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Abstract: Coronary chronic total occlusion (CTO) is a frequent finding in patients with coronary ar-

tery disease. It remains one of the most challenging subsets, accounting for 10-20% of all percutane-

ous coronary interventions (PCI). Although remarkable progress in PCI has been made, it is reason-

able to state that successful recanalization of CTO represents the “last frontier" of PCI. PCI of CTOs 

has been limited historically by technical success rates of 50-70%. The introduction of enhanced 

guidewires, microcatheter, channel dilatator with increasing operator experience, and innovative tech-

niques such as the retrograde approach have raised hopes for better outcomes. This article goes into 

depth into various strategies of retrograde approach in CTO. 
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INTRODUCTION 

 It has been demonstrated that successful recanalization of 
CTO improves angina status, increases exercise capacity, 
and reduces mortality [1, 2] and the need for subsequent 
coronary artery bypass surgery [3]. Despite remarkable pro-
gress over the last decades, successful recanalization of 
CTOs represents the “final frontier” of PCI. PCI of this sub-
set of lesions is still technically challenging although new 
devices and a wide range of guidewires have been developed 
[4, 5]. The technical success rate for CTO via the antegrade 
approach remains suboptimal, in the range of 65%-70% 
worldwide [1, 6]. However, retrograde approach via collat-
eral channel (CC) overcomes the limitations of the conven-
tional antegrade approach. When it becomes more widely 
adopted it is expected to be a breakthrough to potentially 
improve the success rate of complex CTO [7-9]. Despite 
this, adoption of this technique is limited. Retrograde proce-
dure is used in only 15% of CTO PCI as suggested by the 
EuroCTO registry [10].  

INDICATIONS FOR RETROGRADE APPROACH 

 Retrograde access via donor collateral (bypass graft) was 
first performed in 1990 [11]. A higher success rate upto 95% 
could be achieved from the combination of antegrade and 
retrograde approach. Angiographic features of blunt occlu-
sion with a large side branch, bridging collaterals, calcifica-
tion, and long CTO are no longer considered negative pre-
dictors of success while using a retrograde approach [12]. 
Possible indications of this new approach could be subsets of 
previous antegrade failures. It could be the primary proce-
dure in many situations like ostial occlusions, long occlu-
sions, heavy calcification, occlusions with ambiguous  
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proximal cap, and occlusions with a diffusely diseased distal 
vessel. Retrograde penetration of the distal CTO cap may be 
easier because it is tapered and softer as compared to the 
proximal cap; also, it is not reliant upon precise visualization 
of CTO origin, and is exposed to higher pressure, where the 
proximal cap is blunt or less benign.  

ANGIOGRAPHIC/ASSESSMENT AND SELECTION 
COLLATERAL CHANNEL ANALYSIS 

 The first key to success of the retrograde approach is to 
study the diagnostic images carefully and select a best CC. 
Optimal angiographic planning requires dual injections from 
both left and right coronary ostia with complete filling of the 
distal collateral bed from all feeding sources. Lower magni-
fication and avoiding panning considerably helps in evaluat-
ing CCs. The distal vessel size, nature of the proximal and 
distal cap, side branches, tortuosity, and calcification are 
other critical items of information that are gained from the 
angiogram. 

 The three types of CCs are bypass graft, epicardial chan-
nels, and septal channels. 

 In severely degenerated saphenous vein graft cases, it is 
necessary to recanalize CTO of the native coronary artery to 
improve long-term outcome. Despite the poor suitability of 
graft for PCI, it can be used as a channel for wire passage. An 
arterial graft could also be used for the retrograde conduit. 

 Septal CCs are the safest and are preferable whenever 
possible. Compared with the epicardial, the septal CC is a 
shorter route to the recipient vessel and is less tortuous. It 
can also be dilated using a small balloon (1.25-1.5 mm) with 
very low pressure (up to 2 atm) to navigate the catheter 
through it without major adverse clinical events [13]. At pre-
sent, the Corsair catheter (Asahi Intec, Japan) circumvents 
septal CCs dilatation with a small balloon. Excessive septal 
tortuosity is a severe limitation to wire advancement whereas 
size is less so. Straight faintly visible or even invisible septal 
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CCs could be crossed by “surfing” with the wire [14]. The 
angle of entry, angle of donor vessel and at the base of the 
heart, if acute, could be a significant limitation to both wire 
and microcatheter passage. These CCs are best evaluated in a 
combination of right anterior oblique (RAO) or anteroposte-
rior cranial (AP) and RAO projections. 

 As opposed to septal CCs, the main assessment criteria 
for epicardial CCs is a size and not the extent of tortuosity. 
Challenging anatomy, such as a corkscrew or highly tortuous 
configuration demonstrated by epicardial CCs, is not a con-
traindication, especially in the Corsair era. In general, larger 
epicardial CCs are safer and more likely to permit a balloon 
or microcatheter. There is some risk of perforation during 
wire manipulation which could be controlled by simple bal-
looning at the proximal site. Dilatation of this CC should not 
be done as it leads to vessel rupture and cardiac tamponade. 
However, the chance for tamponade is lower during wiring 
of the epicardial CC in a patient with bypass graft as there is 
no pericardial space. When this channel is the only donor 
artery to a viable CTO region, wire manipulation leads to 
distant ischemia.  

SYSTEM SETUP 

 Two 6-8 F guiding catheters are usually engaged in the 
right and left coronary arteries via radial or femoral arteries. 
Use of bi-femoral or radial route is a matter of operator pref-
erence and experience with knowledge of risks/benefit of 
both. For retrograde limb, use of short (90cm) guiding cathe-
ters (especially when using epicardial CCs) allowing the 
externalization of the wire, is recommended. A regular 100 
cm guide catheter can be manually shortened and connected 
to a 1F smaller introducer sheath [15]. Removing 10 cm is 
usually sufficient. Because of reversibility, heparin is the 
anticoagulation of choice. An activated clotting time (ACT) 
of 300 to 350 seconds should be targeted. Bivaluridin or gly-
coprotein IIb/IIIa antagonists are not recommended because 
of concerns in case of perforation.  

COLLATERAL CROSSING AND GUIDEWIRE HAN-
DLING 

 Successful collateral crossing depends on CC selection, 
wire tip curve, and wire handling. 

 The best CC would be clearly visible, less tortuous col-
laterals by super-selective injection, exemplified by Dr. 
Werner’s CC grade 1 or 2 (Fig. 1A and B) (CCs are graded 

as follows: CC0, no continuous connection, CC1, continu-
ous thread-like connection; and CC2, continuous, small 
sidebranch-like connection) [7]. Acute angulation, branch-
ing, cork-screw morphology, and calcification are major 
hurdles for wire crossing [12]. It would be wise to avoid 
severe corkscrew-like collaterals, which are characterized 
by an amplitude to diameter ratio of less than 2. Suitable 
for CC crossing, the best spring coil wires are Sion and 
Sion blue (Asahi Intec, Japan); polymer jacket wires are 
Fielder FC, XT, XTR (Asahi Intec, Japan), Pilot 50, and 
Whisper (Abbott vascular, USA). Fielder FC would be of 
choice in CC 1 or 2. Fielder XT, XTR or Sion (Asahi Intec, 
Japan) wire would be recommended in less visible, minor 
tortuosity on CC 0 or 1. Sion blue (Asahi Intec, Japan) can 
help to track very tiny or invisible CCs, or CCs with three-
dimensional tortuosity. 

 An extremely small tip (< 1mm) curve (45
0
) is recom-

mended for CC navigation. After a wire access to the se-
lected CC, the microcatheter [Corsair (Asahi Intec, Japan), 
Fine cross (Terumo, Japan)] is placed at the start of the CC. 
Although choice of microcatheter depends on operator pref-
erence, currently Corsair is the microcatheter of choice. Af-
ter the position has been secured, the workhorse wire is ex-
changed with an appropriate polymer jacket (tapered or non-
tapered) or spring coil wire to cross the CC.  

 The Corsair is an over the wire (OTW) hybrid catheter 
composed of 8 thin wires wound with 2 large ones. It has a 
soft tapered tip with tungsten braiding and a hydrophilic 
shaft which serves as a CC dilator while providing excep-
tional CC tracking and crossing as well as retrograde wire 
control. Gentle rotation of this catheter is required to ad-
vance or pull it by either clockwise or counterclockwise rota-
tion. It is performed by 5-10 alternating clockwise and coun-
terclockwise rotations while providing forward tension. Ro-
tation should be limited to 10 times in one direction. In case 
of failure to cross or blockage of the Corsair, it should be 
exchanged for a low-profile microcatheter (Finecross, Te-
rumo, Japan) or an OTW balloon (Ryujin 1.25 mm x 10 mm 
Terumo, Japan; Lacross 1.30 mm x 10 mm, Goodman, Japan 
or Maverick 1.50 mm x 15 mm, Boston Scientific, USA) 
with a longer shaft (>145 cm) by using extension guidewire 
or the counter flush method. From the very beginning, the 
Finecross should be the microcatheter of choice for a very 
tortuous epicardial channel. The author prefers the newly 
developed Finecross GT (Asahi Intec, Japan) for locating 
channels with small bends. 

          A)     B)  

         

Fig. (1). A: Werner’s collateral channel grade 1. B: Werner’s collateral channel grade 2. 
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 Once the wire is positioned at the tip of the corsair cathe-
ter, it is gently advanced with rotation along the path of least 
resistance (surfing) in case of septal CCs and should halt 
once a series of ventricular beats has developed or migration 
to the side branch is noted. The wire is quickly redirected to 
find an alternative CCs in case of resistance. Forceful ad-
vancement of the wire could lead to CC rupture, vessel per-
foration, and septal hematoma which might be fatal. In 
doubtful wire position there is selective injection (advance-
ment of microcatheter with pulling the back of the wire) of 
the contrast (as little as 2 ml); if a wash out of the contrast is 
revealed, the CC is connected to the other ventricle. Wire 
advancement in to the left or right ventricle is benign as long 
as the microcatheter is not advanced. When the contrast stays 
in the channel, it infers focal perforation. Selective injection 
is the last resort after several surfing attempts have failed, as 
it increases the risk of septal rupture and hematoma. During 
septal surfing, the wrong path is also assessed by wire buck-
ling. On occasion, there are sudden rapid and large devia-
tions in wire-tip movement indicating entry into a cardiac 
chamber. Septal hematoma, manifesting as severe chest pain, 
may lead to a fatal event if not treated adequately, such as by 
coil embolization of septal CC or creation of a fistula 
connecting to the ventricle [14].  

 In case of epicardial CC, surfing is not advisable. Diver-
gence from the observed path may lead to perforation which 
is more problematic than septal rupture. 

CONNECTING THE ANTEGRADE AND RETRO-
GRADE CHANNEL 

 Retrograde penetration is attempted with a guidewire 
such as a Fielder XT (Asahi Intec, Japan) from the distal cap 
of a CTO lesion with the support of a microcatheter. If it 
fails, it should be exchanged for an Ultimate Bro 3, Miracle 
3, 6 and 12 (Asahi Intec, Japan) and is advanced in a retro-
grade manner to the most proximal part possible. The re-
cently introduced Gaia 2(Asahi Intec, Japan) is effective for 
retrograde tracking of true lumen. If the distal cap is very 
hard and calcified, Conquest Pro or Conquest Pro 12 (Asahi 

Intec, Japan) should be used. While keeping the retrograde 
approach in place, an antegrade approach is also com-
menced. After successful penetration of the tip of the retro-
grade guidewire into the CTO lesion, one or a combination 
of the following different strategies is used [9, 16]. 

 

RETROGRADE WIRE CROSSING TECHNIQUE 

 When a wire crosses the entire occlusion in a retrograde 
manner, it is called “retrograde wire crossing”. After deeply 
negotiating the retrograde wire into the aorta or the antegrade 
guide, it can be anchored by inflating a small balloon (2-2.5 
mm) within the antegrade guide catheter to facilitate crossing 
of the occlusion with the Corsair (Figs. 2, 3). If this fails, the 
Corsair is exchanged for a 1.25 or 1.5 mm OTW balloon, 
which usually has a smaller crossing profile than the Corsair 
to perform the retrograde balloon dilatation in the occlusion 
so that any subsequent procedure can be accomplished in the 
antegrade manner. This is the simplest way of all the retro-
grade techniques and can be achieved in 30% of cases, but it 
is the view of the author that the success rate could be 50% 
with appropriate wire escalation. When direct retrograde 
wire crossing fails, other techniques to connect the antegrade 
and retrograde channels are the kissing wire, controlled ante-
grade and retrograde subintimal tracking (CART) technique, 
Reverse CART, and knuckle wire technique (KWT). 

 

 

Fig. (2). Retrograde wire crossing. 

 

Fig. (3). A: CTO of left main coronary artery (LMCA). B: Werner’s collateral channel grade 2  to saphenous vein graft-RCA to LAD. C: 

Retrograde guidewire in LAD with microcatheter. D: Retrograde wire crossing. E: Antegrade wire navigation into LAD. F: Final result after 

implantation of DES in LMCA to LAD. 
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KISSING WIRE TECHNIQUE  

 The retrograde wire is advanced to the proximal part 
within the CTO lesion. If the tip of this guidewire ap-
proaches the proximal cap of the CTO with its tip in align-
ment with the antegrade guidewire, both the antegrade and 
retrograde guidewires (Figs. 4, 5) meet (kiss) [17] (Fig. 1). 
However, it is difficult to align both wires inside the oc-
cluded true channel as there are many diseased layers inside 
the occlusion. 

 

 

Fig. (4). Kissing wire cross. 

THE CART TECHNIQUE 

 The CART technique consists of antegrade wiring 
through the CTO where retrograde balloon creates a local 
subintimal dissection for facilitating wire crossing to the 
distal true lumen [18]. At first, a wire is advanced ante-
gradely, trying to cross the CTO. If the wire has entered the 
subintimal space, it is left in this position. A second wire is 
advanced in a retrograde manner through the CC under the 
support of a microcatheter. This wire is positioned at the 
distal end of the CTO, then penetrated retrogradely from the 
distal true lumen into the CTO, and finally into the subinti-
mal space at the CTO site. A small balloon (1.5-2 mm) is 
advanced over the retrograde wire into the subintimal space; 

it is then dilated in the same space and also on the course 
from this subintimal space to the proximal cap of the CTO. 
The deflated balloon should be left in place to keep this sub-
intimal space open. This enables two dissections (created by 
antegrade wire and the retrograde balloon) to lie in the subin-
timal space at the CTO site. Thereafter, the antegrade wire is 
advanced further along the deflated retrograde balloon that 
lies from the subintimal space to the distal true lumen (Fig. 
6). Then ballooning and stent implantation can be performed 
over the antegrade wire [19]. The advantage of this tech-
nique is the minimization of just subintimal tracking through 
the length of the CTO lesion. The limitation is that, it is not 
always possible to negotiate a retrograde balloon inside the 
occlusion, particularly in complex CTO lesions. Subintimal 
space extending to the proximal true lumen of the CTO may 
cause a fatal event when the CTO is located in the proximal 
part of the left coronary system (e.g. dissection of the left 
main) [20]. Other limitations are empiric estimation of retro-
grade balloon size and unpredictable procedure time. It is 
advisable to use the closest sized balloon inside the CTO to 
create sufficient wire re-entry space. With introduction of the 
Corsair microcatheter the CART technique is rarely em-
ployed except in some cases of ostial occlusions, heavily 
calcified occlusions, and when the microcatheter is unable to 
enter the occlusion. 

REVERSE CART TECHNIQUE 

 The reverse CART technique consists of dilatating the 
CTO lesion with the balloon through the antegrade wire fol-
lowed by retrograde wire being advanced into the space di-
lated with the antegrade balloon [21]. A wire is negotiated in 
a retrograde manner into the distal cap of the CTO and an-
other is advanced antegradely in the proximal cap of the 
CTO. The retrograde wire is advanced into the subintimal 
space into the CTO lesion. The subintimal space created by 
antegrade wire is enlarged by inflating a balloon to create a 
plaque dissection and modification of the lesion which is 
target space for retrograde wire penetration into the proximal 

 

Fig. (5). A: CTO of proximal RCA. B: Werner’s collateral channel grade 2 to RCA from LAD. C: Retrograde guidewire in RCA with micro-

catheter. D: Kissing of antegrade and retrograde guidewires. E: Advancement of DES with balloon anchor in side branch. F: Final result 

after implantation 2 overlapping DES. 
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true lumen. Next, the retrograde wire is externalized through 
the guide and is used for subsequent antegrade angioplasty 
(Figs. 7, 8). The tip of retrograde microcatheter should be in 
the mid portion of the antegrade balloon. Before balloon 
inflation, the balloon and retrograde microcatheter may lie 4 
to 5 mm apart on fluoroscopy, yet they are both in subintimal 
space. With balloon inflation, the two subintimal spaces be-
come one space. There should be no space between the bal-
loon and the retrograde microcatheter. If a gap exists, there 
remains tissue between the two and the common space does 
not exist. In this scenario, either a higher inflation pressure is 
required or a larger diameter balloon needs to be used. On 
deflation of the balloon, the retrograde support catheter can 
be seen “drooping” into the common space created indicat-
ing a continuous pathway from distal true lumen, through the 
subintimal space, and into the proximal true lumen. This 
technique is predictable and reproducible as compared to 
classical CART. Undersizing of the antegrade balloon makes 
the creation of a common subintimal space much more diffi-
cult. The subintimal space may either compress or collapse 
after antegrade balloon inflation or deflation, making the true 
lumen wiring more difficult even with continuous subintimal 
connection. The “Stent Reverse CART” technique entails 
deployment of a stent within the antegrade dissected plane to 
create an open target for retrograde crossing [14]. An alter-
native method is to use a Guideliner mother-in-child catheter 
(Vascular solutions, Minneapolis, MN, USA) into the space 
to help connect the retrograde wire to the antegrade guide 
(Mother-in-child Reverse CART) [14]. Unlike a stent, a 
catheter may be removed or repositioned if the connection 
between the antegrade and the retrograde true lumen fails. 

 Recoil of subintimal channel may occur even after suc-
cessfully connecting the channel between the antegrade and 
retrograde space. Moreover, blind medial disruption with the 
antegrade balloon potentially causes bidirectional expansion 
of the subintimal dissection making retrograde wire crossing 
difficult. The intravascular ultrasound (IVUS) estimates op-
timal antegrade balloon size that avoids risk of perforation. 
A smaller size balloon should be used in presence of calci-
fied plaque. If IVUS indicates the recoil of a connecting 

channel, redilatation with a bigger balloon should be per-
formed. IVUS also directly visualizes the position of retro-
grade wire in the subintima [21]. The retrograde wire could 
be navigated into proximal true lumen under IVUS (IVUS-
guided reverse CART) [22]. An important precaution is to 
avoid contrast injections after creating antegrade subintimal 
dissection until the last stent is deployed to prevent pressur-
ized contrast injection into the dilated segment causing a 
spiral dissection or hematoma.  

THE KWT TECHNIQUE 

 The KWT technique is employed in case of failure of 
retrograde wire escalation or when the CTO is quite long 
with vessel ambiguity. This entails creating a small loop 
with retrograde polymer jacketed wire Fielder FC, XT 
(Asahi Intec, Japan) or Pilot 200 (Abbott Vascular, USA), 
which is advanced inside the occlusion and creates subin-
timal space so that antegrade wire in the subintima can be 
led inside this space. The antegrade KWT can be combined 
with retrograde KWT in complex CTO lesions. The limita-
tions of this technique are such that a longitudinal dissected 
plane cannot be controlled and the cross-sectional dissected 
wire is not wide enough to lead the antegrade wire [23]. 
Knuckle wire should be pushed, but never rotated for fear 
of wire knotting. 

WIRE TRAPPING TECHNIQUE 

 After retrograde wire crossing, the antegrade wire can be 
trapped in the distal lumen by an inflated balloon to create an 
extra back up force for balloon crossing or stent delivery. In 
retrograde wire crossing or reverse CART technique, retro-
grade wire can be trapped in the proximal lumen or in the 
guide catheter for easy passage of retrograde balloon inside 
the occlusion.  

 After the retrograde wire enters the ascending aorta, a 
gooseneck microsnare (Amplatz, USA) is inserted and snares 
the retrograde wire tip from the aorta into the antegrade 
guiding catheter. The microsnare is pulled back slowly and 
carefully until retrograde wire is pulled out of the antegrade 

 

Fig. (6). A: CTO of proximal RCA with good epicardial collateral. B: Retrograde guidewire in epicardial collateral with support of micro-

catheter. C: Dilatation of subintimal space with a small balloon retrogradely followed by antegrade advancement of wire along the deflated 

balloon. D: Final result after two overlapping DES in RCA. 
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guiding catheter. The balloon and stent can be delivered over 
retrograde wire to recanalize the occlusion [24].

 

REVERSE WIRE TRAPPING TECHNIQUE 

 After crossing the CTO lesion, entering the ascending 
aorta, and being snared by the antegrade microsnare, the 
retrograde wire is drawn back, dragging the microsnare tip to 
advance through the occlusion simultaneously. After the 
microsnare and microcatheter have crossed the lesion ante-
gradely, the retrograde wire is released. Afterwards the mi-
crosnare is drawn back and exchanged for an antegrade wire 
followed by balloon dilatation and stent implantation [25]. 

THE RENDEZVOUS (BRIDGE) TECHNIQUE 

 In this technique, antegrade and retrograde microcathe-
ters are aligned in a guide catheter at the level of the ascend-
ing aorta, after which an antegrade wire is pulled into a ret-

rograde microcatheter. The antegrade wire is advanced fur-
ther down beyond the CTO site through the retrograde mi-
crocatheter [26]. This bridge technique could be used in case 
of failure of advancement of antegrade wire, whereas retro-
grade wire can be negotiated using a microcatheter. This can 
also be applied in cases of large dissection and uncertainty in 
the movement of wire, or in cases where CCs are small and 
not ideal for large retrograde balloon dilatation. This can 
replace wire externalization by 300-cm wire.  

DOUBLE BALLOON INFLATION 

 Two overlapping balloons inserted in the retrograde and 
antegrade subintimal spaces are inflated simultaneously to 
join the subintimal spaces together with confluence in Re-
verse CART technique. This allows the retrograde wire to 
pass easily through this newly created confluent subintimal 
space and then finally into true lumen [27]. 

 

 

Fig. (7). A: Retrograde guide wire in subintima of distal cap with microcatheter. B: Antegrade guidewire insubintimal space. C: Connection 

of both antegrade and retrograde subintimal space after balloon dilatation of subintimal space antegradely. D: Retrograde guidewire ad-

vancement into true lumen with microcatheter. E: Retrogarde guidewire externalization followed by stenting anterogradely. 

 

 

Fig. (8). A. CTO of proximal RCA. B: Werner’s collateral channel grade 2 collateral to PDA from LAD. C: Failure of antegrade approach. 

D: Retrograde guidewire navigated through septal collateral channel with channel dilataor (Corsair) support. E: Penetration of retrograde 

guidewire into true lumen of RCA after balloon dilatation of subintimal space antegradely. F: Final result after. 
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EXTERNALIZATION  

 The crossing wire is exchanged for an externalization 
wire after a microcatheter is delivered into the antegrade 
guide. The externalization of the retrograde wire must be 
carried out with utmost care. The retrograde guide catheter 
may be deep throated; this needs to be avoided to prevent 
ostial damage. While advancing the stiffer shaft of the retro-
grade wire into the CC, the collateral needs to be protected 
by the presence of the microcatheter.  

 Several workhorse wires come in ≥ 300 cm (300-cm Pilot 
200 wire, Abbott Vascular, USA; 325 cm Rota floppy, Bos-
ton Scientific, USA; 335 cm Viper, CSI, St Paul, Minnesota; 
300 cm RG3, Fielder FC, Asahi Intec, Japan) for externaliza-
tion. The Viper wire is extraordinarily stiff, and is often dif-
ficult to pass through very tortuous CCs. This has been over-
come by flushing the channel dilator with Rotaglide solution 
(Boston Scientific, USA) before the externalization wire is 
inserted. The shaft of the Rota floppy wire is only 0.009” in 
diameter, and is easily kinkable. It should be used as a last 
resort if no other long wires are available. RG3 wire has 
emerged as an ideal guidewire. However, the shaft is not as 
stiff as a standard coronary wire and therefore it gives less 
support to balloons and stents after externalization.  

 Despite coaxial antegrade guide, retrograde passage of 
wire into guide fails in conditions such as in aorto-ostial le-
sions or extremely tortuous vessels, or whenever there is 
poor retrograde wire control. Difficulty in wiring the ante-
grade guide can be overcome by snaring. The 3-snare sys-
tem, referred to as tulip snare (EN Snare; Merit Medical Sys-
tems, South Jordan, USA), is the most useful snaring system 
for externalization of wire during retrograde procedure. The 
larger the snare the better it is. An 18x30 mm EN Snare, 
which is 6 French compatible, is preferred [28, 29].  

FINAL TREATMENT 

 Once the externalized wire approaches the antegrade 
guiding hub, the operator needs to detach the copilot, place a 
finger over the hub of antegrade guide, and wait for retro-
grade wire to tap it. Retrograde wire is pushed 5 to 7 cm out 
of the guide, once the tap is felt. Then a wire introducer is 
placed into antegrade copilot and the externalized soft tip of 
the wire is threaded. Introducer and copilot over the wire are 
slided and reconnected without flushing. Flushing after re-
verse CART can result in hydraulic dissection. Ballooning 
and stenting is performed after 20 to 30 cm wire is external-
ized. Retrograde injection is used for a distal landing zone 
for stents. Externalized wire in a tortuous artery should al-
ways be protected with a catheter. The stiff part of the wire 
should be under cover of a channel dilator or channel-
crossing catheter. The end of the externalized wire should 
never be pulled unless the CC is protected. However, push-
ing is always permitted but still it needs to be done with pro-
tection of the CCs [14, 30]. 

 

REMOVAL OF THE EXTERNALIZED WIRE AND 
CORSAIR CHANNEL DILATOR 

 To remove the wire, the channel dilator should be read-
vanced into the antegrade guide. It must protect the CC until 
the soft wire tip is back in the CC. Both antegrade and retro-

grade guiding catheters are disengaged from the coronary 
ostium and pulled back 3 to 4 cm into the aorta to avoid 
ostial dissection because of externalized wire retraction. Af-
ter establishing guiding catheter control, the externalized 
wire is removed and gradually synchronized with the heart 
beat taking care not to kink it. Then the channel dilator is 
removed with clockwise rotation. However, some operators 
advocate leaving some part of the wire within the channel 
dilator to retract it so that CC can be assessed in the event of 
its rupture that could otherwise manage this complication 
rapidly. Once the retrograde system has been removed suc-
cessfully, a careful angiographic demonstration of the integ-
rity of the CCs, as well as checking for extravasations, needs 
to be performed via the retrograde catheter.  

COMPLICATIONS ASSOCIATED WITH THE PRO-
CEDURE 

 Specific complications pertaining to retrograde approach 
are CC rupture, thrombus formation, and global ischemia. 
Most CC ruptures are benign and do not require further 
treatment [11] apart from abandoning that CC and trying for 
another. The channel dilator is safer than a balloon and rarely 
causes CC dissection or perforation even in CC with exces-
sive tortuosity. While advancing the microcatheter, if septal 
wire shows excessive kinking, the wire has to be withdrawn 
to prevent septal perforation [29]. If there is small septal 
perforation to the right or left ventricle, observation can be 
made. Septal hematoma or cardiac tamponade needs embolic 
occlusion via microcatheter. Before pulling out the retro-
grade wire, the donor artery should be visualized with the 
externalized wire in place. Then a microcatheter from both 
ends of the wire would allow access to a bleeding point.  

 Thrombus formation is prevented by saline flush of the 
guide catheter and by maintenance of ACT >300 seconds 
and checked every 20-30 min. Global ischemia can be mini-
mized by careful manipulation of retrograde wire. Stenting 
should be done if there is significant stenosis to the CC of 
the donor artery. Catheter induced dissection occurs when 
the retrograde devices are withdrawn. This could be pre-
vented by constant pulling of the guide catheter to disengage 
from the ostium, while gentle rotation (in either direction) of 
the channel dilator is performed to withdraw it.  

CONCLUSION 

 A growing body of evidence demonstrates that successful 
PCI of CTO translates into clinical benefit. However, be-
cause of the perceived procedural complexity, CTO still is 
the most common reason for discarding PCI. The proven 
clinical benefit, as well as the improved long-term patency 
with drug-eluting stents, has resulted in a growing interest 
among interventionists for treating CTOs. Tremendous im-
provements in the PCI equipment, and the development of 
innovative strategies including the retrograde techniques, 
have allowed for a success rate of up to 95%, even in com-
plex CTO cases. With the application of the soft polymer-
coated wires, IVUS, and channel dilators like Corsair, more 
and more would be managed by reverse CART, while con-
ventional CART is still likely to be needed in ostial occlu-
sions, heavily calcified occlusions, and if the microcatheter 
is unable to enter the occlusions. Collaborative efforts to 
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share experience of this retrograde technique and overcome 
challenges through refinement in technique and technology 
would be pivotal to further success in CTO PCI. 
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