
Case Report

Carlino to the Rescue: Use of Intralesion Contrast
Injection for Bailout Antegrade and Retrograde
Crossing of Complex Chronic Total Occlusions

Suwetha Amsavelu,1 BS, Mauro Carlino,2 MD, and Emmanouil S. Brilakis,1* MD, PhD

Percutaneous coronary intervention (PCI) of coronary chronic total occlusions (CTO)
can be challenging. Although several crossing techniques are available, in some cases
their application fails to cross the occlusion. Carlino et al. have pioneered the tech-
nique of hydraulic microdissection by contrast injection through a microcatheter
inserted into the lesion. We report two CTO PCI cases in which the use of the Carlino
technique enabled success after other crossing strategies failed to cross the occlu-
sion. VC 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Failure to cross a coronary chronic total occlusion
(CTO) with a guidewire is the most common cause for
failure of CTO percutaneous coronary intervention [1].
Several crossing techniques are currently available,
including antegrade wiring, antegrade dissection/re-
entry, and the retrograde approach [2–6].

In 2005, Antonio Colombo was the first to report the
use of guidewire-based antegrade dissection/re-entry to
cross coronary CTOs, the subintimal tracking and re-
entry (STAR) technique [7]. In 2008, Mauro Carlino
modified the technique by using contrast injection
through a microcatheter advanced as far as possible
into the occlusion, which he named “the microchannel
technique” [8,9]. The contrast travels through intralu-
minal microchannels to illuminate the remainder of the
vessel, visualizing a pathway for the guidewire to fol-
low and penetrate the lesion [9]. Recanalization was
achieved in 19 of 32 CTOs in that study with a micro-
channel injection (59%), and 7 of the 12 patients in
whom the Carlino technique failed were still success-
fully treated using the STAR technique [9]. The Car-
lino technique subsequently evolved, injecting smaller
volume of contrast (0.5 cc or less) to make the proce-
dure safer without compromising efficacy [10]. How-
ever, the technique is infrequently utilized in most
catheterization laboratories performing CTO percutane-
ous coronary intervention (PCI).

We report two CTO PCI cases that would have
failed had the Carlino technique not been utilized.

CASE 1

A 70-year-old man with hypertension, hyperlipid-
emia, ischemic cardiomyopathy (left ventricular ejec-
tion fraction of 25%), and atrial fibrillation presented
with Canadian Cardiovascular Society (CCS) class II
angina despite maximal medical therapy. He had
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coronary artery bypass surgery (CABG) 15 years prior
to presentation. The patient had undergone stenting of
the proximal right coronary artery (RCA) 2 years prior
to presentation. Diagnostic angiography demonstrated
flush chronic total occlusion of the ostial RCA and the
proximal left anterior descending artery (LAD) and cir-
cumflex. A tortuous (arrow, Fig. 1A) left internal
mammary graft (LIMA) was patent, with a Y distal
end anastomosed to the mid LAD and to an obtuse
marginal branch (Fig. 1A), which in turn filled the dis-
tal RCA through epicardial collaterals (Fig. 1B). The
patient had undergone two attempts to recanalize the
RCA CTO that were unsuccessful (both retrograde
attempts via septal collaterals) and was referred for a
third attempt due to refractory symptoms.

Bilateral femoral arterial access was obtained with
45 cm long, 8 Fr sheaths. The RCA was ostially
occluded and could not be engaged with a guide cathe-
ter. The LIMA graft was engaged with a 6 Fr IM guide
catheter through which a Sion wire and a Corsair micro-
catheter (Asahi Intecc, Nagoya, Japan) were advanced
(Fig. 1C). The epicardial collateral was easily crossed
with the Sion guidewire, followed by the Corsair
microcatheter that was advanced to the CTO distal cap
(Fig. 2A). Due to severe LIMA tortuosity several wires
could not be advanced to the tip of the microcatheter,
including a Pilot 200 (Abbott Vascular, Santa Clara,
CA), Confianza Pro 12, Fielder XT and FC, and Miracle
12 (Asahi Intecc). The only guidewires that could reach
the tip of the microcatheter were the Gaia guidewires.
In spite of using multiple (n¼ 9) Gaia guidewires the
CTO could not be crossed. Because of difficulty
advancing equipment through the Corsair catheter
(a phenomenon commonly described as “Corsair
fatigue”) it was exchanged for a Finecross microcatheter
(Terumo, Warren, New Jersey), that is also more flexible,
hence less likely to cause pseudolesions when advanced
through the LIMA. Using a 3-cc syringe we forcefully
injected approximately 0.5 cc of contrast into the lesion
(Fig. 2B) achieving 1–2 mm additional advancement.
Further attempts to advance a Gaia guidewire failed.
Repeat injection of contrast through the microcatheter
achieved entry into the aorta (Fig. 2C). An RG3 (Asahi
Intecc) guidewire was advanced into the aorta (Fig. 3A),
where it was snared and externalized. After implantation
of three drug-eluting stents postdilated at 20 atm and with
an Ostial Flash balloon (Access Closure, Santa Clara,
CA), an excellent angiographic result was achieved
(Fig. 3B). The patient remained stable throughout the
procedure and flow through the LIMA remained brisk
after equipment removal. Contrast utilization was
320 mL, fluoroscopy time was 73.2 min, and air kerma
radiation dose was 3.9 Gray. The patient experienced
complete angina relief.

Fig. 1. Left internal mammary artery with significant mid
portion tortuosity (arrow, panel A), that supplies the distal
right coronary artery via epicardial collaterals (arrow, panel B)
from the circumflex. After advancement of a Corsair catheter
(arrow, panel C) over a Sion guidewire (Asahi Intecc) through
the LIMA, antegrade flow was preserved. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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CASE 2

A 50-year-old man with a prior history of coronary
artery disease presented with severe angina in spite of
maximal medical therapy. He had undergone stenting
of the mid LAD and the ramus intermedius four

months prior to presentation. Coronary angiogram
demonstrated a circumflex CTO (Fig. 4A and B) with
patent LAD and ramus stents.

Femoral arterial access was obtained with a 45-cm
long, 8 Fr sheath. The circumflex was engaged with an
XB 3.5 guide. Unfractionated heparin was administered

Fig. 3. An RG3 guidewire (Asahi Intecc) was advanced into
the aorta (arrow, panel A), snared and externalized, enabling
stenting of the right coronary artery CTO with an excellent
final result (panel B). [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

Fig. 2. The guidewire and Corsair catheter were advanced to
the distal CTO cap (arrow, panel A), but retrograde wiring was
extremely challenging due to LIMA tortuosity. Only Gaia
guidewires (Asahi Intecc) could be advanced to the tip of the
Corsair catheter but still could not penetrate the occlusion.
The Corsair catheter was exchanged for a Finecross catheter
and 0.5 cc of contrast was injected advancing slightly more
into the occlusion (arrow, panel B). Several additional Gaia
2nd guidewires (Asahi Intecc) could not be advanced through
the lesion. Intralesion contrast injection was repeated achiev-
ing contrast jet entry into the aorta (arrow, panel C). [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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for anticoagulation. Several attempts were made for
antegrade wire crossing through a Venture catheter
(Vascular Solutions), a Corsair (Asahi Intecc), and a
Finecross microcatheter. Several guidewires were tried,
but all of them prolapsed into the LAD when forceful
advancement attempts were made. The patient did not
have interventional collaterals that could enable retro-

grade crossing. Given the impasse, �0.5 cc of contrast
were administered through the microcatheter embedded
into the occlusion. The contrast caused hydraulic dis-
section into the distal circumflex (Fig. 4C). A Fielder
XT guidewire then easily advanced into the distal true
lumen, as confirmed by orthogonal angiographic pro-
jections (Fig. 5A and B). The circumflex was stented
with two drug-eluting stents restoring antegrade flow
(Fig. 5C). The patient received 320 mL of contrast, flu-
oroscopy time was 34 min and air kerma radiation
dose was 3.6 Gray. He had an uneventful recovery
with complete resolution of angina.

DISCUSSION

Our cases demonstrate how use of the Carlino tech-
nique can result in procedural success after all other
crossing strategies fail. It also highlights the usefulness
of the novel composite core guidewires for advancing
through tortuosity.

Although CTO PCI can be challenging to perform
and has traditionally been associated with low success
and high complication rates [11], experienced operators
and centers can achieve increasingly high success rates
[12,13], even among complex patient and lesion sub-
groups [14–17]. A combination of various crossing
strategies is often needed to achieve these results
[6,12]. However, since approximately one in ten cases
fails to be recanalized [1], familiarity with additional
equipment and techniques is critical for continued
improvement in outcomes.

In both cases several crossing strategies were utilized
without success prior to use of the Carlino technique. In
the first case, no antegrade options existed due to the
flush occlusion of the RCA, and numerous guidewires
had been advanced retrogradely failing to penetrate the
distal cap. In the second case, no retrograde option was
feasible due to lack of interventional collaterals [18].
Antegrade attempts had failed due to steep angulation and
lack of appropriate support, in spite of using a Venture
catheter (St Jude Medical, Minneapolis, MN) [19].

Fig. 4. Coronary angiography demonstrating a proximal cir-
cumflex chronic total occlusion (arrow, panel A), with the dis-
tal vessel filling late by ipsilateral collaterals (arrows, panel B).
Antegrade crossing attempts using various guidewires
(Fielder XT, Gaia 2nd [Asahi Intecc], Pilot 200 [Abbott Vascu-
lar]) through a Venture catheter, a Corsair (Asahi Intecc), and
a Finecross catheter (Terumo) failed to cross (the microcath-
eter would become disengaged during wire advancement
attempts). The Finecross catheter was advanced to the proxi-
mal cap and 0.5 cc of contrast was injected under cine-
angiography (arrows, panel C), hydraulically dissecting into
the distal true lumen. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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The Carlino technique is a unique form of antegrade
dissection re-entry [20] that utilizes contrast to advance
through the occlusion. It involves intralesional injection

of a small amount of contrast (�0.5 cc) using angio-
graphic guidance (causing limited subintimal space
staining and/or crossing). It is based on the assumption
that microchannels may exist throughout the occlusion
that can be opened by forceful contrast injection. This
is exactly what happened in both of our cases. In the
original application of the technique it was successful
in 20 of 32 patients, with an additional 7 patients sub-
sequently recanalized with another technique [9]. Only
one patient developed a periprocedural myocardial in-
farction and no major cardiac adverse events or suba-
cute stent thrombosis was observed [9]. The contrast
may not always travel down the path of the vessel,
occasionally creating a “storm cloud” appearance, but
with injection of small amount of contrast the risk of
complications can be minimized. In both of our cases
contract tracked into the distal true lumen, but even if
it had tracked within the subintimal space it would
have still been helpful for facilitating antegrade dissec-
tion/re-entry.

The Gaia guidewires (Asahi Intecc) have a composite
core, dual coil construction [21,22] designed to enhance
torquability, maneuverability, and ability to cross long
tortuous occlusions, but require slower, more meticu-
lous, and precise manipulation as compared with stand-
ard guidewires. The distal 1 mm tip is pre-shaped at a
45-degree angle. The Gaia wires are available in three
types (Gaia First, Gaia Second, and Gaia Third) with
increasing tip stiffness and tapered tip diameter. The
Gaia wires, particularly the Second and Third, are popu-
lar because due to their ability to steer with a gentler tip,
they often stay within the intimal plaque [21,22]. In the
first case no other guidewire could advance through the
microcatheter to the CTO distal cap due to extreme tor-
tuosity, highlighting the usefulness of the Gaia guide-
wires in complex and tortuous lesions.

Use of the Carlino technique has important limita-
tions. First, it may cause perforation, although the risk
appears to be low with injection of a small volume of
contrast. Second, it may be associated with high resteno-
sis rates: in the initial reports long-term in-segment bi-
nary restenosis rate was 44.7% overall and 29.4%
among patients who received drug-eluting stents [8].
However, the risk of restenosis is likely low with the use
of small amount of contrast for dissection. Although
data is limited, long-term patency with the use of con-
temporary antegrade dissection/re-entry techniques
appears to be similar with other crossing strategies
[23,24]. Third, contrast injection may expand the subin-
timal space, hindering re-entry attempts if subintimal
guidewire crossing is achieved. Clearly additional short-
and long-term study of this crossing strategy is needed.

In summary, the Carlino technique, which utilizes
contrast injection through a microcatheter at the site of

Fig. 5. A Fielder XT guidewire (Asahi Intecc) (arrow, panel A)
easily advanced through the occlusion into the distal true
lumen (arrow, panel B), as confirmed by orthogonal projec-
tion. An excellent result was obtained after implantation of
drug-eluting stents (panel C). [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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a lesion, can enable procedural success of CTO PCI
even after failure of other crossing strategies.
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