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requiring intervention in this series. When the success rates 
were analyzed taking into account the date of adoption of 
this technique, the learning curve had no significant impact 
on CTO-PCI success. This series describes a good success 
rate in IVUS guided stumpless wiring of CTOs in consecu-
tive patients with this complex anatomical scenario.

Keywords  Intravascular ultrasound · Chronic total 
occlusion · Percutaneous coronary intervention

Introduction

Inability to cross a lesion with a guidewire is the main rea-
son for procedural failure in chronic total occlusion (CTO) 
recanalization [1–3]. Ostial or stumpless CTOs are a spe-
cific subset of CTO that can be particularly challenging to 
recanalise [3–5] as it can be difficult to accurately locate 
the ostium, with the guidewire often slipping into a side-
branch. Several novel techniques to improve the recanali-
zation rates of stumpless CTO’s including CT angiography 
[6–8], a retrograde approach via collateral channels [9–11] 
and IVUS guided-wiring have been proposed [12–16]. In a 
stumpless CTO IVUS guidance provides the advantage of 
real-time imaging during the procedure. IVUS can be used 
to identify the optimal entry point by performing a pullback 
along a branch originating at the occlusion site and iden-
tifying the proximal stump [12, 13]. Leaving the IVUS in 
position allows visualization of the guidewire entering the 
true lumen of the occluded vessel. Additional advantages 
of IVUS guidance include reduced procedure time, cost, 
radiation exposure and contrast medium [11]. This study 
examines the feasibility and utility of IVUS guidance for 
stumpless wiring in recanalisation of CTO’s as documented 
in a single centre experience. A detailed description of this 
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technique, aimed to facilitate its adoption by interested 
operators, is also provided.

Methods

Patient population and procedural protocol

All patients enrolled in this analysis underwent IVUS 
guided stumpless wiring with the intention to recanalise a 
coronary CTO. A total of 22 consecutive patients who had 
elective CTO-PCI procedures using IVUS to guide wir-
ing of the CTO were included in this study. All procedures 
were carried out in a single institution and all patients had a 
single native vessel CTO. The indication for the procedures 
was angina with proven myocardial viability and/or ischae-
mia in the territory supplied by the target vessel.

Definitions

CTO was defined as a thrombolysis in myocardial infarc-
tion (TIMI ) grade 0 flow within the occluded segment, 
with a duration >3 months [17], determined based on clini-
cal symptoms or prior angiography when available. Angio-
graphic success was defined as residual stenosis <30% with 
TIMI grade flow ≥2. The lesion complexity was classified 

using the J-CTO score with lesions scored as 0–5 depend-
ent on the presence of one or more of the following fea-
tures: blunt stump, length >20  mm, severe calcification, 
>45° tortuosity and previous failed attempt [18].

Procedural details of IVUS‑guided stumpless CTO 
wiring

All procedures were carried out with ≥7Fr guiding cath-
eters to allow simultaneous use of IVUS and a microcath-
eter. A soft tipped PCI guidewire is placed in the adjacent 
sidebranch and a 20-MHz IVUS catheter (Eagle Eye® Plat-
inum, Volcano Corporation, CA, USA) or 40-MHz IVUS 
catheter (Atlantis SR Pro®, Boston Scientific, CA, USA) 
advanced into the sidebranch. IVUS pullback alone or 
co-registration (SyncVision™ Volcano Corporation, CA, 
USA) identifies the ostium of the CTO. The IVUS catheter 
is positioned at the ostium of the CTO and a CTO wire is 
advanced into the true lumen of the CTO using microcath-
eters and a wire escalation strategy as necessary. Once the 
CTO is wired IVUS is used to confirm wire position within 
the true lumen and aid in choosing stent diameter and 
length. PCI is carried out in the standard fashion with addi-
tional IVUS imaging as necessary to optimize stent implan-
tation. Figure 1 provides a schematic representation of the 
steps involved in IVUS guided CTO wiring and reflects the 

Fig. 1    A graphic depiction of the procedural steps followed dur-
ing IVUS guided wiring of an occluded circumflex artery. a Stump-
less CTO of the LCx, distal vessel visualized via homocoronary 
collaterals. b A soft tipped PCI guidewire is placed in the adjacent 
sidebranch. c A 20-MHz IVUS is advanced into the sidebranch and 

slowly pulled back to identify the ostium of the CTO. d A CTO 
guidewire is advances into the ostium of the CTO. IVUS provides 
direct visualization with the CTO stump is wired. e The CTO is 
successfully wired. f IVUS is used to confirm correct wire position 
within the vessel. The vessel is stented and optimized using IVUS
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case example shown in Fig. 2. We also provide a suggested 
algorithm for the use of IVUS in image-guided wiring of 
ostial chronic total occlussions (Fig. 3).

Statistical analysis

Categorical and continuous variables are expressed as 
counts (%) and mean ± standard deviation, respectively. 
The angiographic, clinical and technical factors were ana-
lyzed as possible determinants of success were compared 
between patient groups. All calculations were carried out 
using R v.3.2.2 software.

Results

The baseline clinical characteristics of the patients are 
shown in Table  1. The mean age was 59.8 ± 11.5  years, 
and 91% were male. There were no significant differences 
in the baseline characteristics of the patients. Angiographic 
and procedural characteristics are shown in Tables  2 
and 3 respectively, 77% (17/22) of the procedures were 

Fig. 2   An example of IVUS guided wiring of an occluded circumflex 
artery. A 61 year old gentleman with previous PCI in the LAD and 
a CTO of the LCx and RCA, was referred for PCI of CTO in LCx. 
a Baseline angiogram, femoral access with 7Fr guiding catheter to 
allow simultaneous use of a microcatheter and IVUS. b A soft tipped 
PCI guidewire is placed in the adjacent sidebranch and a 20-MHz 
IVUS catheter (Eagle Eye® Platinum, Volcano Corporation, CA, 
USA) advanced into the sidebranch. c IVUS pullback identifies the 

ostium of the CTO. d Sidebranch identified in orange and occluded 
LCx ostium identified in blue (correspondes to image c). e The IVUS 
catheter is positioned at the ostium of the CTO and a CTO wire is 
advanced into the true lumen of the CTO using microcatheters and 
a wire escalation strategy as necessary. f Guidewire (Miracle Bros 3) 
within the true lumen of the LCx. g Angiographic image of the suc-
cessful wiring of the LCx CTO. h Final angiographic result post PCI 
and IVUS guided optimisation

Fig. 3   Decision-making algorithm for the use of IVUS in image-
guided wiring of ostial chronic total occlussions. CTO chronic total 
occlusion, SB side branch
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successful. CTO’s attempted using this technique were 
most commonly located in the left anterior descending 
(LAD) and left circumflex (LCx) arteries. The mean JCTO 
score was 3.05 ± 0.66 and 3.2 ± 1.1 (p = 0.795) in the suc-
cessful and failed groups respectively of note all lesions 
had a minimum JCTO score of 2. The side branch could 
be assessed with QCA in 20 cases with a mean diameter 
of 1.74 ± 0.48. The average length of stent implanted was 
47.8 ± 20 mm. Of the unsuccessful cases, in three the wire 
was unable to enter the lumen of the CTO despite a wire 
escalation strategy, in the other two cases the wire entered 

the false lumen and was unable to be redirected into the true 
lumen despite IVUS guidance. The mean contrast volume 
used was 378.7  ml ± 114.7 (388.1 ± 126.5  ml, 347 ± 58.1 
p = 0.322 in the successful and failed groups respectively). 
CT coronary angiography was obtained and used for pro-
cedural planning in two cases both of which were suc-
cessful. There were no complications related with the use 
of IVUS, coronary dissection treated conservatively with 
no adverse sequealae occurred in the two cases in which 
the wire was unable to be redirected into the true lumen. 
All successful cases were treated with drug eluting stents. 

Table 1   Baseline patient 
characteristics

Patient demographics Overall n = 22 Success n = 17 Failure n = 5 P value

Age, years 59.8 ± 8.5 58.9 ± 9.4 63 ± 3.7 0.165
Male 20 (90.9%) 16 (94.1%) 8 (80%) 0.411
BMI 28.6 ± 4.1 28.3 ± 4.6 29.9 ± 1.4 0.229
Hypertension 14 (63.6%) 10 (58.8%) 4 (80%) 0.613
Dyslipidaemia 13 (59.1%) 10 (58.8%) 3 (60%) 1
Diabetes 6 (27.3%) 3 (17.6%) 3 (60%) 0.101
Smoking status 0.137
Current smoker 8 (36.4%) 8 (47.1%) 0 (0%)
Ex smoker 7 (31.8%) 5 (2.4%) 2 (40%)
Previous MI 3 (13.6%) 3 (17.6%) 0 (0%) 1
Previous PCI 10 (45.5%) 7 (41.2%) 3 (60%) 0.634
Previous CABG 1 (4.5%) 1 (5.9%) 0 (0%) 1
LVEF <45% 4 (18.2%) 3 (17.6%) 1 (20%) 0.217
CKD IV 0 (0%) 0 (0%) 0 (0%)
PVD 1 (4.5%) 0 (0%) 1 (20%) 0.227
Previous CVA 3 (13.6%) 2 (11.8%) 1 (20%) 1

Table 2   Lesion characteristics Lesion related characteristics Overall n = 22 Success n = 17 Failure n = 5 P value

CTO site 0.933
LAD 8 (36.4%) 6 (35.3%) 2 (40%)
RCA 3 (13.6%) 2 (11.8%) 1 (20%)
LCx 7 (31.8%) 6 (35.3%) 1 (20%)
OM 2 (9.1%) 2 (11.8%) 0 (0%)
PL 2 (9.1%) 1 (5.9%) 1 (20%)
Rentrop class 3 11 (50%) 9 (52.9%) 2 (40%) 1.000
Blunt stump 22 (100%) 17 (100%) 5 (100%)
Tortuous 7 (31.8%) 4 (23.5%) 3 (60%) 0.274
Calcified lesion 21 (95.5%) 17 (100%) 4 (80%) 0.227
Lesion length >20 mm 16 (72.7%) 14 (83.4%) 2 (40%) 0.100
Previous CTO attempt 2 (9.1%) 1 (5.9%) 1 (20%) 0.411
J-CTO score 3.09 ± 0.75 3.05 ± 0.66 3.2 ± 1.10 0.795
JCTO 1 0 (0%) 0 (0%) 0 (0%)
JCTO 2 4 (18.2%) 3 (17.6%) 1 (20%)
JCTO 3 13 (59.1%) 10 (58.8%) 3 (60%)
JCTO 4 4 (18.2%) 4 (23.5%) 0 (0%)
JCTO 5 1 (4.5%) 0 (0%) 1 (20%)
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There was no procedural death, pericardiocentensis, coro-
nary artery bypass grafting or myocardial infarction requir-
ing re-intervention in this series. Patients were followed for 
a median of 51 months (IQR 15.25–86.75), during follow 
up two patients died one from unknown causes 45 months 
post procedure and the other from a lung cancer (Fig. 4). 
Two patients both in the unsuccessful group report persis-
tent angina (CCS III–IV) all other patients remain angina 
free at follow up. When the success rates were analyzed 
taking into account the date of adoption of this technique, 

the learning curve had no significant impact on CTO PCI 
success.

Discussion

This series, in which IVUS guidance was systematically 
applied to stumpless CTO recanalization in a select group 
of patients, showed a high success rate with no serious 
complications. Failure to cross the lesion with a guidewire 
is the most common reason for procedural failure in CTO 
recanalization [5, 19, 20] with stumpless CTO’s associ-
ated with a lower rate of recanalization success due to dif-
ficulties in locating the ostium with angiography alone [5]. 
Decision-making schemes such as the JCTO score [18] 
and the hybrid algorithm [21] reflect the difficulties associ-
ated with proximal cap ambiguity. Furthermore, small side 
branches that are frequently invisible at angiography may 
be present at coronary bifurcations causing the guidewire 
to advance into the incorrect vessel. A number of poten-
tial solutions to circumvent these challenges have been 
proposed, including CT angiography [6–8], a retrograde 
approach via collateral channels [9–11] and IVUS guided-
wiring [12–16]. Both CT angiography and IVUS provide 
the benefit of additional imaging however IVUS has the 
advantage of providing real time imaging.

IVUS has a number of specific uses in the CTO setting 
not only in guiding wiring of the CTO stump. However, it Fig. 4   Kaplan Meier Curve showing all cause death

Table 3   Procedural 
characteristics

Procedural characteristics Overall n = 22 Success n = 17 Failure n = 5 P value

Contralateral injection 13 (59.1%) 8 (50%) 5 (83.3%) 0.33
Procedure time 154.4 ± 46.5 153.4 ± 49.4 153.3 ± 41.8 0.99
Fluroscopy time
 Contrast (ml) 378.7 ± 114.7 389.9 ± 130.5 349.2 ± 52.2 0.3

Segment length 23.1 ± 9.2 21.8 ± 7.9 26.6 ± 12.1 0.39
Segment 0.69
Ostial 4 (18.2%) 3 (18.8%) 1 (16.7%) 1
Proximal 7 (31.8%) 4 (25%) 3 (50%) 0.33
Mid 11 (50%) 9 (56.3%) 2 (33.3%) 0.63
Guidewire crossing the lesion
 Miracle 3 6
 Miracle 4.5 1
 Fielder XT 6
 Gaia first 2
 Gaia second 1
 Confianza pro 12 1

Stent length 47.8mm ± 20 mm
Drug eluting stents
 Everolimus 13
 Biolimus 4

Side branch diameter 1.74 ± 0.48 1.80 ± 0.48 1.57 ± 0.51 0.41
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may require the use of 7 or 8 Fr guiding catheters and spe-
cific skills in image acquisition and interpretation [22–25]. 
Importantly IVUS use has been shown to improve CTO-
PCI success both in patients with de novo coronary artery 
disease and in native vessel CTO-PCI in patients who have 
previously undergone CABG [26]. IVUS aids in unambigu-
ously locating the ostium of the CTO with recent treatment 
algorithms proposing the systematic use of IVUS [21]. 
In our series IVUS successfully located the ostium of the 
CTO in all cases with inability to advance guidewires into 
the ostium, three cases, and failure to redirect the guidewire 
into the true lumen, two cases, being the reasons for fail-
ure. Despite the much lower use of imaging techniques in 
Europe compared to Asia [27] our series is similar to a pre-
vious case series where Park et al [13] reported a success 
rate of 80% in a South Korean population.

Both OCT and ODFI provide an alternative form of 
intravascular imaging to IVUS offering higher image reso-
lution however limited penetration. Thus OCT or ODFI 
may allow identification of ostia that are not visualized 
with IVUS. Di Mario et al. have reported the use of ODFI 
for the identification of CTO ostia. However both OCT and 
ODFI have a number of limitations including the fact that 
they do not allow continuous real time coronary imaging as 
contrast injections are required to clear the lumen of blood 
therefore the guidewire cannot be manipulated under direct 
visualisation. There are also concerns re the use of OCT/
ODFI in CTO, as it requires the injection of large volumes 
of contrast in a setting where minimizing contrast use to 
decrease the incidence of contrast-induced nephropathy is 
an important consideration. Furthermore, there are con-
cerns regarding the risk of extending the coronary dissec-
tions caused by wiring attempts. Finally as CTO’s inher-
ently require increased contrast use IVUS is superior to 
OCT/ODFI given that not only does it not require contrast 
for it’s acquisition but has also been shown to reduce con-
trast use. Both OCT and IVUS have been shown to be ben-
eficial in stent optimization in the context of CTO. Given 
economic constraints we feel the use of the same technique 
for both ostial wiring in stent optimization is most appro-
priate in our centre.

Additional benefits of initial IVUS guidance include 
cases where the guidewire is suspected to be in the false 
lumen. IVUS imaging from the false lumen can be used 
to guide wire re-entry into the distal true lumen. In order 
to image from the false lumen the guidewire must be 
advanced 2–3  cm in the subintima and often requires 
gentle dilatation of the adventitia with a 1.5 mm balloon 
to advance the IVUS probe, given that this extends the 
dissection plane it should be reserved as a final option 
when traditional wiring techniques have failed and there 
is no viable retrograde option. [12, 14, 15]. Once the 
CTO has been successfully wired IVUS can also aid in 

differentiating the underlying morphology and lesion 
remodeling [28] this is particularly useful as negative 
remodeling can make it difficult to accurately size bal-
loons and stents. Finally post implantation IVUS assists 
in optimising stent apposition and expansion. When the 
retrograde approach is a viable option due to the presence 
of adequate collaterals, IVUS ensures that the retrograde 
wire enters the parent vessel through the true, occluded 
vessel ostium.

Limitations of the IVUS guided strategy include its ina-
bility to visualize the vessel distal to the stump thus empha-
sising the benefit of contralateral injections to identify the 
trajectory of the vessel. IVUS guidance also relies on the 
presence of an appropriate sidebranch from which to image 
however the development of dedicated short-tip IVUS cath-
eters with a very short (1 mm) nosecone allows the use of 
very small sidebranches in which full progression of the 
whole device is not required for adequate imaging. To date 
there is no one solution which has proven successful for 
recanalization of all CTO’s however in stumpless CTO’s 
a combination of all the aforementioned techniques, CT 
guidance, IVUS guidance and a retrograde approach may 
increase the success rate in this complex population. A 
clear treatment plan and escalation strategy for each case 
should exist in order to increase the likelihood of success.

Limitations

This is a single centre experience with all operators expe-
rienced in IVUS use in the non CTO setting therefore the 
applicability to centres with non experienced IVUS users 
cannot be generalized. Non-experienced operators plan-
ning to implement this strategy in their practice should 
consider proctoring during the initial cases. This is a 
small series of patients with no control group comparing 
the IVUS guided strategy to the conventional approach.

Conclusions

IVUS guided wiring of stumpless CTO’s is safe and feasi-
ble with a good success rate in this series. Given that failure 
of guidewire crossing is the most common reason for CTO 
failure IVUS use in combination with other imaging tech-
niques may increase the overall success rate of CTO-PCI.
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