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EXECUTIVE SUMMARY

Although recent consensus has clearly defined chronic total occlusions (CTO),
prevalence remains unclear and attempted percutaneous coronary intervention (PCI) remains
low. Histopathologically, CTOs are characterized by fibrous caps, varying degrees of “soft” and
“hard” plaque, and neovascularization, with the latter two increasing with the age of the CTO.
Multiple registries show that successful PCI of CTOs can improve symptoms, left ventricular
function, and mortality. Drug eluting stents significantly improve long term outcomes in CTOs
compared with bare metal stents. Novel techniques have greatly enhanced procedural success,
and include “parallel” and “seesaw” wire techniques, balloon anchoring, subintimal tracking and
reentry (STAR), retrograde approach, contralateral injection, and intravascular ultrasound
guidance. Improvements in wire technology have largely been responsible for improved
procedural success in PCI of CTO, while application of new technologies hold promise to
significantly better outcomes. Magnetic resonance and computed tomography simaging are
already employed in formulating treatment strategies and their role in the treatment of CTOs is
likely to increase.
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Introduction

Recent consensus has defined a chronic total occlusion (CTO) as a lesion of at least 3
months duration with thrombolysis in myocardial infarction (TIMI) grade O or 1 flow (1). Data
regarding the occurrence of CTOs remains somewhat limited; Kahn et al. found the prevalence
to be almost one-third of all patients referred for angiography (2). Attempts at CTO
revascularization represent a small portion (8-15%) of all PCIs (3-6). While procedural success
rates between 55% and 90% have been reported (7,8), the presence of a CTO is often cited as a
reason for medical or surgical management of coronary artery disease (CAD). For example, in
the Bypass Angioplasty Revascularization Investigation (BARI) trial, 68% of patients ineligible
for percutaneous revascularization had one or more CTOs (3).

Most CTOs are not completely occluded when examined under the microscope (9). They
are characterized by a mix of luminal plaque, thrombin, fibrin, inflammatory cells (in the intima,
media, and adventitia), and neovascular channels. The plaque is composed of a collagen rich
extracellular matrix, intra and extracellular lipids, smooth muscle cells, and calcium. The
proximal and distal caps have higher concentrations of collagen and calcium (fibrocalcific) while
the composition of the core correlates with CTO age. Older CTOs have higher concentrations of
fibrocalcific material (“hard plaque”), while CTOs present for less than 1 year have more
cholesterol clefts and foam cells among less fibrous material (“soft plaque™). This may, in part,
explain the greater success in crossing these younger CTOs. Neovascularization starts early and
increases with time. Studies suggest that there is inwardly directed neovascular channel growth
from the vaso vasorum of the adventitia (9,10). Large (> 250 pum) neovascular channels in the
plaque and adventitia of CTOs older than 1 year may represent bridging collaterals, which have
been associated with lower procedural success rates (9, 11,12). However, with better equipment
and increased operator experience, this association may have to be re-evaluated.

Percutaneous Coronary Intervention of CTOs

While no prospective, randomized, controlled trials of PCI vs. medical or surgical
treatment of CTOs have been conducted, multiple retrospective studies have shown the potential
benefit of PCI. Successful treatment improves anginal symptoms, exercise tolerance, and left
ventricular function (13). In addition, it lessens the incidence of major adverse cardiovascular
events (MACE), including mortality, when compared to patients in whom the procedure failed
(14-16). In their 20 year retrospective study, Suero et al.(14) found that compared with an
unsuccessful recanalization attempt, successful PCI of a CTO reduces MACE by 2.2% (3.2% vs.
5.4%; p = 0.023) and offers a 10-year absolute survival benefit of 8.5% (73.5% vs. 65.1%; p =
0.001). The prospective Total Occlusion Angioplasty Study (TOAST-GISE) showed that
revascularization of a CTO is associated with a 6.1% absolute risk reduction of cardiac death or
myocardial infarction (MI) (1.1% vs. 7.2%; p = 0.005), as well as with significant reductions in
angina and the need for bypass surgery at 1-year follow-up (16).

Use of Drug-Eluting Stents for CTOs

While most PCI failures are due to an inability to cross the lesion, failure of patency after
successful angioplasty has also been a common and discouraging complication. Restenosis and
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reocclusion rates (at 6-9 month angiographic follow-up) have traditionally been very high in
CTOs treated with angioplasty alone (33-74% and 7-34%, respectively), and the use of bare
metal stenting (BMS) brought only moderate improvement (22%-55% and 2%-16%,
respectively) (7).

Since the advent of drug-eluting stents (DES), multiple registries and case series have
demonstrated significantly lower restenosis, reocclusion, and revascularization rates with both
sirolimus- and paclitaxel-eluting stents (17,18). Recently, the first prospective, randomized data
demonstrating the superiority of DES to BMS in the treatment of CTOs was reported. The
Primary Stenting of Occluded Native Coronary Arteries (PRISON II) study randomized 200
patients with a CTO to receive a bare metal Bx Velocity™ stent or a sirolimus-eluting Cypher®
stent (Cordis, Miami Lakes, FL) (19). Significant reductions in all angiographic and most clinical
outcomes were reported at 6-month follow-up, including MACE (20% vs. 4%; p < 0.001), in-
stent late loss (1.09 mm vs. 0.05 mm; p < 0.0001) and reocclusion (13% vs. 4%; p < 0.04).

Novel PCI Techniques in CTO

In an attempt to improve success rates, multiple novel PCI techniques have been
developed (Table 1 and Figure 1). The parallel wire technique leaves the initial wire in place if it
passes into a dissection plane, using it as a reference point to assist in passing a second wire
through the true lumen. The seesaw technique uses two wires supported by microcatheters to
probe the lesion for the true lumen. Balloon anchoring makes use of a balloon placed in a side-
branch vessel to provide increased support for wire passage (20). The subintimal tracking and
reentry (STAR) technigue involves passage of the CTO via subintimal dissection with
subsequent distal lumen reentry. This technique, which has been associated with a reintervention
rate of 52.4%, is used when attempts to recanalize the true lumen have failed (21). The
retrograde approach makes use of collaterals by which the lesion is approached in a distal to
proximal manner. A robust collateral system is generally required. This technique is supported
by contralateral injection, which is also frequently used to assist in guiding antegrade
approaches (Figure 1). Finally, intravascular ultrasound (IVUS) can be employed to distinguish
the true from false lumen by looking for side branches and by evaluating the position of the
guide wire within the vessel.

Novel PCI technologies in CTO

Up to 90% of aborted attempts to open a CTO are due to inability to pass the wire. As a
consequence, the majority of innovation has been directed at improving CTO crossing.

Guidewires. Newer initiatives have focused on improvement of wire technology (Table
2). Wires may be thought of as “coated” or “uncoated,” with the coating being a hydrophilic
polymer. Hydrophilic wires move more easily through soft tissue, providing improved
maneuverability in tortuous vessels and around sharp bends. However, the hydrophilicity also
makes it easier to pass into false lumens or small side branches, which increase the risk of
perforation. Much engineering has gone into improving the torgue capabilities, making newer
guidewires more responsive. In addition, guidewire tips are available in varying weights with
increasing power to penetrate more fibrocalcific tissue. Other wires have tapered tips, which can
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selectively penetrate microchannels and facilitate penetration of fibrous caps. The Steer-It™
(Cordis, Miami Lakes, FL) deflecting tip guidewire makes it possible to change the guidewire tip
angle and thereby improve the chances of engaging difficult take-off angles, negotiating around
tortuous bends, and steering away from dissection planes. In contrast to other tip deflection
systems, the Steer-It provides bi-directional deflection capability, improved ergonomics, and
longer in vivo deflection sustainability; however, this device is not yet approved for use in
CTOs.

Adjunct Devices. Earlier adjunct catheter technology to treat CTOs, including ball-tipped
guidewires, laser ablation, and vibrational ultrasound, demonstrated no significant improvement
in procedural success and had higher complication rates. The Tornus® catheter (Asahi Intec,
Japan) is a novel over-the-wire stainless steel penetration catheter designed to provide greater
support and assist with penetration of the CTO (Figure 2). It is constructed of eight individual
0.007-inch wires stranded together to form the catheter, with a silicone coating on the inner and
outer surfaces and a tapered tip. The device works via a screw-like mechanism through
counterclockwise rotation. The Venture™ Wire Control Catheter (St. Jude Medical, Inc, St. Paul,
MN) is a support catheter that also provides steering control through a deflectable tip (Figure 3).
This enhances the ability to engage tortuous lesions or acute angle take-off lesions common in
CTOs. Limitations include the 0.0175-inch internal diameter, which results in a low clearance for
wire manipulation, the inability to change the guidewire tip angle when used with a stiffer wire,
and the large profile of the device. The Crosser™ system (FlowCardia, Inc., Sunnyvale, CA)
uses high-frequency vibrational energy (20 kHz ultrasound) transmitted through the tip of the
catheter to facilitate mechanical recanalization (Figure 4). This system has a lower profile and is
more deliverable than its predecessors. It is currently under clinical investigation.

Lumen Reentry Devices employ different technologies to return guidewires into the true
lumen after they have created a dissection plane. The Pioneer® catheter (Medtronic,
Minneapolis, MN) uses ultrasound guidance while the Outback® re-entry catheter (LuMend,
Picataway, NJ) uses standard fluoroscopy. The Frontrunner® XP CTO Catheter (LuMend,
Picataway, NJ) is a manually operated device that uses a hinged tip to spread tissue by blunt
microdissection (22). It is supported by a probing and recanalization catheter. In pilot studies, the
device showed success in penetrating refractory lesions (23). However, there are concerns
regarding increased risk of perforation, particularly when navigating tortuous vessels. This
technology is targeted for use in peripheral arterial applications and may also have a niche role
for refractory in-stent CTOs (24).

Biological Agents. To modify plaque composition, biological agents have been evaluated
in several studies. Small studies using intracoronary urokinase or tissue plasminogen activator
infusion followed by angioplasty reported success ranging from 53% to 94%, but with increased
bleeding complications, primarily at the entry site (25,26). A more recent study using pre-
interventional intracoronary infusion of alteplase or tenecteplase showed a procedural success
rate of 54% in CTOs in which previous crossing attempts had failed (27). The use of collagenase
has shown promise in facilitating wire passage of CTOs in rabbit models, improving success
rates by 33% in one study and facilitating passage in 100% in another (28,29).
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Other new technologies in development that could be applied to the treatment of CTOs
include remotely-guided, three dimensional magnetic navigation systems (stereotaxis), forward
looking ultrasound, percutaneous in-situ coronary artery bypass, and percutaneous in-situ
coronary venous arterialization (30).

Use of Non-invasive Imaging for CTOs

The heightened sensitivity and specificity of magnetic resonance imaging (MRI) has
improved viability assessment, crucial in patient selection. MRI can also provide delineation of
lesion pathways. Multi-detector cardiac computed tomography (CT) is being used to define
lesion characteristics and to predict outcomes. In one study, lesion length and calcification
identified on 16-slice CT were shown to be independent predictors of PCI outcome (11).
Ongoing studies will evaluate the use of 64-slice CT in CTO assessment, and the next generation
of scanners (256-slice) is on the horizon.

Conclusions

Progress in the treatment of CTOs has been much like attempts to cross the lesions
themselves: slow, with promising beginnings sometimes leading to dead ends and with progress
coming over time through the use of ingenuity and perseverance. Suboptimal durability of vessel
patency after successful recanalization has been largely solved by the use of DES. Most
innovation has focused on the most difficult part of CTO revascularization, i.e., crossing the
lesion. While some promising ingenuity culminated in failed devices, dedicated engineering has
led to the development of an armamentarium of specialized guidewires, support catheters, and
adjunct devices. Still, there is much progress to be made. One could envision the future treatment
of CTOs involving stereotactic wire tip manipulation with intravascular guidance and virtual
lesion histology provided by forward looking ultrasound.
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