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Anterograde CTO Techniques

Coronary artery bypass grafting (CABG) surgery is a common method of 
coronary revascularisation and remains the standard of care in patients 
with multivessel coronary artery disease (CAD), as well as in those with 
diabetes.1 Since 2004, CABG numbers have been in decline in the UK, 
whereas the number of percutaneous coronary interventions (PCI) has 
shown a consistent increase year-on-year until a recent plateau.2 Post-
CABG patients now represent a significant proportion of patients who 
subsequently require PCI and represent a challenging cohort in terms of 
clinical frailty and anatomical complexity.3 In this review we discuss these 
challenges and specifically consider the subset of post-CABG patients 
presenting with chronic total occlusions (CTO) in their native coronary 
arteries.

Challenges in Post-CABG Patients
Graft Failure
Although surgical success rates remain high, venous bypass graft 
patency rates remain the ‘Achilles’ heel’ of the long-term prognosis of 
surgical revascularisation. Whereas arterial revascularisation has been 
demonstrated as a superior, lasting method,4–6 venous bypass grafts do 
not withstand this test of time. Left internal mammary artery (LIMA) grafts 
can remain patent in 88–100% of patients at 15 years,7,8 a finding echoed 
by right internal mammary artery (RIMA) use, which retains excellent graft 
patency up to 10 years, with patency rates quoted at 81% or equivalent 
to the LIMA for identical coronary territories.8,9 However, saphenous vein 
grafts (SVG) have relatively poor patency rates.10,11 In their meta-analysis, 

Athanasiou et al. compared SVG patency with radial artery graft patency.12 
Of the seven studies examining patency rates after a median 5-year 
follow-up, four recorded SVG patency rates between 65% and 72%, 
whereas the others recorded higher rates (72–91%).12 In a study of 1,074 
patients, 10-year SVG patency rates were 61% when compared to LIMA 
grafts, where the patency rate was recorded at 85%.13

More contemporary data are available from the COMPASS-CABG substudy 
and POPular CABG trials, both of which used CT coronary angiography 
(CTCA) to assess SVG patency 1 year after surgery.14,15 In the COMPASS-
CABG substudy, patients were treated with rivaroxaban, with or without 
aspirin or aspirin alone, with an overall 9.6% occlusion rate of all SVG 
studied.14 In the POPular CABG trials, graft occlusion occurred in 9.9% of all 
grafts, with no significant improvement despite the addition of ticagrelor 
antiplatelet therapy.15 CTCA has allowed non-invasive assessment of graft 
patency, and its wider use may uncover further aspects of post-surgical 
coronary anatomy and graft viability not previously appreciated.16,17 

In particular, attention should be paid to the increased likelihood that 
patients with existing CTOs and multivessel disease possess higher 
anatomical and clinical risk scores and are thus more likely to be referred 
for CABG in the first instance.18–20 Yet, postoperative angiographic 
assessment in patients who underwent both on- and off-pump CABG for 
CTOs has revealed that grafts placed on non-left anterior descending 
artery (LAD) collateralised CTOs suffer from extremely poor patency rates 
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at 1-year follow-up, as low as 22–24%, which is an unacceptably low graft 
viability rate that should call into question the rationale for CABG in the 
presence of a non-LAD CTO.21 

Revascularisation Complexity
Christopoulos et al. describe the post-CABG population as older, more 
likely to suffer from diabetes and have suffered from previous MI.22 
CTOs are more prevalent in this subgroup of patients than in those 
without prior CABG, with registry data demonstrating the presence of 
a CTO in 54% of evaluated post-CABG patients.23 Patients with a CTO 
and symptoms relating to ischaemia with myocardial viability do benefit 
from revascularisation versus optimal medical therapy alone, with 
improvements in both symptom burden and quality of life.24 However, they 
are less likely to receive revascularisation therapy, likely due, in part, to 
the perceived complexity of the procedure.23 In the Canadian Multicenter 
CTO Registry published by Fefer et al., of 1,697 patients identified with 
a CTO (and no prior CABG), medical therapy was opted for in 44% of 
patients, with 26% undergoing CABG (89% had a bypass graft on the CTO 
vessel) and 30% undergoing PCI. CTO PCI was attempted in only 31% of 
these patients and CTO success was achieved in only 24% of all patients 
undergoing PCI.23 This registry (2008–2009) suggested the presence of 
CTOs to be approximately 18% of all patients with CAD, and yet just under 
half these patients received medical therapy alone, one-quarter received 
surgical revascularisation and the remainder underwent PCI.23 This 
‘interventional paradox’ will see some patients denied revascularisation 
for symptoms due to anatomical complexity and the perceived complexity 
of PCI. Furthermore, post-CABG patients will represent additional 
challenges when re-presenting with angina pectoris: they are likely to 
be older, have more comorbidities and have more complex coronary 
lesion characteristics, and for many, repeat CABG is not feasible due to 
excessive surgical risk compared with CABG-naïve patients.3,25–30

Saphenous Vein Graft Intervention
Therefore, in post-CABG patients, PCI remains the only strategy for repeat 
revascularisation, yet the presence of a previous bypass graft creates 
additional challenges to conventional PCI. While medical therapy can be 
a good first option for the treatment of angina, PCI for moderate SVG 
stenoses when compared to optimal medical therapy (OMT) can be 
effective, with lower rates of major adverse cardiovascular events (MACE) 
at 1-year follow-up in the VELETI I trial.31–33 Although the VELETI I trial was 
a hypothesis-generating, small, randomised pilot trial, it put forward the 
concept of ‘plaque sealing’ of moderate, non-significant atheromata in 
SVGs, which are thought to undergo accelerated atherosclerotic disease 
progression compared with native vessels.33 The subsequent larger 
randomised controlled VELETI II trial did not demonstrate any reduction in 
clinical endpoints in SVG PCI with drug-eluting stents (DES) at the 3-year 
follow-up compared with OMT in these so-called ‘intermediate’ lesions, 
although the pooled analysis of both VELETI trials may yet support the 
controversial concept of plaque sealing.34,35

Percutaneous treatment of SVGs accounts for between 5% and 10% of 
all PCIs.36–42 Although, unsurprisingly, the vast majority of SVG PCIs are 
performed within the body of the graft, approximately one-fifth of graft 
lesions occur at the aorto-ostial anastomosis and one-sixth occur at the 
distal anastomosis.43 Acute thrombotic SVG occlusion must be managed in 
the same manner as native coronary occlusion and, although procedural 
success tends to be high, mortality, recurrent acute coronary syndrome 
(ACS) and the need for revascularisation within the short to medium 
term remains significant.42,44 Preference is given to revascularising the 
native coronary artery over SVG by existing guidelines on myocardial 

revascularisation.1 The paucity of data for this recommendation has led to 
development of the PROCTOR trial, a multicentre, multinational European 
randomised control trial, which will randomise patients to native vessel or 
SVG PCI, with results expected in 2027.45

The physiology of SVG failure is not fully understood, but it is thought 
these grafts are poorly adapted to arterial flow and the pathobiology 
of SVG degeneration results in a friable vessel with atheromatous 
debris to contend with.46,47 Additional challenges include the potential 
for embolisation of this debris into distal epicardial and coronary 
microcirculatory vasculature, resulting in the plugging of capillaries, 
increasing the prospect of the no-reflow phenomenon and associated 
risk of MI and subsequent in-hospital mortality.48–50 The routine use 
of distal embolic protection devices (DPD) has shown potential to 
significantly reduce periprocedural MI rates, but no significant reduction 
in in-hospital mortality could be demonstrated.51–54 However, these 
devices are cumbersome to deploy and, as such, their use has been 
historically limited.55,56 Furthermore, several observational studies and 
large registry data have shown conflicting results.57,58 Thus, the strength of 
recommendation for the use of DPD for SVG PCI was downgraded in the 
most recent update of the European Society of Cardiology (ESC)/European 
Association for Cardio-Thoracic Surgery (EACTS) guidelines on myocardial 
revascularisation to a Class IIa, level of evidence B, recommendation.1 
Female sex, lesion length, extensive degenerative change and high 
plaque volume in diseased SVGs predict 30-day MACE.59,60 

Periprocedural MI (as defined by a rise in creatine kinase (CK)-MB 
between ×1 and ×5 the upper limit of normal) was a stronger predictor 
of adverse outcome than similar cardiac enzyme values following SVG 
PCI and a powerful predictor of late cardiovascular mortality in an albeit 
dated study, with the overall rate of periprocedural MI reported as 15%.61 
Periprocedural increases in CK-MB following SVG PCI are unsurprisingly 
significantly greater when no-reflow occurs (43% versus 4%, p<0.001) 
with probable thrombus, ACS presentation, graft degeneration and graft 
ulceration independent predictors of no-reflow.48 More contemporary 
studies of SVG PCI tend to use DPD, such as the post hoc analysis of 
the DIVA trial comparing direct stenting against stent deployment with or 
without balloon inflation (either prior to and/or after stent implantation).62 
Patients were recruited to the DIVA trial between 2012 and 2015 and DPD 
use was >70% in both groups. Rates of periprocedural MI were low, at 4% 
of total lesions treated and 5% of patients treated.62 The use of DES in SVGs 
is now supported by a number of trials, all demonstrating poor longevity 
following treatment with plain old balloon angioplasty and covered 
stents.63–66 DES is advocated for SVG PCI due to lower rates of repeat 
revascularisation compared with the use of bare metal stents, although 
clinical outcome data remain conflicted, with only a limited number of 
randomised trials available.1,52,53,67–69 In the absence of randomised control 
data comparing SVG and native vessel PCI, registry data suggest SVG PCI 
remains inferior to native vessel PCI, with higher MACE rates, principally 
driven by MI and revascularisation rates, at 1 year.70 A history of previous 
bypass graft surgery is associated with a higher risk of restenosis, and 
SVG as the PCI target is independently associated with an increased risk 
of very-late stent thrombosis.71,72

Chronic Total Occlusion Revascularisation 
in Post-CABG Patients
Although there remains a paucity of data from randomised control 
trials supporting CTO revascularisation, symptom- and, where relevant, 
myocardial viability-driven revascularisation has been established by 
the EuroCTO Trial.24 This approach is supported by the latest guidelines.1 
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The DECISION-CTO trial did not report an improvement in quality of 
life outcomes, although this trial fell short in recruitment and thus was 
stopped early.73 Although the trialists have been congratulated for the 
large number of patients randomised, several limitations have been 
identified, including a lack of baseline symptoms, cross-over to the CTO 
PCI group (from the non-CTO PCI group) and the non-inferiority and pre-
PCI randomisation design, in addition to the underpowered study.74

CTOs in the presence of bypass grafts are often longer in length with a 
higher calcific burden and diffuse atherosclerotic disease.75,76 These CTOs 
are themselves complex, as graded by the frequently adopted Multicenter 
CTO Registry of Japan (J-CTO) score, with higher J-CTO scores than in non-
CABG patients, and suffer from greater anatomic distortion, with three-
dimensional tenting effects exerted on the native vessel at the distal graft 
anastomosis.22,28,77–81 It is unclear whether this is the result of a pre-existing 
heavy burden of disease that necessitated CABG revascularisation in the 
first instance, accelerated atherosclerosis or the presence of the distal 
graft anastomosis resulting in disease progression due to competitive 
flow.82–86 In addition to these anatomical and pathophysiological factors, 
patient characteristics must also be considered. Evolution of knowledge, 
techniques and, perhaps most importantly, equipment has facilitated 
higher rates of success in CTO revascularisation. Among these, the 
introduction of microcatheters has dramatically altered the ability of 
operators to safely and successfully cross CTOs and these should be used 
in all CTO PCI cases regardless of complexity. Microcatheters are further 
elaborated on below.

Revascularisation by redo CABG in patients with prior CABG is not without 
jeopardy, with a two- to fourfold increased risk compared with first-time 
CABG.87,88 However, mortality was comparable between PCI and redo-
CABG for these patients at 3 years, with higher rates of revascularisation 
in PCI patients.39,89,90 Post-CABG patients can suffer cardiac tamponade 
at the same frequency as non-CABG patients.91 In addition, prior CABG is 
associated with reduced event-free survival, with higher rates of cardiac 
death and MACE demonstrated by univariable analysis and higher rates 
of MACE demonstrated by multivariable analysis, driven largely by target 
vessel revascularisation.28 ‘Dry tamponade’ has been recognised as a 
significant complication of coronary perforation in post-CABG patients, 
caused by the extravasation of blood within the myocardial wall or 
adjacent structures within a pericardium with more adhesions.92,93 In-
hospital complications are also more frequent in prior CABG patients 
undergoing CTO PCI than in non-CABG patients, as reported in a 
multicentre registry of 2,058 patients (prior CABG n=401; non-CABG 
n=1,657), with higher rates of major complications (3.7% versus 1.5%), any 
perforation (12% versus 5.2%), periprocedural MI (2.0% versus 0.5%) and 
procedure-related deaths (0.8% versus 0.1%).27

In a smaller study of 470 patients, contrast-induced nephropathy was 
more common in prior CABG patients (4.6% versus 1.0%).28 Risk scores 
developed to predict CTO PCI success, such as the RECHARGE-Score 
and Clinical and Lesion-related score (CL Score), attribute higher scores 
to post-CABG patients, reflecting these adverse events.94,95 Of note, 
previous CABG will preclude rapid and safe sternotomy if a complication 
arises following or during PCI, and this may have contributed to some 
of the morbidity seen in these scoring systems.96 Having a sufficiently 
experienced team to manage complications in post-cardiotomy patients 
in high-volume PCI centres is essential. The recognition of longer 
procedures and older and potentially frailer patients with reduced renal 
function should be considered when evaluating the benefits of potential 
percutaneous CTO revascularisation, and the ways in which this can be 

mitigated are further elaborated on below. Conversely, the presence 
of patent grafts, in addition to providing potential retrograde conduits, 
can reduce ischaemia in the distal target territory and, in the case of a 
patent LIMA, reduce the consequences of anterior wall ischaemia from 
inadvertent left main coronary artery dissection.

Factoring in prior CABG, the presence of a non-proximal lesion position, 
proximal tortuosity (moderate/severe) and distal cap ambiguity, described 
as the ‘J-CTO+ model’ improved the power of the J-CTO score in predicting 
successful CTO crossing.78 These factors provide additional challenges 
over and above what may be encountered in native vessel CTO PCI in the 
absence of graft anastomoses. Understanding these potential challenges 
up front allows the operator to select appropriate techniques and tools to 
approach CTO cases where SVGs are involved. 

Since early pioneers such as Kaltenbach and Reifart in Frankfurt and 
Rutherford in Kansas City described their experiences in CTO treatment, 
significant advances in the understanding of pathology, technology and 
the formulation of accepted standards and techniques have been made, 
resulting in significantly improved long-term treatment success rates.94,97,98 
Original descriptions of CTO PCI were fraught, with difficult, long 
procedures and prohibitively high reocclusion rates.99,100 Early concepts 
led to the subsequent development of contemporary tools now in use. 
The formation of ‘CTO Clubs’, such as the Japanese CTO Club in 1991 and 
the European equivalent in 2006, improved the sharing and dissemination 
of knowledge and the development of techniques to improve success 
rates and reduce periprocedural morbidity. The development of registries 
such as PROGRESS-CTO and RECHARGE, randomised trials and regional 
consensus documents have provided a basis for understanding accepted 
techniques and monitoring contemporary practice, including complication 
and morbidity rates.24,73,94,101,102 Among these developments, the hybrid 
algorithm is the currently accepted consensus strategy being used by 
high-volume, experienced leaders in the field.103 This demands the ability 
to adopt both antegrade and retrograde approaches to CTO crossing 
to ensure the optimal use of available techniques with contemporary 
equipment, with further results from adopting this approach still being 
reported. 

The RECHARGE Registry is thus far the largest of its kind, with over 1,200 
patients recruited from European centres to demonstrate both high 
procedural success rates and low adverse event rates when the hybrid 
algorithm has been used by experienced operators in high-volume 
centres.97 It is therefore important to recognise the potential benefits 
gained through the ability to adopt different strategies to recanalise a 
CTO and, most pertinently, recognise when to opt for a specific strategy. 
Retrograde techniques are most often necessary in post-CABG patients 
due to the complexities described above, usually in conjunction with 
antegrade techniques that then form the hybrid algorithm approach to 
these patients.22 Retrograde crossing is more common in post-CABG 
patients where the SVG can often be used as the collateral channel.22 

Whether the native vessel CTO or, indeed, the SVG should be treated in 
post-CABG patients with graft degeneration remains unclear. Current ESC 
guidelines recommend PCI as the preferred method of revascularisation 
in patients with a large burden of ischaemia or severe symptoms due to 
disease progression or late graft failure.1 However, evidence to support 
this position is sparse, with limited data implicating prior CABG with poor 
outcomes, as discussed above, with patient clinical characteristics rather 
than revascularisation method predominantly determining outcome and 
anatomical considerations dictating the method of revascularisation.29,71,72 
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Retrospective and comparative studies have attempted to address 
this.70,104 However, the PROCTOR trial will be the first randomised trial 
comparing SVG PCI to native vessel PCI and should help in the decision 
making for patients with SVG degeneration and stenosis.45

Antegrade Techniques
Operators should be able to call on existing, established techniques of 
antegrade CTO crossing. These will include antegrade wire escalation 
(AWE) and/or antegrade dissection re-entry (ADR). Some of these 
techniques are highlighted below, with supporting evidence discussed.

CTOs in the post-CABG cohort exhibit a higher calcific burden, increased 
tortuosity, longer lesion length and established occlusions for a longer 
duration, resulting in higher J-CTO scores22 (Table 1).22,76 Although AWE 
can be a successful strategy and is the default in most cases of CTO, 

particularly when J-CTO scores are ≤1 (Figure 1), the increased complexity 
likely to be present in post-CABG patients will often necessitate additional 
and adjunctive hybrid algorithm techniques.78,97 Antegrade techniques are 
highly useful in many CTO cases with differences in pathology within the 
CTO body, but must contend with the presence of more complex, calcified 
distortions of the artery with severe negative remodelling present than in 
short-duration CTOs in patients without prior CABG.76 In the RECHARGE 
Registry, less complex lesions (J-CTO score ≤1) were successfully crossed 
using an AWE approach with high success rates (86%), whereas ADR 
and retrograde techniques were often used as bailout strategies with 
reasonable success.97 However, in more complex lesions (J-CTO score ≥2), 
AWE was a less successful strategy (50%), requiring ADR and retrograde 
bailout approaches more frequently.97

Planning Revascularisation
Up-front careful analysis of the coronary angiogram is key to understand 
potential challenges likely to be encountered during the CTO PCI and 
can improve success rates considerably.105 The coronary angiogram 
for the CTO should be acquired without digital magnification in order 
to visualise the entire course of the vessel, with a long acquisition 
allowing full visualisation of any antegrade flow either through the 
CTO or antegrade bridging collaterals into the distal vessel. Large side 
branches and relevant bifurcations should be noted to help decide 
which strategy should be used. Where graft anastomoses are present 
beyond the distal cap of the CTO and where the graft remains patent, 
antegrade injection along the graft (again without digital magnification) 
should be used to better visualise the course of the vessel, although 
this may not be fully appreciated by invasive coronary angiography 
alone. If dual catheter injections are possible, simultaneous injections 
first down the patent graft, followed by the native coronary, can provide 
useful information on occlusion length and potential distal landing 
zones should an ADR (or, indeed, retrograde) strategy be used. Complex 
revascularisation attempts, particularly when prior failure has occurred, 
should be discussed with experienced CTO operators in high-volume 
centres where familiarity with the hybrid algorithm can be used to 
establish higher success rates.78,97 

Growing evidence supports the use of CTCA as an effective tool for CTO 
procedural planning in both CABG-naïve and post-CABG patients.106–108 
However, CT can have limitations here, particularly when high calcium 
burdens are encountered, making interpretation challenging, which is 
more likely in post-CABG patients.43,109 The CT-RECTOR study assessed 
the predictive value of successful CTO crossing with prior CTCA and 
was validated against the J-CTO score, suggesting the CT-RECTOR 
scoring system provided additive data aiding a successful procedure and 
optimising procedural time.107,108 However, post-CABG patients comprised 
only 17% and 11% of those included in the studies and, as such, the data 
should be interpreted with caution in this cohort.

CTOs that have developed in post-CABG patients may have developed 
multiple native collaterals prior to or since graft degeneration and, as 
such, visualising the distal vessel may prove challenging. This can be 
overcome by using retrograde injections from both the diseased graft and 
contralateral native coronary artery, necessitating the use of an additional 
vascular access point and a third guide catheter.

Wires
Antegrade techniques use advances in coronary angioplasty wire 
technology allowing greater options for the operator. These improvements 
provide the operator with wires with greater torque, steerability and 

Table 1: Comparison of Chronic Total Occlusion 
CABG-Naïve and Post-CABG patients

Prior CABG 
(n=176)

No Prior CABG 
(n=320)

p-value

Target vessel (%) 0.07

 Right 63 60

 Left anterior descending 13 24

 Left circumflex 18 10

 Other 6 6

Moderate/severe calcification (%) 74 47 <0.001

Moderate/severe tortuosity (%) 42 26 <0.001

Lesion length (mm); median (IQR) 39 (28–67) 30 (20–40) <0.001

Lesion age (months); median (IQR) 44 (6–90) 10 (3–42) <0.01

Previous CTO attempt (%) 16 18 0.61

J-CTO score; mean (±SD) 3.12 ± 1.03 2.41 ± 1.21 <0.001

CABG = coronary artery bypass grafting; CTO = chronic total occlusion; IQR = interquartile range. 
Source: Christopoulos et al.22 Adapted with permission from Elsevier. 

Figure 1: Applications and Outcomes Following the 
Use of the Hybrid Algorithm Stratified by J-CTO Score
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Use and success of antegrade wire escalation (AWE) and antegrade dissection re-entry (ADR) in 
the RECHARGE Registry of Hybrid Algorithm CTO crossing. Source: Maeremens et al.97 Adapted 
with permission from Elsevier.
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tactile feedback, as well as improvements in wire tip force, and thus 
greater potential penetration strength. Wire escalation and success in 
this manner depends on a good understanding of wire properties. Wires 
will, in general, be hydrophobic, hydrophilic or polymer jacketed, with the 
latter providing the greatest lubricity, with the pay-off a reduction in tactile 
feel. Some wires will combine these features, allowing a balance of both 
‘slip’ through lesions while allowing the tip to grip lesions and still provide 
some tactile feedback. It is usual to advance a ‘workhorse’ wire to the 
lesion, then escalate by exchanging to an appropriate wire, determined 
by the operator’s appreciation of the occlusion characteristics. 

Microchannels and loose tissue through the body of the CTO may be 
accessed via the proximal cap and, as such, a light yet slippery (hydrophilic 
or polymer-jacketed) wire with high torque response may be selected 
to successfully traverse the CTO. Histological findings from a sudden 
coronary death registry have provided insights into CTO lesion morphology 
in individuals with and without prior CABG.76 Histological parameters were 
used to further subdivide CTOs into those with histological parameters 
suggestive of a ‘short’ or ‘long’ duration and compared with those present 
in individuals where CABG had been performed at least 2 years prior to 
autopsy. Although no significant difference was demonstrated between 
these individuals, a tapered distal cap was more commonly reported in 
CTOs in prior CABG individuals, whereas an abrupt pattern was noted 
in the proximal cap, a finding also noted in the ‘long’-duration CTOs 
examined.76 Tapered proximal occlusions feature loose fibrous tissue with 
small microvessel recanalisation and so may be more amenable to wire 
crossing.110 Therefore, a retrograde approach to cross the cap and access 
the CTO body may be required in prior CABG patients, with heavier, more 
penetrative wires necessary to cross abrupt (blunt) caps. Gaia wires (Asahi 
Intecc) are a dedicated family of CTO wires that improve penetration while 
retaining tactile feedback due to their design featuring a ‘microcone’ tip.111 

Heavier tip force and penetrative wires may be required to engage and 
cross the proximal and distal caps, which are formed of denser tissue 
than the body of the CTO. Tip loads vary from workhorse wires, which are 
typically ≤1 g, to gradual increases in tip loads as high as 40 g with the 
Astato XS 40 wire (Asahi Intecc), which delivers an equivalent penetration 
force of 796.2 kg/inches2.79 Caution must be exercised when traversing 
the CTO body with highly penetrative wires, particularly in tortuous and 
ambiguous vessels where tactile feedback is at a minimum. This is more 
apparent in post-CABG patients, where the distal graft anastomosis 
can alter vessel anatomy and result in tenting of the distal vessel. AWE 
demands an appreciation for wire properties so they are selected to 
tackle anticipated challenges likely to be encountered. Furthermore, AWE 
demands an understanding of when to escalate, when to de-escalate and 
subsequently when re-escalate, if and when appropriate. More detailed 
information regarding the specifics of wire choice when escalating in an 
antegrade fashion is available in the antegrade CTO book by Spratt et al.79

Antegrade Dissection Re-entry
When the CTO plaque cannot be traversed through the proximal cap or 
through the body of the CTO due to obstructions through an antegrade 
manner, it is often necessary to switch to an ADR strategy. The higher 
burden of calcium in post-CABG patients may represent one of these 
obstructions that cannot, despite the use of high-tip-force wires and 
adjuncts (elaborated on below), be crossed through in a true lumen-to-
lumen fashion.76 To perform ADR, the subintimal space must be accessed, 
and an ‘umbrella’ shape is often used on a polymer-jacketed wire to drive 
the wire forward in a knuckle fashion to access the subintimal space 
with relative safety. Caution should be exercised when the subintimal 

space is accessed towards the distal graft anastomosis to ensure the 
dissection plane does not extend to or beyond this anastomosis, creating 
haematoma and thereby potentially occluding graft flow into the distal 
vessel. The plane of dissection created in this manner should be kept to a 
short distance from this area and re-entry into the distal true lumen should 
be attempted in a previously identified distal landing zone. This can be 
facilitated by using the Bridgepoint System (CrossBoss coronary catheter 
and Stingray LP CTO re-entry system; Boston Scientific), which provides 
a more controlled manner with which to advance equipment through the 
subintimal space with a smaller dissection plane created and targeted 
re-entry into the distal lumen, demonstrating higher rates of success than 
the less controlled knuckle wire technique.97 

Dual-injection angiography allows an appropriate distal landing zone to 
be chosen, ideally proximal to the distal graft anastomosis so as not to 
compromise graft flow (when patent). ADR may not be the ideal strategy 
when the re-entry zone from the subintimal space back into the true vessel 
lumen is within 10 mm before the distal graft anastomosis or important 
side branches due to the risk of extension of the dissection plane and the 
resulting occlusion of these branches.112 Whether the subintimal space is 
accessed intentionally during ADR or inadvertently during attempted AWE, 
antegrade contrast injections should be avoided in order to minimise 
hydraulic extension of the subintimal space, resulting in compression 
of the true lumen and thereby reducing the likelihood of successful re-
entry.80 Techniques, such as STAR (Sub-intimal TrAcking and Reentry) and 
LAST (Limited Antegrade Subintimal Tracking), are recognised alternative 
techniques to traverse the subintimal space and then re-enter into the 
distal lumen, but are not favoured over the CrossBoss/Stingray system 
due to a lack of predictable longer-term success.113–115 It is important to 
recognise the need for at least a 7 Fr system to facilitate the passage and 
exchange of ADR equipment.

Caution must be exercised when using ADR near side branches. Wires, 
and subsequently microcatheters, will tend to follow the path of least 
resistance and, as such, can follow subintimal tracks to enter and dissect 
side branches, particularly hazardous when antegrade contrast injections 
are prohibited and so these branches cannot be adequately visualised. 
Targeted re-entry by identifying a suitable distal landing zone for luminal 
re-entry and utilising the Stingray balloon, for instance, can help avoid 
dissection extension and side branch compromise. The CrossBoss 
catheter features a blunt, atraumatic, 1.0 mm tip and can safely traverse 
the subintimal plane, but it should not be used as an initial strategy to 
engage the proximal cap, particularly when ambiguous with multiple 
bridging collaterals, in the presence of extreme vessel tortuosity or when 
the vessel course is unclear. The use of a knuckled wire, guide catheter 
support systems (discussed below) and anchor balloons in proximal side 
branches can enhance support to enable passage of the CrossBoss 
catheter and delivery of the Stingray balloon. Once in the subintimal 
space, the CrossBoss will rarely exit due to the low resistance of the 
surrounding structures, but short segments of intimal tracking can be 
evident.80,97

The CrossBoss catheter is not steerable and, as such, advancement 
through the target vessel structure should be regularly monitored 
with non-contrast fluoroscopy in orthogonal planes during controlled 
advancement. Retrograde injections can be of use to ensure the 
CrossBoss moves in synchrony with the architecture of the visualised 
distal vessel, so-called ‘dancing’ with the target zone for luminal re-
entry. The CrossBoss will track the outer curve of the vessel and, 
as such, can pass into small side branches, which, if unrecognised 
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prior to further advancement, can result in vessel exit and coronary 
perforation, a non-negligible complication contributing to a high burden 
of morbidity and mortality in this small minority of patients.116 In the 
event of the CrossBoss entering a side branch, it should be withdrawn 
and a guidewire used to track beyond the side branch ostium, allowing 
the CrossBoss to then be delivered beyond this (wire redirect).80 In 
the event that wire crossing beyond the side branch is not possible, a 
knuckled wire can be used to cross the side branch then redeliver the 
CrossBoss and attempt advancement once again (knuckle redirect).80 
Should this also not be successful, a small balloon with a 1:1 ratio to 
the side branch can be placed in the side branch ostium to deflect 
passage of a knuckled guidewire into the side branch subintimal 
space or, alternatively, a dual lumen catheter can be used to allow a 
second guidewire to cross beyond the side branch, thereby enabling 
advancement of the CrossBoss also beyond the side branch ostium, 
where it can then be advanced ahead of the guidewire.80

Adjunctive Equipment
Adequate support is key to overcoming the proximal and distal caps. 
This comes initially from the choice of vascular access. Femoral access 
affords larger bore access (up to 8 Fr commonly used) with the option 
of long sheaths to overcome iliac and aortic tortuosity. Biradial access 
may also allow insertion of a 7 Fr sheath, particularly when using slender 
sheaths that reduce the outer diameter by 1 Fr. Therefore, appropriate 
guide catheter selection is imperative, and guide catheters should be 
selected specifically for graft access where retrograde approaches or 
distal landing zone visualisation is necessary. Adjunctive support systems, 
such as guide catheter extensions, provide additional support to aid cap 
puncture, but are particularly beneficial during ADR. 

Advancement of the guide catheter extension into the coronary artery to 
the point at which endothelial dissection occurred can reduce influx of 
blood into the subintimal space, thereby reducing haematoma formation 
and subsequent compression of the true lumen. Re-entry beyond the 
distal cap is therefore aided using a guide catheter extension, maintaining 
luminal size for a greater likelihood of success into the true lumen. Post-
CABG CTO crossing may require multiple wire changes in AWE or ADR 
approaches, particularly when using knuckle wires or the CrossBoss 
catheter; as such, equipment allowing rapid exchange with balloon 
trapping aids efficiency. The Trapliner (Teleflex) guide extension catheter 
features a proximal balloon that aids this without the need for additional 
balloon trapping within the guide catheter system and can be a useful tool 
in cases such as post-CABG CTO revascularisation. 

In longer CTOs, a retrograde approach using both retrograde dissection 
re-entry (RDR) and ADR techniques may be necessary.78,97,98 RDR will 
involve accessing the subintimal space either distal to or through the distal 
CTO cap, and the reverse controlled antegrade and retrograde tracking 
(reverse CART) technique is currently the dominant RDR technique, with 
high success rates.117 The antegrade aspect to reverse CART involves 
ADR to facilitate overlapping knuckle wires followed by balloon dilation 
of the subintimal space to connect the common space between the 
retrograde and antegrade dissection planes. Following this, retrograde 
wiring of the guide catheter can be performed should the reverse CART 
be performed in the proximal portion of the vessel or if more distal a 
guide catheter extension can be advanced to the point of antegrade 
dissection (as described above) and facilitate efficient retrograde wiring 
of the antegrade guide.

Microcatheters have greatly improved the efficiency of wire exchange 
but also provide additive penetrative forces that can be applied to high-
resistance areas within the CTO. Each microcatheter retains specific 
properties that allow engagement into the proximal cap and can provide 
support for microcatheter and wire advancement with exchange when 
necessary. This can reduce friction on the wire through the body of the 
CTO and allow improved torque transmission.79 Microcatheters vary in 
their construction and so possess specific properties in terms of their 
size, lubricity, push force and the ability to track the wire and vessel. 
Microcatheters can be categorised as coil and non-coil based, with braided 
and non-braided catheters suited to different levels of penetration force 
and anatomy. Further details and comparisons of selected microcatheters 
can be found in the antegrade CTO book by Spratt et al. (chapter 7, 
section 20).79

As described above, calcium is a prominent feature in post-CABG 
patients. As such, it is essential to have calcium modification and imaging 
tools available and to use them where necessary. Rotational atherectomy 
(‘rotablation’) and, more recently, intravascular lithotripsy (IVL; Shockwave 
Medical, Fremont, California) provide tools to modify calcium, whereas 
intravascular imaging tools, such as intravascular ultrasound, are critical 
tools required to understand the calcium burden, pattern and location and 
the interval effects of calcium modification.118–120 Other available calcium-
modification tools include cutting, scoring and high-pressure balloons. 
It may be necessary to use these tools in conjunction with each other 
to allow successful CTO crossing and optimal stent placement in CTO 
vessels with a high calcium burden.

Deliberate Vein Graft Sacrifice
Following successful revascularisation of CTOs in post-CABG patients, 
consideration should be given as to whether a patent SVG will provide 
excessive competitive flow to the distal vessel and therewith reduce long-
term patency rates in the reconstructed native vessel. In a retrospective 
analysis of consecutive post-CABG patients where deliberate SVG 
sacrifice was performed, mostly by using vascular plugs, Wilson et al. 
demonstrated this to be a safe and effective method, with high success 
and low periprocedural complication rates, in these patients.121 Although 
more data are still needed to demonstrate whether this technique can 
improve long-term revascularised CTO vessel patency, consideration 
should be given to this approach in selected cases.

Conclusion
CTO crossing has improved with available data, advances in technology 
and techniques, among which the hybrid algorithm has played a crucial 
role, resulting in high success rates and, importantly, excellent long-
term outcomes. Understanding the challenges of CTO revascularisation 
in post-CABG patients in terms of anatomical and lesion characteristics 
and clinical patient factors is necessary to prepare operators for selecting 
appropriate strategies and techniques that it may be necessary to have 
available in the operator armamentarium for successful CTO crossing and 
outcomes. Older, frailer patients with multiple comorbidities and more 
complex, established lesions with increased anatomical variance will 
need to be appreciated and contended with. Antegrade CTO crossing in 
these patients is possible, yet it is important to recognise the need to have 
retrograde options available, particularly because vein grafts can act as 
excellent conduits to the distal vessel. Experienced operators and high-
volume centres will offer these patients a good chance of improvements 
in symptoms and quality of life, the essence of CTO treatment. 



Post-CABG Management of Occlusive CAD

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES
Access at: www.ICRjournal.com

1.	 Neuman FJ, Sousa-Uva M, Ahlsson A, et al. 2018 ESC/EACTS 
guidelines on myocardial revascularization. Eur Heart J 
2019;40:87–165. https://doi.org/10.1093/eurheartj/ehy394; 
PMID: 25482397.

2.	 British Heart Foundation. Heart & circulatory disease 
statistics 2020. https://www.bhf.org.uk/-/media/files/
research/heart-statistics/bhf-statistics-compendium-2020.
pdf (accessed 10 May 2021).

3.	 Budassi S, Zivelonghi C, Dens J, et al. Impact of prior 
coronary artery bypass grafting in patients undergoing 
chronic total occlusion–percutaneous coronary intervention: 
procedural and clinical outcomes from the REgistry of 
Crossboss and Hybrid procedures in FrAnce, the 
NetheRlands, BelGium, and UnitEd Kingdom (RECHARGE). 
Catheter Cardiovasc Interv 2021;97:e51–60. https://doi.
org/10.1002/ccd.28954; PMID: 32369681.

4.	 Loop FD, Lytle BW, Cosgrove DM, et al. Influence of the 
internal-mammary-artery graft on 10-year survival and other 
cardiac events. N Engl J Med 1986;314:1–6. https://doi.
org/10.1056/nejm198601023140101; PMID: 3484393.

5.	 Taggart DP, D’Amico R, Altman DG. Effect of arterial 
revascularisation on survival: a systematic review of studies 
comparing bilateral and single internal mammary arteries. 
Lancet 2001;358:870–5. https://doi.org/10.1016/s0140-
6736(01)06069-x; PMID: 11567701.

6.	 Taggart DP, Benedetto U, Gerry S, et al. Bilateral versus 
single internal-thoracic-artery grafts at 10 years. N Engl J Med 
2019;380:437–46. https://doi.org/10.1056/nejmoa1808783; 
PMID: 30699314.

7.	 Barner HB, Barnett MG. Fifteen- to twenty-one-year 
angiographic assessment of internal thoracic artery as a 
bypass conduit. Ann Thorac Surg 1994;57:1526–8. https://doi.
org/10.1016/0003-4975(94)90114-7; PMID: 8010797.

8.	 Tatoulis J, Buxton BF, Fuller JA. Patencies of 2,127 arterial to 
coronary conduits over 15 years. Ann Thorac Surg 
2004;77:93–101. https://doi.org/10.1016/s0003-
4975(03)01331-6; PMID: 14726042.

9.	 Tatoulis J, Buxton BF, Fuller JA. The right internal thoracic 
artery: the forgotten conduit – 5,766 patients and 991 
angiograms. Ann Thorac Surg 2011;92:9–17. https://doi.
org/10.1016/j.athoracsur.2011.03.099; PMID: 21718825.

10.	 Taggart DP. Current status of arterial grafts for coronary 
artery bypass grafting. Ann Cardiothorac Surg 2013;2:427–30. 
https://doi.org/10.3978/j.issn.2225-319x.2013.07.21; 
PMID: 23977618.

11.	 Tranbaugh RF, Schwann TA, Swistel DG, et al. Coronary 
artery bypass graft surgery using the radial artery, right 
internal thoracic artery, or saphenous vein as the second 
conduit. Ann Thorac Surg 2017;104:553–9. https://doi.
org/10.1016/j.athoracsur.2016.11.017; PMID: 28215422.

12.	 Athanasiou T, Saso S, Rao C, et al. Radial artery versus 
saphenous vein conduits for coronary artery bypass surgery: 
forty years of competition – which conduit offers better 
patency? A systematic review and meta-analysis. Eur J 
Cardiothorac Surg 2011;40:208–20. https://doi.org/10.1016/j.
ejcts.2010.11.012; PMID: 21167726.

13.	 Goldman S, Zadina K, Moritz T, et al. Long-term patency of 
saphenous vein and left internal mammary artery grafts 
after coronary artery bypass surgery: results from a 
Department of Veterans Affairs cooperative study. J Am Coll 
Cardiol 2004;44:2149–56. https://doi.org/10.1016/j.
jacc.2004.08.064; PMID: 15582312.

14.	 Lamy A, Eikelboom J, Sheth T, et al. Rivaroxaban, aspirin, or 
both to prevent early coronary bypass graft occlusion: the 
COMPASS-CABG study. J Am Coll Cardiol 2019;73:121–30. 
https://doi.org/10.1016/j.jacc.2018.10.048; PMID: 30654882.

15.	 Willemsen LM, Janssen PWA, Peper J, et al. The effect of 
adding ticagrelor to standard aspirin on saphenous vein 
graft patency in patients undergoing coronary artery bypass 
grafting (POPular CABG): a randomized, double-blind, 
placebo-controlled trial. Circulation 2020;142:1799–807. 
https://doi.org/10.1161/circulationaha.120.050749; 
PMID: 32862716.

16.	 Chan M, Ridley L, Dunn DJ, et al. A systematic review and 
meta-analysis of multidetector computed tomography in the 
assessment of coronary artery bypass grafts. Int J Cardiol 
2016;221:898–05. https://doi.org/10.1016/j.
ijcard.2016.06.264; PMID: 27439070.

17.	 Mushtaq S, Conte E, Pontone G, et al. Interpretability of 
coronary CT angiography performed with a novel whole-
heart coverage high-definition CT scanner in 300 
consecutive patients with coronary artery bypass grafts. 
J Cardiovasc Comput Tomogr 2020;14:137–43. https://doi.
org/10.1016/j.jcct.2019.08.004; PMID: 31405817.

18.	 Christofferson RD, Lehmann KG, Martin GV, et al. Effect of 
chronic total coronary occlusion on treatment strategy. Am J 
Cardiol 2005;95:1088–91. https://doi.org/10.1016/j.
amjcard.2004.12.065; PMID: 15842978.

19.	 Kappetein AP, Dawkins KD, Mohr FW, et al. Current 
percutaneous coronary intervention and coronary artery 

bypass grafting practices for three-vessel and left main 
coronary artery disease. Insights from the SYNTAX run-in 
phase. Eur J Cardiothorac Surg 2006;29:486–91. https://doi.
org/10.1016/j.ejcts.2006.01.047; PMID: 16497510.

20.	 Serruys PW, Kogame N, Katagiri Y, et al. Clinical outcomes 
of state-of-the-art percutaneous coronary revascularisation 
in patients with three-vessel disease: two-year follow-up of 
the SYNTAX II study. EuroIntervention 2019;15:e244–52. 
https://doi.org/10.4244/eij-d-18-00980; PMID: 30636684.

21.	 Widimsky P, Straka Z, Stros P, et al. One-year coronary 
bypass graft patency. Circulation 2004;110:3418–23. https://
doi.org/10.1161/01.cir.0000148139.79580.36; PMID: 15557371.

22.	 Christopoulos G, Menon RV, Karmpaliotis D, et al. 
Application of the ‘hybrid approach’ to chronic total 
occlusions in patients with previous coronary artery bypass 
graft surgery (from a contemporary multicenter US registry). 
Am J Cardiol 2014;113:1990–4. https://doi.org/10.1016/j.
amjcard.2014.03.039; PMID: 24793678.

23.	 Fefer P, Knudtson ML, Cheema AN, et al. Current 
perspectives on coronary chronic total occlusions: the 
Canadian multicenter chronic total occlusions registry. J Am 
Coll Cardiol 2012;59:991–7. https://doi.org/10.1016/j.
jacc.2011.12.007; PMID: 22402070.

24.	 Werner GS, Martin-Yuste V, Hildick-Smith D, et al. A 
randomized multicentre trial to compare revascularization 
with optimal medical therapy for the treatment of chronic 
total coronary occlusions. Eur Heart J 2018;39:2484–93. 
https://doi.org/10.1093/eurheartj/ehy220; PMID: 29722796.

25.	 Pereg D, Fefer P, Samuel M, et al. Long-term follow-up of 
coronary artery bypass patients with preoperative and new 
postoperative native coronary artery chronic total occlusion. 
Can J Cardiol 2016;32:1326–31. https://doi.org/10.1016/j.
cjca.2016.01.015; PMID: 27118056.

26.	 Brilakis ES, O’Donnell CI, Penny W, et al. Percutaneous 
coronary intervention in native coronary arteries versus 
bypass grafts in patients with prior coronary artery bypass 
graft surgery: insights from the Veterans Affairs Clinical 
Assessment, Reporting, and Tracking Program. JACC 
Cardiovasc Interv 2016;9:884–93. https://doi.org/10.1016/j.
jcin.2016.01.034; PMID: 27085582.

27.	 Azzalini L, Ojeda S, Karatasakis A, et al. Long-term 
outcomes of percutaneous coronary intervention for chronic 
total occlusion in patients who have undergone coronary 
artery bypass grafting vs those who have not. Can J Cardiol 
2018;34:310–8. https://doi.org/10.1016/j.cjca.2017.12.016; 
PMID: 29395703.

28.	 Dautov R, Nguyen CM, Altisent O, et al. Recanalization of 
chronic total occlusions in patients with previous coronary 
bypass surgery and consideration of retrograde access via 
saphenous vein grafts. Circ Cardiovasc Interv 2018;9:e003515. 
https://doi.org/10.1161/circinterventions.115.003515; 
PMID: 27418611.

29.	 Brener SJ, Lytle BW, Casserly IP, et al. Predictors of 
revascularization method and long-term outcome of 
percutaneous coronary intervention or repeat coronary 
bypass surgery in patients with multivessel coronary 
disease and previous coronary bypass surgery. Eur Heart J 
2006;27:413–8. https://doi.org/10.1093/eurheartj/ehi646; 
PMID: 16272211.

30.	 Maltais S, Widmer RJ, Bell MR, et al. Reoperation for 
coronary artery bypass grafting surgery: outcomes and 
considerations for expanding interventional procedures. Ann 
Thorac Surg 2017;103:1886–92. https://doi.org/10.1016/j.
athoracsur.2016.09.097; PMID: 28012643.

31.	 Boden WE, O’Rourke RA, Teo KK, et al. Optimal medical 
therapy with or without PCI for stable coronary disease. 
N Engl J Med 2007;356:1503–16. https://doi.org/10.1056/
nejmoa070829; PMID: 17387127.

32.	 Al-Lamee R, Thompson D, Dehbi HM, et al. Percutaneous 
coronary intervention in stable angina (ORBITA): a double-
blind, randomised controlled trial. Lancet. 2018;391:31–40. 
https://doi.org/10.1016/s0140-6736(17)32714-9; 
PMID: 29103656.

33.	 Rodés-Cabau J, Bertrand OF, Larose E, et al. Comparison of 
plaque sealing with paclitaxel-eluting stents versus medical 
therapy for the treatment of moderate nonsignificant 
saphenous vein graft lesions. Circulation 2009;120:1978–86. 
https://doi.org/10.1161/circulationaha.109.874057; 
PMID: 19884468.

34.	 Rodés-Cabau J, Jolly SS, Cairns J, et al. Sealing 
intermediate nonobstructive coronary saphenous vein graft 
lesions with drug-eluting stents as a new approach to 
reducing cardiac events. Circ Cardiovasc Interv 
2018;9:e004336. https://doi.org/10.1161/
circinterventions.116.004336; PMID: 27815344.

35.	 Maes F, Jolly SS, Cairns J, et al. Plaque sealing with drug-
eluting stents versus medical therapy for treating 
intermediate non-obstructive saphenous vein graft lesions: 
a pooled analysis of the VELETI and VELETI II trials. J 
Invasive Cardiol 2019;31:e308–15. https://doi.org/10.1016/

s0735-1097(10)61810-4; PMID: 31671060.
36.	 Foster ED, Fisher LD, Kaiser GC, et al. Comparison of 

operative mortality and morbidity for initial and repeat 
coronary artery bypass grafting: the Coronary Artery Surgery 
Study (CASS) registry experience. Ann Thorac Surg 
1984;38:563–70. https://doi.org/10.1016/s0003-
4975(10)62312-0; PMID: 6391399.

37.	 Lytle BW, Loop FD, Cosgrove DM, et al. Fifteen hundred 
coronary reoperations: results and determinants of early 
and late survival. J Thorac Cardiovasc Surg 1987;93:847–59. 
https://doi.org/10.1016/s0022-5223(19)37045-x; 
PMID: 3494885.

38.	 Loop FD. A 20-year experience in coronary artery 
reoperation. Eur Heart J 1989;10(Suppl H):78–84. https://doi.
org/10.1093/eurheartj/10.suppl_h.78; PMID: 2627968.

39.	 Morrison DA, Sethi G, Sacks J, et al. Percutaneous coronary 
intervention versus repeat bypass surgery for patients with 
medically refractory myocardial ischemia: AWESOME 
randomized trial and registry experience with post-CABG 
patients. J Am Coll Cardiol 2002;40:1951–4. https://doi.
org/10.1016/s0735-1097(02)02560-3; PMID: 12475454.

40.	 Brodie BR, Wilson H, Stuckey T, et al. Outcomes with drug-
eluting versus bare-metal stents in saphenous vein graft 
intervention: results from the STENT (Strategic Transcatheter 
Evaluation of New Therapies) Group. JACC Cardiovasc Interv 
2009;2:1105–12. https://doi.org/10.1016/j.jcin.2009.08.020; 
PMID: 19926052.

41.	 Brilakis ES, Wang TY, Rao SV, et al. Frequency and 
predictors of drug-eluting stent use in saphenous vein 
bypass graft percutaneous coronary interventions: a report 
from the American College of Cardiology National 
Cardiovascular Data CathPCI Registry. JACC Cardiovasc Interv 
2010;3:1068–73. https://doi.org/10.1016/j.jcin.2010.07.009; 
PMID: 20965466.

42.	 Lee MS, Park SJ, Kandzari DE, et al. Saphenous vein graft 
intervention. JACC Cardiovasc Interv 2011;4:831–43. https://
doi.org/10.1016/j.jcin.2011.05.014; PMID: 21851895.

43.	 Brilakis ES, Rao SV, Banerjee S, et al. Percutaneous 
coronary intervention in native arteries versus bypass grafts 
in prior coronary artery bypass grafting patients: a report 
from the National Cardiovascular Data Registry. JACC 
Cardiovasc Interv 2011;4:844–50. https://doi.org/10.1016/j.
jcin.2011.03.018; PMID: 21851896.

44.	 Abdel-Karim ARR, Banerjee S, Brilakis ES. Percutaneous 
intervention of acutely occluded saphenous vein grafts: 
contemporary techniques and outcomes. J Invasive Cardiol 
2010;22:253–7. https://doi.org/10.1016/s0735-1097(10)61765-
2; PMID: 20516502.

45.	 PeRcutaneous cOronary Intervention of Native Coronary 
arTery Versus Venous Bypass Graft in Patients With Prior 
CABG (PROCTOR). 2019. https://clinicaltrials.gov/ct2/show/
NCT03805048 (accessed 28 February 2020).

46.	 Nordgaard H, Vitale N, Haaverstad R. Transit-time blood 
flow measurements in sequential saphenous coronary 
artery bypass grafts. Ann Thorac Surg 2009;87:1409–15. 
https://doi.org/10.1016/j.athoracsur.2009.02.018; 
PMID: 19379875.

47.	 O’Connor GT, Malenka DJ, Quinton H, et al. Multivariate 
prediction of in-hospital mortality after percutaneous 
coronary interventions in 1994–6. J Am Coll Cardiol 
1999;34:681–91. https://doi.org/10.1016/s0735-
1097(99)00267-3; PMID: 10483948.

48.	 Sdringola S, Assali AR, Ghani M, et al. Risk assessment of 
slow or no-reflow phenomenon in aortocoronary vein graft 
percutaneous intervention. Catheter Cardiovasc Interv 
2001;54:318–24. https://doi.org/10.1002/ccd.1290; 
PMID: 11747155.

49.	 Abbo KM, Dooris M, Glazier S, et al. Features and outcome 
of no-reflow after percutaneous coronary intervention. Am J 
Cardiol 1995;75:778–82. https://doi.org/10.1016/s0002-
9149(99)80410-x; PMID: 7717278.

50.	 Carter LI, Golzar JA, Cavendish JJ, et al. Embolic protection 
of saphenous vein graft percutaneous interventions. J Interv 
Cardiol 2007;20:351–8. https://doi.org/10.1111/j.1540-8183. 
2007.00284.x; PMID: 17880331.

51.	 Baim DS, Wahr D, George B, et al. Randomized trial of a 
distal embolic protection device during percutaneous 
intervention of saphenous vein aorto-coronary bypass 
grafts. Circulation 2002;105:1285–90. https://doi.
org/10.1161/01.cir.0000012783.63093.0c; PMID: 11901037.

52.	 Vermeersch P, Agostoni P, Verheye S, et al. Randomized 
double-blind comparison of sirolimus-eluting stent versus 
bare-metal stent implantation in diseased saphenous vein 
grafts: six-month angiographic, intravascular ultrasound, 
and clinical follow-up of the RRISC trial. J Am Coll Cardiol 
2006;48:2423–31. https://doi.org/10.1016/j.jacc.2006.09.021; 
PMID: 17174178.

53.	 Brilakis ES, Lichtenwalter C, Lemos JA de, et al. A 
randomized controlled trial of a paclitaxel-eluting stent 
versus a similar bare-metal stent in saphenous vein graft 

https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.1002/ccd.28954
https://doi.org/10.1002/ccd.28954
https://doi.org/10.1056/nejm198601023140101
https://doi.org/10.1056/nejm198601023140101
https://doi.org/10.1016/s0140-6736(01)06069-x
https://doi.org/10.1016/s0140-6736(01)06069-x
https://doi.org/10.1056/nejmoa1808783
https://doi.org/10.1016/0003-4975(94)90114-7
https://doi.org/10.1016/0003-4975(94)90114-7
https://doi.org/10.1016/s0003-4975(03)01331-6
https://doi.org/10.1016/s0003-4975(03)01331-6
https://doi.org/10.1016/j.athoracsur.2011.03.099
https://doi.org/10.1016/j.athoracsur.2011.03.099
https://doi.org/10.3978/j.issn.2225-319x.2013.07.21
https://doi.org/10.1016/j.athoracsur.2016.11.017
https://doi.org/10.1016/j.athoracsur.2016.11.017
https://doi.org/10.1016/j.ejcts.2010.11.012
https://doi.org/10.1016/j.ejcts.2010.11.012
https://doi.org/10.1016/j.jacc.2004.08.064
https://doi.org/10.1016/j.jacc.2004.08.064
https://doi.org/10.1016/j.jacc.2018.10.048
https://doi.org/10.1161/circulationaha.120.050749
https://doi.org/10.1016/j.ijcard.2016.06.264
https://doi.org/10.1016/j.ijcard.2016.06.264
https://doi.org/10.1016/j.jcct.2019.08.004
https://doi.org/10.1016/j.jcct.2019.08.004
https://doi.org/10.1016/j.amjcard.2004.12.065
https://doi.org/10.1016/j.amjcard.2004.12.065
https://doi.org/10.1016/j.ejcts.2006.01.047
https://doi.org/10.1016/j.ejcts.2006.01.047
https://doi.org/10.4244/eij-d-18-00980
https://doi.org/10.1161/01.cir.0000148139.79580.36
https://doi.org/10.1161/01.cir.0000148139.79580.36
https://doi.org/10.1016/j.amjcard.2014.03.039
https://doi.org/10.1016/j.amjcard.2014.03.039
https://doi.org/10.1016/j.jacc.2011.12.007
https://doi.org/10.1016/j.jacc.2011.12.007
https://doi.org/10.1093/eurheartj/ehy220
https://doi.org/10.1016/j.cjca.2016.01.015
https://doi.org/10.1016/j.cjca.2016.01.015
https://doi.org/10.1016/j.jcin.2016.01.034
https://doi.org/10.1016/j.jcin.2016.01.034
https://doi.org/10.1016/j.cjca.2017.12.016
https://doi.org/10.1161/circinterventions.115.003515
https://doi.org/10.1093/eurheartj/ehi646
https://doi.org/10.1016/j.athoracsur.2016.09.097
https://doi.org/10.1016/j.athoracsur.2016.09.097
https://doi.org/10.1056/nejmoa070829
https://doi.org/10.1056/nejmoa070829
https://doi.org/10.1016/s0140-6736(17)32714-9
https://doi.org/10.1161/circulationaha.109.874057
https://doi.org/10.1161/circinterventions.116.004336
https://doi.org/10.1161/circinterventions.116.004336
https://doi.org/10.1016/s0735-1097(10)61810-4
https://doi.org/10.1016/s0735-1097(10)61810-4
https://doi.org/10.1016/s0003-4975(10)62312-0
https://doi.org/10.1016/s0003-4975(10)62312-0
https://doi.org/10.1016/s0022-5223(19)37045-x
https://doi.org/10.1093/eurheartj/10.suppl_h.78
https://doi.org/10.1093/eurheartj/10.suppl_h.78
https://doi.org/10.1016/s0735-1097(02)02560-3
https://doi.org/10.1016/s0735-1097(02)02560-3
https://doi.org/10.1016/j.jcin.2009.08.020
https://doi.org/10.1016/j.jcin.2010.07.009
https://doi.org/10.1016/j.jcin.2011.05.014
https://doi.org/10.1016/j.jcin.2011.05.014
https://doi.org/10.1016/j.jcin.2011.03.018
https://doi.org/10.1016/j.jcin.2011.03.018
https://doi.org/10.1016/s0735-1097(10)61765-2
https://doi.org/10.1016/s0735-1097(10)61765-2
https://clinicaltrials.gov/ct2/show/NCT03805048
https://clinicaltrials.gov/ct2/show/NCT03805048
https://doi.org/10.1016/j.athoracsur.2009.02.018
https://doi.org/10.1016/s0735-1097(99)00267-3
https://doi.org/10.1016/s0735-1097(99)00267-3
https://doi.org/10.1002/ccd.1290
https://doi.org/10.1016/s0002-9149(99)80410-x
https://doi.org/10.1016/s0002-9149(99)80410-x
https://doi.org/10.1111/j.1540-8183.2007.00284.x
https://doi.org/10.1111/j.1540-8183.2007.00284.x
https://doi.org/10.1161/01.cir.0000012783.63093.0c
https://doi.org/10.1161/01.cir.0000012783.63093.0c
https://doi.org/10.1016/j.jacc.2006.09.021


Post-CABG Management of Occlusive CAD

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES
Access at: www.ICRjournal.com

lesions: the SOS (Stenting Of Saphenous Vein Grafts) trial. J 
Am Coll Cardiol 2009;53:919–28. https://doi.org/10.1016/j.
jacc.2008.11.029; PMID: 19281920.

54.	 Shoaib A, Kinnaird T, Curzen N, et al. Outcomes following 
percutaneous coronary intervention in saphenous vein 
grafts with and without embolic protection devices. JACC 
Cardiovasc Interv 2019;12:2286–95. https://doi.org/10.1016/j.
jcin.2019.08.037; PMID: 31753300.

55.	 Pucelikova T, Mehran R, Kirtane AJ, et al. Short- and long-
term outcomes after stent-assisted percutaneous treatment 
of saphenous vein grafts in the drug-eluting stent era. Am J 
Cardiol 2008;101:63–8. https://doi.org/10.1016/j.
amjcard.2007.07.048; PMID: 18157967.

56.	 Mehta SK, Frutkin AD, Milford-Beland S, et al. Utilization of 
distal embolic protection in saphenous vein graft 
interventions (an analysis of 19,546 patients in the American 
College of Cardiology–National Cardiovascular Data 
Registry). Am J Cardiol 2007;100:1114–8. https://doi.
org/10.1016/j.amjcard.2007.04.058; PMID: 17884373.

57.	 Brennan JM, Al-Hejily W, Dai D, et al. Three-year outcomes 
associated with embolic protection in saphenous vein graft 
intervention. Circ Cardiovasc Interv 2015;8:e001403; https://
doi.org/10.1161/circinterventions.114.001403; PMID: 25714391.

58.	 Paul TK, Bhatheja S, Panchal HB, et al. Outcomes of 
saphenous vein graft intervention with and without embolic 
protection device. Circ Cardiovasc Interv 2017;10:e005538. 
https://doi.org/10.1161/circinterventions.117.005538; 
PMID: 29246912.

59.	 Ahmed JM, Dangas G, Lansky AJ, et al. Influence of gender 
on early and one-year clinical outcomes after saphenous 
vein graft stenting. Am J Cardiol 2001;87:401–5. https://doi.
org/10.1016/s0002-9149(00)01391-6; PMID: 11179522.

60.	 Kirtane AJ, Heyman ER, Metzger C, et al. Correlates of 
adverse events during saphenous vein graft intervention 
with distal embolic protection: a PRIDE substudy. JACC 
Cardiovasc Interv 2008;1:186–91. https://doi.org/10.1016/j.
jcin.2008.01.002; PMID: 19463299.

61.	 Hong MK, Mehran R, Dangas G, et al. Creatine kinase-MB 
enzyme elevation following successful saphenous vein graft 
intervention is associated with late mortality. Circulation 
1999;100:2400–5. https://doi.org/10.1161/01.cir.100.24.2400; 
PMID: 10595951.

62.	 Latif F, Uyeda L, Edson R, et al. Stent-only versus adjunctive 
balloon angioplasty approach for saphenous vein graft 
percutaneous coronary intervention: insights from DIVA trial. 
Circ Cardiovasc Interv 2020;13:e008494. https://doi.
org/10.1161/circinterventions.119.008494; PMID: 32019343.

63.	 Savage MP, Douglas JS, Fischman DL, et al. Stent placement 
compared with balloon angioplasty for obstructed coronary 
bypass grafts. N Engl J Med 1997;337:740–7. https://doi.
org/10.1056/nejm199709113371103; PMID: 9287229.

64.	 Stankovic G, Colombo A, Presbitero P, et al. Randomized 
evaluation of polytetrafluoroethylene-covered stent in 
saphenous vein grafts. Circulation 2003;108:37–42. https://
doi.org/10.1161/01.cir.0000079106.71097.1c; PMID: 12821546.

65.	 Turco MA, Buchbinder M, Popma JJ, et al. Pivotal, 
randomized U.S. study of the Symbiot™ covered stent 
system in patients with saphenous vein graft disease: eight-
month angiographic and clinical results from the Symbiot III 
trial. Catheter Cardiovasc Interv 2006;68:379–88. https://doi.
org/10.1002/ccd.20873; PMID: 16892434.

66.	 Stone GW, Goldberg S, O’Shaughnessy C, et al. 5-year 
follow-up of polytetrafluoroethylene-covered stents 
compared with bare-metal stents in aortocoronary 
saphenous vein grafts: the randomized BARRICADE (Barrier 
Approach to Restenosis: Restrict Intima to Curtail Adverse 
Events) trial. JACC Cardiovasc Interv 2011;4:300–9. https://doi.
org/10.1016/j.jcin.2010.11.013; PMID: 21435608.

67.	 Mehilli J, Pache J, Abdel-Wahab M, et al. Drug-eluting 
versus bare-metal stents in saphenous vein graft lesions 
(ISAR-CABG): a randomised controlled superiority trial. 
Lancet. 2011;378:1071–8. https://doi.org/10.1016/s0140-
6736(11)61255-5; PMID: 21872918.

68.	 Fahrni G, Farah A, Engstrøm T, et al. Long-term results after 
drug-eluting versus bare-metal stent implantation in 
saphenous vein grafts: randomized controlled trial. J Am 
Heart Assoc 2020;9:e017434. https://doi.org/10.1161/
jaha.120.017434; PMID: 33032485.

69.	 Patel NJ, Bavishi C, Atti V, et al. Drug-eluting stents versus 
bare-metal stents in saphenous vein graft intervention. Circ 
Cardiovasc Interv 2018;11:e007045. https://doi.org/10.1161/
circinterventions.118.007045; PMID: 30571204.

70.	 Abdelrahman A, Dębski M, More R, et al. One-year 
outcomes of percutaneous coronary intervention in native 
coronary arteries versus saphenous vein grafts in patients 
with prior coronary artery bypass graft surgery. Cardiol J 
2020. https://doi.org/10.5603/cj.a2020.0131; 
PMID: 33001421; epub ahead of press.

71.	 Cassese S, Byrne RA, Tada T, et al. Incidence and predictors 
of restenosis after coronary stenting in 10 004 patients with 

surveillance angiography. Heart 2014;100:153–9. https://doi.
org/10.1136/heartjnl-2013-304933; PMID: 24270744.

72.	 Tada T, Byrne RA, Simunovic I, et al. Risk of stent thrombosis 
among bare-metal stents, first-generation drug-eluting 
stents, and second-generation drug-eluting stents results 
from a registry of 18,334 patients. JACC Cardiovasc Interv 
2013;6:1267–74. https://doi.org/10.1016/j.jcin.2013.06.015; 
PMID: 24355117.

73.	 Lee SW, Lee PH, Ahn JM, et al. Randomized trial evaluating 
percutaneous coronary intervention for the treatment of 
chronic total occlusion. Circulation 2019;139:1674–83. https://
doi.org/10.1161/circulationaha.​118.031313; PMID: 30813758.

74.	 Brilakis ES, Mashayekhi K, Burke MN. How DECISION-CTO 
can help guide the decision to perform chronic total 
occlusion percutaneous coronary intervention. Circulation 
2019;139:1684–7. https://doi.org/10.1161/
circulationaha.119.039835; PMID: 30933615.

75.	 Burke AP, Weber DK, Kolodgie FD, et al. Pathophysiology of 
calcium deposition in coronary arteries. Herz 2001;26:239–
44. https://doi.org/10.1007/pl00002026; PMID: 11479935.

76.	 Sakakura K, Nakano M, Otsuka F, et al. Comparison of 
pathology of chronic total occlusion with and without 
coronary artery bypass graft. Eur Heart J 2014;35:1683–93. 
https://doi.org/10.1093/eurheartj/eht422; PMID: 24126875.

77.	 Morino Y, Abe M, Morimoto T, et al. 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. 
https://doi.org/10.1016/j.jcin.2010.09.024; PMID: 21349461.

78.	 Wilson WM, Walsh SJ, Yan AT, et al. Hybrid approach 
improves success of chronic total occlusion angioplasty. 
Heart 2016;102:1486–93. https://doi.org/10.1136/
heartjnl-2015-308891; PMID: 27164918.

79.	 Spratt JC, Hanratty CG, Walsh SJ, Wilson SJ. A Guide to 
Mastering Antegrade CTO PCI Part 1. Optima. 2019.  
https://books.apple.com/gb/
book/a-guide-to-mastering-antegrade-cto-pci-part-1/
id1474956817 (accessed 9 August 2021).

80.	 Spratt JC, Hanratty CG, Walsh SJ, Wilson SJ. A Guide to 
Mastering Antegrade CTO PCI Part 2. Optima. 2019. https://
books.apple.com/gb/book/a-guide-to-mastering-​antegrade-
cto-pci-part-2/id1474965405 (accessed 9 August 2021).

81.	 Spratt JC. A Guide to Mastering Retrograde CTO PCI. Optima. 
2015. https://books.apple.com/fr/
book/a-guide-to-mastering-retrograde-cto-pci/id970542167 
(accessed 9 August 2021).

82.	 Maurer BJ, Oberman A, Holt JH Jr, et al. Changes in grafted 
and nongrafted coronary arteries following saphenous vein 
bypass grafting. Circulation 1974;50:293–300. https://doi.
org/10.1161/01.cir.50.2.293; PMID: 4546527.

83.	 Hwang MH, Meadows WR, Palac RT, et al. Progression of 
native coronary artery disease at 10 years: insights from a 
randomized study of medical versus surgical therapy for 
angina. J Am Coll Cardiol 1990;16:1066–70. https://doi.
org/10.1016/0735-1097(90)90533-u; PMID: 2229749.

84.	 Alderman EL, Corley SD, Fisher LD, et al. Five-year 
angiographic follow-up of factors associated with 
progression of coronary artery disease in the Coronary 
Artery Surgery Study (CASS). J Am Coll Cardiol 1993;22:1141–
54. https://doi.org/10.1016/0735-1097(93)90429-5; 
PMID: 8409054.

85.	 Chiu J-J, Chien S. Effects of disturbed flow on vascular 
endothelium: pathophysiological basis and clinical 
perspectives. Physiol Rev 2011;91:327–87. https://doi.
org/10.1152/physrev.00047.2009; PMID: 21248169.

86.	 Galassi AR, Tomasello SD, Crea F, et al. Transient 
impairment of vasomotion function after successful chronic 
total occlusion recanalization. J Am Coll Cardiol 2012;59:711–
8. https://doi.org/10.1016/j.jacc.2011.10.894; PMID: 22340262.

87.	 Sabik JF, Blackstone EH, Houghtaling PL, et al. Is 
reoperation still a risk factor in coronary artery bypass 
surgery? Ann Thorac Surg 2005;80:1719–27. https://doi.
org/10.1016/j.athoracsur.2005.04.033; PMID: 16242445.

88.	 Yap C-H, Sposato L, Akowuah E, et al. Contemporary results 
show repeat coronary artery bypass grafting remains a risk 
factor for operative mortality. Ann Thorac Surg 2009;87:1386–
91. https://doi.org/10.1016/j.athoracsur.2009.02.006; 
PMID: 19379870.

89.	 Morrison DA, Sethi G, Sacks J, et al. Percutaneous coronary 
intervention versus coronary artery bypass graft surgery for 
patients with medically refractory myocardial ischemia and 
risk factors for adverse outcomes with bypass: a 
multicenter, randomized trial. J Am Coll Cardiol 2001;38:143–
9. https://doi.org/10.1016/s0735-1097(01)01366-3; 
PMID: 11451264.

90.	 Harskamp RE, Beijk MA, Damman P, et al. Clinical outcome 
after surgical or percutaneous revascularization in coronary 
bypass graft failure. J Cardiovasc Med 2013;14:438–45. 
https://doi.org/10.2459/jcm.0b013e328356a4fc; 

PMID: 22828774.
91.	 Kinnaird T, Anderson R, Ossei-Gerning N, et al. Coronary 

perforation complicating percutaneous coronary 
intervention in patients with a history of coronary artery 
bypass surgery. Circ Cardiovasc Interv 2017;10:e005581. 
https://doi.org/10.1161/circinterventions.117.005581; 
PMID: 28916604.

92.	 Vetrugno V, Sharma H, Townend JN, Khan SQ. What is the 
cause of hypotension? A rare complication of percutaneous 
coronary intervention of a chronic total occlusion: a case 
report. Eur Heart J Case Rep 2019;3:1–5. https://doi.
org/10.1093/ehjcr/ytz184; PMID: 32123803.

93.	 Vescovo GM, Zivelonghi C, Scott B, Agostoni P. 
Percutaneous coronary intervention for chronic total 
occlusion. US Cardiol 2020;14:e11. https://doi.org/10.15420/
usc.2020.10.

94.	 Maeremans J, Spratt JC, Knaapen P, et al. Towards a 
contemporary, comprehensive scoring system for 
determining technical outcomes of hybrid percutaneous 
chronic total occlusion treatment: The RECHARGE score. 
Catheter Cardiovasc Interv 2018;91:192–202. https://doi.
org/10.1002/ccd.27092; PMID: 28471074.

95.	 Guelker JE, Bansemir L, Ott R, et al. Validity of the J-CTO 
score and the CL-score for predicting successful CTO 
recanalization. Int J Cardiol 2017;230:228–31. https://doi.
org/10.1016/j.ijcard.2016.12.165; PMID: 28041697.

96.	 Potter BJ, Matteau A, Noiseux N, Mansour S. High stakes: 
CTO-PCI in the post-CABG patient. Can J Cardiol 
2018;34:238–40. https://doi.org/10.1016/j.cjca.2017.12.022.

97.	 Maeremans J, Walsh S, Knaapen P, et al. The hybrid 
algorithm for treating chronic total occlusions in Europe: the 
RECHARGE registry. J Am Coll Cardiol 2016;68:1958–70. 
https://doi.org/10.1016/j.jacc.2016.08.034; PMID: 27788851.

98.	 Wilson WM, Walsh SJ, Bagnall A, et al. One-year outcomes 
after successful chronic total occlusion percutaneous 
coronary intervention: the impact of dissection re-entry 
techniques. Catheter Cardiovasc Interv 2017;90:703–12. 
https://doi.org/10.1002/ccd.26980; PMID: 28296045.

99.	 Kahn JK, Hartzler GO. Retrograde coronary angioplasty of 
isolated arterial segments through saphenous vein bypass 
grafts. Cathet Cardiovasc Diagn 1990;20:88–93. https://doi.
org/10.1002/ccd.1810200205; PMID: 2354520.

100.	Kaltenbach M, Hartmann A, Vallbracht C. Procedural results 
and patient selection in recanalization of chronic coronary 
occlusions by low speed rotational angioplasty. Eur Heart J 
1993;14:826–30. https://doi.org/10.1093/eurheartj/14.6.826; 
PMID: 8325312.

101.	Prospective Global Registry for the Study of Chronic Total 
Occlusion Intervention (PROGRESS-CTO). 2014. https://
clinicaltrials.gov/ct2/show/NCT02061436 (accessed 27 
February 2021).

102.	Galassi AR, Werner GS, Boukhris M, et al. Percutaneous 
recanalisation of chronic total occlusions: 2019 consensus 
document from the EuroCTO Club. EuroIntervention 
2019;15:198–208. https://doi.org/10.4244/eij-d-18-00826; 
PMID: 30636678.

103.	Brilakis ES, Grantham JA, Rinfret S, et al. A percutaneous 
treatment algorithm for crossing coronary chronic total 
occlusions. JACC Cardiovasc Interv 2012;5:367–79. https://doi.
org/10.1016/j.jcin.2012.02.006; PMID: 22516392.

104.	Li X, Liu Y, Gao J, et al. Comparison of graft vessel versus 
native vessel strategies for late saphenous vein graft 
disease after coronary artery bypass grafting. Zhonghua Xin 
Xue Guan Bing Za Zhi 2020;48:367–72 [in Chinese]. https://
doi.org/10.3760/cma.j.cn112148-0190827-00523; 
PMID: 32450652.

105.	Lembo NJ, Karmpaliotis D, Kandzari DE. CTO PCI procedural 
planning. Interv Cardiol Clin 2012;1:299–308. https://doi.
org/10.1016/j.iccl.2012.04.002; PMID: 28582014.

106.	Bluemke DA, Achenbach S, Budoff M, et al. Noninvasive 
coronary artery imaging. Circulation 2008;118:586–606. 
https://doi.org/10.1161/circulationaha.108.189695; 
PMID: 18586979.

107.	Opolski MP, Achenbach S, Schuhbäck A, et al. Coronary 
computed tomographic prediction rule for time-efficient 
guidewire crossing through chronic total occlusion insights 
from the CT-RECTOR Multicenter Registry (Computed 
Tomography Registry of Chronic Total Occlusion 
Revascularization). JACC Cardiovasc Interv 2015;8:257–67. 
https://doi.org/10.1016/j.jcin.2014.07.031; PMID: 25700748.

108.	Tan Y, Zhou J, Zhang W, et al. Comparison of CT-RECTOR 
and J-CTO scores to predict chronic total occlusion difficulty 
for percutaneous coronary intervention. Int J Cardiol 
2017;235:169–75. https://doi.org/10.1016/j.ijcard.2017.02.008; 
PMID: 28274578.

109.	Malagutti P, Nieman K, Meijboom WB, et al. Use of 64-slice 
CT in symptomatic patients after coronary bypass surgery: 
evaluation of grafts and coronary arteries. Eur Heart J 
2007;28:1879–85. https://doi.org/10.1093/eurheartj/ehl155; 
PMID: 16847009.

https://doi.org/10.1016/j.jacc.2008.11.029
https://doi.org/10.1016/j.jacc.2008.11.029
https://doi.org/10.1016/j.jcin.2019.08.037
https://doi.org/10.1016/j.jcin.2019.08.037
https://doi.org/10.1016/j.amjcard.2007.07.048
https://doi.org/10.1016/j.amjcard.2007.07.048
https://doi.org/10.1016/j.amjcard.2007.04.058
https://doi.org/10.1016/j.amjcard.2007.04.058
https://doi.org/10.1161/circinterventions.114.001403
https://doi.org/10.1161/circinterventions.114.001403
https://doi.org/10.1161/circinterventions.117.005538
https://doi.org/10.1016/s0002-9149(00)01391-6
https://doi.org/10.1016/s0002-9149(00)01391-6
https://doi.org/10.1016/j.jcin.2008.01.002
https://doi.org/10.1016/j.jcin.2008.01.002
https://doi.org/10.1161/01.cir.100.24.2400
https://doi.org/10.1161/circinterventions.119.008494
https://doi.org/10.1161/circinterventions.119.008494
https://doi.org/10.1056/nejm199709113371103
https://doi.org/10.1056/nejm199709113371103
https://doi.org/10.1161/01.cir.0000079106.71097.1c
https://doi.org/10.1161/01.cir.0000079106.71097.1c
https://doi.org/10.1002/ccd.20873
https://doi.org/10.1002/ccd.20873
https://doi.org/10.1016/j.jcin.2010.11.013
https://doi.org/10.1016/j.jcin.2010.11.013
https://doi.org/10.1016/s0140-6736(11)61255-5
https://doi.org/10.1016/s0140-6736(11)61255-5
https://doi.org/10.1161/jaha.120.017434
https://doi.org/10.1161/jaha.120.017434
https://doi.org/10.1161/circinterventions.118.007045
https://doi.org/10.1161/circinterventions.118.007045
https://doi.org/10.5603/cj.a2020.0131
https://doi.org/10.1136/heartjnl-2013-304933
https://doi.org/10.1136/heartjnl-2013-304933
https://doi.org/10.1016/j.jcin.2013.06.015
https://doi.org/10.1161/circulationaha.118.031313
https://doi.org/10.1161/circulationaha.118.031313
https://doi.org/10.1161/circulationaha.119.039835
https://doi.org/10.1161/circulationaha.119.039835
https://doi.org/10.1007/pl00002026
https://doi.org/10.1093/eurheartj/eht422
https://doi.org/10.1016/j.jcin.2010.09.024
https://doi.org/10.1136/heartjnl-2015-308891
https://doi.org/10.1136/heartjnl-2015-308891
https://books.apple.com/gb/book/a-guide-to-mastering-antegrade-cto-pci-part-1/id1474956817
https://books.apple.com/gb/book/a-guide-to-mastering-antegrade-cto-pci-part-1/id1474956817
https://books.apple.com/gb/book/a-guide-to-mastering-antegrade-cto-pci-part-1/id1474956817
https://books.apple.com/gb/book/a-guide-to-mastering-antegrade-cto-pci-part-2/id1474965405
https://books.apple.com/gb/book/a-guide-to-mastering-antegrade-cto-pci-part-2/id1474965405
https://books.apple.com/gb/book/a-guide-to-mastering-antegrade-cto-pci-part-2/id1474965405
https://books.apple.com/fr/book/a-guide-to-mastering-retrograde-cto-pci/id970542167
https://books.apple.com/fr/book/a-guide-to-mastering-retrograde-cto-pci/id970542167
https://doi.org/10.1161/01.cir.50.2.293
https://doi.org/10.1161/01.cir.50.2.293
https://doi.org/10.1016/0735-1097(90)90533-u
https://doi.org/10.1016/0735-1097(90)90533-u
https://doi.org/10.1016/0735-1097(93)90429-5
https://doi.org/10.1152/physrev.00047.2009
https://doi.org/10.1152/physrev.00047.2009
https://doi.org/10.1016/j.jacc.2011.10.894
https://doi.org/10.1016/j.athoracsur.2005.04.033
https://doi.org/10.1016/j.athoracsur.2005.04.033
https://doi.org/10.1016/j.athoracsur.2009.02.006
https://doi.org/10.1016/s0735-1097(01)01366-3
https://doi.org/10.2459/jcm.0b013e328356a4fc
https://doi.org/10.1161/circinterventions.117.005581
https://doi.org/10.1093/ehjcr/ytz184
https://doi.org/10.1093/ehjcr/ytz184
https://doi.org/10.15420/usc.2020.10
https://doi.org/10.15420/usc.2020.10
https://doi.org/10.1002/ccd.27092
https://doi.org/10.1002/ccd.27092
https://doi.org/10.1016/j.ijcard.2016.12.165
https://doi.org/10.1016/j.ijcard.2016.12.165
https://doi.org/10.1016/j.cjca.2017.12.022
https://doi.org/10.1016/j.jacc.2016.08.034
https://doi.org/10.1002/ccd.26980
https://doi.org/10.1002/ccd.1810200205
https://doi.org/10.1002/ccd.1810200205
https://doi.org/10.1093/eurheartj/14.6.826
https://clinicaltrials.gov/ct2/show/NCT02061436
https://clinicaltrials.gov/ct2/show/NCT02061436
https://doi.org/10.4244/eij-d-18-00826
https://doi.org/10.1016/j.jcin.2012.02.006
https://doi.org/10.1016/j.jcin.2012.02.006
https://doi.org/10.3760/cma.j.cn112148-0190827-00523
https://doi.org/10.3760/cma.j.cn112148-0190827-00523
https://doi.org/10.1016/j.iccl.2012.04.002
https://doi.org/10.1016/j.iccl.2012.04.002
https://doi.org/10.1161/circulationaha.108.189695
https://doi.org/10.1016/j.jcin.2014.07.031
https://doi.org/10.1016/j.ijcard.2017.02.008
https://doi.org/10.1093/eurheartj/ehl155


Post-CABG Management of Occlusive CAD

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES
Access at: www.ICRjournal.com

110.	 Katsuragawa M, Fujiwara H, Miyamae M, et al. Histologic 
studies in percutaneous transluminal coronary angioplasty 
for chronic total occlusion: comparison of tapering and 
abrupt types of occlusion and short and long occluded 
segments. J Am Coll Cardiol 1993;21:604–11. https://doi.
org/10.1016/0735-1097(93)90091-e; PMID: 8436741.

111.	 Asahi Intecc. http://www.asahi-intecc.co.jp/en/medical/pci/
gaia.html (accessed 30 April 2021).

112.	 Sapontis J, Marso SP, Lombardi WL, et al. How to fix 
common problems encountered in CTO PCI: the expanded 
hybrid approach. In: Rinfret S, ed. Percutaneous Intervention 
for Coronary Chronic Total Occlusion. Cham: Springer, 
2016;141–59. https://doi.org/10.1007/978-3-319-21563-1_11.

113.	 Colombo A, Mikhail GW, Michev I, et al. Treating chronic 
total occlusions using subintimal tracking and reentry: the 
STAR technique. Catheter Cardiovasc Interv 2005;64:407–11. 
https://doi.org/10.1002/ccd.20307; PMID: 15789384.

114.	 Lombardi WL. Retrograde PCI: what will they think of next? 

J Invasive Cardiol 2009;21:543; PMID: 19805844.
115.	 Valenti R, Vergara R, Migliorini A, et al. Predictors of 

reocclusion after successful drug-eluting stent-supported 
percutaneous coronary intervention of chronic total 
occlusion. J Am Coll Cardiol 2013;61:545–50. https://doi.
org/10.1016/j.jacc.2012.10.036; PMID: 23273395.

116.	 Azzalini L, Poletti E, Ayoub M, et al. Coronary artery 
perforation during chronic total occlusion percutaneous 
coronary intervention: epidemiology, mechanisms, 
management, and outcomes. EuroIntervention 2019;15:e804–
11. https://doi.org/10.4244/eij-d-19-00282; PMID: 31217142.

117.	 Matsuno S, Tsuchikane E, Harding SA, et al. Overview and 
proposed terminology for the reverse controlled antegrade 
and retrograde tracking (reverse CART) techniques. 
EuroIntervention 2018;14:94–101. https://doi.org/10.4244/eij-d-
17-00867; PMID: 29360064.

118.	 Brinkmann C, Eitan A, Schwencke C, et al. Rotational 
atherectomy in CTO lesions: too risky? Outcome of 

rotational atherectomy in CTO lesions compared to non-CTO 
lesions. EuroIntervention 2018;14:e1192–8. https://doi.
org/10.4244/eij-d-18-00393; PMID: 30175961.

119.	 Yeoh J, Hill J, Spratt JC. Intravascular lithotripsy assisted 
chronic total occlusion revascularization with reverse 
controlled antegrade retrograde tracking. Catheter 
Cardiovasc Interv 2019;93:1295–7. https://doi.org/10.1002/
ccd.28165; PMID: 30838746.

120.	del Olmo VV, Rodríguez-Leor O, Redondo A, et al. 
Intracoronary lithotripsy in a high-risk real-world population. 
First experience in severely calcified, complex coronary 
lesions. REC Interv Cardiol 2020;2:76–81. https://doi.
org/10.24875/RECICE.M19000083.

121.	 Wilson SJ, Hanratty CG, Spence MS, et al. Saphenous vein 
graft sacrifice following native vessel PCI is safe and 
associated with favourable longer-term outcomes. 
Cardiovasc Revasc Med 2019;20:1048–52. https://doi.
org/10.1016/j.carrev.2019.01.025; PMID: 30745059.

https://doi.org/10.1016/0735-1097(93)90091-e
https://doi.org/10.1016/0735-1097(93)90091-e
https://doi.org/10.1007/978-3-319-21563-1_11
https://doi.org/10.1002/ccd.20307
https://doi.org/10.1016/j.jacc.2012.10.036
https://doi.org/10.1016/j.jacc.2012.10.036
https://doi.org/10.4244/eij-d-19-00282
https://doi.org/10.4244/eij-d-17-00867
https://doi.org/10.4244/eij-d-17-00867
https://doi.org/10.4244/eij-d-18-00393
https://doi.org/10.4244/eij-d-18-00393
https://doi.org/10.1002/ccd.28165
https://doi.org/10.1002/ccd.28165
https://doi.org/10.24875/RECICE.M19000083
https://doi.org/10.24875/RECICE.M19000083
https://doi.org/10.1016/j.carrev.2019.01.025
https://doi.org/10.1016/j.carrev.2019.01.025

