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Abstract

Background—A hybrid approach to chronic total occlusion (CTO) percutaneous coronary
intervention (PCI) prioritizing and combining all available crossing techniques was developed to
optimize procedural efficacy, efficiency, and safety, but there is limited published data on its
outcomes.

Methods—We examined the procedural techniques and outcomes of 1,036 consecutive CTO
PCls performed using a hybrid approach between 2012 and 2015 at 11 US centers.

Results—Mean age was 65110 years and 86% of the patients were men, with a high prevalence
of diabetes mellitus (43%) and prior coronary artery bypass graft surgery (34%). Most target
CTOs were located in the right coronary artery (59%), followed by the left anterior descending
artery (23%) and the circumflex (19%). Dual injection was used in 71%. Technical success was
achieved in 91% and a major procedural complication occurred in 1.7% of cases. The final
successful crossing technique was antegrade wire escalation in 46%, antegrade dissection/re-entry
in 26%, and retrograde in 28%. The initial crossing strategy was successful in 58% of the lesions,
whereas 39% required an additional approach. Overall, antegrade wire escalation was used in
71%, antegrade dissection/re-entry in 36%, and the retrograde approach in 42% of procedures.
Median contrast volume, fluoroscopy time, and air kerma radiation dose were 260 (200-360) ml,
44 (27-72) min, and 3.4 (2.0-5.4) Gray, respectively.

Conclusion—Application of a hybrid approach to CTO crossing resulted in high success and
low complication rates across a varied group of operators and hospital practice structures,
supporting its expanding use in CTO PCI.

Keywords
chronic total occlusion; percutaneous coronary intervention; techniques; outcomes

Int J Cardiol. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Christopoulos et al.

Page 3

Introduction

Methods

Successful percutaneous coronary intervention (PCI) of chronic total occlusions (CTOs) can
provide significant clinical benefits (1-4). However, it can be challenging to perform, with
inability to cross the occlusion being the main mode of failure (5). Three broad categories of
CTO crossing techniques are currently utilized (6): antegrade wire escalation (7), antegrade
dissection/re-entry (8-11), and the retrograde approach (12-14), all of which have
contributed to improved procedural success rates (15-19). Selecting the optimal technique
for each CTO lesion can be challenging, but this process has recently been streamlined with
the introduction of a hybrid CTO crossing algorithm (Figure 1) (20). The hybrid algorithm
assesses four key angiographic characteristics to determine the optimal initial and
subsequent crossing strategies (20). The term hybrid refers to (a) sequential use of CTO
crossing techniques if the initially attempted technique fails and (b) unification of all 3
currently available CTO crossing techniques under a single algorithm (19-26). The goal of
the present study was to examine the impact of a hybrid approach on procedural workflow
and outcomes of CTO PCI in a multicenter, contemporary CTO PCI registry (27).

Patient population

Definitions

We examined the procedural techniques and outcomes of 1,036 consecutive CTO PCls
(1,019 patients) performed using a hybrid approach between January 2012 and March 2015
at 11 US centers: Appleton Cardiology, Appleton Wisconsin; Columbia University, New
York, New York; Massachusetts General Hospital, Boston, Massachusetts; Medical Center
of the Rockies, Loveland, Colorado; Piedmont Heart Institute, Atlanta Georgia; St. Joseph
Medical Center, Bellingham Washington; St. Luke’s Health System’s Mid-America Heart
Institute, Kansas City, Missouri; Torrance Memorial Center, Torrance, California; VA
Minneapolis Healthcare System, Minneapolis, Minnesota, VA North Texas Health Care
System, Dallas, Texas, and VA San Diego Healthcare System, San Diego, California. All
procedures were performed by operators with expertise in CTO PCI using a hybrid
approach. Data collection was performed both prospectively and retrospectively and
recorded in a dedicated CTO database (PROGRESS CTO, Clinicaltrials.gov Identifier:
NCT02061436). The study was approved by the institutional review board of each site.

Coronary CTOs were defined as coronary lesions with thrombolysis in myocardial infarction
(TIMI) grade O flow of at least 3 month duration. Estimation of the occlusion duration was
based on first onset of anginal symptoms, prior history of myocardial infarction in the target
vessel territory, or comparison with a prior angiogram.

Calcification was assessed by angiography as mild (spots), moderate (involving <50% of the
reference lesion diameter) and severe (involving >50% of the reference lesion diameter).
Moderate proximal vessel tortuosity was defined as the presence of at least 2 bends >70
degrees or 1 bend >90 degrees and severe tortuosity as 2 bends >90 degrees or 1 bend >120
degrees in the CTO vessel. Technical success of CTO PCI was defined as successful CTO
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revascularization with achievement of <30% residual diameter stenosis within the treated
segment and restoration of TIMI grade 3 antegrade flow. Procedural success was defined as
achievement of technical success with no inhospital major adverse cardiac events (MACE).
In-hospital MACE included any of the following adverse events prior to hospital discharge:
death, acute myocardial infarction, urgent repeat target vessel revascularization with PCI or
coronary artery bypass graft surgery (CABG), tamponade requiring either pericardiocentesis
or surgery, and stroke. Major bleeding was defined as bleeding resulting in transfusion,
requiring surgical intervention, or causing hemoglobin drop =3g/dL.

Statistical analysis

Results

Descriptive statistics were used to report the angiographic measurements, clinical
characteristics, and in-hospital outcomes. All procedures were categorized based on
technical success or technical failure and compared in terms of baseline clinical
characteristics, angiographic characteristics and procedural data. Categorical variables were
expressed as percentages and compared using the chi-square test or Fischer’s exact test.
Continuous variables were presented as mean + standard deviation or median (interquartile
range) and were compared using the t-test, one-way analysis of variance or Wilcoxon rank-
sum test, as appropriate. All statistical analyses were performed with JMP 11.0 (SAS
Institute, Cary, North Carolina). Two-sided p-values <0.05 were considered statistically
significant.

Patient characteristics

The mean age was 65+10 years. Most patients (86%) were men, with a high prevalence of
diabetes mellitus (43%), dyslipidemia (96%), hypertension (90%), peripheral arterial disease
(17%), prior PCI (67%), and prior CABG (34%) (Table 1). Compared with patients in whom
CTO PCI was successful, patients in whom CTO PCI failed were more likely to have had a
history of myocardial infarction (58% vs. 40%, p=0.001), CABG (46% vs. 33%, 0.013), PCI
(78% vs. 65%, 0.015) or stroke (17% vs. 11%, p=0.048).

Angiographic and procedural characteristics

The most common CTO target vessel was the right coronary artery (59%), followed by the
left anterior descending artery (23%) and the circumflex (19%). Moderate to severe
calcification and moderate to severe tortuosity were present in 56% and 33% of the CTO
lesions, respectively. PCI of the target CTO had been attempted in 16% of cases and 13% of
the lesions were due to in-stent restenosis. The mean J-CTO score was 2.5+1.2. Compared
with successful procedures, CTO lesions in the failed procedures were longer (38 [25-51]
vs. 30 [20-40] mm, p=0.014), and more calcified (68% vs. 54%, p=0.008), and had greater
tortuosity (45% vs. 32%, p=0.010), and higher J-CTO scores (3.2+£1.0 vs. 2.4+1.2, p<0.001)
(Table 1). Lack of “interventional” collaterals (suitable for the retrograde approach) was also
more frequent in failed cases (58% vs. 36%, p<0.001).
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Technical success and procedural success were achieved in 91% and 90% of the procedures,
respectively. Median total procedure time, fluoroscopy time, air kerma radiation exposure
and contrast volume were 119 (82-175) min, 44 (27-72) min, 3.4 (2.0-5.4) Gray, and 260
(200-360) ml, respectively. An average of 2.5+1.1 stents were implanted in 98% of the
successful cases, and 98% of the stents were overlapping (Table 2).

A major complication occurred in 17 patients (1.7%): 3 patients died (1 due to cardiac
tamponade followed by unsuccessful pericardiocentesis, 1 due to myocardial infarction and
1 due to a vascular access complication), 8 patients had an acute myocardial infarction (one
of whom died, as mentioned above), 1 patient experienced a stroke, 5 patients had cardiac
tamponade requiring pericardiocentesis (one of whom died, as mentioned above), and 2
patients required urgent target vessel revascularization with PCI. Major bleeding occurred in
6 patients (0.6%), vascular access complications in 15 (1.4%), and donor vessel injury
including perforation in 40 cases (3.9%).

CTO crossing strategies

The type and sequence of CTO crossing techniques utilized in the study patients is presented
in Table 3. Radial access was used in 22% and dual injection was utilized in 71% of the
CTO lesions.

The initial crossing approach was antegrade wire escalation in 66%, antegrade dissection/re-
entry in 14%, and retrograde in 19% of the cases (Figure 2). The initial crossing approach
was successful in 598 (58%) procedures, while additional crossing strategies were utilized in
404 procedures (39%). The remaining 34 cases (3%) were unsuccessful and were stopped
after the first crossing attempt. The success rates of antegrade wiring, antegrade
dissection/re-entry, and retrograde crossing as initial approach was 55%, 60% and 66%,
respectively (P=0.671).

Overall, antegrade wire escalation was used in 71%, antegrade dissection/reentry in 36%,
and the retrograde approach in 42%. Among successful cases (n=940), the final successful
crossing technique was antegrade wire escalation in 46%, antegrade dissection/re-entry in
26%, and retrograde in 28%. An average of 1.5+0.8 crossing strategies were utilized, with
failed CTO PCI procedures requiring more approach changes than successful ones (Table 3).
The clinical and angiographic characteristics of patients, classified according to the initial
crossing strategy, are presented in Table 4.

The final technical success among cases in which the initial crossing approach was
antegrade wire escalation, antegrade dissection/re-entry, and retrograde was 92%, 93%, and
86%, respectively (P=0.030, Figure 2). Antegrade wiring was the most common initial
technique, however dissection/re-entry and the retrograde approach were increasingly used
later in the algorithm if the classic antegrade techniques failed (Figures 3A-C).

Retrograde crossing—The retrograde approach was used in 431 cases and was
successful in 273 (63%). Among successful retrograde cases, septal collaterals were used in
51%, epicardial collaterals in 29% and saphenous vein grafts in 17% (more than one type of
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collateral was used in some cases). Internal mammary artery grafts and smaller collaterals
were used in the remaining successful retrograde cases (2%). The following retrograde
crossing techniques were used: reverse controlled antegrade and retrograde tracking and
dissection (reverse CART) (66%), retrograde true lumen puncture (19%), knuckle wire
(6%), and CART (4%), and “just marker” technique (retrograde guidewire serving as marker
of the distal true lumen) (3%) (more than one crossing techniques were used in some cases).
Among successful retrograde cases (n=273), externalization was performed in 82%.

Antegrade dissection/re-entry—Overall, antegrade dissection/re-entry was used in 368
patients and was successful in 243 (66%). Among successful antegrade dissection/re-entry
cases, a dissection strategy was used in 91% of the time. The dissection techniques utilized
included: the CrossBoss catheter (63%), knuckle wire (28%), and subintimal guidewire
entry (9%). Subintimal crossing occurred in 74% and true lumen crossing in 26% of the
cases. Use of the CrossBoss catheter resulted in true lumen crossing in 21% of patients. A
re-entry method was utilized for 80% of subintimal crossings, and was successful in 81%, as
follows: Stingray balloon and guidewire (79%), subintimal antegrade tracking and re-entry
(STAR) (11%), limited antegrade subintimal tracking (LAST) (3%), or other wire based
methods (7%) (Table 5).

Discussion

Our study provides unique insight into the effectiveness and safety of a hybrid approach to
CTO PCI among various centers and operators. Although success with the initial crossing
strategy was 58%, after use of additional strategies a final technical success rate of 91% was
achieved with a low incidence of MACE (1.7%).

The first step of the hybrid approach is dual injection to optimally view the CTO target
vessel, estimate lesion length and evaluate the size and quality of the distal target vessel,
allowing optimal initial crossing strategy selection (23,28). Dual injection is performed via
selective coronary angiography using both the CTO PCI target vessel and another vessel,
such as the contralateral coronary artery or a bypass graft, that provides collaterals to the
distal target vessel. Dual injection was utilized in 71% of our cases and is crucial for
achieving high success rates and maximal safety in CTO PCI.

The selection of the optimal initial CTO crossing strategy is dependent on the anatomy of
the coronary vessels. Four angiographic characteristics are used to make the decision (Figure
1): (a) lesion length (lesions >20mm in length tend to have lower success rates and longer
procedure times using standard antegrade wire escalation (23)); (b) proximal cap location
and morphology; (c) size, quality (i.e. vessel size and presence of luminal stenoses and/or
calcification) and presence of side branches of the target coronary vessel at the distal cap;
and (d) size and suitability of collateral circulation for the retrograde technique (29).

In most patients in our series (66%) antegrade wire escalation was selected as the initial
crossing strategy and was successful in 55%, whereas additional crossing strategies were
necessary in 43% of the patients (Figure 2). Hence, the ability to switch crossing strategies is
of vital importance to achieving high success rates. In fact, 64% of cases in our registry
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required an alternative approach to antegrade wire escalation to achieve successful crossing.
Our study confirms that antegrade wire escalation remains the most commonly utilized CTO
crossing technique and was the final successful technique in the highest proportion of
successful CTO PCI cases (46%). Therefore, solid antegrade wiring skills are critically
important for all CTO operators.

With regards to specific CTO devices, the CrossBoss catheter and Stingray balloon and wire
(Boston Scientific) (23) were used in the majority of the successful antegrade dissection/re-
entry cases. Importantly, in 21% of the procedures use of the CrossBoss catheter resulted in
distal true lumen crossing, which is in line with the findings of the Facilitated Antegrade
Steering Technique in Chronic Total Occlusions (FAST CTOs) trial. (10,23,30) In cases of
subintimal crossing successful true lumen reentry was achieved in most cases (75%), and
most re-entry attempts were performed using the dedicated Stingray system with infrequent
use of wire-based re-entry techniques.

Epicardial collaterals were used in 29% of the successful retrograde crossing attempts,
attesting to the experience of the operators in our series, as epicardial collateral crossing
carries increased risk compared to septal collateral crossing (10). Similar to other
contemporary CTO PCI series (31) reverse CART was the most commonly used technique
for retrograde CTO crossing. Wire externalization was performed in 80% of the retrograde
cases and snaring was required in 20% of these cases. Familiarity and experience with use of
snares and snaring techniques is, therefore, important when the retrograde technique is
utilized (14,16).

Application of a hybrid approach resulted in high technical (91%) and procedural (90%)
success in our series of 1,036 CTO PCls. This is similar to the rates reported in prior studies.
Nombela-Franco et al reported the outcomes 209 consecutive patients who underwent
hybrid CTO PCI by a high-volume operator with 90.4% final angiographic success rate (25).
Pershad et al. reviewed outcomes before and after adoption of a hybrid approach at two
experienced CTO PCI centers (19). Among 660 cases (462 performed before and 198
performed after hybrid approach implementation), both technical (95.4% vs. 79.4%,
P<0.001) and procedural (88.3% vs. 77.9%, P<0.001) success significantly improved.
Antegrade wire escalation, antegrade dissection/reentry, and the retrograde approach were
used in 39.3%, 28.7% and 35.3% of cases, respectively, with final success rate of 87.1%,
94.7%, and 78.8%, respectively. Michael et al. described application of a hybrid approach in
73 consecutive CTO PCI cases performed by a single operator (26). Technical success was
90.4% and the incidence of complications was 4.1%. The initial crossing approach
succeeded in 54.8%, and the crossing strategies used were similar to what was observed in
our study. The above studies are in line with the results of the present study, which
highlights that combining multiple crossing approaches during the same procedure can result
in a high success and a reasonably low complication rate.

The major complication rate in our CTO PCI series was low (17 of 1036 patients, 1.7%),
with low mortality (3 of 1036 patients, 0.3%). This is consistent with a recent weighted
meta-analysis of 18,061 patients from 65 studies showing low (and decreasing over time)
CTO PCI complication rates (32). However, to maximize safety, adequate training and bail
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out equipment availability is essential for all operators and catheterization laboratories
performing CTO PCI (33).

Our study has important limitations. First, although it is the largest US series of its kind
reported to date, data from more patients and sites would further add to the generalizability
of our findings. Second, efficiently applying a hybrid approach to CTO PCI requires
extensive training and expertise in all three major CTO crossing strategies (antegrade wire
escalation, antegrade dissection/re-entry, and retrograde), which in turn necessitates both
didactic, but most importantly, practical experience (23,34). All cases in our series were
performed by seasoned CTO PCI operators in the setting of established CTO PCI programs.
Third, successful execution of a hybrid approach requires significant preparation prior to the
start of the PCI, such as studying the case obtaining appropriate equipment, and planning for
subsequent steps should the initial crossing attempt fail. Moreover, the decision to switch
from one crossing approach to another is heavily dependent on the lack for progress with the
initially selected technique and on operator technique and judgment (35). Excessive
persistence in the face of minimal progress increases the chances for procedural failure due
to utilization of limited resources (radiation, contrast, time). In most cases we recommend
that no more than 5-10 min should be spent in a stagnant mode without minor (such as
reshaping the wire tip or changing to a wire with significantly different properties), or major
(such as switching from an antegrade to a retrograde approach) technique adjustments (23).
Fourth, the present study focused on acute procedural outcomes and did not evaluate long-
term events after CTO PCI. Fifth, central adjudication of the clinical outcomes and core
angiographic laboratory analyses were not performed.

In conclusion, our study demonstrates that application of a hybrid approach by targeted use
of all available CTO crossing techniques yields high success and low complication rates
among various patient populations, operators, and hospitals, supporting its expanded use in
CTOPCI.
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1. Ambiguous proximal cap
2. Poor distal target
3. Appropriate “interventional” collaterals

Figure 1.
A hybrid algorithm for CTO crossing (reproduced with permission from reference 20).

The initial crossing strategy selection depends on several angiographic characteristics, such
as proximal cap ambiguity, size and calcification of the distal target vessel, lesion length and
presence of appropriate collaterals. Strategy switch is recommended if the initially selected
strategy fails.
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n =687 (66%) n =149 (14%) n =200 (19%)
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n =15 (2%) n =3 (2%) n =16 (8%)
Underwent further Underwent further Underwent further
attempts attempts attempts
n =295 (43%) n =57 (38%) n =52 (26%)

——

Figure 2.

Flow chart depicting the crossing strategies utilized in the study patients.
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Utilization of crossing strategies based on crossing sequence in all procedures (n=1,036,
panel A), successful procedures (n=940, panel B), and failed procedures (n=96, panel C).
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Clinical and angiographic characteristics of the study patients, classified according to whether technical

success was achieved.

Table 1

Clinical Characteristics

| Overall (n=1036) | Technical Success (n=940) | Technical Failure (n=96) | p

Age (years)* | 65£10 | 65£10 | 6710 | 0.073
Men (%) | 86 | 85 | 91 | 0.122
Hypertension (%) | 90 | 89 | 95 | 0.117
Dyslipidemia (%) | 9% | 95 | 98 | 0.421
Diabetes mellitus (%) | 43 | 44 | 34 | 0.069
Heart failure (%) | 28 | 27 | 35 | 0.094
Previous MI (%) | 42 | 40 | 58 | 0.001
Previous CABG (%) | 34 | 33 | 46 | 0.013
Previous PCI | 67 | 65 | 78 | 0.015
Previous stroke (%) | 11 | 11 | 17 | 0.048
Peripheral arterial disease (%) | 17 | 17 | 24 | 0.078
Angiographic characteristics | | | |
CTO target vessel

RCA (%) 59 58 66

0.013

LCX (%) 19 18 24

LAD (%) ‘ 23 ‘ 24 ‘ 11
CTO length (mm)* | 30 (20-40) | 30 (20-40) | 38 (25-51) | 0.014
Moderate/severe calcification (%) | 56 | 54 | 68 | 0.008
Moderate/severe tortuosity (%) | 33 | 32 | 45 | 0.010
Prior failed CTO PCI (%) | 16 | 16 | 19 | 0401
Lack of “interventional collaterals” (%) | 39 | 36 | 58 | <0.001
In-stent restenosis (%) | 13 | 12 | 17 | 0.182
J-CTO score™ | 25£1.2 | 2.4%12 | 3.2£10 <0.001

*
mean + standard deviation or median (interquartile range).

Page 14

CABG, Coronary artery bypass graft surgery; CTO, chronic total occlusion; LAD, left anterior descending artery; LCX, left circumflex artery; M1,

myocardial infarction; PCI, percutaneous coronary intervention; RCA, right coronary artery.
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Outcomes among study patients, classified according to whether technical success was achieved or not.

Table 2

Contrast volume (ml)*

Outcomes and equipment utilization | Overall (n=1036) | Technical Success (n=940) | Technical Failure (n=96) p
Radial access (%) 22 21 18 0.317
Dual injection (%) 71 69 89 0.001
Procedural success (%) 90 99 0 <0.001
Procedure time (min)” 119 (82-175) 115 (80-167) 179 (127-238) <0.001
Fluoroscopy time (min)* 44.(27-72) 41 (26-68) 70 (49-96) <0.001
Patient AK dose (Gray)" 3.4 (2.0-5.4) 3.2(2.0-5.3) 53(27-7.7) <0.001
Patient DAP dose (Gray” cm?)* 262 (141-397) 258 (141-396) 299 (140-400) 0.598
260 (200-360) 260 (195-350) 305 (208-426) 0.005

*
median, interquartile range

AK: air kerma; DAP: dose area product.
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Table 3
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Crossing techniques utilized in the study patients, classified according to whether or not technical success was

achieved or not.

Crossing technique | Overall (n=1036) | Technical Success (n=940) | Technical Failure (n=96) | p
Antegrade wire escalation (%) | 71 | 71 | 70 | 0.814
Antegrade dissection/re-entry (%) | 36 | 34 | 49 | 0.005
Retrograde (%) | 42 | 39 | 66 | <0.001
Number of approaches” | 15:08 | 1508 | 1908 | <0.001
Number of approach changes | 0.5+0.8 | 0.5+0.8 | 0.9+0.8 | <0.001
Initial approach

Antegrade wire escalation (%) 66 67 60 0.030

Antegrade dissection/re-entry (%) 14 15 10

Retrograde (%) 19 18 29
Initial approach successful

Overall (%) 58

Antegrade wire escalation (%) 55 - - -

Antegrade dissection/re-entry (%) 60

Retrograde (%) 66
Final successful crossing technique

Antegrade wire escalation (%) - 46 - -

Antegrade dissection/re-entry (%) 26

Retrograde (%) 28

*
mean = standard deviation
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Table 4

Clinical and angiographic characteristics of the study patients, classified according to initial crossing strategy.

Variable Antegrade wire Antegrade dissection/re-entry (n=149) | Retrograde (n=200) p
escalation (n=687)

Previous CABG (%) | 30 | 33 | 50 | <0.001
Previous PCI (%) | 65 | 66 | 72 | 0.175
CTO target vessel

RCA (%) 53 70 70 <0.001

LCX (%) 21 9 17

LAD (%) 26 21 13
Moderate/severe calcification (%) | 53 | 50 | 67 | 0.001
Moderate/severe tortuosity (%) | 33 | 27 | 38 | 0.113
Prior failed attempt (%) | 13 | 22 | 24 | <0.001
In-stent restenosis (%) | 13 | 19 | 9 | 0.023
J-CTO score* | 2.2+1.2 | 2.6+1.2 | 3.3+0.9 | <0.001

*
mean + standard deviation

CABG, Coronary artery bypass graft surgery; CTO, chronic total occlusion; LAD, left anterior descending artery; LCX, left circumflex artery; MI,
myocardial infarction; PCI, percutaneous coronary intervention; RCA, right coronary artery.
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Crossing strategies and equipment utilization.

Successful antegrade wiring (n=433)

Guidewire that crossed

Pilot 200 36
Fielder XT 19
Fielder FC 5
Confianza Pro 12 11
Runthrough 8
BMW 5
Other 16
Successful Retrograde (n=273)
Collaterals used”
Septal (%) 51
Epicardial (%) 29
Bypass graft — SVG (%) 17
Bypass — LIMA (%) 2
Crossing techniques*
Reverse CART (%) 67
Retrograde true-to-true lumen (%) 19
CART (%) 4
Knuckle Wire (%) 6
Kissing Wire (%) 2
Just marker (%) 3
Successful antegrade dissection/re-entry (n=243)
Subintimal crossing (%) 74
True lumen crossing (%) 25
Successful dissection technique
CrossBoss (%) 63
Knuckle Wire (%) 28
Antegrade wire entered subintimally (%) 9
Successful re-entry technique
Stingray system (%) 79
STAR (%) 11
LAST (%) 3
Other (%) 7

Table 5

*
More than one collaterals or crossing techniques were used in some cases
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CART, controlled antegrade and retrograde tracking and dissection; LAST, limited antegrade subintimal tracking; LIMA, lateral internal mammary
artery; STAR, subintimal tracking and re-entry; SVG, saphenous vein graft.

Int J Cardiol. Author manuscript; available in PMC 2016 November 01.



