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Abstract
Purpose of Review We sought to summarize the current evidence on use of intravascular imaging (with intravascular ultrasound
[IVUS] or optical coherence tomography [OCT]) in chronic total occlusion (CTO) percutaneous coronary intervention (PCI).
Recent Findings Utilization of intravascular imaging in CTO PCI is increasing over time, both to facilitate CTO crossing and for
optimization of the final result. OCT is used less often than IVUS due to its lower depth of penetration and need for contrast
injection.
Summary Intravascular imaging has multiple uses in CTO PCI: (a) it can facilitate CTO crossing by resolving proximal cap
ambiguity and facilitating and confirming true lumenwire re-entry in case of initial subintimal wire crossing in both the antegrade
and retrograde direction (for example by selecting the appropriate balloon size during the reverse controlled antegrade and
retrograde tracking (reverse CART) technique; (b) it can be used to optimize the PCI result by ensuring good stent expansion
and stent strut apposition, which may in turn result in lower rates of subsequent in-stent restenosis and stent thrombosis; (c) can
facilitate evaluation and treatment of complications.

Keywords Intravascular imaging .Chronic totalocclusions . IVUS .CTO .Percutaneouscoronaryinterventions .Coronaryartery
disease

Introduction

Chronic total coronary occlusion (CTO) percutaneous cor-
onary intervention (PCI) can be challenging to perform;
however, high success rates (85–90%) can currently be

achieved with acceptable complication rates (approxi-
mately 3%) at experienced centers [1–5]. After successful
CTO PCI, there remains a risk for in-stent restenosis and
stent thrombosis [6–8] that could likely be reduced by
achieving an excellent initial result. Intravascular imaging
can be used for both achieving initial success and also for
minimizing the risk for subsequent adverse events and
will be the focus of the present review [9•,10•,11•].

Intravascular Imaging Modalities

Two types of intravascular imaging are currently clinically
available: intravascular ultrasound (IVUS) and optical co-
herence tomography (OCT). Both require insertion of an
imaging probe into the coronary artery, followed by pull-
back and image acquisition. IVUS has axial spatial reso-
lution between 100 and 150 μm and 8 mm penetration
depth, and cannot image through calcification. OCT uti-
lizes near infrared light and provides 10–20 μm of axial
spatial resolution and 2 mm penetration. Unlike IVUS,
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OCT image acquisition requires contrast injection to clear
to column of blood from the coronary artery and allow the
light beam to reach the vessel wall (Table 1). Contrast
injection may not be feasible or desirable during CTO
PCI, especially in the setting of dissections, as it can lead
to dissection propagation. As a result, IVUS is most com-
monly used for guiding CTO PCI crossing, as it also has
higher depth of penetration. Both modalities can be used
to assess the result of CTO PCI, but the higher spatial
resolution of OCT makes it the preferred modality for
assessing dissections and stent strut malapposition.
Effective use of either modality requires experience with
image acquisition and interpretation.

Because of lower penetration depth, OCT may be less
useful for assessing large vessels, such as the left main
[12]. The main limitation of OCT use in CTOs is the need
for contrast injection to acquire images. This can result in
the extension of dissections previously created by recan-
alization efforts [13] and possibly predispose to contrast
nephropathy [14, 15].

Intravascular Imaging for CTO Crossing

Intravascular imaging (mainly IVUS) can assist with CTO
crossing, as follows:

1. Evaluation of proximal cap ambiguity.
2. Evaluation of guidewire position during antegrade CTO

crossing attempts and guiding re-entry into the true lumen
in case of subintimal guidewire position.

3. Evaluation of guidewire position during retrograde CTO
crossing and assisting with true lumen re-entry, for exam-
ple by appropriate balloon size selection using the reverse
controlled antegrade and retrograde tracking (reverse
CART) technique.

Resolving Proximal Cap Ambiguity

The proximal CTO cap is characterized as ambiguous when
its exact location cannot be confidently defined, for example
when there are obscuring side branches. Proximal cap ambi-
guity is present in approximately one-third of CTO PCI target
lesions and is associated with lower success rates, higher uti-
lization of the retrograde approach, and lower procedural ef-
ficiency [16–18].

IVUS is one of several techniques that can be used to over-
come proximal cap ambiguity. Other crossing strategies in-
clude primary retrograde crossing, better coronary angiogra-
phy (for example by using more angulated projections), use of
computed tomography angiography, and subintimal tech-
niques, such as the “scratch and go” and the balloon-assisted
subintimal entry (BASE) techniques (Fig. 1).

The hybrid approach favors early use of retrograde cross-
ing for CTOs with ambiguous proximal cap (Fig. 2), whereas
use of IVUS is favored in the Asia Pacific CTO crossing
algorithm [19•] (Fig. 3).

Identification of the Proximal Cap Location

IVUS can help clarify the location of the proximal cap, if there
is a side branch adjacent to the occlusion [20].

Table 1 Comparison between intravascular ultrasound (IVUS) and optical coherence tomography (OCT)

IVUS OCT

Source of image Ultrasound Near infrared light

Spatial resolution 100–150 μm 10–20 μm

Penetration depth 8 mm 2 mm

Applications in CTOs Crossing, stent optimization Stent optimization

Disadvantages Cannot image through calcium Contrast injection needed, limited penetration

Ca, calcium, CTOs, chronic total occlusions, IVUS, intravascular sound, OCT, optical coherence tomography

Fig. 1 Antegrade and retrograde approaches to chronic total occlusions
with ambiguous proximal cap.With permission fromBrilakis ES.Manual
of chronic total occlusion interventions a step-by-step approach. Second
edition. ed. London: Elsevier/Academic Press; 2018
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The preferred catheter for imaging through a side branch is
the short-tip, solid-state IVUS catheter (Eagle Eye, Volcano) as
it can image close to its tip, unlike the rotational IVUS catheters
that usually have a 2–3-cm distal monorail segment (Fig. 4).
The IVUS catheter is moved forward and backward until the
CTO entry point is identified (Fig. 5). Sometimes, usually in
large vessels, increasing the field of view (from 10 mm to 12 or
14 mm) can help visualize the CTO entry point. Severe calcifi-
cation can sometimes hinder visualization of the CTO entry
point. In some of those cases, combination of IVUS with mul-
tidetector computed tomography can increase the likelihood of
successful crossing [21].

Evaluation of Guidewire Position During Crossing Attempts

After locating the CTO entry point using IVUS, antegrade
guidewires are often used to cross the occlusion. IVUS can
be used to guide antegrade crossing of lesions with proximal
cap ambiguity either through (a) real-time imaging during
crossing attempts, or (b) intermittent (serial) imaging: imaging
is used to locate the proximal cap, the IVUS catheter is with-
drawn to allow crossing attempts, and is then re-inserted to
determine the guidewire position location (Fig. 5) [20].
Intermittent imaging is most commonly used, as the IVUS
catheter may interfere with guidewire manipulation, which
in turn may alter the position of the IVUS catheter during
guidewire crossing attempts. IVUS can identify the plaque
structure (and subsequently help the operator in choosing an
appropriate guidewire to penetrate the occlusion) and clarify
the position of the guidewire in the proximal cap (intimal or
subintimal, central or eccentric). If the wire is in the intima or
in the subintimal space, but within the occlusion, a
microcatheter can be inserted over the wire to provide support
and facilitate crossing. Otherwise, the wire is withdrawn and

Fig. 2 Hybrid algorithm for
CTOs. Reproduced with
permission from Brilakis ES.
Manual of chronic total occlusion
interventions a step-by-step
approach. Second edition. ed.
London: Elsevier/Academic
Press; 2018

Fig. 3 Algorithm for CTO crossing. IVUS-guided entry is proposed in
case of proximal cap ambiguity. With permission from Harding SA, Wu
EB, Lo S, Lim ST, Ge L, Chen JY et al. A new algorithm for crossing
chronic total occlusions from the Asia Pacific Chronic Total Occlusion
Club. JACC Cardiovasc Interv. 2017;10(21):2135-43. https://doi.org/10.
1016/j.jcin.2017.06.071

Fig. 4 Short-tip IVUS catheter entering side branch to guide CTO
crossing. With permission from Brilakis ES. Manual of chronic total
occlusion interventions a step-by-step approach. Second edition. ed.
London: Elsevier/Academic Press; 2018

Curr Cardiovasc Imaging Rep (2018) 11: 31 Page 3 of 11 31

https://doi.org/10.1016/j.jcin.2017.06.071
https://doi.org/10.1016/j.jcin.2017.06.071


repositioned. In a recent study of 22 patients with ostial,
stumpless CTOs who underwent PCI under IVUS guidance,
procedural success was 77% [22].

Use of IVUS for antegrade crossing requires large
guide catheters (7 Fr or 8 Fr) that can accommodate both
a microcatheter and the IVUS catheter. In one case of

blunt stump-CTO, Nakashima inserted simultaneously
two 6 Fr guide catheters (and two guidewires, one to each
catheter) in the left coronary artery using bilateral radial
access. One of the two guides was used for microcatheter
insertion and the second for insertion of the IVUS catheter
[23].

Fig. 5 Example of identification
of the proximal cap location by
intravascular ultrasound (IVUS).
a Ostial chronic total occlusion
(CTO) of the first obtuse marginal
branch (arrow). b The guidewire
kept entering the distal circumflex
during antegrade wire escalation
approach. c, d IVUS
demonstrated that the CTO
(yellow circle in c) originated
proximal (arrow in d) to the distal
circumflex’s apparent origin. e A
Confiaza Pro 12 guidewire was
used for antegrade crossing and
its location within the CTO was
confirmed by IVUS. f Confiaza
Pro 12 was advanced through the
occlusion. Modified with
permission from Brilakis ES.
Manual of chronic total occlusion
interventions a step-by-step
approach. Second edition. ed.
London: Elsevier/Academic
Press; 2018
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Use of IVUS can result in complications, such as side
branch perforation and dissection, especially when the IVUS
catheter is inserted in small and tortuous side branches.
Furthermore, prolonged use of IVUS can lead to coronary
thrombosis, highlighting the importance of meticulous
checking of the activated clotting time (ACT) [24].

Facilitating Antegrade Wire Crossing

During antegrade wire escalation, the guidewire may enter the
subintimal space. One solution for re-entering into the distal
true lumen is to use a re-entry system, such as the Stingray
system. Another solution is to use a parallel wire technique or
one of its variations, such as the “see-saw technique” or use of
a dual lumen microcatheter. A third solution is to attempt

directed penetration into the true lumen that can be guided
by IVUS [25].

Insertion of the IVUS into the subintimal space may require
predilation with a small (1.0 to 1.5 mm diameter) balloon,
followed by the insertion of the IVUS catheter over a stiff
guidewire, such as the Miracle 6 or 12 guidewires (Asahi
Intecc). IVUS can then guide a second stiff guidewire (such
as Gaia 3rd, Confianza Pro 12 [Asahi Intecc] or Hornet 14
[Boston Scientific]) with a 45° bend at the tip that is usually
advanced through a microcatheter in order to enhance support,
until it re-enters the distal true lumen. A large guide catheter (7
or 8 French) is needed to accommodate the IVUS catheter and
a microcatheter. Antegrade contrast injection should not be
performed until after entrance of the guidewire into the true
lumen as it can extend the subintimal dissection [26, 27].

Fig. 6 Example of intravascular ultrasound (IVUS) facilitating retrograde
crossing. a Antegrade crossing attempts to cross a mid-right coronary
artery (RCA) chronic total occlusion (CTO) (arrows) failed due to the
presence of a large side branch at the occlusion site. b Injection of the left
main demonstrated a large, tortuous septal collateral branch (arrows)
filling the RCA. c Selective injection through a Finecross catheter
(arrow) clarifies collateral vessel course. d Kissing wire attempts after
retrograde and antegradewire (arrows) subintimal advancement in the
mid RCA failed. e Retrograde puncture with the wire through the CTO
guided by IVUS (arrow). f IVUS demonstrated that the retrograde wire

was located in the proximal true lumen. g The retrograde guidewire was
trapped into the antegrade guide (arrowhead) followed by retrograde
balloon dilatation (arrows) of the CTO. h After externalization of the
retrograde guidewire, a balloon was advanced antegradely (arrow),
while a retrograde balloon (arrowhead) covered the intraseptal portion
of the wire. i Final result after implantation of multiple drug-eluting
stents to the RCA. Modified with permission from Brilakis ES,
Grantham JA, Thompson CA, et al. The retrograde approach to
coronary artery chronic total occlusions: a practical approach. Catheter
Cardiovasc Interv 2012;79:3–19
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At most institutions, IVUS-guided antegrade re-entry is
used only as last resort, because it is less predictable than
dedicated re-entry devices and because insertion of an IVUS
catheter in the subintimal space could cause a subintimal he-
matoma that could hinder subsequent re-entry attempts [20,
28]. In one case series, 20 patients who had failed both
antegrade and retrograde crossing attempts, use of IVUS-
guided wiring re-entry was associated with 85% success rate
and no procedural complications, except for one case of peri-
cardial tamponade [29].

Facilitating Retrograde Wire Crossing

The retrograde approach is commonly used in CTO PCI, es-
pecially in more complex occlusions, such as in ostial CTOs,
CTOs with ambiguous proximal cap, CTOs with bifurcation
at the distal cap or long and tortuous lesions or as a bail-out
strategy in case of antegrade crossing failure [2, 4, 5, 30].

Retrograde crossing from the distal into the proximal true
lumen can be challenging. Antegrade IVUS can confirm entry
of the retrograde guidewire into the proximal true lumen (Fig. 6).
Its use is especially important in ostial LAD or circumflex le-
sions, in which the retrograde guidewire may cross into the left
main through the subintimal space, potentially compromising the
left main with catastrophic consequences. IVUS can confirm the
proximal true lumen location of the guidewire, improving suc-
cess and reducing the risk for complications.

Similarly, during PCI of ostial RCA CTOs, the retrograde
wire can enter the aortic subintimal space causing aortic dis-
section. In this case, an Eagle Eye short-tip IVUS catheter
(Volcano) can be inserted “bare” in the antegrade guiding
catheter and in the aorta, to evaluate the position of the retro-
grade guidewire (Fig. 7).

The reverse controlled antegrade and retrograde tracking
(reverse CART) technique is the most commonly used retro-
grade dissection/re-entry technique. Reverse CART is per-
formed with balloon inflation over the antegrade guidewire,
followed by advancement of the retrograde guidewire into the
proximal true lumen. Multiple variations of this technique
have been developed [31]. IVUS can facilitate reverse
CART by helping determine the position of the antegrade
and retrograde guidewires as outlined in Figs. 8 and 9.

An IVUS catheter, preferably with the imaging transducer
at its tip, like the short-tip Eagle Eye (Volcano), is advanced
over the antegrade wire allowing to determine (a) the location
of antegrade and retrograde wires; (b) whether or not a con-
nection between antegrade and retrograde spaces has been
achieved; and (c) the plaque composition.

Scenarios A and B (Both Wires Located Within the Same
Space) Passage of the retrograde guidewire to the true lumen
could be hindered by dissection, recoil following balloon di-
lation, or tortuosity. Inserting a guide catheter extension can
facilitate crossing of the retrograde guidewire (Figs. 8a, b and
9a, b).

Scenario C In cases of intimal position of the antegrade
guidewire and subintimal position of the retrograde guidewire,
disruption of the intimal plaque is important, usually by infla-
tion of an antegrade balloon, the size of which can be deter-
mined by IVUS. Alternatively, a cutting balloon can be used
over the antegrade guidewire (Figs. 8c and 9c).

Scenario D When the antegrade guidewire is subintimal and
the retrograde wire is in the intima, further dilation over the
antegrade guidewire in the subintimal space is unlikely to

Fig. 7 Use of intravascular
ultrasound to evaluate the
guidewire position during
retrograde PCI of a right coronary
artery (RCA) ostial chronic total
occlusion (CTO). a Ostial RCA
CTO. The RCA filled via septal
collaterals. b Retrograde
guidewire advancement through
the RCA. c IVUS demonstrated
that the guidewire (arrow) was in
the aortic wall and not in the
vessel true lumen. d Redirection
of the retrograde guidewire. e
IVUS confirmed intraluminal
wire position (arrow). f Final
result after stent implantation.
Courtesy of Dr. Roberto Garbo
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create a connection (Figs. 8d and 9d). This is the most com-
plex situation, and the solution can be provided by:

1) Changing to the CART technique (inflating the retrograde
balloon and advancing the antegrade guidewire towards
the space created by the retrograde balloon).

2) Modifying the position of the retrograde wire using a
knuckled guidewire in order to reach with this wire the
subintimal space (transforming scenario D to scenario B).

Severe calcification is associated with reverse CART fail-
ure. IVUS can help determine plaque composition and the
presence of calcification, and hence change the location of
re-entry attempts into a less calcified segment of the target
vessel.

In one single center study that included patients with pre-
viously failed antegrade or retrograde true to true lumen strat-
egy, IVUS-guided reverse CART resulted in 95.9 and 93.9%
technical and procedural success, respectively, with 2% risk
for major adverse events [32•].

Optimization of PCI Result

Appropriate stent size selection and optimal stent expansion
are important for decreasing the risk for restenosis and stent
thrombosis.

Intravascular imaging plays a key role in stent sizing by
assisting to avoid either undersizing (that can lead to higher
rates of restenosis and stent thrombosis) or oversizing (that
may lead to perforation). In addition, it can help assess the
lesion length, guiding the interventionalist to select the appro-
priate stent length. Intravascular imaging can help determine
whether a vessel has large plaque burden (and needs to be
stented) or is hypoperfused without plaque and will likely
increase in size during follow-up without stenting.

Intravascular imaging is also able to detect areas of
underexpansion, malapposition, dissection, or incomplete
ostial lesion coverage that can lead to suboptimal outcomes
if left untreated.

Two randomized controlled clinical trials have demonstrat-
ed improved outcomes with use of IVUS during CTO PCI.
The Korean Chronical Total Occlusion Intervention with
Drug-eluting Stents guided by IVUS (CTO-IVUS) random-
ized 402 patients after successful guidewire crossing of the
CTO to IVUS vs. angiographic guidance. After 12 months,
MACE rates were significantly lower in the IVUS-guided
group (2.6% vs. 7.1%; p = 0.035) [10•].

The Comparison of Angiography-versus IVUS-guided
Stent Implantation for Chronic Total Coronary Occlusion
Recanalization (AIR-CTO) randomized 230 patients after suc-
cessful guidewire crossing to IVUS-versus angiography-guid-
ed stenting, demonstrating lower rates of 12-month in-stent

late lumen loss (0.28 ± 0.48 mm vs. 0.46 ± 0.68 mm, p =
0.025) and restenosis of the “in true lumen” stent (3.9%
vs.13.7%, p = 0.021) in the IVUS-guided group. AIR-CTO
also demonstrated significantly lower rate of definite/
probable stent thrombosis at 2 years (0.9% vs. 6.1%, p =
0.043), but no difference in overall MACE at 1-year and 2-
year follow-up (18.3% vs. 22.6%, p = 0.513 for the first year
of follow-up and 21.7% vs. 25.2%, p = 0.641 for the second
year of follow-up) although the study was not powered for
clinical events [11•].

Optical Coherence Tomography in CTO PCI

Due to low penetration depth and need for contrast injection
which can cause or enlarge a dissection, OCT is infrequently
used to facilitate CTO crossing [9•]. However, because of its
higher spatial resolution, it has some advantages over IVUS: it
is superior for identifying tissue protrusion, thrombus, stent
edge dissections, and strut malapposition [33, 34].

Owing to its ability to precisely determine lesion length,
vessel diameter, and superficial plaque architecture, OCT is
an ideal tool for selecting the appropriate stent length and
limiting the extent of stenting by helping determine that the
small caliber of the distal coronary vessel is due to chronic
hypoperfusion vs. dissection or atherosclerotic disease (in-
dicated by the presence of trilaminar arterial structure and
the absence of intimal hyperplasia and atheroma) [35, 36].
In one case report, OCT post crossing demonstrated
microchannels within the CTO [37]. Finally, OCT is the
best modality for detecting stent malapposition that can be
treated with balloon postdilation.

Most of the recent investigation about the use of OCT in
CTOs has focused on evaluating for late stent malappasition
and stent strut coverage and possible mechanism of stent
thrombosis. The ALSTER CTO-OCT registry (delayed DES
endothelialization after subintimal recanalization of chronic of
total occlusion: observation by optical coherence tomogra-
phy) demonstrated higher rates of strut malapposition and
delayed stent strut coverage in CTO lesions vs. non-CTO
lesions [38•]. Similarly, Jia et al. showed higher 6-month in-
cidence of stent malapposition, uncovered stents, and protrud-
ing struts in CTO vs. non-CTO lesions [39]. Finally, Sherbet
et al. imaged 62 patients with OCT 8-month post CTO PCI,
showing that 52 patients (88.7%, 95% CI 78.5 to 98.4%) had
at least one malapposed stent strut and 50 patients (80.7%,
95% CI 69.2 to 88.6%) had at least one uncovered stent strut
[40].

Bioresorbable vascular scaffolds (BVS) have been tested
in many contemporary CTO trials with good angiographic
and clinical outcomes but without proof of superiority over
DES [41–46]. In porcine models, overlapping of BVS led to
delayed strut coverage and higher neointimal response that

Curr Cardiovasc Imaging Rep (2018) 11: 31 Page 7 of 11 31



might result to scaffold thrombosis and in-scaffold resteno-
sis. Minimal stents overlap must be tried something that is
prevented by the poorly visible BVS edge markers at nor-
mal fluoroscopy [47]. In case reports, OCT in combination
with enhanced visualization system assisted in achieving

the minimum BVS overlap and reduced the number of o-
verlapped struts [47, 48]. Furthermore, OCT in a small se-
ries of patients with CTOs treated with BVS implantation
demonstrated favorable vascular response and heeling pro-
file [49].

Fig. 8 Antegrade and retrograde guidewire positions as assessed by
IVUS in reverse CART. a Antegrade and retrograde guidewires are
both within intimal plaque. This is the ideal scenario to make a
connection, after antegrade balloon dilation in the chronic total
occlusion body. If needed, retrograde puncture of intimal plaque with a
stiffer wire could be performed. b Antegrade and retrograde guidewires
are both within the subintimal space. This is another ideal condition in
which it is easy to create a connection in the same space after balloon
dilation. c Antegrade guidewire in intimal plaque but retrograde
guidewire in subintimal space. This is a very complex situation in
which it is crucial to create a medial disruption with proper balloon
sizing to create a connection between the two guidewires. In case of
failure, it may be possible to advance the antegrade wire distally to
enter the subintimal space and create the previous condition
(subintimal–subintimal). d Antegrade wire in subintimal space but

retrograde wire in intimal plaque, often very calcified. This is the most
complex situation because antegrade balloon dilation usually enlarges the
subintimal space (increasing intramural hematoma) with low probability
of creating a connection between the two guidewires. In this situation, the
connection is usually achieved by pushing the retrograde wire in the
subintimal space (usually with retrograde knuckle technique). In such a
complex case, a possible less-used alternative is retrograde balloon
dilation (original CART) to create medial dissection and facilitate
antegrade guidewire connection with the retrograde guidewire. CART,
controlled antegrade retrograde tracking; IVUS, intravascular
ultrasound. Modified with permission from Galassi AR, Sumitsuji S,
Boukhris M, et al. Utility of intravascular ultrasound in percutaneous
revascularization of chronic total occlusions: an overview. JACC
Cardiovasc Interv 2016;9:1979–91, Elsevier
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Frequency of Intravascular Imaging Utilization
During CTO PCI

The frequency of intravascular imaging use varies greatly be-
tween operators, centers, and countries, due in part to differ-
ences in availability and reimbursement. In the contemporary
Prospective Global Registry for the Study of Chronic Total
Occlusion Intervention (PROGRESS-CTO) registry, intravas-
cular imaging was used in 234 of 619 cases: 38% (IVUS in
36%, OCT in 3% and both in 1.45%). IVUS was used in 206
(39%) cases in the Multicenter Korean CTO Registry and in
554 of 1166 (47.5%) cases in the Japanesemulticenter registry
on complications during retrograde approach for chronic total
coronary occlusions [50]. Among 1582 CTO lesions treated
with the retrograde approach between January 2008 and
December 2012 at 44 European centers in the EURO CTO
registry, IVUS was used in 9.2% [1].

Conclusions

Intravascular imaging can facilitate both crossing and stent
optimization during CTO PCI and improve clinical outcomes,
but is used infrequently in contemporary practice, likely due to
cost, availability, and limited training. Increasing the evidence
on its beneficial use and improving equipment and training
can facilitate wider adoption in CTO (and non-CTO) PCI.
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