside diameter: 0.014 inch
• Tip outside diameter: 0.009 inch
• Jointless

Straight tip Tapered tip

ASAHI MIRACLEBROS™ 4.5

ASAHI MIRACLEBROS™ 6

ASAHI MIRACLEBROS™ 12

ASAHI MIRACLEBROS™ 3

19.9-cm hydrophobic coating

19.9-cm hydrophobic coating

ASAHI CONFIANZA™ 9

ASAHI CONFIANZA PRO™ 9*

ASAHI CONFIANZA PRO™ 12*

Increasing support
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the success rates ranged from 81%
(incomplete microchannel) to 100%
(microchannel with distal filling) [20].
Another series comparing multiple tech-
niques underscored the improved reca-
nalization success with the use of
tapered-tip wires (a positive predictor of
success, p = 0.002) [21]. 

Which wire to choose is a difficult
question with no straightforward answer.
Our practice is to go from the light to the
heavy, always starting with a soft tip,
changing to harder and stiffer wire if the
lighter and softer wires do not work. For
occlusions that are less than 6 months old,
an intermediate wire will usually work.
The Miracle Bro 3g (Asahi) has excellent
torquability and will often be a good
choice. For harder lesions, older than
6 months, wires with harder tips will
often be needed. 

Parallel wire techniques
In cases that a wire is repeatedly
advanced into the wrong plane, it can be
left in place (subintimal) as a marker of
the incorrect path, while a new wire is
used and directed to the proper exit
point (FIGURE 3). In a modification of this
technique, the ‘seesaw wiring method’,
the parallel wires are used using two sup-
port catheters (such as over the wire bal-
loon or transit catheter [Cordis, Johnson
& Johnson]). This enables alternate use
of the wires, easily alternating their roles
as ‘marking wire’ and ‘advancing wire’
through the occluded segment.

Re-entry: the STAR technique
A promising but potentially treacherous
wire-based technique is using the ‘re-entry’ subintimal track-
ing (STAR) approach. This approach is similar to the one
utilized in treating peripheral artery occlusions, with the aim
of creating a subintimal dissection with distal re-entry. A
0.014' hydrophilic wire with a J-configuration is utilized for
this purpose. The hydrophilic wire is pushed through the
subintimal dissection plane. When pushed distal to the
occlusion, the J tip is directed towards the true lumen,
attempting to re-enter. In a report of 31 patients with CTO,
most of them with a previous failed attempt, recanalization
with this technique was successful in 21 patients [22]. How-
ever, it carries a higher potential for perforation than most
others. In patients that previously had the STAR technique
applied and the artery reoccluded, it is very difficult to get
into the true lumen. 

Retrograde wire technique
An exciting new wire-based approach has recently been intro-
duced in Japan and is gaining increasing popularity by top of
the line operators [23,24]. This is the retrograde approach
(FIGURE 3). When antegrade crossing of a CTO fails, the retro-
grade approach may be considered. In this technique, the oper-
ator generally utilizes transeptal from left to right or right to
left collaterals, as demonstrated by bilateral injection angiogra-
phy, and subselective injection. The selection of the guiding
catheter should be thoughtful: a supportive (at least 7 F) short
guide (85–90 cm) should be used to enable longer coronary
segment to pass through. A hydrophilic soft wire, supported by
1.25–1.5 mm over the wire balloon, is advanced through the
collateral for the retrograde approach to CTO. Frequently, a
gentle dilatation of the septal branch with the balloon is

Figure 3. A 76-year-old man with exertional shortness of breath was found to have triple vessel 
disease, he refused to have coronary artery bypass graft surgery. The left anterior descending and 
chronic total occlusion (CTO) of the left circumflex were stented in the first procedure, and the right 
coronary artery occlusion staged. (A) Despite multiple orthogonal views, no dimple was found to reveal the 
entrance point of the occlusion. The conal branch takes off at this CTO. (B) An 8 F JR 4 with side holes was 
used to enable multiple devices and support. A floppy wire (Prowater, Abbott) was placed in the conal 
branch and a pull-back intravascular ultrasound interrogation was done to demonstrate the exact entry 
point. A miracle 3 (Asahi) wire was manipulated to the identified point of entry and exchanged with stiffer 
wires (Miracle 6 and 12, Asahi), using the parallel-wire methods, but without success. (C) A 7 F EBU guiding 
catheter (Medtronic) angiographically demonstrated multiple septal branches that connect directly to the 
posterior descending artery. The widest and most straight branch was selected for retrograde wiring. A 
Ryujin wire (Terumo) was directed to this branch, using a 1.5 X 15 mm Maverick® 2 balloon (Boston 
Scientific) that followed the wire as it was advanced. (D) The wire was advanced to the distal cup and the 
proximal stiff wire was advanced antegrade. Stenting the right coronary artery resulted in excellent 
angiographic result.

A B

C D



Weisz & Moses

236 Expert Rev. Cardiovasc. Ther. 5(2), (2007)

needed to facilitate the further delivery of the support balloon.
After advancing the supporting balloon close to the occlusion,
the wire can be exchanged to one with a stiffer tip to cross the
occlusion. In some cases, especially in those when the ante-
grade wire went into a false lumen, a retrograde wire can be
used to give an idea about the location of the true lumen, thus
helping the operator to correctly direct forward the antegrade
wire, or further subintimal retrograde dilatation (CART) can
be performed to widen the target for the antegrade wire.

Laser technology
In the previous decade, laser-based wire technology attracted
interest. This 0.018¨ guidewire technology has made use of the
unique debulking properties of excimer laser light. Despite an
initial report that suggested its feasibility and safety [25–27], the

Total Occlusion Trial with Angioplasty by
using a Laser wire (TOTAL) study dem-
onstrated no superiority of this technique
over conventional (and, by today’s stand-
ards, inferior) wire-based technology [28].
However, in cases where the stenosis has
been crossed with a guidewire, which a
balloon cannot cross, the laser-based cath-
eter can be used for initial debulking. In
contrast to rotational atherectomy, the use
of an excimer laser does not require wire
exchange and can be used with high
power (80 J/80 Hz), crossing the lesion
and creating a lumen that enables the
delivery of balloons and stents. The
point 9 X-80 catheter (Spectranetics Cor-
poration, CO, USA) can cross even heav-
ily calcified lesions. The point 7 is also
available soon.

Other mechanical devices
Frontrunner
A second-line device to attempt recanali-
zation of CTO is the Frontrunner
(LuMed, Cordis, Johnson & Johnson)
(FIGURE 4). It is usually used when the wire-
based attempts have been exhausted and
have failed [29]. This device is designed to
create intra-luminal blunt microdissection
to facilitate penetration of the fibrous cap.
The Frontrunner catheter is steered and
delivered through the coronary artery, just
proximal to the occlusion, so the blunt tip
engages the proximal cap of the CTO.
The actuation of jaws on the distal end of
a 0.039” diameter catheter creates a
2.3 mm excursion that separates tissue
planes within the occluded segment. The
tip is pushed forward gently to displace
the plaque and remote opening of the

small forceps separates atherosclerotic plaque in various tissue
planes by inducing a blunt dissection. Repetitive opening and
steering of the catheter creates a microchannel through the
occlusion, facilitating the placement of a guide wire across the
occlusion. The blunt dissection strategy takes advantage of the
elastic properties of the adventitia, as compared with the inelas-
tic characteristics of the fibroblastic plaque, to create the frac-
ture planes. This device may have a special role in refractory
in-stent CTO, wherein the stent serves to confine the device as
it passes through the occlusion. Currently, this device is used
rarely in de novo coronary occlusions and is almost exclusively
used in peripheral interventions.

In single-center experiences of patients with CTOs, in which
most of them have prior failure to recanalize the occlusion, the
use of the Frontrunner device helped to achieve successful

Figure 4. The Frontrunner® (LuMed, Cordis, Johnson & Johnson).  Facilitates placement of a 
conventional guide wire across stenotic lesions or chronic total occlusions in the peripheral vasculature by 
creating a pathway through the occluded vessel via blunt microdissection.

Close Open

Open
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recanalization in 42–77% of patients [30,31]. In a registry of
107 patients, the company reports 56% success in previously
failed CTOs and the perforation rate was 1.9%.

Tornus
The Tornus device (Asahi, Japan) is a catheter made of eight
stainless steel strands woven together to enhance flexibility
and strength in exchanging wires, delivering balloons and
providing support for CTO procedures (FIGURE 5). It is used
after a wire has crossed a chronic occlusion, when a balloon
will not cross. The Tornus is advanced into the CTO by up
to 20 counter-clockwise rotations without strong back-up
support once the tip is encroached. The device can make a
smooth channel without dissection, allowing for passage of a

low-profile balloon [32,33]. In addition, it can also be
‘screwed in’ to an occlusion to provide excellent backup for
guidewire crossing.

Ablative technology
Safe-Cross
The Safe-Cross system (Kensey Nash) has further extended the
platform of wire-based technology. This system uses forward-
looking optical coherence reflectometry (OCR) coupled with a
RF energy light transmission through an optical fiber within a
0.014” guide wire. The back-scattered light (reflection time
and intensity) from tissue in front of the guide wire is measured
and an algorithm analyzes the back-scattered light to identify
the interface between normal arterial wall and diseased plaques.
A visible and audible signal warns the operator when the tip
approaches within 1 mm of the outer vessel wall, allowing the
operator to redirect the wire before dissecting or perforating
(FIGURE 6). The Safe-Cross RF system combines OCR technol-
ogy with a controlled RF energy that the operator can discharge
through the wire tip when he gets an OCR ‘green’ signal, that
is, the tip of the wire is facing an intraluminal plaque and not
the vessel wall. Delivery of a train of RF energy pulses can facil-
itate crossing hard fibrotic material within the occluded vessel,
minimizing the risk of perforation. The early RF wire, as devel-
oped by Hara and Heuser, also formed the basis of Stereotaxis
application of RF energy. 

Recent evaluations in both coronary and peripheral inter-
ventions have demonstrated the potential of this technology,
particularly following guidewire failures [34]. 

The Guided Radio Frequency Energy Ablation of Total
Occlusions Registry was a prospective, nonrandomized, multi-
center registry that enrolled 116 patients who had long-term

Figure 5. The Tornus device (Asahi, Japan) is a catheter made of eight 
stainless steel strands woven together to enhance flexibility and 
strength in exchanging wires, delivering balloons, and providing support 
for chronic total occlusion procedures.  

ASAHI Tornus™ 2.1 F

ASAHI Tornus™ 2.6 F

Figure 6. The Safe-Cross system (Kensey Nash) uses forward-looking optical coherence reflectometry and light transmission through an optical fiber 
within a 0.014” guide wire.  The back-scattered light (reflection time and intensity) from tissue in front of the guide wire is measured and an algorithm analyzes 
the back-scattered light to identify the interface between normal arterial wall and diseased plaques. A visible and audible signal warns the operator when the tip 
approaches within 1 mm of the outer vessel wall, allowing the operator to redirect the wire before dissecting or perforating.
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coronary total occlusions and in whom a greater than 10-min
good-faith attempt to cross the occlusion using conventional
guidewires had failed [35]. Device success was achieved in 63 out
of 116 patients (54.3%). Clinical perforation occurred in 2.6%
of patients; of these, perforation in only one patient (0.9%) was
adjudicated to be related directly to the Safe-Cross RF wire
rather than to the stiff and/or hydrophilic wires used after an
inability to advance with the Safe-Cross. Based on these
encouraging data, the device has been approved in Europe and
was granted 510K clearance by the US FDA in January 2004. 

Vibration & ultrasound 
Another novel ablative strategy is the use of vibration energy.
The tip of the CROSSER catheter (FlowCardia, CA, USA)
mechanically vibrates against the face of the CTO at
20,000 cycles per second (20 kHz) at a stroke depth of approx-
imately 20 µm. This high frequency, low amplitude longitudi-
nal stroke pulverizes the CTO by mechanical impact, creating a
channel through the CTO. In addition, high-frequency vibra-
tion can create vapor-filled microbubbles in the fluid (blood
and saline) at the tip of the CROSSER catheter. As the
CROSSER catheter is activated, these microbubbles expand
and implode, producing liquid jets that can break the molecu-
lar bonds and erode the solid surface of the CTO. The vibrat-
ing energy is transmitted to the catheter from a generator that
converts AC line power into a high frequency current. Initial
reports from Europe have demonstrated the safety and feasibil-
ity of this system [32,36,37]. In the pivotal US study, Flowcardia’s
Approach to Chronic Total Occlusion Recanalization (FAC-
TOR), the use of this device was successful in 76 out of 125
(61%) patients with ‘wire refractory CTO’. 

Nonmechanical (biological) approach
The nonmechanical (biological) approach to treat CTO is
based on the concept of altering the composition of the occlu-
sion to improve success rates. It was tried first with prolonged
infusions of the plasminogen activator urokinase to reduce the

clot component of the occlusion sufficiently to facilitate pas-
sage of the guidewire across the occlusion [38]. The activation of
proteolytic enzymes by plasmin may also contribute to its activ-
ity [39]. In a series of 85 patients who underwent unsuccessful
PCI, procedures of CTO (more than 3-months duration) had a
repeat attempt of recanalization with the use of preprocedural
intracoronary fibrin-specific lytic infusion. Patients received a
weight-adjusted dose of either alteplase (tPA) or tenecteplase
for a total of 8 h. The total dose of intracoronary lytics (ICL)
therapy infused was split between the guiding catheter and an
intracoronary infusion catheter. The procedure was successful
in 46 out of 85 cases (54%) [40]. 

Collagenase, or tissue-type matrix metalloproteinase
(MMP)-1 could be advantageous in the setting of CTOs by
altering the composition of the occluding plaques to make
them more amenable to crossing with conventional guidewires.
Strauss has shown initial success in using collagenase in a rabbit
model of CTO [41,42].

Drug-eluting stents
With the introduction of coronary stents, multiple randomized
trials have demonstrated that stents are superior to plain balloon
angioplasty in CTO intervention in terms of angiographic reste-
nosis. Overall, the rate of angiographic restenosis with bare metal
stents for CTOs has been reported to vary from 32 to 55% [43]. 

Since the introduction of drug-eluting stents into the USA,
there has been a dramatic change in the interventional treatment
paradigm, such that greater than 90% of current patients receive
drug-eluting stents during PCI procedures. Studies examining
angiographic, intravascular ultrasound and clinical end points
have demonstrated safety and efficacy of these devices during the
first year after therapy. Several registries have reported high suc-
cess rates with drug-eluting stents, with significant lower rates of
restenosis, need for repeat revascularization and long-term car-
diac adverse events (major adverse coronary event [MACE]),
when compared with parallel or historical registries of bare-metal
stents [44–51]. These studies are summarized in TABLE 1. 

Table 1. Registries of drug-eluting stents after successful recanalization of chronic total occlusion. 

Trial Patients (n)  DES Length of follow-up
(month)

TVR MACE Ref.

Research 56  Cypher 6 3.6 3.6 [44]

Werner 82  Taxus 12 10.0 13.3 [45,46]

Nakamura 60  Cypher 12 3.0 3.0 [47]

Ge 122  Cypher 6 9.0 16.4 [48]

SITCO 25  Cypher 6 12.0 4.0 [49]

Jang 26  Taxus 14.2 [50]

Jang 107  Cypher 4.2 [50]

Migliorini 104 Unknown 6 7.6 9.8 [51]

DES: Drug-eluting stent; MACE: Major adverse coronary event; TVR: Target vessel revascularization.



New approaches for coronary CTO

www.future-drugs.com 239

In a recent prospective, randomized, single-blind, two-center
trial, in patients with total coronary occlusions, use of the
sirolimus-eluting stents are superior to the bare metal stents
[52]. A total of 200 patients with total coronary occlusions were
randomly assigned to receive bare metal Bx Velocity® stents
and or Cypher® stents. The Cypher stent group showed a sig-
nificantly lower rate of in-stent binary restenosis (7 vs 36%;
p < 0.001) and a lower rate of target lesion revascularization
(4 vs 19%; p < 0.001).

A nonrandomized study from South Korea compared the
clinical and angiographic effectiveness of Cypher and Taxus®

stents (n = 136) and showed more favorable results regarding
restenosis and clinical outcomes with the Cypher stent [50]. At
6-month angiographic follow-up, the restenosis rate was sig-
nificantly higher in the Taxus group (28.6 vs 9.4%;
p = 0.020). At 1-year follow-up, the MACE-free survival rate
was also significantly higher in the cypher group (95.8% vs
85.8%; p = 0.049). Thus, in this nonrandomized report, the
implantation of Cypher stent in the treatment of CTO lesions
showed more favorable results regarding restenosis and clinical
outcomes compared with taxus stent implantation.

Expert commentary
With advances in imaging, experience and emerging new
devices, experienced operators are able to recanalize and treat
the majority of occluded coronary arteries. Learning and mas-
tering the skills to recanalize CTO is an advanced stage proce-
dure that is left for the experienced operator. The variety of
CTO cases is wide and special expertise is needed to differen-
tiate between different anatomic situations, selecting the

appropriate devices, being able to change strategies as cases
progress, and maintaining safety – avoiding and taking care of
potential complications. 

The experienced operator selects the guiding catheter that
will give him the best combination of optimal back-up support
and delivering wires and devices. The first step in attempting
recanalization of a CTO is to use wires. Our practice is to go
from the light to the heavy, always starting with a soft tip,
changing to harder and stiffer wire if the lighter and softer
wires do not work. If this strategy fails, the experienced opera-
tor may use more complex wire-based techniques, such as the
retrograde approach or STAR or new energy delivery devices,
such as the Safe-Cross or the FlowCardia. When the occlusion
is not crossed, the experienced operator has to make the timely
decision of when to abort the procedure before risking the
development of complications in the patient.

Five-year view
The introduction during recent years of enhanced guidewires,
combined with increasing operator experience, has significantly
reduced the number of CTOs that should now be considered
unapproachable. Over the next 5 years, more studies will be
conducted to evaluate which specific groups of patients benefit
most from treatment of CTO and what are the predictive fac-
tors for success. With the continuous development of imaging
techniques and their utilization in the process, operators will
have better understanding and planning of the procedure. We
expect the success rates for otherwise refractory CTOs to con-
tinue to improve with the development and validation of new
guidewires, support devices and active energy-source catheters. 

Key issues

• Percutaneous recanalization and treatment of chronic total occlusion (CTO) is a challenging target, requiring expertise, diversity of 
techniques and devices.

• Emerging imaging technologies, such as computerized tomographic angiography, may support better planning of the procedure 
and aid as a platform for supplementary technologies, such as radiofrequency ablation.

• Guidewires are still the most used technology to recanalize CTOs.

• Active energy source catheters that conquer the CTO by vibration or radiofrequency energy were approved recently by the US FDA 
for the treatment of CTO.

• Drug-eluting stents have significantly reduced the rate of in-stent restenosis and the need for recurrent procedures.
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