Perspective

Interventional

Cardiology

Technical and procedural advances in
percutaneous coronary intervention for
chronic total occlusion

Chronic total occlusions (CTO) are the most challenging lesions to treat using coronary
angioplasty. The benefits of CTO coronary intervention (PCl) are symptom relief, and
improved left ventricular function and long-term prognosis of the patient. In recent
years, interventional cardiologists in Japan have made a great contribution to the
progress of CTO PCl. Innovative techniques, including the retrograde approach, are
hot topics in the CTO field. After initial reports of retrograde cases, important changes
have occurred that resulted in faster and more successful procedures. Strategies for
treating CTO are continually evolving and the author’s strategy also continues to
change and progress over time. In this manuscript the author describes the latest
advanced techniques and strategies based on personal experience, summarizing the
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most important literature related to CTO PCI.
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Percutaneous coronary intervention (PCI) for
chronic total occlusion (CTO) is the most
difficult of the percutaneous procedures to
accomplish, with successful recanalization of
CTO representing the ‘ultimate goal’ of PCL
However, there has been considerable progress
in this field over the last decade, especially
during the past few years. The primary success
rate of PCI for CTO has increased by 15-20%
in the past several years to reach approximately
90%. This is primarily due to various new
devices, technical and strategic improvements,
and refinements of procedures for tackling
CTO, which still continue to improve [1-4].
This article provides an overview of the current
state-of-the-art PCI techniques for CTO. The
discussion throughout the manuscript is sepa-
rated under the headings ‘Author perspective’
and ‘Literature review.

Indications & short-term outcome
(literature review)

Coronary CTO is defined as a total occlusion
with complete interruption of antegrade

flow (Thrombolysis In Myocardial Infarc-
tion TIMI flow grade 0) and a duration of
occlusion more than 3 months. The defini-
tion of PCI success has not yet been estab-
lished. Technical success is defined as the
ability to cross the occluded segment with
both a wire and a balloon, and successfully
open the artery; the restoration of antegrade
TIMI flow 2 or 3 and a <30% residual steno-
sis. Procedural success is defined as techni-
cal success with no in-hospital major adverse
cardiac events (MACE). Another paper has
described procedural success as the success-
ful recanalization and dilation of at least
1 CTO/patient with or without stent implan-
tation, residual stenosis of <50%, and TIMI
flow grade >1 [5.6].

Some guidelines define the indications
for performing PCI for CTO. The Ameri-
can Heart Association consensus documents
recommend that percutaneous revascular-
ization of CTO should only be attempted if
the following three conditions are fulfilled:
the occluded vessel is responsible for
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symptomatic ischemia or angina; the myocardial terri-
tory previously perfused by the occluded artery is via-
ble; and the likelihood of success is greater than 60%,
with a low anticipated risk of major complications [7.8].
Conversely, Thompson ez al. [9] found that the out
come of percutaneous revascularization of CTO varied
with the expertise of the interventionist, concluding
that the indications for percutaneous intervention are
dependent on the operators’ skill.

Brilakis described the indications of CTO PCI.
CTO PCI can provide angina relief, improve exercise
tolerance and left ventricular function, improve toler-
ance of a future acute coronary syndrome, reduce the
need for coronary artery bypass graft surgery and pos-
sibly improve survival. Moreover, CTO PCI carries
similar risks to non-CTO PCI 1.

Saito described the indications of PCI for CTO. If
the patients had angina symptoms caused by the CTO
lesions, they were eligible for PCI treatment. CTO
lesions with evidence of partially or completely revers-
ible distal ischemia, even if not any obvious symptoms,
were also considered for PCI. CTO lesions with com-
plete necrosis of the distal myocardium were generally
not eligible for PCI, because such treatment would be
unlikely to make a difference [10].

There is still controversy regarding the clinical
value of percutaneous revascularization of CTO. Some
authors have questioned its usefulness because of the
chronicity of occlusion or the lack of improvement
in survival after successful revascularization; others
have suggested that the procedure is questionable in
the absence of documented myocardial viability. Con-
versely, it has been stated that PCI should be attempted
for CTO if the likelihood of success is moderate or bet-
ter and if the myocardial territory of the occluded vessel

is viable. When considering PCI for CTO, it should be
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Figure 1. Survival curves. Patients who maintained
patency had a higher survival rate than those with
reocclusion (92 vs 64%). Group O: Occluded vessel
group; Group P: Patent vessel group.

noted that differences between interventionists have a
greater influence on the indications than is the case for
PCI of nonoccluded coronary arteries. In other words,
the indications become narrower or broader depending
on the operator’s skill in the case of PCI for CTO.

Patel et al. (11] analyzed the outcomes of attempted
percutaneous revascularization of CTO in a total of
18,063 patients from 65 trials, finding a high initial
success rate of 77%. Successful recanalization was asso-
ciated with a low rate of major complications (death,
CABG and cerebral infarction), while the occurrence
of major complications was reported after failed recan-
alization, probably due to aggressive wiring. The Mul-
ticenter CTO Registry Japan (J-CTO) trial group [12]
developed the J-CTO score based on lesion length,
extent of calcification, angle, retry and occlusion mor-
phology, and concluded that the probability of primary
success can be predicted by analyzing the complexity
of the occlusion via the antegrade approach.

Intravascular ultrasound (IVUS) and multislice com-
puted tomography (MSCT) are useful adjuncts to cor-
onary angiography (CAG). When employing the ante-
grade approach, an IVUS probe can be introduced into
a side branch to locate the entry point of a CTO with a
blunt and poorly defined stump (stumpless CTO) [13].
Additionally, an IVUS probe can be introduced into
the space after a guidewire has entered a subintimal
space and can be used to guide another guidewire into
the intimal space (IVUS-guided PCI) [14].

Performing MSCT before PCI can provide valu-
able information about the extent of calcification,
vessel dimensions, lesion length and vascular anat
omy around the lesion. Takimura et al. [15] reported
several successful cases in which MSCT was used to
locate previous stents and to accomplish percutaneous
revascularization of CTO via the retrograde approach.
Rolf et al. 16] reported that the success rate of PCI
for CTO was significantly higher with preprocedural
MSCT than without such assessment (90 vs 63%).

Long-term outcome (literature review)

The author retrospectively analyzed the long-term
outcome of 606 patients (1145 CTO lesions) treated
with PCI at the author’s center between January 1996
and December 2003 [17]. The cumulative survival
rate was significantly higher for patients who main-
tained patency than for those with reocclusion (92
vs 64%); the rate of MACE was also higher in the
group with patency (Figure 1 & 2). Among patients in
whom the myocardial territory previously perfused by
the occluded artery showed little or no viability, the
cumulative survival rate was significantly higher for
those who maintained patency than for those with
reocclusion (88 vs 55%) (Figure 3).
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Joyal et al. 18] confirmed the effectiveness of percu-
taneous revascularization for CTO by performing a
meta-analysis of 13 trials. Patients who underwent PCI
had better outcomes than those not receiving PCI with
respect to the survival rate, incidence of CABG and
improvement of angina. Several studies have shown that
the mortality rate is lower (by 3.8—8.4%) after successful
PCI for CTO than after unsuccessful PCI [19-23]. Even in
patients with left ventricular dysfunction, if available col-
laterals allow procedural success, PCI not only improves
cardiac function but also reduces mortality [24-26].

Approaches to CTO & guiding catheters
(author perspective)
Several important steps need to be taken for success-
ful percutaneous revascularization of CTO. The first
step is to perform appropriate CAG and to properly
interpret the images before the procedure. At least
three different views should be obtained in which the
major branches of interest are visible without over-
lapping. Careful observation should be performed to
determine the pattern and length of the CTO, the
course and branches of the occluded vessel, the vascular
anatomy distal to the CTO and the extent of vascular
calcification. The presence of collateral channels suit-
able for PCI also needs to be determined. Character-
istics of a collateral channel that are checked include
its size, its origin and course, and the entry point of
blood flow from the channel into the occluded vessel
distal to the CTO. Recent increased use of the retro-
grade approach has made it more important to check
for collaterals and to characterize these vessels before
intervention. RAO caudal, RAO cranial and lateral
views must be obtained to delineate septal channels,
which are commonly used as collaterals for the retro-
grade approach. Recently, epicardial channels have also
been used increasingly, including apical, atrial and ipsi-
lateral channels. There are no rules regarding the best
angiographic views to display epicardial channels, so
the optimal views should be chosen on a case-by-case
basis. Important tips for viewing collateral channels are
to adjust the image size to cover the entire course, to
avoid panning while obtaining the image and to use a
sufficient dose of contrast medium to demonstrate col-
lateral flow into the coronary artery distal to the CTO.
The goal of preprocedural imaging is to determine the
vessel from which the collateral arises and the location
where it enters the coronary artery distal to the CTO.
The second important step towards achieving suc-
cessful PCl is to select the optimal PCI system for the
CTO. The guiding catheter should be at least 7 Fr to
ensure sufficient back-up [27]. However, some experi-
enced operators can perform CTO PCI using a smaller
guiding catheter [28]. The 6F transradial approach is
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Figure 2. Major adverse cardiac events-free survival
curves. Patients who maintained patency had a higher
MACE-free survival rate than those with reocclusion.
Group O: Occluded vessel group; Group P: Patent vessel
group.

MACE: Major adverse cardiac event.

associated with a greatly reduced risk of bleeding and
better patient comfort.

Consequently, the use of a bilateral femoral or radial
approach is a matter of operator preference and the
acknowledgment of risks/benefits of both approaches
is important.

To confirm the presence of a collateral channel that
enters the coronary artery distal to the CTO, bilateral
artery puncture should be performed for simultaneous
imaging of the left coronary artery (LCA) and the right
coronary artery (RCA). Supportive guiding catheters
should be used, such as those of the AL type for inser-
tion into the RCA and those of the XB type for the
LCA. However, a supportive guiding catheter tends to
cause injury to the proximal coronary artery because of
deep engagement of its tip; consequently, care should
be taken to avoid this. The author generally employs
a guiding catheter with a side hole to perform PCI for
CTO in order to avoid coronary artery injury by the
catheter tip and pressure damping.

Antegrade approach

Antegrade device

Guidewire selection

Tapered guidewires (author perspective)

Recent efforts to clarify the pathology of CTO have
shown that frequent negative remodeling of the lesion
occurs and that there are fewer microchannels than
was expected [29].

For this reason, the operator should begin with a
soft tipped, tapered hydrophilic wire such as Fielder
XT (Asahi Intec, Japan) in an effort to traverse the
CTO through the microchannels. The advantage of
using a tapered guidewire is that, compared with other
guidewires, a tapered guidewire is less likely to enter a
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Figure 3. Survival and myocardial viability. Even
among patients without viable myocardium, the
survival rate of the group with maintained patency
was significantly better than that of the group with
reocclusion (88 vs 55%).

subintimal space because it is a floppy wire. Another
advantage is that successfully passing it through a
microchannel will considerably shorten the procedural
time. Approximately 10—15 min is the optimal dura-
tion for attempting to cross the CTO with a tapered
guidewire. If the wire cannot pass through a micro-
channel within this period, it should be promptly
exchanged for a different guidewire.

Intermediate guidewires (author perspective)

If the affected artery has bends, tortuous or unsuc-
cessful penetration, the tapered guidewire should be
switched to an intermediate guidewire. The Miracle
3g, 4.5gand 6g guidewires (Asahi Intec, Japan) are rep-
resentative of this type. This guidewire are moderately
high-gram force, nontapered 0.014-inch guidewire.
While the recently introduced Gaia series of guide-
wires (Asahi Intec, Japan) are superior to conventional
wires with regard to tractability. The torque respon-
siveness of the Gaia guidewire has been improved by
changing the tip core to a composite with a double-
core structure. Resistance of a CTO to the guidewire
tip occurs in response to the force required to advance
it through the lesion tissues, resulting in the occur-
rence of deflection. A CTO can be penetrated by the
deflection control method in which such deflection is
used to control the course of the guidewire.

Owing to improved torque performance (1:1), this
novel guidewire series is almost ideal for wiring the
vascular anatomy of a CTO, since these wires allow
active control within the intimal space while advancing
through a CTO without entering a subintimal space.

Stiff guidewires (author perspective)

To reanalyze a CTO in a relatively straight or mini-
mally tortuous artery, the author often directly
exchanges a tapered guidewire for a stiff wire rather

than for an intermediate one because this strategy saves
time and reduces cost. The Conquest (Confienza)
guidewire (Asahi Intec Co., Japan) is a representative
stiff guidewire that has better penetrability than other
guidewires of this class. The Conquest guidewire has
the characteristics of taper tip shape (0.009 inch) and
hydrophilic coating except for the 1-mm distal tip. The
variety of tip weights includes 9, 12 and 20 g. How-
ever, use of the Conquest guidewire is associated with
an increased risk of coronary artery injury, so its selec-
tion should be avoided if the course of the target vessel
is unknown or unpredictable. If the CTO lesion is too
hard to penetrate, the guidewire should be exchanged
for one with a stiffer tip such as the Conquest 12 g or
20 g. Guidewires of the Miracle series are preferable for
crossing a CTO in a bending or tortuous artery.

Microcatheter use & selection (author
perspective)

A microcatheter is used to support the guidewire as it
is advanced precisely through a CTO in the intimal
space, and this catheter stabilizes the guidewire and
thus reduces the risk of entering a subintimal space. A
microcatheter can also be used to straighten a tortuous
and/or kinked coronary artery proximal to the CTO,
thus increasing the guidewire torque until it is nearly 1:1.

Microcatheter

Microcatheters have the advantage of advancing
smoothly through a narrow space in a CTO to pro-
vide good support. Another advantage is greater steer-
ing control of the GW by allowing straightening of the
secondary bend of the wire tip. Microcathters include
Finecross (Terumo Co., Japan), Mizuki (Kaneka Co.,
Japan), Supercross (Vascular Solution, MN, USA) and
Quick cross (Spectrancis Co., CO, USA).

Corsair

The Corsair microcatheter (Asahi Co.) was developed
for use with the retrograde approach. Although it was
originally employed to select a collateral channel for
the retrograde approach, it is also useful as an ante-
grade microcatheter. The Corsair has a 2.7 Fr shaft
composed of eight fine wires and two thicker wires,
while its tapered tip has a hydrophilic coating on the
distal 60 mm. When manipulated with rotation, it can
automatically enter a CTO or collateral channel by a
similar mechanism to that of the Tornus microcath-
eter. Owing to its low-friction coating, the Corsair is
also able to dilate a vessel to its diameter size without
injuring the walls. Regarding its pushability as an ante-
grade microcatheter, the Corsair is slightly inferior to
the Tornus but better than the Finecross. The Corsair
is also more flexible than the Tornus so that it is less
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likely to cause vascular injury even when used in very
fine vessels. When used for the retrograde approach,
the Corsair can pass through a collateral channel more
easily than conventional microcatheters, and makes
it easier to accomplish subsequent procedures. Once
it has entered a channel, the Corsair can be advanced
without much resistance if it is rotated with the right
hand and pushed forward with the left hand. However,
it should be remembered that excessive rotation of the
Corsair may disrupt its shaft [30].

Tornus

The Tornus (Asahi Co.) is a microcatheter with
improved crossability. It has a 2.1 Fr or 2.6 Fr shaft
composed of eight stainless steel wires. Its spiral struc-
ture ensures automatic entry into a CTO when rota-
tional manipulation is performed. The Tornus has the
advantage of being able to dilate a channel leading to
a CTO that is too solid for even a balloon catheter to
enter. Like the Corsair, the Tornus can be disrupted
and become stuck if subjected to excessive rotation.

Over-the-wire balloon

Several over-the-wire (OTW) balloon catheters with
a small diameter and improved performance are cur-
rently available. These catheters can be used as a substi-
tute for a microcatheter. However, the less flexible solid
shaft of the balloon part limits guidewire manipula-
tion in a tortuous artery when an OT'W balloon cath-
eter is used as a substitute for a microcatheter. When
the CTO is in a severely tortuous artery, care should
be taken to maintain the OTW balloon catheter at its
optimal position.

Antegrade technique

Parallel wire technique (author perspective)

The parallel wire technique involves antegrade
advancement of a second wire toward the intimal
space parallel with the first antegrade guidewire that
has entered a subintimal space (Figure 4) 31]. The key
points for successful application of this technique are
to visualize the site at which the first wire appears to be
most parallel with the intimal space and to manipulate
the second wire at the place where the intimal space
is clearly visible on a distal image. Aggressive wiring
will enlarge the subintimal space and lead to compres-
sion of the intimal space so that it becomes harder to
visualize, which will in turn promote distal enlarge-
ment of the subintimal space. To prevent this undesir-
able outcome, the site of entry of the first guidewire
into the subintimal space should be identified at the
most proximal position possible (e.g., proximal to the
midpoint of the CTO) and the parallel wire technique
should be initiated from this site. This technique is

Rotatg|90°

GW put on
same line

Horizontal plane

Figure 4. Theory of the parallel wire technique.
GW: Guidewire.

useful for the antegrade approach if executed properly.
In fact, a technical success rate of 90% was obtained in
the Conquest registry trial [32].

Antegrade re-entry (literature review)

Antegrade re-entry has mostly been attempted in west-
ern countries. Antegrade re-entry is a procedure that
involves intentional creation of RCA dissection and
subsequent returning of the wire to the true lumen from
a distal branch; it was initially reported as the ‘subin-
timal tracking and re-entry (STAR)’ technique [3334].
This has now become unpopular because subsequent
trials showed that intentional dissection was occasion-
ally associated with complications including coronary
artery injury and perforation, as well as a relatively
poor long-term outcome and patency rate [35].

Subsequently, a similar theory was applied to
develop the CrossBoss system (Bridgepoint Co., MN,
USA) [36], which is a metal OT'W microcatheter with
a round tip to prevent vessel exit. This device is rotated
rapidly using a ‘fast spin’ technique and can advance
into CTO. If a subintimal/subadventital position is
required, Stingray balloon and guidewire is performed.
The Stingray balloon is a 1-mm flat balloon with three
exit ports connected to the same guidewire lumen.
When the balloon inflated, one port is oriented to the
lumen and the other toward the adventitia. The sting-
ray guidewire is then used to penetrate to the distal
true lumen from subintimal space.

Studies have reported achieving a success rate of
87% by Wilson ez al. [37]. Outcomes of the CrossBoss
system treating CTO have shown similar vascular
patency rates for PCI employing this system compared
with conventional methods [38]. CTO revasculariza-
tion with this system, which is termed the antegrade
re-entry technique, is currently primarily performed
in the USA. This technique can also be thought of
as the ‘last resort’ because it does not conform to the
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fundamental PCI concept that the wire should remain
in the true lumen as much as possible.

Retrograde approach

The retrograde approach to CTO was initially devel-
oped by Japanese interventional cardiologists [39.40].
This approach is principally employed because of pre-
vious or anticipated failure of the antegrade approach
due to difficulty in locating the entrance of the CTO
or due to the presence of severe calcification.

My experience with the retrograde approach

At the author’s center, the retrograde approach was
first adopted in 2004, and the devices and techniques
for this approach have been refined considerably since
then. The author recently reviewed the outcomes of
retrograde PCI and the procedural changes at their
center over the past 10 years. During the period from
January 2004 (when the retrograde approach was
introduced) to December 2013, 2024 patients under-
went PCI for CTO at this center, with the number of
patients increasing every year. In recent years, approxi-
mately 200-250 patients have been treated annually,
25-30% of whom have a history of prior PCI. With
the increase of re-try cases, the percentage of patients
treated by the retrograde approach has increased to
approximately 30% of all CTO cases (Figure 5). Both
the procedural and guidewire success rates reached
85-90% over the review period, with both success
rates exceeding 90% since 2010 (Figure 6). The most
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common reason for selecting the retrograde approach
was ‘re-try’ (n = 444), and the major collateral channel
used for this approach was a septal branch (n = 410)
(Table 1). The author also analyzed the procedural
details in 602 retrograde patients. Retrograde channel
tracking was successful in 83.2%, of cases with suc-
cessful retrograde CTO wire crossing in 298 patients.
The kissing wire technique (KWT) was attempted in
242 patients and CART technique was combined in
22 patients, while the reverse CART technique was
combined in 98 patients. The Corsair microcatheter
was used in 298 patients and total procedural success
was achieved in 488 patients (81.1%) (Figure 7). Com-
plications related to the retrograde approach included
collateral channel dissection (0.9%), channel perfo-
ration (1.5%), CTO perforation (1.5%) and donor
artery closure (0.7%). However, none of the patients
required surgical intervention (CABG) and there were
no cardiac deaths (Figure 8). The incidence of channel
perforation has been reduced recently, but other com-
plications such as CTO perforation and donor artery
thrombosis still occur occasionally (Figure 9) [41].

Retrograde approach (literature review)

By comparison, the above-mentioned US study [9)
showed that the initial success rate differed between
operators using the retrograde and non-retrograde
approaches, with a high success rate (sometimes
>90%) for retrograde procedures. A recent US registry
study [42] of 1361 CTO patients treated by retrograde
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Figure 5. Number of chronic total occlusions lesions.

Retro: Number of retrograde approach; Retry: Retried cases of percutaneous coronary intervention for chronic
total occlusions; Total: Total number of chronic total occlusions cases.
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Figure 6. Success rate of the retrograde approach to chronic total occlusions.
Proc. success: Procedural success rate; GW success: Guidewire crossing success rate; Retro GW success: Retrograde

guidewire success rate.

PCI also showed favorable outcomes, with a techni-
cal success rate of 85.5%, a procedural success rate
of 84.2%, and a major complication rate of 1.8%.
Similarly, the Euro CTO Club 43] reported success-
ful channel crossing in 80.6% and a procedural suc-
cess rate of 83.6% of cases. In Japan, a retrograde PCI
registry study [44] of 801 patients revealed that techni-
cal and procedural success was achieved in 84.8 and
83.8% of cases, respectively, with the CART technique
being used in 2/3 of successful cases. Another Japa-
nese retrograde PCI registry study [45] of 378 patients
treated at 27 centers also showed favorable outcomes
of retrograde PCI, with successful channel crossing in
81.7% and a procedural success rate of 83.6% cases
(Table 2).

Brilakis et al. (1] systematized PCI for CTO by pro-
posing the following hybrid algorithm: antegrade wire
escalation, antegrade dissection/re-entry, and finally
the retrograde approach. Michael ez al. [49) analyzed
the outcome of intervention for CTO by this hybrid
approach in 73 patients and reported a high technical
success rate of 90.4%. They found that the strategy
leading to success was antegrade wire escalation in
50% of the patients, antegrade dissection/re-entry in
24.2% and the retrograde approach in 25.8%.

For the long-term patency, Muramatsu ez al. [50]
analyzed 12 mon TLR of subintimal stenting is simi-
lar in that of intimal stenting. It suggested subintimal
tracking of reverse CART is acceptable long term
patency.

Collateral channel wiring (author perspective)

The first step towards success with the retrograde
approach is to find a suitable collateral channel. CAG
should be performed to obtain at least two fixed views
that are focused on the available collaterals. A wide and
straight septal channel is most desirable. Some chan-
nels may initially seem to be ideal, but an unexpected
bend or tortuosity can make it difficult for the guide-
wire to cross. Relatively straight collateral channels
are easier to traverse, even if the diameter is not large.
With reference to the classification of collaterals pro-
posed by Werner ez al. [s1], the author classifies septal
channels into the following five groups in the order of
increasing difficulty for tracking: Group I is channels
with a diameter >1 mm and bends <90° 96.8% success;
Group II is channels with a diameter >1 mm and bends

Table 1. Background of retrograde approach.

Types of chronic total occlusions n

Total number 602

Retry 444
Unknown entry 145

Abrupt 22

Diffuse 12

Septal channel 410
Epicardial channel 192

Retry: Retried percutaneous coronary intervention for chronic total
occlusions.
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Figure 7. The retrograde approach to chronic total occlusions.
CART: Controlled antegrade retrograde tracking; CTO: Chronic total occlusion; GW: Guidewire; KWT: Kissing wire
technique; POBA: Plain old balloon angioplasty; rCART: Reverse CART; Suc.: Success.

>90° 86.7% success; Group II1 is channels with a diam-
eter <1 mm and bends <90° 90.4% success; Group IV
is channels with a diameter <1 mm and bends >90°
42.6% success; and Group V is broom-type channels
54.5% success. A broom-type septal channel has mul-
tiple subchannels, each of which is very fine and dif-
ficult to cross, so careful consideration is needed before
trying the retrograde approach with this type of septal
channel (Figure 10). Epicardial channels usually have a

Retrograde (n = 602)
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Complication-related retrograde approach

Figure 8. Complications of the retrograde approach for
chronic total occlusions.

CTO: Chronic total occlusion; Donor A closure: Donor
artery closure; Em CABG: Emergent coronary arterial
bypass surgery.

Adapted from [37].

larger diameter, but are often tortuous. Some collateral
channels have an unexpected origin, which means that
angiograms need to be interpreted carefully. After isolat-
ing a collateral channel with a guidewire, the Finecross
or Corsair microcatheter should be used to track the
channel while tip injection with a 3-ml syringe is per-
formed to confirm the course. Before injecting contrast
medium, it is safer to confirm backflow of blood into
the syringe under negative pressure. For selecting a col-
lateral channel, the Sion guidewire (Asahi Intecc Co.,
Japan) should be the first choice. This guidewire can
be advanced smoothly and safely because of its coated
tip and 0.7-g tip load. The tip of guidewire is coated
with a hydrophilic coating and rope coil technology. It
facilitates good guidewire retention, advanced torque
performance and flexible atraumatic tip.

The Sion Black guidewire (Asahi Intecc Co.) is a
recent addition to the PCI armamentarium that can
be advanced more smoothly and, consequently, it has
become a useful choice for fine channels. This guide-
wire features polymer jacket and slip coating with
rope coil structure of tip make better sliding in the
small channels.

Even fine collaterals can be effectively selected
by using the Fielder XTR guidewire (Asahi Intecc
Co.) which has a polymer jacket coating with a2 0.010
inch tapered tip. While the Suoh guidewire (Asahi
Co.) is used for curved but nonbranching collaterals.
The Suoh guidewire has a light weight of wire tip,
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Figure 9. Chronological changes of complications related for the retrograde approach.
CTO: Chronic total occlusion; Donor emboli.: Donor artery embolism; GW break: Breakage of guidewire.

0.5 g, resulting in less resistance cross for bent point
channel.

The tip of the Sion guidewire can be shaped into a
small curve that may be compatible with the course of
the collateral. If the collateral channel shows marked
curvature, the curve of the guidewire tip should be
altered accordingly.

When tracking a collateral channel, the guidewire
is manipulated in a completely different manner from
that employed to cross a CTO. In brief, the guide-
wire should be rotated gently to straighten the artery
while minimizing forward/backward movement so
that it can be advanced smoothly through the chan-
nel without much friction. Since a single CAG view
is often insufficient to understand the detailed anat-
omy of a tortuous collateral channel, multiple views
(e.g., RAO cranial, RAO caudal and lateral) should

be obtained in combination during collateral channel

tracking to provide precise information about the
vascular anatomy. If resistance to the guidewire is
felt, the anatomy of the target channel should be con-
firmed by obtaining additional angiographic views
to avoid blind wiring and to ensure safe crossing of
the channel. When performing additional angiog-
raphy for this purpose, it is important to withdraw
the microcatheter back to the main trunk in order
to enhance the contrast effect because tip injection
alone often fails to provide sufficient contrast and the
guidewire limits adequate performance of CAG. If
the collateral is a fine channel and the precise anat-
omy has not been confirmed, wiring by blind septal
surfing is sometimes acceptable [52] but this should
not be attempted by beginners and should not be
performed for an epicardial channel.

After a guidewire has passed through the collateral
channel, advancing a microcatheter should be attempred.

Table 2. Comparison of results for retrograde approach.

Author n Retro Success (%) MACE (%) Ref.
Morino 498 156 87.70 2.70 [12]
Yamane 378 378 83.60 0.60 [45]
Kimura 224 224 92.40 1.80 [46)
Sianos 175 175 83.40 4.60 [43]
Galassi 1983 234 82.90 1.60 [47]
Thompson 636 122 69.00 3.45 [9]
Karmpaliotis 462 462 81.40 2.60 [48]
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Figure 10. Classification of septal collateral pathways.
Group |: Channel diameter >1 mm and bends <90°;
Group II: Channel diameter >1 mm and bends >90°;
Group lll: Channel diameter <1 mm and bends <90°;
Group IV: Channel diameter <1 mm and bends >90°;
Group V: Broom type.

The Corsair microcatheter is often the first choice for
this purpose, while the Finecross may be selected ini-
tially for a very tortuous epicardial channel. The Corsair
is sometimes blocked by severe tortuosity of a collateral
and it should be exchanged for the Finecross in such
cases. An alternative method that may also be success-
ful is to exchange it for another Corsair. This is because
the tip of the Corsair is delicate and is quite likely to be
damaged during the procedure or by vascular tortuos-
ity. Insertion and exchange of microcatheters requires
strong support from a retrograde guiding catheter, but
the guiding catheter sometimes deviates from the coro-
nary artery, resulting in destruction of the entire PCI
system. Such problems during microcatheter exchange
can be avoided by using the balloon anchor technique,
in other words, anchoring the guidewire by inflating a
balloon within the guiding catheter.

If the channel cannot be crossed by a microcatheter
after trying all of these strategies, many difficulties will
be encountered subsequently; consequently, it is better
to attempt another channel instead.

Handling the retrograde guidewire after
crossing a collateral channel (literature review)
After a retrograde guidewire has crossed the collateral
channel and reached the lumen of the coronary artery
distal to the CTO, the following four strategies [s3] are
available to achieve CTO wire crossing: direct retro-
grade wiring; the kissing wire technique (KWT); the
controlled antegrade and retrograde tracking (CART)
technique; and the reverse CART technique.

Direct retrograde wiring (author perspective)
The retrograde wire was used to completely cross the
CTO, being advanced upstream from the distal true

lumen, through the CTO and into the proximal true
lumen (Figure 11A).

After the coronary artery lumen distal to the CTO
is reached, a soft guidewire such as the Fielder XT can
be used to attempt direct retrograde crossing of the
CTO. The guidewire can enter the CTO more eas-
ily when it is manipulated retrogradely and may often
cross the lesion directly because the distal fibrous cap
of a CTO is softer than its proximal fibrous cap. If the
Fielder XT guidewire cannot cross the CTO, it should
be exchanged for the Ultimate bros 3 (Asahi Intecc
Co.) or for a Gaia 2nd guidewire. The Ultimate bros
3 guidewire has a long hydrophilic coating except for
the wire tip. It provides better torque response in com-
parison with the Miracle 3g guidewire. If the CTO
is severely calcified, the guidewire is appropriately
exchanged for a Conquest Pro or a Pilot 200 (Abbott
Co.) which are high gram force, nontapered and poly-
mer jacket guidewires. As with the antegrade approach,
active wire control has become the mainstream pro-
cedure, which means that the interventionist aims to
follow the true lumen through the lesion by using a
guidewire with good trackability (e.g., one from the
Gaia series). Crossing the CTO without entering a
subintimal space is important for achieving long-term
patency and for improving the safety of the procedure.

If direct retrograde wiring is successful, the guide-
wire should be led into the antegrade guiding catheter.
If a microcatheter can also be led into the antegrade
guiding catheter, the guidewire can then be exchanged
for a 3-m guidewire RG3 (Asahi Co., Japan) that is
withdrawn from the contralateral femoral sheath to
allow antegrade passage of a balloon catheter (exter-
nalization). If the guidewire is anchored by inflating
a 2.5-mm balloon in the guiding catheter, the micro-
catheter can easily be advanced into the guiding cath-
eter. Caution should be exercised when navigating
the microcatheter (e.g., a Corsair) into the antegrade
guiding catheter as this pulls the antegrade guiding
catheter deeper into the coronary artery. Conversely,
advancing an antegrade device into a CTO or transient
withdrawal of a retrograde microcatheter (e.g., a Cor-
sair) pulls the retrograde guiding catheter deeper into
the coronary artery.

Kissing wire technique (author perspective)

If direct retrograde wiring is impossible or the micro-
catheter fails to cross the collateral channel to reach
the coronary artery lumen distal to the CTO, the ante-
grade guidewire should be manipulated while using
the retrograde wire as a landmark. This is known as
the kissing wire technique (KWT; Figure 11B). The
retrograde guidewire can serve as a good landmark
that allows much better manipulation of the antegrade
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wire. An important tip for success with this technique
is to leave the retrograde guidewire in the intimal space
so that it acts as a landmark. Advancing the antegrade
wire toward the retrograde guidewire can ensure that
the antegrade wire will cross the CTO almost com-
pletely through the intimal space. While attempting
to cross the CTO, two different angiographic views
should be obtained to check the position of the retro-
grade guidewire and to confirm that it meets the ante-
grade guidewire at a single point. If the two guidewires
fail to overlap precisely, one of them may have entered a
subintimal space. Antegrade wiring should be initiated
from a site proximal to the retrograde wire so that the
tips of the two guidewires can meet at a single point.
If the two guidewires are not coaxial, one of them has
probably entered a subintimal space.

Coping with failure of retrograde wiring

The CART technique (literature review)

The traditional CART technique defined as creation
of retrograde subintimal dissection and connects
this with controlled antegrade dissection to enable
the passage of a guidewire into the distal true lumen
(Figure 11C). Since the introduction of the Corsair
microcatheter, the CART technique has become rela-
tively unpopular and the reverse CART technique
has gained wider acceptance instead. If the retrograde
guidewire is blocked by the CTO, an antegrade guide-
wire should be manipulated while using the retrograde
wire as a landmark. If the two guidewires come to
overlap within the subintimal space, the CART tech-
nique can be tried. Kimura ¢z a/. [46] analyzed a CART
registry and reported a favorable outcome of treating
CTO by this technique, with a wire success rate of
87.9%, procedural success rate of 92.4% and MACE
rate of 1.8%.

The reverse CART technique (literature review)

If direct retrograde wiring and the KWT are imprac-
ticable, the reverse CART technique should be con-
sidered.

Reverse CART is defined as the antegrade guidewire
being introduced into the CTO segment. The antegrade
balloon dilation is performed either inside the vessel or
in the subintimal space to create intimal and medial
disruption. Following this, the antegrade subintimal
space can be automatically connected with the retro-
grade subintimal space if the retrograde wire has already
created the subintimal dissection (Figure 11D).

Thanks to the Corsair microcatheter, the reverse
CART technique has recently become more widely
accepted than the CART technique because of its
technical simplicity and safety (4. The first step is
antegrade insertion of an IVUS catheter, which is used

to determine whether the antegrade and retrograde
guidewires have entered the intimal or subintimal
space [55]. If both guidewires are obstructed in the inti-
mal space or within the subintimal space, the reverse
CART technique can be accomplished easily. How-
ever, if one of the guidewires lies in the intimal space
and the other is located in the subintimal space, the
two wires are separated by the vessel wall and it is often
hard to appose them. Tsujita ez al. [56] reported that
subintimal tracking was significantly more frequent
for retrograde guidewires than antegrade guidewires
(40% vs 9%). To avoid subintimal tracking as far as
possible, following the intimal space with a retrograde
guidewire that has superior trackability (i.e., active
wire control) has recently become the preferred tech-
nique. Even with this strategy, careful and subtle wire
control is recommended, as is required for the KWT.

IfIVUS reveals that one guidewire is within the inti-
mal space and the other lies in a subintimal space, a bal-
loon catheter that is slightly larger than the estimated
vessel diameter obtained by the IVUS should be inserted
antegradely and inflated in an attempt to create a con-
nection between the two spaces. Special techniques can
also be tried, such as the balloon slipping technique (an
attempt to advance the wire immediately after balloon
deflation) and the knuckle wire technique. The balloon
slipping technique is the retrograde guidewire puncture
to the inflated antegrade balloon; consequently, the
wire is inside the balloon chamber. After successfully
puncturing the antegrade balloon and deflating the bal-
loon, it is possible to pull back the balloon simultane-
ously while advancing the retrograde wire.

The advantages of this technique include maintained
enough subintimal space by balloon inflation, allowing
the retrograde wire to push against it and to puncture
it. Additionally, its ability to protect the proximal ves-
sel from retrograde wire damage by using balloon infla-
tion is an advantage (57]. The modified reverse CART
technique is also useful. Sometimes, it is difficult to
perform reverse CART at CTO body, in which the
case is to form a connection by inflating the balloon at
the proximal optimal position [s8].

If the retrograde guidewire crosses the CTO but
fails to reach the entrance of the lesion, the ‘capture’
technique with an antegrade Guideliner (Vascular
Solution Co.) or a child catheter such as a Kokate
(Asahi Co.) may be useful. The use of inner catheter
with the mother in child method inserts into the space
to help to connect the retrograde wire to the antegrade
guidingcatheter.

The stent reverse CART technique (which combines
reverse CART with stenting) involves deploying a stent
withing the antegrade subintimal space to create an
open target for retrograde wire crossing [59].
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Figure 11. Schema of crossing wire retrogradely (see facing page). (A) Direct retrograde wiring: retrograde
guidewire directly can cross chronic total occlusion (CTO) lesion. (B) Kissing wire technique: antegrade guidewire
can cross CTO landmark as retrograde guidewire. (C) Controlled antegrade and retrograde tracking: antegrade
guidewire can cross CTO lesion through the connection which was created by retrograde ballooning. (D) Reverse
controlled antegrade and retrograde tracking: retrograde guidewire can cross CTO lesion through the connection

which was created by antegrade ballooning.

The knuckle wire technique (literature review)

The knuckle wire technique has the same indications
as the reverse CART technique and involves advanc-
ing a guidewire with a knuckled tip into a subintimal
space. This technique is primarily effective when the
retrograde guidewire has become blocked within a
subintimal space. In some cases, knuckled wires are
advanced both antegradely and retrogradely. Polymer
jacket guidewires such as the Fielder XT and Fielder
FC are suitable for the knuckle wire technique. Com-
bining it with the reverse CART technique ensures
adequate enlargement of the subintimal space [60].

Complications of the retrograde approach
(author perspective)

In general, the retrograde approach is associated with
a higher rate of complications than the antegrade
approach [47]. The most common complications of the
retrograde approach are collateral channel dissection
and perforation. However, if a septal channel is used
for this approach, severe complications are uncommon
in the case of channel perforation since it usually results
in bleeding into the ventricle. If channel perforation
causes hemorrhage within the myocardium rather
than the ventricle, a hematoma will gradually enlarge
and it will need to be treated by hemostasis. If an epi-
cardial channel is used for the retrograde approach,
perforation of the channel leads to a risk of pericar-
dial tamponade and must be treated by hemostasis. A
more serious complication is acute obstruction of the
donor artery due to thrombosis or dissection. Acute
donor artery obstruction is a critical situation because
the target artery is already occluded by the CTO. To
prevent this serious complication, the position of the
guiding catheter should be checked frequently to avoid
deep engagement, an 8-Fr guiding catheter should be
selected to accommodate more than one microcath-
eter, and the activated clotting time should be moni-
tored hourly and maintained at 2300 s. If the collateral
channel is too fine and/or tortuous, the guidewire or
catheter may become kinked or may be difficult to
withdraw from the channel. Therefore, it is better to
avoid using channels that are too fine or tortuous.

Complications of the retrograde approach
(literature review)

In general, complications are more frequent with the
retrograde approach than the antegrade approach.

Lo et al. [61] reported a myocardial injury rate of 13.8%
with the retrograde approach versus 6.7% with the
antegrade approach. Karmpaliotis e al. (48] studied
462 patients and reported that complications of PCI
for CTO were relatively infrequent, with the rate of
major complications being 2.6% and the coronary per-
foration rate being 1.3%. However, one patient treated
via the retrograde approach developed a coronary-ven-
tricular fistula that required embolization. The Euro
CTO Club [43) reported complications of the retro-
grade approach in 8.6% of patients, including channel
perforation and hematoma (6.9%). A Japan retrograde
PCI registry study [44] showed that the rates of major
collateral injury and perforation were similar after suc-
cessful and unsuccessful intervention for CTO, but
there was a significantly higher rate of minor collateral
injury after unsuccessful intervention (17.0 vs 7.5%).

Take home messages

As the retrograde approach has become common,
new PCI strategies for CTO have been developed.
With advances in the retrograde approach, achiev-
ing the proper balance between the antegrade and
retrograde approaches has become a key factor in
treatment success. Crossing a CTO using the ante-
grade approach should be attempted appropriately
for a limited time and then efforts should be shifted
to the retrograde approach if there is a possibility of
success. To achieve the correct balance, preopera-
tive images need to be interpreted accurately and a
detailed strategy should be developed by employing
all available means to gain information, including
CT. The key points requiring improvement for the
retrograde approach include the method of appropri-
ately selecting a collateral vessel and procedures for
retrograde penetration of the CTO. It is desirable to
establish comprehensive plans for managing CTO
appropriately by efficient time-saving procedures.

Conclusion

Thanks to the enormous efforts of pioneering inter-
ventional cardiologists, PCI for CTO has become
one of the most advanced medical treatments and
has been shown to improve the long-term survival of
patients with CTO. To help young interventionists
acquire the high level of skill needed for CTO proce-
dures, a systematic curriculum should be developed
that includes education/training programs as well
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as instructions and demonstrations by experienced
interventionists.

Future perspective

It is expected that more generalized and standardized
strategies for CTO that can even be handled by non-
specialists will be developed over the next 10 years.
To achieve this, there must be further improvements
in the performance of imaging systems, guidewires,
and catheter devices. It will also be necessary to
develop new preoperative CTO imaging diagnosis
systems and guidewire autonavigation devices that
can be employed to assess the nature of plaques in

detail, as well as devices for catheter treatment that
can penetrate hard CTO plaques including calcified
plaques.
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Long-term outcome of percutaneous coronary intervention for chronic total occlusions
e Among patients in whom the myocardial territory has been previously perfused by the occluded artery,
the cumulative survival rate was significantly higher in those who maintained patency than in those with

e Starting of antegrade approach is tapering guidwire which can insert into micro-channels in the chronic total
occlusion (CTO) lesion. A second option is the wire escalation technique. The parallel wire technique and
re-entry technique is the second strategy after failed wire escalation.

e Channel tracking and CTO recanalization from retrogradely is a key issue of the retrograde approach.

e CTO are most challenging lesion to treat by coronary angioplasty. The latest advanced techniques and
strategies of percutaneous coronary intervention for CTO are described, regarding antegrade and retrograde
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