SPECIAL FOCUS

Chronic total occlusion percutaneous intervention is becoming a more common technique with higher
success rates. These success rates can be at least partially attributed to the use of classical and contemporary
imaging modalities. Preprocedural preparation including patient selection and detailed coronary imaging
with the use of computerized tomography are helpful to ensure the highest chance of success. Procedural
utilization of intravascular ultrasound and optical coherence tomography are additional tools to help
facilitate success during difficult cases. Minimally invasive imaging modalities help determine improvement
of left ventricular function or the presence of continued ischemia in the postprocedural period. Newer
techniques including high-definition computerized tomography scanners can accurately show details of
stent morphology and the presence of in-stent restenosis without the need of a further procedure. Invasive
imaging including the use of intravascular ultrasound and optical coherence tomography can highlight
the cause of in-stent restenosis and its treatment. Future development and progression of these and other
imaging techniques will help the a chronic total occlusion percutaneous intervention operator further

improve procedural success and long-term clinical outcome.
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It has been estimated that chronic total occlusions
(CTOs) are observed in up to 35% of patients
with suspected coronary artery disease who
undergo coronary angiography. Despite being
quite common, CTO percutaneous coronary
intervention (PCI) is not commonly attempted
(12]. This is thought to be primarily owing to
poor CTO PClI success rates (3], which have led to
the development of novel techniques, equipment,
devices and imaging. There are a multitude of
different imaging modalities available that can
help with the success of CTO PCI. Angiographic
imaging in CTO will remain fundamentally cen-
tral to procedural success. However, the rapid
developments of adjunctive forms of imaging
have become increasingly important in all the
phases of CTO PCI patient management, includ-
ing patient selection, procedural planning and
follow-up [4]. This review will outline the types
of imaging modalities available and will propose
how they can be used in CTO PCI, allowing each
operator to tailor his imaging requirements to the
individual patient.

Adjunctive CTO imaging in case
selection

Case selection is of paramount importance
in CTO PCI. Ficure 1 shows a flow chart that
helps characterize decision pathways involved in
adjunctive CTO imaging, helping to decide on
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imaging PCI

patient selection and to improve overall success.
The decision to proceed onto CTO PCI should be
based on either symptoms control, improvement
in left ventricular function (LVF) or improved
survival [5]. Common symptoms of angina and
dyspnea can be discerned at the time of patient
review and restoration of antegrade flow can help
alleviate those symptoms. Successful treatment of
a CTO has been shown to improve angina events
in patients [6]. Nevertheless, adjunctive imaging
in CTO has been used more in relation to deter-
mination of improvements of LVF and survival by
determination of hibernating and ischemic myo-
cardium [6]. Despite CTOs having collateral flow,
allowing sufficient myocardial perfusion under
basal conditions, perfusion may not be adequate,
resulting in ischemia when metabolic needs
increase (7). This can result in hibernating myo-
cardium, which is a state of persistently impaired
LVF at rest owing to reduced coronary blood
flow that can be partially or completely restored
to normal by improving blood flow [8]. There are
a multitude of different modalities that can help
assess both ischemic or hibernating myocardium

in patients considered for CTO PCL

B Echocardiography

Classically, exercise stress echocardiography has
been used to determine left ventricular ischemia
in coronary artery disease. However, in patients
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Figure 1. Preprocedural planning imaging pathway.
CABG: Coronary artery bypass graft; CAD: Coronary artery disease; CT: Computed tomography; DSE: Dobutamine stress
echocardiography; LVF: Left ventricular function; SPECT: Single photon emission computed tomography.
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unable to exercise, pharmacological stress agents
(e.g., dobutamine, adenosine and dipyridamole)
have been substituted effectively [9]. Regardless,
stress echocardiography is a widespread and rela-
tively inexpensive method to assess myocardial
viability and ischemia. In relation to viability,
dobutamine stress echocardiography (DSE) is one
of the most common modalities used. However,
even a simple resting echocardiograph can give
an impression. The presence of pronounced end
diastolic wall thinning virtually excludes the pres-
ence of viable tissue [10]. In patients without a clear
thinning of the dysfunctional area, low-dose dob-
utamine echocardiography can be performed to
evaluate myocardial viability. Dysfunctional, but
viable myocardium is characterized by preserved
contractile reserve during DSE [11]. This response
is highly predictive of recovery of function after
revascularization. The combination of DSE with
concomitant echocardiography modalities, includ-
ing the use of contrast, also helps to diagnose viable
myocardium [12].
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Further imaging to help

No delineate anatomy:
— CT angiogram
— CT/MRI

B Nuclear techniques: single photon
emission computed tomography

Single photon emission computed tomography
(SPECT) can also be used in the assessment
of both ischemia and viable myocardium [13].
Two main tracers can be used: thallium-201 or
technetium-99m. Prior clinical studies suggested
that myocardial perfusion imaging with either
thallium-201 or technetium-99m sestamibi can
provide clinically important information pertain-
ing to the status of myocardial viability when
systolic dysfunction exists in the setting of severe
coronary artery disease or after an acute myocardial
infarction [14]. This ability to identify ischemic or
viable myocardium can help with identification of
suitable patients to undergo CTO PCI.

B Nuclear techniques: PET

PET is a nuclear imaging technique that can
detect viable myocardium with the use of a
radionuclear tracer fluorodeoxyglucose. PET
is often considered the reference technique
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The role of adjunctive imaging in chronic total occlusions

for the assessment of myocardial viability
owing to the quantitative results, high spatial
resolution and good correlation with outcome
after coronary revascularization [15]. Several
studies have demonstrated that SPECT and
fluorodeoxyglucose-PET imaging have a com-
parable diagnostic accuracy for the assess-
ment of myocardial viability [16]; however, its
cost—effectiveness in this role is unclear.

B Cardiac MRI

Cardiac MRI (CMR) is a versatile noninva-
sive imaging modality providing accurate and
reproducible assessment of global and regional
ventricular function, blood flow, myocardial
perfusion and myocardial scar [17]. Spatial and
temporal resolution have been improved with
techniques such as ECG gating, acquisition dur-
ing breath holds and fast data readout by means
of gradient echo. This allows visualization of
myocardial perfusion at rest and at stress [18,19].
With the use of stress dobutamine or adenos-
ine, CMR can also accurately identify areas of
myocardial ischemia and associated changes in
myocardial contractility [20], which can indi-
cate coronary artery stenosis. CMR can detect
hibernating myocardium with either the use

Yes

Simultaneous

of dobutamine or gadolinium contrast [21,22].
Patients with dysfunctional, but viable, myo-
cardium benefit from revascularization; the
identification and quantification of the extent
of myocardial viability is an important part of
the preprocedural work-up of CTO patients.
In fact, CMR has shown improvement of LVF
after successful reopening of CTO [23]. Thus,
overall, CMR is a useful tool in helping to deter-
mine which patients are likely to benefit most
from successful CTO PCl in the preprocedural
work-up phase [24].

B Preprocedural planning

After the identification of patients who require
CTO PCI, the accurate identification of coro-
nary anatomy is the next step. Visualization of
the critical aspects of the CTO allow for initial
treatment strategies to be formulated. Identifica-
tion of the proximal cap, length of occlusion,
distal vessel bed and retrograde collaterals helps
to facilitate procedural strategies and improved
success rates [25]. Classically, all of these can usu-
ally be identified with the use of an angiogram.
However, if there are difficulties in identification,
there are other imaging modalities that can be
used to help further identify these key areas.

No

angiogram useful

Continue with procedure

.. Successful crossing

Use adjuvant imaging:
— Angiogram/CT fusion
— Coregistration

of the CTO?
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No No
Stent optimization
Use IVUS Use of novel imaging
re-entry — FL-IVUS
— Safe-Cross®
OCT IVUS
Failed case Yes Return with
reattempt? additional imaging

Refer/CABG <—|
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Figure 2. Procedural imaging pathway.

CABG: Coronary artery bypass graft; CT: Computed tomography; CTO: Chronic total occulusion;
FL: Forward looking; IVUS: Intravascular ultrasound; OCT: Optical coherence tomography.
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Figure 3. Intravascular ultrasound-guided wire re-entry. (A) Left anterior descending artery
occlusion, (B) intravascular ultrasound probe alongside wire to allow intravascular ultrasound-guided
re-entry and (C) successfully recanalized left anterior descending artery.

B Multislice computerized tomography
The use of computerized tomography coronary
angiography (CTCA) for the diagnosis and evalu-
ation of coronary artery disease has significantly
progressed over the last decade. Improvement in
temporal resolution and reduction in radiation
doses now enable the CTO operator to integrate
CTCA into preprocedural planning [26]. The
ability to manipulate the rendered 3D image
can provide high quantitative and qualitative
diagnostic accuracy of coronary disease without

conventional coronary angiography, for example
foreshortening [27]. This less invasive method also
provides information about coronary anatomy in
areas of no-flow (e.g., CTOs) and can even help
characterize the coronary plaque characteristics
in high resolution [28]. The ability to visualize
vessel course is generally related to calcium bur-
den, and is a significant advantage of CTCA over
conventional angiography [29]. The identification
of calcium burden within the CTO plaque is
accurate with computed tomography (CT) and

the visual-spatial limitations that occur with is a strong positive predictor of CTO failure [30].

aging to confirm true
lumen.

Controlled Anetrograde
Dissection.

pted true lumen
Re-entry.

Stingray wire and

Cross-Boss catheter.
¢ balloon.

Figure 4. Intravascular ultrasound guidance for antegrade dissection re-entry. (A) Demonstrates chronic total occlusion of the
proximal right coronary artery with antegrade collaterals. (B) Controlled antegrade subintimal dissection was performed with a
CrossBoss™ catheter (Boston Scientific, MA, USA). (C) Re-entry into the true lumen was then achieved with Stingray™ wire and balloon
(Boston Scientific). (D) Confirmation of true lumen re-entry was performed via IVUS imaging vessel. The red arrows indicate areas where
IVUS imaging has been performed in the vessel and correlate to figures (i-iv). (i-iii) Clear demarcation of true lumen (green asterix) and
false lumen (red asterix) are illustrated. (iv) True lumen (green asterix) is identified with no evidence of false lumen in distal vessel. This
method allows identification of successful chronic total occlusion crossing into true lumen distally, without the use of antegrade contrast
injection.

IVUS: Intravascular ultrasound.
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In addition, the incorporation of 3D imaging
techniques helps to identify and accurately assess
occlusion length, stump shape and vessel tortuos-
ity [31]. These morphological characteristics, along
with vessel calcification, are closely linked to pro-
cedural success [32]. This illustrates the role of CT
in preprocedural work-up to help predict favorable
outcomes in CTOs undergoing PCI. Adjunctive
use of preprocedural CTCA can lead to proce-
dural success of over 90% [33]. However, the use
of CTCA in the preprocedural work-up of CTO
patients is usually performed by experienced oper-
ators and teams, and this experience may actually
be the reason for improved success rates. Another
significant concern remains regarding adding to
cumulative radiation exposure, particularly with
poorly controlled heart rates when prospective
gating protocols cannot be used [34]. Thus, CTCA
should be considered on a case-by-case basis.
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B MRI for coronary anatomy

Apart from assessment of the myocardium, the
direct visualization of coronary vessels has been
achieved with magnetic resonance angiography
(MRA) and has been shown to be superior to
standard angiography in determining the course
of anomalous coronary vessels [35]. With 3D visu-
alization this modality has been used to identify
coronary stenosis [36]. However, the use of MRA
was only sensitive in those patients with left main
or triple vessel disease and did not help to differ-
entiate those with CTOs [37]. Thus, overall, MRI
at this stage does not have the image quality to
replace standard angiography or CTCA.

CTO treatment guiding

Once the decision to perform CTO PCI has been
made, the use of imaging during the procedure
can also help with success rates. Apart from the
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Figure 5. Forward-looking intravascular ultrasound. (A) Conical field of view at approximately
45° forward projection with an imaging radius of approximately 5 mm to the side and approximately
3.5 mm forward of the catheter. (B) Healthy looking vessel. (C) Forward-looking intravascular
ultrasound image at chronic total occlusion cap. (D) Forward-looking intravascular ultrasound image

of entry into stented vessel.

Reproduced with permission from Volcano Corporation (CA, USA).
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Figure 6. Safe-Cross® system (IntraLuminal Therapeutics, Inc., CA, USA). The Safe-Cross
system is based on optical coherence reflectometry. This is a forward-looking fiber. It is able to
differentiate arterial characteristics of tissue. Signals are then allocated. A green bar indicates lumen
and a red bar indicates arterial wall. This allows the operator to essentially navigate across a chronic
total occlusion to possibly facilitate lumen-to-lumen crossing.

identification of coronary anatomy during the
case, certain imaging modalities can be used to
help with proximal cap localization, subintimal
wire identification and stent optimization. Ficure2
demonstrates a typical flow chart that can be
adopted during a procedure in which adjunctive
imaging can be used. The use of these imaging
techniques are commonly used by experienced

CTO operators.

B Intravascular ultrasound

Adjunctive use of intravascular ultrasound
(IVUS) in CTO PCI [38], as with conventional
PCI, can provide valuable information regarding
vessel size, lesion length, plaque morphology and
intracoronary calcium distribution [39], and is
also helpful for stent optimization [40]. Neverthe-
less, there are novel uses of IVUS that are partic-
ular to CTO PCI. These include IVUS-guided
wire penetration from a subintimal space into the
true lumen [41,42] and proximal cap identification,
which can be performed by standard side-view

IVUS or forward-looking (FL)-IVUS.

Conventional side-viewing IVUS

In relation to the proximal fibrous cap, an IVUS
catheter can be used to determine the entry point
in vessels with a flush occlusion. Case reports
depict the use of an IVUS catheter to locate
the proximal fibrous cap, by placing the catheter
into an adjacent patent artery and allowing the
image to localize the cap [43]. With the devel-
opment of novel subintimal wire techniques in
CTO PCI including subintimal tracking and
re-entry (STAR) and controlled antegrade and
retrograde tracking (CART) the use of IVUS

has become more common [44]. IVUS can be
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used to localize wire position in the subintimal
space or true lumen, but can also facilitate wire
re-entry into the true lumen (Ficure3) [45.46]. This
is particularly helpful when the case does not
facilitate antegrade or retrograde use of contrast
injection (Ficure 4). This technique may well be
superseded by the increased use of dissection
re-entry using the CrossBoss™ catheter (Boston
Scientific, MA, USA) and Stingray™ balloon
(Boston Scientific) [47].

The traditional use of IVUS in relation to
approximation of vessel size and stent optimi-
zation can also be translated into CTO work.
Once the occlusion has been opened the esti-
mation of vessel size may be difficult by quan-
titative angiography, due to dissection or the
presence of subintimal hematoma [48], at which
point IVUS can be deployed [49] to assess the
vessel size. Stent optimization in CTO has been
facilitated by IVUS; however, in the AVIO trial
there was no statistical difference between stent
optimization by IVUS or by angiography [3s].

Forward-looking IVUS

Classically, with CTO PCI, the ultimate proce-
dural goal is to remain within the true lumen
throughout the length of the occlusion. Previous
IVUS studies have shown that subintimal guide-
wire passage may be associated with reduced pro-
cedural success rates [50,51]. Therefore the ability
to precisely steer a wire to remain within the true
lumen throughout the length of the occluded seg-
ment is the basis of FL-IVUS. This uses an alter-
native projection of the ultrasound image that
is obtained by antegrade (FL) rather than axial
reflection of the ultrasound signal. This enables
the area of vessel distal to the catheter tip to be
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visualized. This offers the potential advantage of
imaging the proximal cap in cases of plaque cap
ambiguity and can facilitate ultrasound-guided
wire progression such that the wire remains
within the true vessel lumen at all times. Theo-
retically, the intraluminal passage of the wire
reduces the risk of perforation and can be used
to facilitate true lumen re-entry. FL-IVUS sys-
tems can also be combined with ablation or other
strategies for altering vascular tissues (Ficure 5) [52].

B Optical coherence tomography

Coronary optical coherence tomography (OCT)
is a method of high-definition intravascular
imaging that uses light instead of ultrasound
(53]. The axial resolution ranges from 5 to 10 pm
compared with 100 to 150 pm for IVUS [54].
This provides excellent luminal definition but
is offset by limited vessel wall penetration com-
pared with IVUS. There is also a need to com-
pletely remove blood from the imaging area by
either contrast or saline [s5]. Therefore, peripro-
cedural use of OCT is largely confined to the
optimization of stent placement and to stent
apposition and postprocedural follow-up. OCT
is not a useful modality prior to stent deploy-
ment because of the need to clear the lumen of

blood. This is a particular disadvantage during
antegrade dissection and re-entry where prior
to lesion crossing and stent deployment ante-
grade dye injection should be avoided to prevent
hydraulic dissection of the subintimal space.
This is also coupled with the fact that there are
no current clinical trials confirming the utility
of OCT in CTO PCI.

In relation to CTO PCI, once again there
have been experimental uses of FL-OCT cath-
eters in ex vivo benchtop work, but this has not
translated into a clinically useful tool s6]. There
has also been advancement of the use of opti-
cal coherence reflectometry in CTOs. This is a
FL fiber optic guidance system to help navigate
through CTOs. It is able to differentiate the
tissue characteristics of arterial tissue including
the calcified or noncalcified plaque and athero-
sclerotic lesions from arterial wall [57]. The sig-
nals are then interpreted on a monitor in real
time in which a green bar indicates lumen and
a red bar indicates arterial wall. This serves as
the platform from which the Safe-Steer™ total
occlusion (IntraLuminal Therapeutics, Inc.,
CA, USA) and the Safe-Cross® device (Intra-
Luminal Therapeutics, Inc.) work [s8]. The
Safe-Cross device incorporates radiofrequency
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Figure 7. Postprocedural planning imaging pathway.

CABG: Coronary artery bypass graft; CT: Computed tomography; DSE: Dobutamine stress
echocardiography; FFR: Fractional flow reserve; IVUS: Intravascular ultrasound; LV: Left ventricular;
OCT: Optical coherence tomography; PCl: Percutaneous coronary intervention.

future science group www.futuremedicine.com 583



584

Sapontis & Hill

Figure 8. Computed tomography coronary angiography. Stents imaged at (A) standard versus
(B) high definition. Stented vessel at (C) standard versus (D) high definition using high-definition

computed tomography.
Reproduced with permission from General Electric.

ablation technology to the wire tip, in order to
penetrate through the CTO (Ficure 6). The Safe-
Cross system has been shown to be a successful
alternative to conventional CTO PCI in cases
that have been unsuccessful [59.60]. Despite this
system having been available for some time, its
potential use still remains controversial.

B CTO follow-up

One of the most important aspects of CTO PCI
is that procedural success correlates with clini-
cal improvement. Follow-up should be focused
on either improvement of symptoms or LVF.
As is shown in Ficure 7, if patients have no dis-
cernible change in symptoms or previously were
shown to have impaired LVF, then adjunctive
imaging is required post CTO PCI. Restenosis,
poor flow or even stent thrombosis are issues
that should be diagnosed on follow-up. If flow
has been restored to the distal vessel bed, then

Interv. Cardiol. (2013) 5(5)

symptoms should be improved and LVF should
improve [61]. There are many different modali-
ties available including DSE, PET and MRI;
the availability of which is dependent on each
center. As mentioned previously, these modali-
ties have their advantages and disadvantages;
however, being able to pair the same test pre-
procedurally with follow-up would provide the
best objective evidence.

B Minimally invasive

Patients with continuing symptoms with low
clinical suspicion of restenosis or poor flow
should undergo minimally invasive evaluation.
This includes the classic modalities including
extra slice spin tagging/ DSE/PET/MRI, which
can be sufficient in demonstrating coronary
ischemia or continuing impaired LVF. If these
are positive then progress onto invasive coronary
angiography is warranted (Ficure 7).

future science group
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B High-definition CT

CTCA is an imaging modality that can be used
in both the pre- and post-procedural stages of
CTO PCI. High-definition and dual-energy
CT has now negated the blooming artefact
often associated with stent imaging. Increased
spatial resolution and use of dual-energy scan-
ners now allows for stent struts to be clearly
visualized, as well as imaging tissue within the
stented segment itself (Ficure 8). If restenosis is
being considered in patients who remain symp-
tomatic at follow-up, then CTCA can offer a
useful adjunct imaging modality rather than
proceeding directly to repeat coronary angio-
graphy. Further advances may now allow the
integration of physiological data such as frac-
tional flow reserve into the anatomical data set
(FiGUre 9) [62].

B Invasive

If there is a high clinical suspicion of restenosis
or objective evidence of left ventricular ischemia
then progression onto invasive coronary angio-
graphy is warranted. A simple angiogram can
identify restenosis, poor distal bed flow or even
stent thrombosis. The determination of signifi-
cant restenosis may require adjunctive assess-
ment with the use of possible fractional flow
reserve wires, IVUS or OCT. The use of IVUS
and OCT can help to diagnose the root of the
problem and facilitate stent deployment. Once
again, these are also dependant on availability.

m |VUS follow-up

IVUS has been used very successfully to help
diagnose the cause of in-stent restenosis [63]. Con-
sidering some CTO PCI involves stenting in the
subintimal space, appropriate stent sizing is some-
times difficult. It is well known that longer total
stent length, smaller reference lumen diameter,
smaller final minimal lumen diameter by angio-
graphy and smaller stent lumen cross-sectional
area by IVUS are all predictors of in-stent reste-
nosis [63]. Thus, IVUS can be a useful adjunctive
modality to assist in identifying causes of stenosis
and helping to ameliorate them.

B OCT follow-up

At follow-up in patients undergoing further
angiography for in-stent restenosis concerns, or
because of other ongoing symptoms, OCT can
be extremely useful in determining the vessel heal-
ing response to stent implantation (Ficure 10) [64]. It
remains to be seen how the increasing use of the
subintimal space with both retrograde and ante-
grade dissection re-entry techniques will impact
on long-term CTO outcomes. However, it is likely
that at postprocedural angiographic follow-up
OCT will become the dominant intravascular
imaging modality compared with IVUS. Certainly
OCT is the optimal tool for accurately assessing
the endoluminal stent restenosis although it may
not have sufficient penetration to accurately assess
vessel size in heavily diseased or calcificied vessels,
which is very often the case with CTOs. However,
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Figure 9. HeartFlow™ and computed tomography follow-up.
CT: Computed tomography; FFR: Fractional flow reserve.
Reproduced with permission from HeartFlow™ (HeartFlow Inc., CA, USA).
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the micron scale assessment of stent strut cover-
age and endothelial/neointimal healing is clearly
in the range of OCT resolution and cannot be
carried out comparably with IVUS (Ficure 10) (65].

Future developments

Currently there are many adjunctive imaging
modalities available to CTO operators. Some
of them have specialized roles and are usually
reserved for those with more experience. Nev-
ertheless, in the future, adjunctive imaging may
be available to even the most novice CTO opera-
tor in order to improve success. There are con-
tinuing developments in OCT image processing
that can help render real-time 3D images at the
time of angiography [66]. The calcium blooming
artefact seen in CTCA can obscure the lumen
and vessel detail. Latest-generation scanners,
however, can overcome these limitations with
use of prospective gating and new detector tech-
nology. Image fusion techniques are now pos-
sible, which allow coregistration and fusion of
CTCA with coronary angiography. Along with
the use of latest-generation CT scanners, which
can reduce the radiation dose [67], CTCA can
be a useful preprocedural tool in selected cases.
Coregistration of both the angiogram and the
CTCA in the catheter laboratory at the time of

Reverse CART re-entry

the procedure is currently possible but definitely
not widely available. In addition, developments
of rapid imaging and catheter devices visible
under MRI have made real-time MRI interven-
tions possible [68.69). The development of MRI-
visible procedural catheters, wires and sheaths
have allowed the successful recanalization of
CTO in a carotid artery swine model [70]. This
has yet to be translated to human trials as not
only can catheter materials become displaced by
the magnetic fields, but the conductive materials
can heat from microwave exposure during MRI
[71]. However, there have been further advance-
ments with modified catheters that can serve as
MRI antennae contributing to imaging quality
and yet are heat resistant [72]. Along with the
development of combined x-ray and MRI imag-
ing laboratories, this may improve the success
rate of this contemporary method of CTO PCI
in the future [73].

Conclusion

There are numerous different imaging modali-
ties available to the CTO operator. There is not a
universal imaging modality that does everything.
Some help with patient selection and others with
preventing complications or lowering procedural
times. In addition, not all are available to every

Figure 10. Optical coherence tomography for retrograde dissection and re-entry follow-up. (A) Chronic total occlusion of right
coronary artery (RCA) showing occlusion in proximal segment. (B) Successful crossing of the chronic total occlusion using the reverse
CART technique. (C) Final angiographic result after stent deployment into proximal, mid and distal segments. (D) Follow-up angiogram
at 6 months showing ‘hazy’ areas. Optical coherence tomography (OCT) of vessel performed. (i) OCT of distal RCA shown in (D) as red
arrows. OCT indicates stent malaposition (free-floating stent). (ii) OCT of distal RCA also showing moderate malapposition. (iii) OCT of
mid-RCA showing evidence of endothelial stent strut coverage. (iv) OCT of proximal RCA once again showing malapposition, correlating
with the area where the reverse CART was performed.

CART: Controlled antegrade and retrograde tracking.
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operator, suitable for all patients or are used in
mainstream clinical work. This means that case
selection is vital when searching for a specific type
of imaging modality to help with CTO PCI. Par-
ticular attention needs to be taken to the type
of information required, and the advantages and
disadvantages associated with each type of imag-
ing. Further development in this area will be a
further step towards optimizing success rates for

CTO PCL
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Coronary angiography remains the central imaging modality for chronic total occlusion (CTO) percutaneous coronary intervention (PCl).

Adjunctive imaging has a role at all stages of CTO PClI.

Confirmation of ischemia prior to CTO PCl is helpful.

Periprocedural intravascular imaging is usually with intravascular ultrasound.
Optical coherence tomography may have a role in postprocedural follow-up.
CTO PCl adjunctive imaging utilizes all available modalities.

An integrated imaging approach can improve CTO outcomes.
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