SPECIAL FOCUS | Chronic total occlusions

Intervention

“The emphasis [of the hybrid approach] is on procedural efficiency, recommending an early
switch from a failing strategy to maximize the chance of procedural success.”
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The field of percutaneous intervention for
chronic total occlusion (CTO) has enjoyed a
rich period of innovation in recent years. The
advent of novel techniques and technologies is
revolutionizing the field, such that interven-
tion can be considered for a greater number of
patients with increasing anatomical complex-
ity. However, uptake of these novel techniques
into routine clinical practice has been sporadic.
In addition, the key advances, including the
retrograde approach and dissection re-entry
techniques, have evolved in parallel, such that
the applicability of any one novel skill set may
be uncertain in clinical practice. Thus, there
has been a need not only for technical innova-
tion, but also for innovation in our approach
to CTO percutaneous coronary interven-
tion (PCI) itself. The hybrid algorithm for
CTO PCI represents that key step. Guided
by detailed angiographic assessment, it pro-
vides a framework that integrates the available
techniques to achieve reproducible procedural
success in routine clinical practice. In this
article, we describe the key innovations that
are enhancing success rates, and the rationale
for and application of the hybrid algorithm for
CTO PCIL

The challenge

CTOs are particularly challenging to treat
with PCI. Despite CTOs being common in
patients undergoing coronary angiography;
reportedly present in >50% of patients with
significant coronary stenosis (defined as a
>70% coronary diameter stenosis) 1], CTO
PCI accounts for only 10-15% of PCI proce-
dures [2]. The explanation for this situation is
multifactorial. However, the main barriers to
CTO PCI are predominantly procedure- rather
than patient-related. CTO PCI has tradition-

ally been associated with prolonged procedure

times, with increased radiation dose, contrast
volume and unpredictable success rates, which
may adversely impact the patient, the operator
and overall catheter laboratory efficiency [3).
However, procedural success is associated with
significant benefits including effective angina
relief (4], improved left ventricular function [s]
and exercise tolerance [6], and emerging data
suggest that there may also be a prognostic
advantage, with a number of registries describ-
ing improved long-term survival in patients that
undergo successful CTO PCI when compared
with patients that had an unsuccessful CTO
procedure [7.8]. Thus, achieving safe, predictable
and reproducible success has been the challenge.

Innovation in CTO PCI

Until recently, CTO PCI was associated with
low procedural success rates despite significant
anatomical case selection. Traditionally, ante-
grade wire escalation (AWE) was the cornerstone
of practiced technique for CTO recanalization.
AWE refers to the use of guidewires of differing
characteristics (usually increasing stiffness/pene-
tration power) to cross a CTO from the proximal
to the distal vessel, aiming to remain within the
true vessel lumen or plaque segment. However,
AWE achieves success rates of no more than 70%
in selected populations [9]. Failure to recanalize
the CTO vessel is usually a consequence of the
guidewire tracking into the subintimal space.
Parallel or ‘see-saw’ wire techniques may be used
to recross the CTO segment using the first wire
as a marker; however, distal true lumen re-entry
remains unpredictable. Two key innovations are
improving procedural success rates in a wider
population of CTO patients: retrograde wiring
via collateral channels and utilization of the sub-
intimal space either retrogradely or antegradely
to deliver equipment across long or calcific CTO
segments.
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B Retrograde techniques

Retrograde CTO PCI offers an alternative when
anatomical considerations make approaches to
anterograde CTO recanalization unfavorable — for
example, a blunt proximal cap with an associated
side branch or ambiguous proximal cap anatomy.
More commonly, septal collaterals (and less com-
monly epicardial collaterals) are used to access the
distal true lumen of a CTO vessel, and facilitate
retrograde recanalization of the vessel. Retrograde
wire escalation through a CTO is achieved only
in the minority of cases [10]. As with AWE, the
guidewire will often track into the subintimal
space and access to the proximal true lumen
cannot be achieved without a re-entry technique.

B Subintimal dissection & re-entry

The ability to utilize the subintimal space
in a controlled manner has been a major step
in improving success in CTO PCI, whether
operating antegradely or retrogradely.

“The hybrid approach to chronic total
occlusion integrates the available
contemporary techniques and technologies
into an understandable, reproducible and
teachable algorithm.”

Antegrade dissection and re-entry describes
the use of a guidewire and/or microcatheter to
advance antegradely around the CTO segment
with blunt dissection through the subintimal
tissue (inside the vessel wall but outside the
true lumen and thus the CTO). This can be
achieved using a knuckled polymer jacketed wire
as described in the subintimal tracking and re-
entry technique (STAR) [11] or the specifically
designed CrossBoss® catheter (Boston Scientific,
MA, USA) [12]. The latter is an over-the-wire
microcatheter with a nonpenetrative rounded
tip that can rapidly traverse the subintimal space
maintaining a small controlled dissection plane.
When a subintimal position beside the distal
true lumen is achieved, then re-entry into the
true lumen can be performed with a dedicated
crossing technology (the Stingray® balloon and
wire system, Boston Scientific). This consists of
22.0 x 1.0 mm (fat) balloon with two exit ports
located 180° apart, such that when deployed in
the subintimal space adjacent to the distal true
lumen, one port is oriented pointing toward the
lumen and the other to the adventitia. The Sting-
ray guidewire, which has a short penetrative barb
at its distal tip, can then be advanced through
the luminal exit port of the balloon until the
wire crosses into the distal true lumen [12].
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Retrograde dissection and re-entry is most
commonly achieved using the reverse controlled
antegrade retrograde tracking technique (reverse
CART) (13]. In this technique a retrograde micro-
catheter is advanced over a guidewire via a col-
lateral vessel and positioned within the CTO seg-
ment (either luminal or subintimal). An antegrade
wire is then advanced into the CTO segment adja-
cent to the retrograde microcatheter and balloon
dilatation performed. Before balloon dilatation
the antegrade balloon and retrogade microcath-
eter may both lie in the subintimal space, both
within the true vessel lumen, or a combination.
Balloon dilatation facilitates the colocalization
of both systems within the vessel structure. A
guidewire can then be passed from the retrograde
microcatheter into the proximal true vessel lumen.
This guidewire is commonly externalized via the
antegrade guiding catheter and angioplasty and
stenting are then performed antegradely in the
usual fashion [14].

Hybrid algorithm for CTO PCI

Although novel CTO PCI techniques offer the
opportunity to achieve procedural success in a
greater proportion of patients, there has been
debate as to the optimal strategy for any indi-
vidual case. The perceived wisdom has been
that AWE is the optimal approach in almost
all cases, and that only if this approach proves
unsuccessful, the options of continued medi-
cal therapy, surgery or a repeat attempt by a
specialist retrograde operator could be consid-
ered. Meanwhile the optimal successful strategy
among operators with a subspecialist interest in
CTO has not been certain. The hybrid algo-
rithm for CTO PCI was conceived by a group
of experienced CTO operators during a work-
shop that took place in Bellingham (WA, USA)
in January 2011 [15]. The goal was to establish
an algorithm that could provide CTO opera-
tors with a safe, reproducible, efficient and,
most importantly, effective methodology for
approaching CTO PCI. In total, 17 complex
CTO cases were performed over a period of
3 days (all successful). Five operators under-
took the interventions, with the remaining
participants observing, supporting and advising
in real-time. Simultaneously the group learned
from each case and each other. The cases under-
went detailed angiographic review by the group
preprocedure, and consensus was sought as to
the most effective initial approach based on
a broad range of clinical experiences and the
available evidence at that time. Each case was
analyzed during and after the procedure, and
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then decision trees mapped. From this, an out-
line algorithm was born.

The key principles of the hybrid algorithm
can be summarized as follows. First, once the
clinical decision to perform PCI has been made,
the coronary anatomy dictates the interven-
tional strategy. Second, multiple techniques
may be utilized during a single case, switch-
ing early from a failing strategy to optimize the
likelihood of success. Third, where multiple
interventional strategies are equally applicable,
the most efficient with respect to radiation, con-
trast utilization and procedure time should be
employed first.

Careful preprocedural angiographic review is
mandatory. In order to fully understand CTO
anatomy at the time of the procedure, it is essen-
tial to perform dual coronary injections into the
CTO PCI vessel and the donor vessel that col-
lateralizes the distal target vessel. Dual injec-
tions allow visualization of four key anatomical
features that guide intervention:

® The nature of the proximal cap: this refers to
the ability to accurately localize the
angiographic proximal entry point to the CTO;

® The length of the occlusion: lesion lengths
<20 mm are associated with a high chance of
crossing with a guidewire in the majority of
cases. Longer lesions are associated with lower
success rates and longer procedure times when
approached using standard AWE strategies [9].
Thus, in the hybrid algorithm, longer lesions
are best approached using dissection re-entry
techniques, either antegradely or retrogradely;

= The nature of the target distal vessel: this
refers to the size of the distal vessel, whether
the vessel is diffusely diseased or has a bifurca-
tion at the planned landing zone, and the
degree to which the distal vessel can be
visualized;

= The presence of suitable interventional col-
lateral options for the retrograde technique:
optimal collateral vessels for retrograde CTO
PCI are those that can be accessed safely with
wires and microcatheters, have minimal tor-
tuosity and enter the distal vessel beyond the
distal cap of the CTO.

Using the hybrid algorithm the initial strategy
for CTO recanalization is directed by the coro-
nary anatomy based upon these four anatomical
features. However, all strategies for CTO recana-
lization may be considered during the index pro-
cedure as required. The emphasis is on proce-
dural efficiency, recommending an early switch
from a failing strategy to maximize the chance
of procedural success. Therefore, if progress
was not made with an intial antegrade wiring
approach (even where the angiographic assess-
ment may have appeared favorable), a change
to either antegrade dissection re-entry or a ret-
rograde procedure would be made at the time
of intervention based on intraprocedural review
of the anatomy. Persistence with the same intial
stragety and/or returning for a repeat procedure
would be avoided where possible. Ficure 1 demon-
strates the initial and provisional approaches to
a CTO PCI using the hybrid algorithm. Ficure 2

demonstrates the algorithm in practice.

( Dual catheter angiography )

No 1. Ambiguous proximal cap
2. Diffusely diseased distal target
3. Favorable collateral

Antegrade

Y‘V No
Wire Dissection
escalation Fail re-entry (ADR)

Fail
A4

Dissection
re-entry (RDR)

4. Lesion length <20 mm Y‘V No

Yes

Retrograde

Wire Dissection
escalation Fail re-entry (RDR)

Fail
Y

Dissection
re-entry (ADR)

Figure 1. The hybrid algorithm for chronic total occlusion percutaneous coronary
intervention. The algorithm demonstrates initial and provisional approaches to percutaneous
coronary intervention based on four anatomical features: proximal cap anatomy, the distal landing
zone, the presence of a favorable interventional collateral and lesion length.

ADR: Antegrade dissection and re-entry; RDR: Retrograde dissection and re-entry.

Adapted with permission from [15].
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Figure 2. The algorithm in action. A long occlusion with an ambiguous proximal
cap and interventional septal collateral vessels is recanalized using a retrograde
dissection re-entry approach. (A) An occlusion of the proximal right coronary
artery. There are two side branches at the proximal cap. The cap is ambiguous and
it is uncertain where the main vessel begins. The length of the occlusion is greater
than 20 mm. The distal landing zone is not diseased, and is away from a bifurcation.
(B) Septal perforators fill the posterior descending branch of the right coronary
artery. (C) A Corsair microcatheter (Asahi Intecc, Aichi, Japan) has been passed
through a septal vessel over an Asahi Fielder FC (Asahi Intecc) guidewire into the
distal right coronary artery beyond the occlusion. A Pilot 200 (Abbott Vascular, CA,
USA) wire has then been passed as a retrograde knuckle to the proximal cap of the
chronic total occlusion. The retrograde knuckle has defined the main vessel,
allowing an antegrade wire and microcatheter to pass into the chronic total
occlusion segment, adjacent to the retrograde system. (D) Retrograde dissection
re-entry. A monorail balloon is inflated on the antegrade wire over the retrograde
Corsair. This facilitates colocalization of antegrade and retrograde systems within
the vessel. A retrograde wire may now be passed into the antegrade guideing
catheter. The Corsair microcatheter can follow into the antegrade guide catheter,
enabling a 330 cm wire (RG3, Asahi Intecc) to be externalized. (E) Angioplasty and
stent implantation is performed antegradely on the externalized RG3 wire, and the
case is completed.

The implication of this approach is that in
order to be successful, operators require training
in all the key skill sets of antegrade wiring, ante-
grade dissection—re-entry and retrograde CTO
PCI. Intial setup with dual arterial access and
guiding catheters is essential in the vast majority
of cases (including those with a dominant collat-
eral circulation arising from an ipsilateral donor

artery). The skill sets are accessible to any trained
interventionist, but high procedural success rates
will be best achieved by a small number of desig-
nated operators per center in order to ensure suf-
ficient case volume to develop proficiency. Thus,
operators wishing to perform CTO PCI should
approach this collaboratively with support from
the non-CTO operators within their institutions.
Ideally, collaborations should also extend across
local networks of PCI centers to enhance access
of all CTO operators to appropriate training and
education. Live case courses and major national
and international meetings are valuable in show-
casing the available techniques and technolo-
gies, but are not sufficient in isolation to provide
a platform for reproducible success. Local and
regional CTO days with visiting trainers or proc-
tors for more complex cases have been effective in
enhancing the wider application and success of the
approach. This style of training has similarities
with structural programs, such as transcatheter
aortic valve implantation, with the main differ-
ence being that CTO cases may require more than
one enabling technique or technology.

Increasing adoption of the hybrid algorithm
has resulted in a wider population of patients
with more complex anatomy being offered CTO
PCI. In a recent study, success rates of 85%
were achieved in a population of which 37%
had previously undergone bypass surgery [16],
a traditional risk factor for procedural failure.
However, while this level of success is impres-
sive, we are still not yet approaching 100% (as
with non-CTO cases). The inference, therefore,
is that further innovations in the CTO space
are needed. Current challenges remain, includ-
ing calcification and vessel tortuosity, which are
independent predictors of failure (and both of
which appear in the Multicenter CTO Registry
of Japan score of lesion complexity) [9].

A key advantage of the hybrid approach is its
flexibility. As novel interventional options emerge
and evolve, these can ultimately be integrated into
the algorithm. The presence of a wider online
CTO community is already contributing to that
process [101]. If an operator faces (or indeed over-
comes) a specific technical problem, the case can
be uploaded for review and discussion for advice.

Conclusion

The field of CTO PCT has evolved significantly in
recent years. The hybrid approach to CTO inte-
grates the available contemporary techniques and
technologies into an understandable, reproduc-
ible and teachable algorithm. The algorithm offers
the opportunity to treat more complex anatomy
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successfully and, therefore, meet the needs of a
wider patient population. Support for new CTO
operators should be available to the majority of
interventional cardiologists. However, our aim
must be to further enhance success rates in even
the most complex cases. As this process takes
place, and more innovative therapies emerge, the
algorithm will provide a framework within which
successful treatments may be integrated, and the
algorithm will itself evolve.
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