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Currently, successful treatment of chronic total occlusion (CTO) seems markedly improved, due to sev-

eral new techniques and dedicated device developments. However, this improved success rate is often

limited to procedures performed by skilled, highly experienced operators. To improve the overall suc-

cess rate of percutaneous coronary intervention of CTO from a worldwide perspective, a deeper under-

standing of CTO histopathology might offer insights into the development of new techniques and pro-

cedural strategies. In this review, CTO histopathology and wire techniques are discussed on the basis of

the fundamental concepts of antegrade and retrograde approaches. Although details pertaining to wire

manipulation are very difficult to explain objectively, we tried to describe this as best as possible in this

article. Finally, a systematic review of the current standard CTO strategy is provided. Hopefully, this article

will enhance the understanding of this complex procedure and, consequently, promote safe and effective

CTO-percutaneous coronary intervention for patients who present with this challenging lesion subset.

(J Am Coll Cardiol Intv 2011;4:941–51) © 2011 by the American College of Cardiology Foundation
Chronic total occlusion (CTO) remains a chal-
lenging lesion subset in percutaneous coronary
intervention (PCI), because of lower initial success
rates (1,2) and higher rates of restenosis in the
chronic phase (1). Currently, the introduction of
drug-eluting stents has resulted in improved pa-
tency of CTO in the chronic phase (3), and due to
several new techniques and dedicated device devel-
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opments, the initial success of opening CTO seems
to be markedly improving as well (4–7). Yet these
improved success rates are often limited to patients
whose procedures were performed by highly
skilled, experienced operators. We investigated the
techniques of skilled CTO interventional operators
and their strategies with an emphasis on 4 insights
unique to CTO-PCI: 1) understanding the histo-
pathology of CTO; 2) wire techniques with under-
standing of the histopathology of CTO; 3) funda-
mentals of wire manipulation; and 4) systematic
review of current CTO-PCI strategy. Thus, the
purpose of this article is to offer these 4 insights of
CTO-PCI, which hopefully will result in higher
initial success of CTO-PCI for more patients
presenting with this challenging lesion subset.

Histopathology of CTO

An improved understanding of CTO histopathol-
ogy is important not only to help to improve

success rate but also to develop new techniques and
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strategies for CTO-PCI. Herein, 3 important histopatho-
logical topics are presented.
Histopathological process of CTO progression. The histo-

athological process of CTO progression is not clearly
nderstood. One widely held belief is that, once the coro-
ary artery occlusion occurs, thrombus formation develops
p to the side branch ostium (8,9). These thrombi then
hange into organized thrombus that is more rigid than
resh thrombus formation, with a dense concentration of
ollagen-rich fibrous tissue at the proximal and distal ends
f the lesions, referred to as proximal and distal fibrous caps,
espectively (9) (Fig. 1). In the autopsy analysis of this study,
he intimal plaque of shorter-duration CTO was highly
brotic plaque with calcified lesions, whereas the original

umen area mainly consisted of organized thrombus with
icrochannels defined as small lumen in CTO lesion
ith an average size of 200 �m (8,9) (Fig. 2A). In

contrast, longer-duration CTO contained harder intimal
plaque and more dense calcium
formations without microchan-
nels (Fig. 2B), supporting find-
ings of previous reports (8,9).
Microchannel, loosetissuesegments.
In theory, the success of wire
crossing in CTO-PCI might be
affected by loose fibrous tissue,
pultaceous debris, or intra-intimal
plaque microchannels (8,10).
In limited reports, most of the
microchannels in CTO lesions
lead into the adventitia and are
likely to be located in the intimal
side (8,9). In an autopsy analysis,
Katsuragawa et al. (11) reported
that the microchannels often ex-
tend to the small side branches

and vaso vasorum, whereas others continue longitudinally
from the proximal lumen to the distal lumen.

There are considerable animal model data about micro-
channels in CTO. In an experimental rabbit femoral artery
CTO model, microcomputed tomography demonstrated
that extravascular microchannels are seen mostly in the early
phase of artery occlusion, and in more mature CTO,
intravascular microchannels increase gradually (12). Yet
once the CTO has matured, the number of both extra- and
intravascular microchannels become much fewer, compared
with the early phase (12). Upon further analysis, the
longitudinal continuity of microchannels extended to ap-
proximately 85% of the entire CTO length, except in the
early phase of CTO (12).

In reports of loose tissue segments in CTO, Katsuragawa
et al. (11) reported that continuous loose tissue is frequently
seen in the tapered entry type of CTO as well as in the

Abbreviations
and Acronyms

Ante � antegrade approach

CART � controlled
antegrade and retrograde
tracking

CT � computed tomography

CTO � chronic total
occlusion

IVUS � intravascular
ultrasound

PCI � percutaneous
coronary intervention

Retro � retrograde approach

STAR � subintimal tracking
and re-entry
short-occlusive-length CTO. Of interest, 4 of 10 autopsy m
CTO specimens in the Katsuragawa et al. (11) report and
78% of the Srivatsa autopsy CTO specimens were found not
to be totally occluded upon pathological examination, de-
spite angiographic evidence of total occlusion (8,11). More-
over, in all 4 cases of the Katsuragawa et al. (11) report, the
loose tissue was located continuously from the proximal to
the distal end (11), whereas Srivatsa et al. (8) concluded that
the thrombus inside the microchannels might have “melted”
during specimen fixation. In view of these data, histopatho-
logical non-occluded lesions probably consist of loose tissue
with microchannels. Furthermore, Srivatsa et al. (8) re-
ported that the existence of a non-occluded lesion did not
relate to CTO age, suggesting that loose tissue exists, even
in old CTOs, offering an explanation for successful loose
tissue tracking, even in old CTOs.
Intimal/subintimal space. Both “intima” and “subintima” are
ey aspects of pathological information in CTO-PCI.
igure 3 shows images from a pathology examination of the
oronary artery from a patient who died due to retroperito-
eal hemorrhage after unsuccessful CTO-PCI complicated
y a large dissection. All slices show the large dissection
ith hematoma in the subintimal space. This dissection is

ocated between the intima and adventitia, in the so-called

Figure 1. Progression of Chronic Total Occlusion: Extending and
Organizing Thrombus

(A) The obstruction of coronary artery with fresh thrombus. Fresh throm-
bus (*). (B) Thrombus formation develops proximally (*) and distally. The
original thrombus turns into organized thrombus (arrowhead). (C) Throm-
bus formation develops up to the side branch ostium. The originally
occluded area turns into fibrotic plaque with calcified lesions (�). (D) Aged
chronic total occlusion with fibrotic plaque and calcified lesions (�). Each
arrow indicates proximal and distal fibrous cap.
edia, especially near the external elastic lamina. This area
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consists of histologically weak connected tissue; thus the
dissection expands easily and widely in both longitudinal
and transverse directions (Fig. 3D). This subintimal space is
thought to be the same as the intramural hematoma in
intravascular ultrasound (IVUS) examination (Fig. 4).

Figure 2. Histopathological Images of Chronic Total Occlusion

The cross-sectional histopathological images of angiographically occluded coro
that has organized thrombus with microchannel in original lumen area (*) wit
occlusion in which much calcium (*) was observed without microchannels.

Figure 3. Histopathological Subintimal Space After Chronic Total Occlusion

Histopathological subintimal space (*). (A) Proximal true lumen site; (B) chron

extended subintimal space; (D) subintimal space extension, transversely (solid arrow
Wire Techniques With Understanding of
CTO Histopathology

With this information of CTO pathology as a backdrop, wire
techniques for CTO-PCI will be discussed. The fundamental

artery in the different occluded period. (A) 1.5-year chronic total occlusion
e calcification (arrowhead) in dense fibrous tissue. (B) 5-year chronic total

edure

l occlusion site; (C) distal true lumen site; true lumen was collapsed by
nary
h som
Proc

ic tota

) and longitudinally (dotted arrow).
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concepts for the antegrade approach (Ante) and the retrograde
approach (Retro) will be discussed separately.
Antegrade wire procedure. In the antegrade wire procedure,

laque tracking should be described as either intimal or
ubintimal. In addition, antegrade intimal plaque tracking
as 2 techniques: loose tissue tracking and intentional

ntimal plaque tracking.
Antegrade loose tissue tracking. According to the informa-
ion gleaned from both histopathological examinations and
nimal CTO model research, angiographically occluded
esions might possibly contain loose tissue segments in both
hort-duration CTO as well as old CTO (8,11). Matsukage
t al. (13) reported that an intermediate-stiffness, 0.010-
nch wire successfully crossed approximately 70% of CTO
ases in the PIKACHU (Prospective Multicenter Registry
f IKAzuchi-X for CHronic Total OcclUsion) trial; hence,
hese results might support the existence of loose tissue
egments inside CTO. If the wire tip can be controlled and
irected so that it will not penetrate hard atherosclerotic
laque, the wire will automatically advance with tracking in
he loose tissue segments (Fig. 5). This is the concept of
oose tissue tracking. However, it is not clear which tip-
trength wire should be selected for this loose tissue track-
ng, because each case has a different degree of tissue
igidity. In the PIKACHU trial, loose tissue tracking was
erformed with only a 1.0-g tip-strength hydrocoated wire
13). Although it is a reasonable strategy not to use a stiff
ire that could potentially penetrate the plaque easily as a
rimary wire, aspects of wire handling and movement in

oose tissue tracking are similar to those of acute myocardial

Figure 4. Comparison of Histopathological Subintimal Space and IVUS Inte

Intravascular ultrasound (IVUS) images taken during the procedure of chronic
from different patients, a good comparison is observed between the histopath
image shows the higher echoic area outside of the intimal plaque, which corr
indicates intramural hematoma. Dotted circle indicates external elastic lamina
nfarction cases, in that the wire is advanced easily and
moothly, only with multiple rotations of the wire tip
Online Video 1).
Antegrade intentional intimal plaque tracking. When it is
mpossible to cross the wire with loose tissue tracking, the
ire should then be manipulated into the intimal plaque

tion as Intramural Hematoma

cclusion percutaneous coronary intervention. Although these 2 images are
al subintimal space (*) and IVUS intramural hematoma images. The IVUS
ds to the dissection part in the pathological image. This IVUS image area
r.

Figure 5. Principle of “Loose Tissue Tracking”

➀ indicates wire-tip force, ➁ indicates resistance in loose tissue, and ➂

indicates resistance in plaque. If we can control ➀, between ➁ and ➂,
like ➁ � ➀ � ➂, wire might easily pass the chronic total occlusion
(Online Video 1).
rpreta

total o
ologic
espon

http://jaccinter.cardiosource.com/vol4/issue9/0690_VID1-vol4iss9.mov
http://jaccinter.cardiosource.com/vol4/issue9/0690_VID1-vol4iss9.mov
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intentionally; thus we have named this technique “inten-
tional intimal plaque tracking.” Compared with subintimal
tracking (as explained in the next section), intimal plaque
tracking yields higher success rates of entering the true
lumen at the distal vessel; so this procedure should be
selected before performing subintimal tracking. This might
be because the relative resistance in penetrating the true
lumen is different between cases of the wire tip being located
in the intimal plaque and cases of the wire tip being located
in the subintimal tissue. The resistance of subintimal tissue
against the wire tip is much lower than that toward the true
lumen, so the wire seems to easily remain in the subintimal layer,
making it hard to redirect the wire tip toward the true
lumen (Fig. 6), resulting in failure to enter the distal true
lumen. By contrast, the resistance of the intimal tissue
surrounding the wire tip is relatively high but homogenous,
so the wire tip trends toward the true lumen rather than the
subintimal space. Yet even with intimal plaque tracking, the
existence of high-resistance plaques such as fibrocalcific or
dense calcium sometimes disturbs the wire crossing to the
true lumen, which results in procedural failure. The crux of
intentional intimal plaque tracking is to handle the wire
intentionally by understanding where the wire tip is and in
which direction the wire should be advanced. Images and
data from IVUS, computed tomography (CT), and angiog-
raphy are useful adjuncts for an enhanced understanding of
these aspects (14). Of these, CT provides 3-dimensional
information of the CTO, along with the diameter of the
occluded vessel and calcification inside the CTO (14) to
better enable precise antegrade intentional intimal plaque
tracking.

When the side branch is located at the entrance of the
CTO, the IVUS catheter can be inserted into the side branch

Figure 6. Antegrade Intimal Plaque Tracking and Subintimal Tracking

Antegrade intimal plaque tracking (solid line) and subintimal tracking
(dotted line). Once the wire migrated into the subintimal space, the wire
easily advances into the subintimal space yet is difficult to cross to the dis-
tal true lumen because of lower resistance to advance into subintimal

space coupled with increased resistance to traversing the plaque.
to examine the place of wire penetration (15) (Fig. 7). Fur-
thermore, if the IVUS catheter can possibly be inserted into
the subintimal space, the operator can evaluate the direction
of the intimal plaque and true lumen (16). However,
insertion of the IVUS catheter into the subintimal space has
the potential risk of enlarging the subintimal space; as a
result, the true lumen might be collapsed by the compres-
sion of this subintimal space, causing the failure of the wire
to cross. Although it is difficult to appreciate wire position
with angiographic information, the “Sigmoid Curve Sign” is
useful to detect subintimal tracking (Figs. 6 and 8). If the wire
s running in a sigmoid shaped curve with the same width as
he vessel diameter, subintimal tracking should be suspected.
n this situation, CT information about vessel occlusion,
iameter, and tortuosity helps to better understand this. Even
hen the CTO-dedicated wire is used, the intentional intimal
laque tracking is sometimes difficult to achieve because of
alcified lesions in the CTO segment or severe tortuosity,
hereby resulting in subintimal wire migration.
Antegrade subintimal tracking. Once the wire advances into
the subintimal tissue, it is difficult to enter the true lumen
without dedicated re-entry techniques and/or technologies,
because intimal plaque located between the true lumen and
subintima is more resistant than the subintimal tissue. This is
especially true if the subintimal tissue is weak longitudinally,
where the wire will tend to advance longitudinally without
penetrating toward the true lumen (Fig. 6). Furthermore,
enlargement of the subintimal space pushes the plaque toward
the distal true lumen, resulting in its collapse. Both of these
situations make wire crossing more difficult and increase the
risk of ischemic myocardial injury. However, it is common for
the wire to go into the subintimal space due to vessel tortuosity
and calcified lesions. There are some methods to manage
antegrade subintimal tracking. The re-entry technique with
stiff wire requires that the wire-tip strength be directed from
the subintima toward the true lumen as well as having the
strength to penetrate the tissue located between true lumen and
subintima. Although not easy to perform, selecting the re-entry
position in the bending part or the bifurcated part of the vessel
affords a greater chance at succeeding in re-entry. The subin-
timal tracking and re-entry technique (STAR) technique has
been reported previously as an option of re-entry technique
(17). The re-entry in the STAR technique occurs at the distal
larger side branch bifurcation, because the strong wire tip can
be easily directed from the subintima toward the true lumen.
Although previous reports cite that cardiac function after the
STAR technique is maintained, it should be noted that this
technique has the potential risk of incomplete revascularization
due to side branch occlusion. New techniques and systems,
such as “contrast STAR,” “Limited Subtintimal Tracking and
Reentry technique,” and “Bridgepoint Re-Entry System”
might contribute to the success of re-entry (18,19); however, it

still poses the risk of side branch occlusion(s). These new
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techniques and systems are reserved as the last resort for
CTO-PCI recanalization.
Retrograde wire procedure. The fundamental theory of the
Retro is quite different from the Ante. In the Retro,
subintimal tracking is considered a factor of success rather
than failure; thus, it is not necessary to avoid subintimal
tracking in the Retro. Discussions regarding the Retro in
intimal plaque tracking and subintimal tracking follow.

Figure 7. Intravascular Ultrasound Images of the Entry Point in Proximal-M

In this case, the uncertain residual channel was first pointed out at the chroni
nel. However, intravascular ultrasound information taken with intravascular ult
wire was located close to the external elastic lamina (A, B, C), and the wire w
the more inner aspect of the vessel at the chronic total occlusion entry, and t
wire successfully crossed the chronic total occlusion. Red dot indicates the wi

Figure 8. Representative Case of Subintimal Tracking

(A, B) The wire was formed into a large sigmoid shape inside a chronic total o
mation. In this situation, subintimal tracking was suspected from the sigmoid

was confirmed by intravascular ultrasound during the procedure. The intravascular u
Retrograde intimal plaque tracking. In the Retro, subintimal
tracking is important (20); however, IVUS examination
after retrograde CTO-PCI revealed that 60% of cases were
actually intimal plaque tracking (21). In retrograde intimal
plaque tracking, 1 important aspect of CTO histopathology
to keep in mind is that the distal fibrous cap is less rigid
compared with that of the proximal fibrous cap (9). The
proximal fibrous cap, which is the entry point of CTO for

ht Coronary Artery Chronic Total Occlusion

occlusion entry, and then the wire was advanced into this uncertain chan-
d catheter advanced into the proximal right ventricular branch showed the
reat risk of migrating into the subintima. The stiff wire was advanced toward
e wire position was changed into the intimal plaque (D, E, F). Finally, this
llow circle indicates the vessel border.

on, and the wire tip migrated into the false lumen with angiographic infor-
curve being the same width as the vessel diameter. (C) Subintimal tracking
id Rig

c total
rasoun
as at g
hen th
cclusi
shape
ltrasound catheter is located in the subintimal lumen. Intimal plaque (*).
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the Ante, is at higher risk of wire migration into the
subintimal space, whereas the distal fibrous cap, which is the
entry point of CTO for the Retro, is at lower risk of
subintimal migration due to its weakness. When intimal
plaque tracking is suspected by the wire position, it is
worthwhile to control the wire carefully to enter the
proximal true lumen directly. Although the operator is not
mandated to use intimal plaque tracking in the Retro,
perforation should be noted as a potential risk, especially
when using a stiff wire, because the retrograde wire is
traveling through the tortuous long collateral channel—so,
at times, wire manipulation is restricted, even when using a
microcatheter, which requires greater attention.
Retrograde subintimal tracking. Subintimal tracking is the
key to success when using the Retro approach (20). Figure 9
demonstrates why subintimal tracking is not an issue in
retrograde wiring. When the antegrade wire is advanced
into the subintimal space, it enables placement of both
antegrade and retrograde wires into the same space if the
retrograde wire is advanced into the subintimal space. As
mentioned previously, this can be achieved due to the nature
of the subintimal space being easily dissected both trans-
versely and longitudinally. Figure 10 depicts a representative
case of retrograde subintimal tracking, where it is important
to dilate the subintimal space enough to advance both the
antegrade and retrograde wires into the same space. In this
procedure, IVUS information is useful to determine the
proper balloon size to dilate the subintimal space. In
retrograde subintimal tracking, it should be noted that
contrast injection should be avoided if at all possible,

Figure 9. Principle of Retrograde Subintimal Tracking

Antegrade subintimal tracking (dotted line) and retrograde subintimal
tracking (solid line). Even though the angiogram shows that the 2 wires
are separated (antegrade and retrograde), both wires can be positioned in
the same subintimal space. After the retrograde wire comes into the same
lumen with the antegrade wire, crossing into the proximal true lumen with

the retrograde wire is highly promising.
because this might enlarge the subintimal space and cause
distal dissection. Enlargement of the subintimal space
might result in the need for additional stent deployment,
and in the worst case, failure of recanalization might result.
To avoid these potential procedural issues, the authors
recommend performing IVUS interrogation and balloon
dilation before contrast injection.

Fundamentals of Wire Manipulation

Wire manipulation is of utmost importance for the initial
success of CTO-PCI. However, it is challenging to accu-
rately explain wire manipulation objectively, thus making
CTO-PCI techniques more difficult to comprehend. After
the introduction of the Retro, the contribution of this
ingenious wire manipulation becomes less important to
achieve successful wire crossing. However, careful wire
manipulation is critically essential for antegrade intentional
intimal plaque tracking. As mentioned previously, though
tactile sensations stemming from the wire tip are difficult to
explain with an objective description, we have attempted to
describe this in order for other PCI operators to achieve
higher success rates for their CTO-PCI cases.
The shape of the wire tip in CTO-PCI. Currently, the stan-

ardized consensus of the wire-tip curve has not yet been
stablished. However, 1 of the common techniques of
haping the wire tip in Japanese CTO operators is shown in
igure 11 and Online Video 2. The important key point is

o make a small curve of the wire tip with a 40° to 60° bend
t 1 to 2 mm from the tip. And sometimes, the additional
hallow second bend is made at 10 to 15 mm from the tip.
he common way to make the bend is that the wire tip

oming out of the wire-introducer is pressed gently with the
nger to make the curve (Online Video 2).

Fundamental technical tips of wire manipulation in CTO-PCI.
Basically, there are 2 different types of wire manipulation.
One is the “both hands maneuver,” and the other is the “right
hand maneuver.” In the “both hands maneuver,” the left hand
is used for to-and-fro movement and the right hand is used for
rotation (Online Video 3). “Right hand maneuver” means that
the right hand does both movements. The wire movement in
the “both hands maneuver” pertains primarily to a to-and-fro
movement, and in cases where the wire-tip direction needs to
be changed or the wire presents the fingers with high resis-
tance, the rotational movement is performed with right hand.
In the “right hand maneuver,” the wire is advanced by
dissecting the tissue with the wire tip (controlled drill). The
wire tip is then advanced toward the intentional direction with
a sector swing. Either of these approaches is appropriate for
CTO-PCI, and each operator will eventually have their own
preference. Sometimes, operators use both ways and alter their
approach according to the situation of the procedure. Above
all, the operator should bear in mind the differences of wire-tip

movements with both maneuvers.

http://jaccinter.cardiosource.com/vol4/issue9/0690_VID2-vol4iss9.mpg
http://jaccinter.cardiosource.com/vol4/issue9/0690_VID2-vol4iss9.mpg
http://jaccinter.cardiosource.com/vol4/issue9/0690_VID3-vol4iss9.mpg
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Intentional intimal plaque tracking entry point. In the
tapered-type entry, the wire is automatically advanced into
the appropriate entrance. By contrast, in the abrupt type of
entry, it is necessary to look for the dimple sign that is the
hallmark of the entry point. At that time, the wire must be
manipulated carefully to look for the dimple with the
wire-tip trapping trending toward the small hole of dimple.
When the operator feels/senses the dimple with the wire tip,
the operator should maintain that wire-tip position and
then rotate the wire-tip direction 180° to insert the wire tip
inside the CTO (Online Video 4).
Intentional intimal plaque tracking of the CTO body. Once
he wire tip is inserted into the body of CTO, the operator
hould advance the wire into the place that is thought to be the
ntimal plaque, referencing information of other imaging

odalities. When the wire is advanced inside the subintimal
pace on the basis of both angiographic information and data
rom CT imaging, the wire should be pulled back to the
ossible position where it initially entered the subintimal space.
ext, the direction of wire tip should be turned to continue

ntimal plaque tracking (Online Video 5). The parallel wire
echnique—where the original wire cannot be advanced into
he true lumen and left there, followed by a second wire being

Figure 10. Representative Case of Retrograde Subintimal

On angiography, both antegrade and retrograde wires are apart from each oth
traverse dissection (red line in B), and the tip of the retrograde wire is locate
the retrograde wire communicated easily to the antegrade wire. The red arro
dvanced for the intentional intimal plaque tracking—is also v
seful for intimal plaque tracking. Checking the wire-tip
osition from several different angiographic angles is very
mportant and essential for confirmation that the wire is inside
he intimal plaque.
Intentional intimal plaque tracking exit point. When the wire
eaches the exit point of the CTO, the wire should be
anipulated finely, gently and carefully for the success of wire

rossing. It is very important to control the wire tip intention-
lly to the direction of the distal true lumen with the exami-
ation of the angiogram from several different angles for
nderstanding the relationship with the distal true lumen
Online Video 6). In most cases, once the wire tip is advanced
nto the distal true lumen, the resistance from the wire tip
uddenly becomes lighter, yet it is still very important to
onfirm that the wire tip is overwrapped on the coronary artery.
his confirmation can be done by acquiring angiographic

iews to confirm that the wire tip can be advanced up to the
istal end of the artery without any resistance.

Tactile sensations: “finger feelings” from the wire tip in
CTO-PCI. It is often said that “finger feelings” are very
mportant to the success of wire crossing in CTO-PCI.

owever, this entity is impossible to explain with quanti-
ative parameters and descriptions. This also means that it is

, D), the antegrade ballooning in the subintimal space caused an advanced
er to the dissected space created by the antegrade ballooning (C). After this,
cates the retrograde wire.
er (A
d clos
irtually impossible to estimate how much wire handling

http://jaccinter.cardiosource.com/vol4/issue9/0690_VID4-vol4iss9.mov
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feelings and subsequent interpretations contribute to suc-
cessful crossings. The authors would like to emphasize 3
important feelings that should be focused on during the
procedure: 1) the feeling of the dimple at the entry point,
especially in the abrupt type of CTO entry, is the key to
success, but the dimple does not always guarantee intimal
plaque tracking; 2) the feeling of strong resistance when
pulling back the wire inside the CTO body, such as when
the guide catheter is drawn into it—in this situation, the
wire tip has most likely migrated into the subintima; and
3) the feeling of no resistance, and the wire tip moves
freely—this most likely means that the wire tip is either in
the true lumen or in the extravascular space.

Systematic Strategy for
Current CTO-PCI Intervention

The systematic strategy for CTO-PCI procedures helps to
clarify this complex treatment technique. Figure 12 shows
the current representative step-up strategy of CTO-PCI.

Generally, the Ante is attempted first, and the single wire
technique and/or parallel wire technique is used (22). Depend-
ing on the lesion type, the Retro will be selected instead of the
parallel wire technique. In addition, the Retro might be
selected if the Ante approach was unsuccessful (23).

In the Retro, wire advancement to the distal aspect of the
CTO lesion through the collateral channel represents the first key
step, and this success is just the starting point of the Retro.
Usually, after successful wire advancement to the distal
CTO, the microcatheter or over-the-wire balloon catheter
is advanced to enable an easy wire exchange and better wire
manipulation. The Retro usually starts with retrograde wire

Figure 11. Shape of the Wire Tip in Chronic Total Occlusion
Percutaneous Coronary Intervention

A small curve of the wire tip with a 40° to 60° bend at 1 to 2 mm from the
tip is made (Online Videos 2, 3, 4, 5, and 6).
cross or kissing wire cross, and if these fail, controlled
antegrade and retrograde tracking (CART) technique or
reverse CART techniques are tried (20,24). Retrograde wire
cross can be described as crossing the CTO lesion into the
true lumen of the proximal vessel with the retrograde wire
(25), whereas kissing wire cross is crossing the CTO lesion
into the true lumen of distal vessel with the antegrade wire
using the retrograde wire as a landmark (25). The CART
technique is performed by first dilating the CTO lesion with
the balloon through the retrograde wire, followed by ad-
vancement of the antegrade wire into the space dilated with
the retrograde balloon (20). The reverse CART technique
entails first dilating the CTO lesion with the balloon
through the antegrade wire, followed by the retrograde
wire being advanced into the space dilated with the
antegrade balloon (20). Each technique is further de-
picted in Figure 13.

To understand the retrograde technique clearly, the
authors have classified these strategies into 4 types on the
basis of the crossing patterns: 1) determine which wire
crossed the CTO, antegrade wire or retrograde wire; and
2) determine whether ballooning was performed for wire
crossing. These strategies are addressed in the 2 � 2
contingency table (Table 1). The case of the antegrade wire
crossing the CTO lesion without ballooning is done by the
kissing wire cross technique. The case where the retrograde
wire crosses the CTO lesion without ballooning is done by
the retrograde wire cross technique. The case where the
antegrade wire crosses the CTO lesion with ballooning is
done by the CART technique. Lastly, the case where the
retrograde wire crosses the CTO lesion with ballooning is
done by the reversed CART technique.
Specific wire techniques for the Retro. For the Retro, the
pecific wire techniques not used in the Ante are necessary.
ne is “channel cross,” and the other is “retrograde wire

xternalization.”

Figure 12. Procedural Steps of Current CTO-PCI

CART � controlled antegrade and retrograde tracking; CTO � chronic total
occlusion; IVUS � intravascular ultrasound; PCI � percutaneous coronary

intervention.
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In the Retro, it is essential to advance the wire and
microcatheter though the very tiny channel; thus, the new
“channel cross” technique becomes necessary to achieve this.
In this way, collateral channels through the septal artery, left
and right ventricle epicardial arteries, atrio-ventricle groove,
and so forth are used for the delivery of the retrograde wire.
In terms of safety and wire deliverability, the septal channel
is most recommended (5,26). However, selection of the
collateral channel for the Retro depends on performance of
the devices, in that, if a new device is introduced, the current
selection of collateral channel might change. Specific de-
vices for channel crossing are still under development.
Basically, the device should pass through the very tiny
channel, so it will at all cost avoid vessel injury with the
device. Of note, in the epicardial channel, channel injury
might cause cardiac tamponade.

Retrograde wire externalization is also a specific technique.
Retrograde wire externalization is helpful in situations where
the retrograde wire succeeds in crossing the CTO, as in
retrograde wire cross and reverse CART. In these situations,
stent implantation is usually impossible even if the wire crosses
the CTO, because the stent must be delivered through the
tortuous tiny channel in retrograde fashion. Therefore, retro-
grade wire externalization might be necessary to achieve the

Figure 13. 4 Patterns of Success in Retrograde Wire Technique

(A) Kissing wire cross. Antegrade wire crosses to distal true lumen while
leaving retrograde wire in distal true lumen. (B) Retrograde wire cross. Ret-
rograde wire crosses to proximal true lumen. (C) Controlled antegrade and
retrograde tracking (CART). Antegrade wire crosses to distal true lumen
with ballooning chronic total occlusion lesion retrogradely. (D) Reverse
CART. Retrograde wire crosses to proximal true lumen with ballooning
chronic total occlusion lesion antegradely. Blue arrow line � antegrade
wire, red arrow line � retrograde wire.
desired outcome.
Steps to retrograde wire externalization are listed as:
1) introduction of retrograde wire into the guide catheter for
antegrade entry; 2) retrograde microcatheter or over-the-
wire balloon is advanced into the antegrade guide catheter
with trapping the retrograde wire inside the antegrade guide
catheter with balloon inflation; 3) exchange of the shorter
retrograde wire to a longer (300� cm) wire; 4) longer
retrograde wire tip is externalized through the hemostatic
valve of the antegrade guide catheter; and 5) from the
externalized tip of the longer retrograde wire, the selected
PCI device (e.g., balloon, stent) is inserted for delivery into
the CTO lesion. Currently, the dedicated long wire for this
procedure has been developed; thus retrograde externaliza-
tion has become safer and easier.
Study limitations. Histopathological studies involving CTO
esions are limited, so currently available histopathological
vidence might be insufficient to support our discussion.

ire manipulation is difficult to explain objectively, so
escriptions in this manuscript are based primarily on the
xperiences and opinions of the authors; therefore, this
ight not be representative of all CTO operators. This

eview has utility in fostering the understanding of current
TO-PCI. However, as new innovative devices enter this

rena, their experience and results will affect interventional
spects of this challenging lesion subset.

onclusions

Current CTO-PCI techniques and strategies were summa-
rized systematically, coupled with the current histopatho-
logical knowledge of CTO. Explanations of wire manipu-
lations and the value of tactile sensations transmitted via the
wire along with adjunctive angiographic and imaging data
were provided. It is our hope that this article helps inter-
ventionalists to better understand this complex procedure in
the treatment of patients with CTO to promote safe and
efficient results.
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APPENDIX
For accompanying videos, please see the online version of this paper.
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