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Abstract
Background: Connecting the antegrade wire (AW) and the retrograde wire (RW) is a goal of chronic total 
occlusion (CTO) treatment, but angiographic guidewire location is sometimes misleading.
Aims: The aim of this study was to evaluate the association between intravascular ultrasound (IVUS)-
defined AW and RW position and procedural outcomes when treating CTO lesions using the retrograde 
approach.
Methods: Overall, 191 CTO lesions treated using an IVUS-guided retrograde approach at three centres in 
Japan, China, and the USA were included.
Results: When the AW and RW angiographically overlapped, four wire positions were seen on IVUS: 
(i) AW within the plaque (AW-intraplaque) and RW-intraplaque in 34%; (ii) AW-intraplaque and RW 
in the subintimal space (RW-subintima) in 28%; (iii) AW-subintima and RW-subintima in 22%; or (iv) 
AW-subintima and RW-intraplaque in 16%. The procedure succeeded without repositioning the wire in 
89% of AW-intraplaque/RW-intraplaque, 61% of AW-intraplaque/RW-subintima and 57% of AW-subintima/
RW-subintima, but only one (3%) AW-subintima/RW-intraplaque. Lesion and procedure complexity and 
failure/complications were greatest in AW-subintima/RW-intraplaque.
Conclusions: IVUS-identified vascular compartment concordance versus IVUS-identified vascular 
compartment mismatch leads to higher success rates irrespective of intraplaque or subintimal passage. 
AW-subintima/RW-intraplaque was associated with the most complex CTO morphology and procedure, 
and repositioning the wire was almost always necessary.
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Abbreviations
AW antegrade wire
CART controlled antegrade and retrograde tracking and 

dissection
CTO chronic total occlusion
IVUS intravascular ultrasound
J-CTO Multicenter CTO Registry in Japan
RW retrograde wire
TIMI Thrombolysis In Myocardial Infarction

Introduction
During the past two decades, there has been significant progress in 
CTO intervention equipment and techniques, especially the retro-
grade and reverse controlled antegrade and retrograde tracking and 
dissection (CART) techniques1-3. This has resulted in improved suc-
cess rates4-6. For many interventionists, however, retrograde tech-
niques remain unadopted due to the technical challenges of channel 
crossing and reverse CART that can lead to major complications.

Intravascular ultrasound (IVUS) is important during reverse 
CART, especially for appropriate balloon sizing and understand-
ing the cause of failure during each step1,7. Rathore et al1 first 
described IVUS-guided reverse CART; however, the four possible 
antegrade wire (AW) and retrograde wire (RW) locations within 
the CTO were not described in detail. We used IVUS to identify 
guidewire location after angiographic overlap of the AW and RW 
to categorise four possible patterns – (i) AW within the plaque 
(AW-intraplaque) and RW-intraplaque; (ii) AW-intraplaque and 
RW in the subintimal space (RW-subintima); (iii) AW-subintima 
and RW-subintima; and (iv) AW-subintima and RW-intraplaque – 
and clarified the association between various patterns and lesion 
characteristics, procedural success, and in-hospital outcomes.

Methods
STUDY POPULATION
This was a retrospective observational study. Inclusion criteria were 
IVUS-guided CTO revascularisation requiring a retrograde approach 
in which the wire location was evaluated by IVUS when the AW 
and RW overlapped longitudinally on angiography. Exclusion crite-
ria included lack of analysable IVUS images after RW crossing or 
in-stent CTO. CTO was defined according to previous criteria8; in 
patients without clinical evidence of occlusion duration, chronicity 
was based on angiographic anatomy suggesting long-standing occlu-
sion. From January 2010 to December 2018, CTOs from three cen-
tres in Japan (Showa University Hospital, Showa), China (Xiangtan 
Central Hospital, Xiangtan), and the USA (NewYork-Presbyterian 
Hospital/Columbia University Medical Center, New York, NY, 
USA) were screened. The study complied with the Declaration of 
Helsinki and was approved by the ethics committees of each centre.

CTO PROCEDURES
Procedures were performed by one of three experienced opera-
tors (M. Ochiai, H. Huang, or D. Karmpaliotis). Treatment strat-
egy was at operator discretion based on the previously defined 
“hybrid” treatment algorithm2. When the AW and RW appeared 
overlapped longitudinally on angiography, IVUS was performed 
on the AW to confirm the location of the two wires. If the opera-
tor repositioned either of the wires, IVUS was repeated to con-
firm guidewire location. Repositioning the wire included either 
removing the guidewire from its initial position and redirecting it 
to a different tissue plane or using a new wire to penetrate the dis-
tal cap (retrograde) or proximal cap (antegrade). After successful 
RW crossing into the true lumen proximal to the CTO, IVUS was 
again performed to confirm wire location.

A R
A

R A R A

R

A RPlaque Subintimal space Antegrade wire Retrograde wire

A-Intraplaque
R-Intraplaque

A-Intraplaque
R-Subintima

A-Subintima
R-Subintima

A-Subintima
R-Intraplaque

Overlap of wires

4 IVUS patterns

Success Necessity of re-wiring

Visual summary. When the antegrade wire is in the subintimal space and the retrograde wire is in the intraplaque, re-wiring is almost 
always necessary.
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Guidewire penetration force was defined as low, intermediate, 
or high3. Total procedure or wire crossing time was from obtain-
ing vascular access to removal of the last catheter or to externalis-
ing the RW into the antegrade guiding catheter. Wire crossing time 
after the first IVUS was the interval between the first IVUS and 
externalising the RW into the antegrade guiding catheter. Reverse 
CART involved using balloons over the AW to make a dissec-
tion within the CTO segment to create a connection between 
spaces containing the AW and RW with or without guide-catheter 
extension9. Successful recanalisation was restoration of antegrade 
Thrombolysis In Myocardial Infarction (TIMI) flow grade 3 with 
<30% treated segment residual diameter stenosis8.

IN-HOSPITAL OUTCOMES
In-hospital clinical safety endpoints included major adverse car-
diac events and each component – all-cause death, myocardial 
infarction (MI), target lesion revascularisation, tamponade requir-
ing either pericardiocentesis or surgery, or stroke10. Periprocedural 
MI was diagnosed using Society for Cardiovascular Angiography 
and Interventions criteria11. In addition, Academic Research 
Consortium-defined stent thrombosis10, any angiographic stain-
ing/extravasation, and clinically significant perforation (requir-
ing treatment with pericardiocentesis, prolonged balloon inflation, 
beads, coils, thrombin, or surgery) were recorded. Individual 
events were confirmed by investigator consensus.

ANGIOGRAPHIC ANALYSIS
Cine-angiograms were analysed with a computer-assisted, auto-
mated edge-detection algorithm (QAngio XA; Medis, Leiden, the 
Netherlands) by an experienced observer (Y. Fan)12. Occlusion 
length was measured with either antegrade or retrograde (simulta-
neous bilateral injection) filling of the distal vessel. Lesion com-
plexity was summarised using the Multicenter CTO Registry in 
Japan (J-CTO) score13. Branch occlusion was final TIMI flow ≤1 
in a previously patent side branch (diameter ≥1.5 mm).

IVUS ANALYSIS
When the AW and RW overlapped angiographically, IVUS was per-
formed after a 1.5-2.5 mm balloon predilation, if needed, using com-
mercially available systems (Boston Scientific Corporation, Maple 
Grove, MN, USA; Philips, Rancho Cordova, CA, USA). Using 
planimetry software (echoPlaque; INDEC Medical Systems, Inc., 
Los Altos, CA, USA), IVUS analysis was performed as previ-
ously reported7. Intraplaque wire location was a wire located within 
the plaque, and subintimal wire location was a wire located in 
the subintimal space that was identified by the absence of arte-
rial three-layer appearance (Figure 1). Four patterns were identi-
fied: (i) AW-intraplaque and RW-intraplaque; (ii) AW-intraplaque 
and RW-subintima; (iii) AW-subintima and RW-subintima; and 
(iv) AW-subintima and RW-intraplaque (Figure 2). The proximal and 
distal ends of the CTO were identified by matching IVUS images 
with the angiogram according to side branches. IVUS analyses were 
performed by experienced cardiologists (Y. Fan and A. Maehara).

STATISTICAL ANALYSES
All statistical analyses were performed with SPSS, Version 20.0 
(IBM Corp., Armonk, NY, USA). Categorical variables are shown 
as percentages and were compared using the χ2 test and continu-
ous variables are shown as mean±standard deviation and were 
compared using ANOVA or Kruskal-Wallis tests, as appropriate. 
A p-value <0.05 was considered statistically significant.

Results
From January 2010 to December 2018, 1,902 CTO lesions were 
treated with IVUS guidance at three centres; 1,244 were antegrade 
only, and 467 retrograde did not have IVUS at the time of wire over-
lap. Thus, 191 CTO lesions undergoing IVUS-guided retrograde 
CTO were included in the current study (Supplementary Figure 1).

INITIAL IVUS EVALUATION AND CTO MORPHOLOGY
When the AW and RW overlapped on angiography, IVUS showed 
the following guidewire location patterns: AW-intraplaque/
RW-intraplaque in 34% (n=65), AW-intraplaque/RW-subintima 
in 28% (n=54), AW-subintima/RW-subintima in 22% (n=42), 
and AW-subintima/RW-intraplaque in 16% (n=30) (Figure 3). 

Figure 1. Chronic total occlusion treated with intravascular 
ultrasound-guided retrograde approach. The top panels show 
pre-intervention and final angiography. Black arrowhead indicates 
the proximal cap of the CTO. Lower panels show angiography (A-C) 
and corresponding IVUS (A′-C′) at each step. Black arrow indicates 
IVUS location. When the AW and RW overlapped longitudinally (A), 
IVUS (A′) showed a subintimal AW and an intraplaque RW. After 
repositioning the RW (B), IVUS (B′) showed that both the AW and the 
RW were subintimal. Subsequently, the RW crossed into the true 
lumen proximal to the CTO (C, C′). AW: antegrade wire; 
CTO: chronic total occlusion; IVUS: intravascular ultrasound; 
RW: retrograde wire
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AW-intraplaque
RW-intraplaque

AW-intraplaque
RW-subintima

AW-subintima
RW-subintima

AW-subintima
RW-intraplaque

IVUS catheter Intraplaque Subintima Antegrade wire Retrograde wire

Figure 2. Four patterns of antegrade and retrograde wire positions. In the top panels, angiography shows overlapped AW and RW. White 
arrows indicate IVUS location. Middle panels show corresponding IVUS images; bottom panels show the same IVUS images with annotation. 
AW: antegrade wire; IVUS: intravascular ultrasound; RW: retrograde wire
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Figure 3. Intravascular ultrasound patterns before and after wire repositioning, if necessary, and final crossing techniques. Initial pattern was 
defined by IVUS after AW and RW overlapped longitudinally on angiography. The final pattern indicates IVUS patterns after repositioning the 
wire (if necessary) and before crossing. AW: antegrade wire; I: intraplaque; IVUS: intravascular ultrasound; RW: retrograde wire; S: subintima

AW/RW overlap was within the CTO in 46.6%, proximal to the 
proximal cap in 34.6%, and distal to the distal cap in 18.8%. There 
were no differences in patient characteristics among the four pat-
terns (Table 1). The J-CTO score was highest in AW-subintima/

RW-intraplaque and lowest in AW-intraplaque/RW-intraplaque 
(3.2±0.9 versus 2.0±0.8, p<0.001) (Table 2). Moderate or severe 
calcification, tortuosity, and longer CTO length were most com-
mon in the AW-subintima/RW-intraplaque group.
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IVUS-GUIDED WIRE REPOSITIONING
After the first IVUS evaluation, the operator could advance the 
RW into the true lumen proximal to the CTO without reposition-
ing the wire in 89% (58/65) of AW-intraplaque/RW-intraplaque, 
61% (33/54) of AW-intraplaque/RW-subintima, and 57% 
(24/42) of AW-subintima/RW-subintima, but only 3% (1/30) of 
AW-subintima/RW-intraplaque (Figure 3).

In 17/42 CTOs with an AW-subintima/RW-subintima in which 
the wire was repositioned, there was a shorter subintimal length 
(8.4±2.5 mm versus 12.5±4.7 mm, p=0.048), smaller haematoma 
arc (110±46° versus 179±58°, p=0.03), and smaller calcium arc 
(89±65° versus 152±11°, p=0.03) compared to CTOs in which 
the wire was not repositioned. A similar trend was observed in 
the AW-intraplaque/RW-subintima. After wire repositioning, 26% 

Table 1. Patient characteristics.

All  
(n=191)

AW-intraplaque/
RW-intraplaque 

(n=65)

AW-intraplaque/
RW-subintima 

(n=54)

AW-subintima/
RW-subintima 

(n=42)

AW-subintima/
RW-intraplaque 

(n=30)
p-value

Age, years 62.4±10.3 64.3±10.5 61.8±10.6 61.3±9.8 60.6±9.6 0.27

Male 170 (89.0) 56 (86.2) 49 (90.7) 39 (92.9) 26 (86.7) 0.68

Diabetes mellitus 61 (31.9) 17 (26.2) 16 (29.6) 14 (33.3) 14 (46.7) 0.24

Hypertension 153 (80.1) 52 (80.0) 43 (79.6) 36 (85.7) 22 (73.3) 0.19

Smoking history 106 (55.5) 38 (58.5) 27 (50.0) 25 (59.5) 16 (53.3) 0.75

Hyperlipidaemia 158 (82.7) 55 (84.6) 47 (87.0) 36 (85.7) 20 (66.7) 0.09

GFR <60 mL/min* 53 (27.7) 18 (27.7) 20 (37.0) 9 (21.4) 6 (20.0) 0.26

Ejection fraction <40% 37 (13.4) 13 (20.0) 7 (13.0) 7 (16.7) 10 (33.3) 0.15

Prior myocardial infarction 91 (47.6) 33 (50.8) 22 (40.9) 22 (52.4) 14 (46.7) 0.64

Prior heart failure 45 (23.6) 17 (26.2) 11 (20.4) 6 (14.3) 11 (36.7) 0.14

Prior PCI 99 (51.8) 37 (56.9) 24 (44.4) 23 (54.8) 15 (50.0) 0.56

Prior CABG 31 (16.2) 8 (12.3) 9 (16.7) 7 (16.7) 7 (23.3) 0.60

Clinical 
presentation

Unstable angina 84 (44.0) 31 (47.7) 21 (38.9) 19 (45.2) 13 (43.3)

0.84Stable angina 76 (39.8) 26 (40.0) 23 (42.6) 17 (40.5) 10 (33.3)

Silent ischaemia 31 (16.2) 8 (12.3) 10 (18.5) 10 (18.5) 7 (23.3)

Values are mean±standard deviation or n (%). *Cockcroft-Gault formula. AW: antegrade wire; CABG: coronary artery bypass grafting; GFR: glomerular 
filtration rate; PCI: percutaneous coronary intervention; RW: retrograde wire

Table 2. Preprocedural angiography.

All  
(n=191)

AW-intraplaque/
RW-intraplaque 

(n=65)

AW-intraplaque/
RW-subintima 

(n=54)

AW-subintima/
RW-subintima 

(n=42)

AW-subintima/
RW-intraplaque 

(n=30)
p-value

Multivessel disease* 102 (53.4) 33 (50.8) 25 (46.3) 25 (59.5) 19 (63.3) 0.38

Target vessel Left anterior descending 54 (28.3) 20 (30.8) 15 (27.8) 13 (31.0) 6 (20.0)

0.25Left circumflex 21 (11.0) 5 (7.7) 10 (18.5) 5 (11.9) 1 (3.3)

Right 116 (60.7) 40 (61.5) 29 (53.7) 24 (57.1) 23 (76.7)

Re-attempt for CTO 51 (26.7) 17 (26.2) 12 (22.2) 10 (23.8) 12 (40.0) 0.22

J-CTO score 2.4±0.9 2.0±0.8 2.3±0.7 2.5±1.0 3.2±0.9 <0.001

Blunt proximal stump 101 (52.9) 33 (50.8) 29 (53.7) 20 (47.6) 19 (63.3) 0.59

Side branch at proximal stump 108 (56.5) 36 (55.4) 32 (59.3) 21 (50.0) 19 (63.3) 0.68

Side branch at distal stump 60 (31.4) 21 (32.3) 15 (27.8) 17 (40.5) 7 (23.3) 0.41

Calcification 113 (59.2) 28 (42.1) 30 (55.6) 31 (73.8) 24 (80.0) 0.001

Tortuosity 40 (20.9) 7 (10.8) 10 (18.5) 11 (26.2) 12 (40.0) 0.009

Occluded length, mm 22.7±7.2 19.3±6.3 23.3±6.6 23.4±6.8 28.2±7.0 <0.001

≥20 mm 123 (64.3) 29 (44.6) 38 (70.4) 31 (73.8) 25 (83.3) <0.001

Retrograde collateral grade ≥2 131 (68.6) 46 (70.8) 38 (70.4) 27 (64.3) 20 (66.7) 0.89

Values are mean±standard deviation or n (%). *Presence of ≥50% diameter stenosis in ≥2 major epicardial arteries. AW: antegrade wire; CTO: chronic 
total occlusion; J-CTO: Multicenter CTO Registry in Japan; PCI: percutaneous coronary intervention; RW: retrograde wire
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Table 3. Procedural results.

All  
(n=191)

AW-intraplaque/
RW-intraplaque 

(n=65)

AW-intraplaque/
RW-subintima 

(n=54)

AW-subintima/
RW-subintima 

(n=42)

AW-subintima/
RW-intraplaque 

(n=30)
p-value

Primary 
approach

Retrograde dissection re-entry 26 (13.6) 11 (16.9) 5 (9.3) 7 (16.7) 3 (10.0)

0.58
Retrograde wire escalation 36 (18.8) 16 (24.6) 9 (16.7) 6 (14.3) 5 (16.7)

Antegrade dissection re-entry 37 (19.4) 12 (18.5) 9 (16.7) 11 (26.2) 5 (16.7)

Antegrade wire escalation 92 (48.2) 26 (40.0) 31 (57.4) 18 (42.9) 17 (56.7)

Collateral 
used

Septal 106 (55.5) 39 (60.0) 28 (51.9) 26 (61.9) 13 (43.3)

0.08
Ipsilateral epicardial artery 55 (28.8) 19 (29.2) 11 (20.4) 12 (28.6) 13 (43.3)

Contralateral epicardial artery 14 (7.3) 5 (7.7) 7 (13.0) 0 (0.0) 2 (6.7)

Graft 16 (8.4) 2 (3.1) 8 (14.8) 4 (9.5) 2 (6.7)

Crossing 
wire

Low/intermediate penetration wire 98 (53.6) 43 (67.2) 26 (51.0) 22 (53.7) 7 (25.9)
0.004

High penetration wire 85 (46.4) 21 (32.8) 25 (49.0) 19 (46.3) 20 (74.1)

Knuckling wire technique 41 (21.5) 1 (1.5) 14 (25.9) 10 (23.8) 16 (53.3) 0.001

Total stent length, mm 66.7±20.0 59.5±20.1 65.2±19.7 70.8±18.8 80.3±13.4 <0.001

Number of guidewires used 5.5±1.7 4.3±0.8 5.5±1.1 5.6±1.6 8.0±0.9 <0.001

Number of balloons used 4.2±1.2 3.3±0.9 4.3±0.9 4.4±0.9 5.6±0.8 <0.05

Number of microcatheters used 1.9±0.6 1.6±0.6 1.8±0.4 2.0±0.5 2.4±0.6 <0.05

Total procedure time, min 152±62 116±36 159±56 152±52 220±68 <0.001

Wire crossing time, min 90±44 65±27 92±37 93±32 139±55 <0.001

Wire crossing time after the first IVUS, min 31±23 17±9 32±14 29±13 67±33 <0.001

Fluoroscopy time, min 74±31 58±22 76±27 74±27 111±34 <0.001

Contrast volume, mL 293±79 247±77 300±69 299±55 375±54 <0.001

Values are mean±standard deviation or n (%). AW: antegrade wire; IVUS: intravascular ultrasound; RW: retrograde wire

(14/54) of AW-intraplaque/RW-subintima and 24% (10/42) of 
AW-subintima/RW-subintima were changed to the AW-intraplaque/
RW-intraplaque. Among 30 AW-subintima/RW-intraplaque, wire 
repositioning was necessary in all except one case.

TECHNIQUES TO CONNECT THE AW AND RW
After wire repositioning (if necessary), the final IVUS patterns were 
AW-intraplaque/RW-intraplaque in 44% (n=85), AW-intraplaque/
RW-subintima in 31% (n=59), AW-subintima/RW-subintima in 23% 
(n=44), and AW-subintima/RW-intraplaque in 2% (n=3) (Figure 3).

Overall, 183 cases (96%) were successful. In the AW-intraplaque/
RW-intraplaque, RW escalation penetrated from the distal true 
lumen to the proximal true lumen (true-to-true RW crossing) in 
58% (49/85); the rest were successful using the reverse CART 
technique. Reverse CART was successful in 85% (50/59) of 
AW-intraplaque/RW-subintima and 84% (37/44) of AW-subintima/
RW-subintima. There was only one case with an AW-subintima/
RW-intraplaque that succeeded using reverse CART.

Overall, there were eight failures in which the AW and RW could 
not be connected. Three had an initial IVUS AW-subintima/RW-
intraplaque. The final IVUS patterns were one AW-intraplaque/
RW-intraplaque, three AW-intraplaque/RW-subintima, two AW-
subintima/RW-subintima, and two AW-subintima/RW-intra plaque.

Among 183 successful cases, the final crossing point of the 
RW into the AW space moved from the original overlap segment 

to another location in 28.4% (33/116) in which the wire was not 
repositioned and in 55.2% (37/67) after wire repositioning.

FINAL RESULTS AND IN-HOSPITAL COMPLICATIONS
When an initial IVUS AW-subintima/RW-intraplaque was found, 
a high penetration wire and a knuckling wire were often neces-
sary; this was associated with longer stents, more equipment, and 
longer wire crossing and procedure times versus other patterns 
(Table 3). The AW-subintima/RW-intraplaque showed a longer 
subintimal length versus other patterns (Supplementary Table 1). 
However, the final minimal stent area was similar among all four 
patterns in the 183 successful cases.

There was no death, in-hospital repeat revascularisation, or 
probable/definite stent thrombosis. There were three clinically 
significant perforations: two cases were treated by covered stent 
and one by prolonged balloon inflation (Table 4). Clinically signi-
ficant perforation and tamponade were numerically higher in 
AW-subintima/RW-intraplaque (6.7%), and branch occlusion was 
the most common in the AW-subintima/RW-intraplaque (23.3%).

Discussion
Major findings were as follows. (i) When performing a retrograde 
CTO, IVUS showed four AW/RW patterns – AW-intraplaque/
RW-intraplaque, AW-intraplaque/RW-subintima, AW-subintima/
RW-subintima, and AW-subintima/RW-intraplaque. These patterns 
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were associated with lesion complexity and with difficulties 
and techniques needed to achieve procedural success. (ii) The 
AW-subintima/RW-intraplaque had the most complex CTO mor-
phology and procedures. (iii) In AW-subintima/RW-intraplaque, 
almost all CTOs required wire repositioning, in the AW-intraplaque/
RW-subintima or AW-subintima/RW-subintima approximately half 
of the CTOs required repositioning of the wire, and wire reposi-
tioning was not necessary when both guidewires were intraplaque. 
Ultimately, IVUS-identified vascular compartment concord-
ance leads to higher success rates irrespective of intraplaque or 
subintimal passage versus IVUS-identified vascular compartment 
mismatch.

Connecting the AW and RW is the most difficult part of the ret-
rograde approach and typically requires various CART techniques; 
however, guidewire location is not always predictable angio-
graphically7. The current report supports using IVUS to determine 
AW/RW location and select the CTO strategy. Practically, opera-
tors should adopt IVUS when they cannot make the connection 
quickly or wire position is uncertain angiographically.

The most difficult situation was a subintimal AW, but an intra-
plaque RW; this was seen in the most complex CTOs and took the 
longest to resolve. Balloon dilation on the AW simply enlarged 
the subintimal space without disrupting the plaque necessary to 
connect the AW and RW. When this pattern was found, reposi-
tioning the RW and puncture and disruption of the plaque using 
a high penetration force guidewire accompanied by balloon dila-
tion was necessary to connect the true lumen where the RW was 
located within the subintimal space where the AW was located. 
When this failed, knuckling the retrograde wire could be consid-
ered. Recognition of this pattern was the most useful to change 
the strategy and promote safer and more effective procedures. 
A subintimal AW/intraplaque RW may often occur during ante-
grade dissection as the primary procedure in the most complex 
lesions. Primary antegrade dissection trended towards being 
more frequent among US operators than among Asian operators 

(28.6% versus 17.3%) and being more frequent recently (22.1% 
after 2015 versus 12.7% before 2014) (Supplementary Table 2, 
Supplementary Table 3).

Favourable patterns were when both the AW and RW were 
subintimal or when the AW was intraplaque, but the RW was 
subintimal. When the AW was intraplaque, but the RW was subin-
timal, the next step should be to crack the plaque to make a con-
nection. Thus, the largest balloon sized by IVUS should be used 
to complete reverse CART.

When both the AW and RW were subintimal, 88% were suc-
cessful by reverse CART, although it was necessary to move the 
reverse CART site to a more favourable location with less calcium. 
US and Asian operators took different approaches when both wires 
were subintimal. The US approach was to create a connection in 
the subintimal space and complete the CTO procedure; this was 
successful in 13 (100%). Japanese and Chinese operators reposi-
tioned the wire after confirming limited injury and non-calcified 
CTO morphology to achieve both AW and RW intraplaque wiring; 
converting an AW-subintima/RW-subintima to an AW-intraplaque/
RW-intraplaque was successful in 14 (93.3%). A similar trend was 
observed when the AW was intraplaque, but the RW was subinti-
mal. We have reported that CTOs with subintimal stenting (54% 
of lesions) had more target vessel revascularisation versus those 
with intraplaque stenting at one year, although subintimal tracking 
no longer correlated with outcome after adjusting for patient and 
procedural factors14. Thus, intraplaque stenting requiring reposi-
tioning of the guidewire may not be necessary and can be reserved 
for lesions with limited calcium and vessel injury having a high 
possibility of intraplaque re-wiring.

Finally, the most favourable, ideal scenario was when both the 
AW and RW were intraplaque: a connection could be achieved 
by antegrade balloon dilation in the CTO body. This pattern did 
not require repositioning of the wire in most cases, and success-
ful wire crossing was often performed using a low or intermediate 
penetration force guidewire.

Table 4. Procedural success and in-hospital adverse events.

All  
(n=191)

AW-intraplaque/
RW-intraplaque 

(n=5)

AW-intraplaque/
RW-subintima 

(n=54)

AW-subintima/
RW-subintima 

(n=42)

AW-subintima/
RW-intraplaque 

(n=30)
p-value

Successful recanalisation 183 (95.8) 64 (98.5) 51 (94.4) 41 (97.6) 27 (90.0) 0.24

Major adverse cardiac events 8 (4.2) 2 (3.1) 1 (1.9) 2 (4.8) 3 (10.0) 0.32

Periprocedural myocardial infarction 5 (2.6) 2 (3.1) 1 (1.9) 1 (2.4) 1 (3.3) 0.97

Stroke 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.3) 0.15

Any dye staining/extravasation 9 (4.7) 2 (3.1) 2 (3.6) 2 (4.8) 3 (10.0) 0.50

Collateral injury* 4 (2.1) 2 (3.1) 1 (1.8) 1 (2.4) 0 (0.0) 0.12

Clinically significant perforation 3 (1.6) 0 (0.0) 0 (0.0) 1 (2.4) 2 (6.7) 0.20

Wire perforation 1 (0.5) 0 (0.0) 0 (0.0) 1 (2.4) 0 (0.0) 0.31

Balloon/stent related 2 (6.7) 0 (0.0) 0 (0.0) 0 (0.0) 2 (6.7) 0.01

Tamponade 3 (1.6) 0 (0.0) 0 (0.0) 1 (2.4) 2 (6.7) 0.07

Branch occlusion (diameter >1.5 mm) 23 (12.0) 3 (4.6) 6 (11.6) 7 (16.7) 7 (23.3) 0.048

Values are n (%). *No clinically significant perforation. AW: antegrade wire; RW: retrograde wire
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Although the retrograde approach has been considered more 
complex than the antegrade approach, in our study the overall 
successful recanalisation rate of the IVUS-guided CTO proce-
dure was 95.8%. The prevalence of in-hospital events was 4.2%, 
similar to previous series that included only retrograde CTO 
procedures4,6,15.

Limitations
This was a retrospective, observational study. The number of 
patients included was relatively small. Long-term follow-up was 
not available. The procedure was performed over a long period 
(2010-2018) during which there were major device improvements. 
Finally, procedures were performed by experienced CTO opera-
tors in dedicated, high-volume centres, limiting extrapolation to 
less experienced operators/centres.

Conclusions
IVUS-identified vascular compartment concordance leads to 
higher success rates irrespective of intraplaque or subintimal pas-
sage than IVUS-identified vascular compartment mismatch. An 
AW-subintima/RW-intraplaque pattern was associated with the 
most complex CTO morphology and procedure, and repositioning 
of the wire was almost always necessary.

Impact on daily practice
When performing a retrograde CTO, IVUS was useful to deter-
mine four possible locations of the AW and RW – AW-intraplaque/
RW-intraplaque, AW-intraplaque/RW-subintima, AW-subintima/
RW-subintima, and AW-subintima/RW-intraplaque. Lesion 
complexity and success of wire crossing varied among patterns. 
When the AW was subintima and the RW was intraplaque, wire 
repositioning was almost always necessary for success; approxi-
mately half of the CTOs required repositioning of the wire when 
the AW was intraplaque and the RW was subintima or when the 
AW and the RW were both subintima. Repositioning was not 
necessary when both wires were intraplaque.

Acknowledgements
The authors thank Dominic P. Francese, MPH, for assistance in 
preparing the manuscript.

Appendix. Study collaborators
Juan J. Russo, MD, Megha Prasad, MD, Yousif Ahmad, MD; 
NewYork-Presbyterian Hospital/Columbia University Medical 
Center, New York, NY, USA. Fotis Gkargkoulas, MD, Martin 
B. Leon, MD; Clinical Trials Center, Cardiovascular Research 
Foundation, New York, NY, and NewYork-Presbyterian Hospital/
Columbia University Medical Center, New York, NY, USA. Gregg 
W. Stone, MD; Clinical Trials Center, Cardiovascular Research 
Foundation, New York, NY, and The Zena and Michael A. Wiener 
Cardiovascular Institute, Icahn School of Medicine at Mount Sinai, 
New York, NY, USA.

Conflict of interest statement
A. Maehara reports grant support from and being a consultant for 
Abbott Vascular and Boston Scientific. M. Matsumura reports being 
a consultant for Terumo. Z.A. Ali reports institutional research grants 
to Columbia University from Abbott, and Cardiovascular Systems 
Inc., being a consultant to Amgen, AstraZeneca, and  Boston Sci-
entific, and having equity in Shockwave. A. Kirtane reports insti-
tutional funding to Columbia University and/or Cardiovascular 
Research Foundation from Medtronic, Boston Scientific, Abbott 
Vascular, Abiomed, CSI, CathWorks, Siemens, Philips, and ReCor 
Medical. In addition to research grants, institutional funding includes 
fees paid to Columbia University and/or Cardiovascular Research 
Foundation for speaking engagements and/or consulting. A. Kirtane 
also reports personal fees for consulting for Neurotronic, and travel 
expenses/meals from Medtronic, Boston Scientific, Abbott Vascu-
lar, Abiomed, CSI, CathWorks, Siemens, Philips, ReCor Medical, 
Chiesi, Opsens, Zoll, and Regeneron. M. Leon reports institutional 
research grants and being a non-paid advisor for Abbott, Boston Sci-
entific, and Medtronic, being a non-paid advisor for Sinomed, and 
equity in Medinol. G.W. Stone declares speaker and other honoraria 
from Cook, Terumo, Orchestra Biomed, and Qool Therapeutics, 
being a consultant to TherOx, Reva, Vascular Dynamics, Robocath, 
HeartFlow, Gore, Ablative Solutions, Matrizyme, Miracor,  Neovasc, 
V-Wave, Abiomed, Shockwave, MAIA Pharmaceuticals, Cardio-
mech, SpectraWAVE, Valfix, Ancora, and Vectorious, and having 
equity/options from Applied Therapeutics, Biostar family of funds, 
MedFocus family of funds, Aria, Cardiac Success, Cagent, Spec-
traWAVE, Valfix, Ancora, Orchestra Biomed, and Qool Therapeu-
tics. G.S. Mintz reports honoraria from Boston Scientific, Philips, 
Medtronic, and Abiomed. M. Ochiai reports honoraria from Abbott 
Vascular, Asahi Intecc, Boston Scientific, and Terumo. D. Karmpali-
otis reports honoraria from Abiomed, Boston Scientific, and Abbott 
Vascular, and equity in Saranas, SoundBite, and Traverse Vascular. 
The other authors have no conflicts of interest to declare.

References
1. Rathore S, Katoh O, Tuschikane E, Oida A, Suzuki T, Takase S. A novel modifica-
tion of the retrograde approach for the recanalization of chronic total occlusion of the 
coronary arteries: intravascular ultrasound-guided reverse controlled antegrade and 
retrograde tracking. JACC Cardiovasc Interv. 2010;3:155-64.
2. Brilakis ES, Grantham JA, Rinfret S, Wyman RM, Burke MN, Karmpaliotis D, 
Lembo N, Pershad A, Kandzari DE, Buller CE, DeMartini T, Lombardi WL, 
Thompson CA. A percutaneous treatment algorithm for crossing coronary chronic total 
occlusions. JACC Cardiovasc Interv. 2012;5:367-79.
3. Harding SA, Wu EB, Lo S, Lim ST, Ge L, Chen JY, Quan J, Lee SW, Kao HL, 
Tsuchikane E. A New Algorithm for Crossing Chronic Total Occlusions From the Asia 
Pacific Chronic Total Occlusion Club. JACC Cardiovasc Interv. 2017;10:2135-43.
4. Suzuki Y, Tsuchikane E, Katoh O, Muramatsu T, Muto M, Kishi K, Hamazaki Y, 
Oikawa Y, Kawasaki T, Okamura A. Outcomes of Percutaneous Coronary Interventions 
for Chronic Total Occlusion Performed by Highly Experienced Japanese Specialists: 
The First Report From the Japanese CTO-PCI Expert Registry. JACC Cardiovasc 
Interv. 2017;10:2144-54.
5. Maeremans J, Walsh S, Knaapen P, Spratt JC, Avran A, Hanratty CG, Faurie B, 
Agostoni P, Bressollette E, Kayaert P, Bagnall AJ, Egred M, Smith D, Chase A, 
McEntegart MB, Smith WH, Harcombe A, Kelly P, Irving J, Smith EJ, Strange JW, 
Dens J. The Hybrid Algorithm for Treating Chronic Total Occlusions in Europe: The 
RECHARGE Registry. J Am Coll Cardiol. 2016;68:1958-70.
6. Karmpaliotis D, Karatasakis A, Alaswad K, Jaffer FA, Yeh RW, Wyman RM, 
Lombardi WL, Grantham JA, Kandzari DE, Lembo NJ, Doing A, Patel M, 



EuroIntervention 2
0

2
1
;17:e

6
47-e

6
5

5

e655

IVUS guidewire locations during retrograde CTO

Bahadorani JN, Moses JW, Kirtane AJ, Parikh M, Ali ZA, Kalra S, Nguyen-Trong PK, 
Danek BA, Karacsonyi J, Rangan BV, Roesle MK, Thompson CA, Banerjee S, 
Brilakis ES. Outcomes With the Use of the Retrograde Approach for Coronary Chronic 
Total Occlusion Interventions in a Contemporary Multicenter US Registry. Circ 
Cardiovasc Interv. 2016;9:e003434.

7. Song L, Maehara A, Finn MT, Kalra S, Moses JW, Parikh MA, Kirtane AJ, 
Collins MB, Nazif TM, Fall KN, Hatem R, Liao M, Kim T, Green P, Ali ZA, Batres C, 
Leon MB, Mintz GS, Karmpaliotis D. Intravascular Ultrasound Analysis of Intraplaque 
Versus Subintimal Tracking in Percutaneous Intervention for Coronary Chronic Total 
Occlusions and Association With Procedural Outcomes. JACC Cardiovasc Interv. 
2017;10:1011-21.

8. Sianos G, Werner GS, Galassi AR, Papafaklis MI, Escaned J, Hildick-Smith D, 
Christiansen EH, Gershlick A, Carlino M, Karlas A, Konstantinidis NV, Tomasello SD, 
Di Mario C, Reifart N; Euro CTO Club. Recanalisation of chronic total coronary occlu-
sions: 2012 consensus document from the EuroCTO club. EuroIntervention. 2012; 
8:139-45.

9. Matsuno S, Tsuchikane E, Harding SA, Wu EB, Kao HL, Brilakis ES, Mashayekhi K, 
Werner GS. Overview and proposed terminology for the reverse controlled antegrade 
and retrograde tracking (reverse CART) techniques. EuroIntervention. 2018;14:94-101.

10. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es GA, Steg PG, 
Morel MA, Mauri L, Vranckx P, McFadden E, Lansky A, Hamon M, Krucoff MW, 
Serruys PW; Academic Research Consortium. Clinical end points in coronary stent 
trials: a case for standardized definitions. Circulation. 2007;115:2344-51.

11. Moussa ID, Klein LW, Shah B, Mehran R, Mack MJ, Brilakis ES, Reilly JP, 
Zoghbi G, Holper E, Stone GW. Consideration of a new definition of clinically relevant 
myocardial infarction after coronary revascularization: an expert consensus document 
from the Society for Cardiovascular Angiography and Interventions (SCAI). J Am Coll 
Cardiol. 2013;62:1563-70.

12. Popma J, Almonacid A. Qualitative and quantitative coronary angiography. In: 
Topol EJ, Teirstein PS, editors. Textbook of Interventional Cardiology. Philadelphia, PA, 
USA: Elsevier; 2011. pp 757-75.

13. Morino Y, Abe M, Morimoto T, Kimura T, Hayashi Y, Muramatsu T, Ochiai M, 
Noguchi Y, Kato K, Shibata Y, Hiasa Y, Doi O, Yamashita T, Hinohara T, Tanaka H, 
Mitsudo K; J-CTO Registry Investigators. Predicting successful guidewire crossing 
through chronic total occlusion of native coronary lesions within 30 minutes: the 
J-CTO (Multicenter CTO Registry in Japan) score as a difficulty grading and time 
assessment tool. JACC Cardiovasc Interv. 2011;4:213-21.
14. Finn MT, Doshi D, Cleman J, Song L, Maehara A, Hatem R, Redfors B, Kalra S, 
Fried JA, Liao M, Batres C, Moses JW, Parikh MA, Collins MB, Nazif TM, Fall KN, 
Green P, Kirtane AJ, Ali ZA, Leon MB, Mintz GS, Karmpaliotis D. Intravascular ultra-
sound analysis of intraplaque versus subintimal tracking in percutaneous intervention 
for coronary chronic total occlusions: One year outcomes. Catheter Cardiovasc Interv. 
2019;93:1048-56.
15. Wu EB, Tsuchikane E, Ge L, Harding SA, Lo S, Lim ST, Chen JY, Lee SW, Qian J, 
Kao HL, Yan BPY. Retrograde Versus Antegrade Approach for Coronary Chronic Total 
Occlusion in an Algorithm-Driven Contemporary Asia-Pacific Multicenter Registry: 
Comparison of Outcomes. Heart Lung Circ. 2019;29:894-903.

Supplementary data
Supplementary Figure 1. Study flow chart.
Supplementary Table 1. Intravascular ultrasound findings in suc-
cessfully recanalised chronic total occlusion lesions.
Supplementary Table 2. Primary procedures by country.
Supplementary Table 3. Primary procedures by years.

The supplementary data are published online at: 
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-20-01169
 

https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-20-01169


Supplementary data 

 

 

Supplementary Figure 1. Study flow chart. 



 

 

Supplementary Table 1. Intravascular ultrasound findings in successfully recanalised chronic total occlusion lesions. 

Variable 

All 

(n=183) 

AW-intraplaque/ 

RW-intraplaque 

(n=64) 

AW-intraplaque/ 

RW-subintima 

(n=51) 

AW-subintima/ 

RW-subintima 

(n=41) 

AW-subintima/ 

RW-intraplaque 

(n=27) 

p-value 

Post balloon before stenting       

  Occluded length, mm 22.6±10.2 19.5±10.2 22.5±9.2 24.1±12.1 27.7±6.2 0.003 

    Subintimal length, mm 8.9±7.9 1.9±4.2 9.7±5.1 12.6±6.4 18.7±6.6 <0.001 

    Subintimal length outside CTO, mm 2.6±3.5 0.6±1.9 2.4±3.1 3.8±3.9 6.2±3.4 <0.001 

  Maximum plaque burden, % 83.1±2.3 82.9±2.1 83.2±2.5 83.7±1.9 82.8±2.6 0.33 

  Vessel area at max plaque burden site, mm2 13.7±2.1 13.4±1.9 13.5±2.3 14.1±2.0 14.1±1.6 0.26 

  Calcium in CTO segment 152 (83.1) 48 (75.0) 42 (82.4) 36 (87.8) 26 (96.3) 0.045 

    Maximum calcium arc, ° 130±96 115±88 110±90 155±101 165±105 0.02 

Final       

  Minimal stent area in entire stent, mm2 5.3±1.1 5.3±1.0 5.4±1.2 5.3±1.2 5.1±1.0 0.64 

  Minimal stent area in CTO segment, mm2 6.5±0.6 6.4±0.6 6.6±0.8 6.5±0.8 6.5±0.6 0.35 

Values are mean±standard deviation or n (%). AW: antegrade wire; CTO: chronic total occlusion; RW: retrograde wire 



Supplementary Table 2. Primary procedures by country. 

 All (n=191) USA (n=35) China/Japan (n=156) p-value 

Primary procedure pattern     

   Antegrade wire escalation 92 (48.2) 10 (28.6)  82 (52.6)  0.01 

   Antegrade dissection re-entry  37 (19.4) 10 (28.6) 27 (17.3) 0.13 

   Retrograde wire escalation 36 (18.8) 6 (17.1) 30 (19.2) 0.78 

   Retrograde dissection re-entry 26 (13.6) 9 (25.7) 17 (10.9) 0.02 

Values are n (%).  

AW: antegrade wire; RW: retrograde wire 

  



Supplementary Table 3. Primary procedures by years. 

 All (n=191) 2010-2014 (n=55) 2015-2018 (n=136) p-value 

Primary procedure pattern     

   Antegrade wire escalation 92 (48.2) 31 (56.4) 61 (44.9) 0.15 

   Antegrade dissection re-entry  37 (19.4) 7 (12.7) 30 (22.1) 0.14 

   Retrograde wire escalation 36 (18.8) 11 (20.0) 25 (18.4) 0.80 

   Retrograde dissection re-entry 26 (13.6) 6 (10.9) 20 (14.7) 0.49 

Values are n (%).  

AW: antegrade wire; RW: retrograde wire 


