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Abstract: Chronic total occlusion (CTO), a fascinating and dynamic niche in the realm of coronary ar-
tery disease, represents a major technical challenge for interventional cardiologists despite evolution of 
better guidewires, devices, experience and techniques. Effective wiring technique is the corner stone to 
success of percutaneous coronary intervention (PCI) in CTO. As a guide for guidewire crossing in 
CTO, coronary angiography is limited. On the other hand, intravascular ultrasound (IVUS) enhances 
the ability to identify coronary anatomy, the exact location of the guidewires within an artery, dis-
criminating a true lumen from the false lumen before guidewire crossing. Some angiographic features 
have been suggested to be predictive of procedural failure, including blunt stump with a side branch at the site of occlu-
sion. Novel use of IVUS can recognize the optimal entry point and evaluate if a guidewire properly penetrates the proxi-
mal cap of CTO.  
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INTRODUCTION 

 Percutaneous coronary intervention (PCI) of chronic total 
occlusion (CTO) poses a major technical challenge and de-
mands for interventional cardiologists despite remarkable 
advances in expertize, equipment and strategies [1, 2]. Ma-
jority of unsuccessful PCIs of CTO are due to failure in 
crossing the occlusion with guidewires [3]. In recent years, 
further developments of new techniques and technologies 
have led to remarkable improvement in procedural success 
and complication rate [4-8], as well as increased efficiency 
[9]. Although contrast angiography remains the gold stan-
dard for assessing the coronary atherosclerosis and guiding 
PCI, intravascular ultrasound (IVUS) has become vital ad-
junctive imaging modality to better recognize the optimal 
entry point of stumpless CTO with a side branch and evalu-
ate whether a guide wire could properly penetrate proximal 
cap [10, 11], verify guidewire location within an artery dis-
criminating a true lumen from the false lumen before cross-
ing the occlusion [11].  
 IVUS may also have an important role in optimizing 
stent implantation and reducing in-stent restenosis rate.  

IVUS NAVIGATED WIRING 

 The most common reason for CTO PCI failure is inabil-
ity of the guidewire to cross the occlusion. Because of its 
ability to depict a cross sectional view of coronary tree,  
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IVUS can focus upon plaque distribution, calcification, ref-
erence vessel size, and side branch anatomy. There are 
mainly two types of IVUS navigated wiring techniques: 
IVUS-guided wiring at CTO entrance, and IVUS-guided 
penetration from subintimal space. Initial attempt should be 
made via the antegrade approach with a single wire. If it 
fails, the parallel wire technique should be adopted. If this 
also fails, the third step should be the retrograde approach. 
IVUS could be used with each of these steps.  

IVUS-GUIDANCE WITH THE ANTEGRADE AP-
PROACH 

Confirmation of the Entry Point of the CTO 

 In general, contralateral angiography helps precisely to 
find an entry of CTO despite the absence of stump in total 
occlusion of a bifurcation lesion. IVUS can be used for this 
purpose if CTO entrance can not be delineated angi-
ographically. The side branch should be large enough to 
advance an IVUS catheter. In case of stumpless CTO (Fig. 
1A), before starting another guidewire should be placed in 
the side branch proximal to the CTO lesion. Then, an IVUS 
catheter is advanced and placed just at the bifurcation and 
angiography is performed (Fig. 1B). After using IVUS to 
seek a dimple at the entry, guidewire is navigated success-
fully into true lumen of CTO (Fig. 1C) and successful PCI 
(Fig. 1D) is performed. This technique also ascertains the 
plaque hardness at the entrance. A limitation of this side 
branch technique is precise anatomical arrangement of a 
side branch. The angle of side branch relative to parent 
vessel and CTO must also be favorable for cross-sectional 
imaging. 
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Examination of the Guidewire in the CTO 

 Even if the first guidewire gets into the true lumen of the 
CTO lesion, it may slip into subintimal space. It may warrant 
IVUS examination to check the entry point of first 
guidewire. When the entry point is located around the center 
of the entrance circle detected by IVUS, the second wire is 
negotiated along the first wire in another direction to seek 
another channel enabling its entry into true lumen. Similarly, 
the correct entry point of the second wire can be checked by 
simultaneous wiring with an IVUS catheter. Of course, an 8 
F guiding catheter is indispensable for this purpose. This is 
called the “IVUS-guided parallel wire technique” [12]. 

IVUS-guided Penetration from Subintimal Space 

 In complex CTO procedure, the guidewires occasionally 
enlarge the subintimal space while even using parallel wire 
technique. The distal true lumen can hardly be seen in fluo-
roscopy once there is significant expansion of subintimal 
space beyond the distal end of CTO. In this situation, IVUS 
has the potential to make a breakthrough. It can differentiate 
a true lumen from a false lumen by identifying the presence 

of side-branches and intima and media (which surround the 
true lumen and not the false lumen). Similarly, IVUS can 
identify if the guidewire has reentered the true lumen from 
the false lumen [13]. Enlargement of subintimal space, cre-
ated by first wire often collapses the distal true lumen that 
can not be observed with angiography. IVUS may be useful 
to guide the second wire into true lumen. This catheter 
should be advanced into the presumed subintimal space after 
1.5 or 2.0 mm balloon dilatation at the CTO entrance. Then a 
stiff wire (Conquest or Miracle 12, Asahi Intec, Japan) 
should be used as second wire. After confirming the second 
wire, the IVUS catheter should be advanced a couple of mil-
limeters. Then second wire should be advanced simultane-
ously using fluoroscopic and IVUS guidance. Advancing 
second wire is oriented to true lumen under IVUS guidance 
(Fig. 2A-D)). This process of “crawling forward” should be 
repeated to advance IVUS catheter and second wire alter-
nately. Key points are: a) ability to translate cross-sectional 
images of IVUS into 3 dimensions is required; b) second 
wire should be stiffer, tapered tip supported by a microcathe-
ter; therefore, an 8 F guide catheter is indispensable; c) re-
entry point should be closer to the proximal cap, and d) con-

 A)                 B) 

  
 
 C)             D) 

  
Fig. (1). A. Stumpless LAD ostial CTO. B. LAD entry point marking during pullback of IVUS from small proximal diagonal. C. Confirma-
tion of optimal penetration of proximal cap. D. Final result after implantation of two overlapping drug-eluting stents.  
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trast injection should be withheld after balloon dilatation in 
subintimal space to avoid hydraulic dissection. Multiple 
stenting is mandatory to fully cover the enlarged subintimal 
space. IVUS is pivotal in helping to recanalyze CTOs after 
initial failure under angiographic guidance [11, 14]. How-
ever, the need for subintimal dilatation creates an unwanted 
larger false lumen, and the monorail design of existing IVUS 
catheters precludes wire exchanges. This technique should 
be performed as a last option in the antegrade approach, 
when standard wiring procedures fail in cases without a 
chance for retrograde approach.  

IVUS-guidance with Retrograde Approach 

 Retrograde approach involving antegrade access to 
proximal cap and retrograde access to distal cap of a CTO, 
has got a great potential in the event of antegrade failure or 
in ambiguous or difficult anatomic subsets. Knowledge and 
expertize of this technique has become an essential adjunct 
for interventional cardiologists to improve procedural suc-
cess [15]. Also this technical skill set is likely to shorten pro-
cedural time and reduce radiation [16]. The controlled ante-
grade and retrograde subintimal tracking (CART) involves 
antegrade wiring through the CTO after a local subintimal 

  A)      B) 

  
 

            C) 

 
 
     D) 

 
Fig. (2). A. Stumpless CTO of proximal LAD. B. IVUS catheter in subintimal space and guide wire in true lumen. C. IVUS guided penetra-
tion technique. D. Final result after implantation of two overlapping drug-eluting stents. 
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dissection is created by a retrograde balloon. It allows lim-
ited subintimal tracking at the site of CTO lesion and avoids 
the difficulty of reentering the distal true lumen [17, 18]. It is 
important to use the closest sized balloon inside the CTO to 
create sufficient wire reentry space. The major limitations 
are empiric estimation of the retrograde balloon size, and 
overall unpredictable procedure time [19]. Reverse CART 
technique is a modified version of CART the steps of which 
include retrograde dissection in the subintimal space past the 
distal cap, negotiation of a retrograde support catheter over 
the dissecting wire to near the proximal cap, antegrade sub-
intimal space creation distal to the retrograde support cathe-
ter, and subintimal dilatation of antegrade balloon next to the 
retrograde support catheter with subsequent connection of 
two dissections and finally the retrograde wiring from the 
support catheter into the proximal true lumen [20].  
 Several limitations are encountered while using this tech-
nique: intimal rather than subintimal position of retrograde 
wire; bilateral wires are not in the same subintimal space; 
antegrade ballooning does not always lead to successful bi-
lateral connection; the histopathology of proximal and distal 
plaques within CTO is quite different, and also the degree of 
difficulty in navigating a retrograde wire through antegrade 
dissection is usually different. However, IVUS-guided ap-
proach could overcome these pitfalls [21].  
 When retrograde wire fails to advance into the proximal 
true lumen even after dilatation with 2.5-3.0 mm antegrade 
balloon, IVUS should be used to ascertain vessel size, wire 
position, and plaque morphology. The position of each of the 
bilateral wires could affect success of reverse CART tech-
nique. IVUS is rarely required if both the bilateral wires ex-
ist in the subintimal space. It may be required if either the 
antegrade or retrograde wire is located in true lumen. As 
both the wires need to be very close to each other, the retro-
grade wire is advanced as far as possible, and then the 
positional relation of both the antegrade and retrograde wires 
is identified. The partition of the tissue still remains between 
each wire even after dilatation with antegrade balloon. In 
such circumstances, additional dilatation with larger balloons 
is required after IVUS evaluation. Coronary calcification is 
predictor of failure of reverse CART technique. At the calci-
fied segment, this technique seems to be difficult due to dif-
ficulty in connecting bilateral wires. In such a situation, this 
should be performed at the area with least calcification after 
IVUS evaluation. IVUS could also be useful while attempt-
ing to manipulate a stiffer retrograde wire puncturing in-
flated antegrade balloon directly. Additionally, this guidance 
could be useful to minimize the risk of CTO segment perfo-
ration caused by wires. It allows guiding deployment of 
stents and identifying the result of stent expansion; it also 
reduces radiation exposure and decreases contrast use [21].  

FUTURE GOALS: FORWARD LOOKING (FL)-IVUS 

 IVUS-guided wiring technique has two potential limita-
tions. First, it fails to provide information on the course of 
the vessel distal to occlusion. Therefore, one needs to depend 
on bilateral coronary angiography to visualize the entire 
course of the vessel distal to the occlusion. Second, IVUS 
guidance may not be applicable to cases with inappropriate 
side branches, such as those with diameter smaller than those 

of IVUS catheters. In addition, the distal end of the current 
IVUS catheter must reside approximately 10.5 to 23 mm 
distal to the imaging element, requiring relatively longer 
subintimal space to be made [22].  
 The limitations of conventional IVUS are attributable to 
fundamental shortcomings of the side-viewing equipment. 
The main innovation with FL-IVUS is the ability to image in 
antegrade (forward) manner distal to the catheter tip obviat-
ing the need for the side branch to advance the IVUS cathe-
ter. It can provide adequate information of the CTO entrance, 
combined with 3-dimensional reconstruction techniques; 
allow visualizing the lesion distal to the occlusion and pro-
viding real time road maps of the occluded vessels [23]. By 
keeping the catheter centered in the vessel, the guidewire can 
be directed to maintain a true lumen position (Table 1) [22]. 
A second-generation Fl-IVUS catheter integrating a radiof-
requency (RF) ablation element at the catheter tip helps in 
steering and tissue ablation in addition to imaging [22]. 
 
Table 1. Forward looking IVUS technology: features and 

advantages. 

• Imaging ability beyond the catheter tip 

• Visualisation of guidewire beyond catheter tip 

• Confirmation of guidewire entry into true lumen by by proximal 
cap imaging 

• Reduction of perforation by risk by intraluminal passage of wire 

• True lumen re-entry facilititation antegrade to the FL-IVUS cathe-
ter 

• CTO specific guidewire compatibility 

 

CONCLUSION 

 CTO is frequently encountered in clinical practice and 
remains the most challenging and technically demanding 
subset of PCI. These procedures tend to be time-intensive 
and mandate operator skill, experience and patience. The 
commonest reason for failure of CTO PCI is inability to 
cross the lesion with a guide wire. Even with advanced op-
erator skills, entering, maintaining or re-entering a true lu-
men might be a formidable challenge. IVUS-guided wiring 
technique for stumpless CTO appears to be useful for recog-
nizing the optimal entry point and evaluating the appropriate 
penetration of the proximal cap by a guidewire. True lumen 
reentry can also be assisted with IVUS when the guidewire 
has entered into a subintimal space. FL-IVUS technology 
holds particular promise in facilitating CTO PCI by direct 
visualization of the CTO distal to catheter tip. Whether with 
guidewire assisted or RF energy crossing, FL-IVUS may 
assume paramount importance in improving the ease and 
success of CTO PCI in the near future. 
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