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The pathobiology of chronic total occlusion (CTO) is complex.1) In such lesions, 4 arterial 
zones (lumen, intimal plaque, media, adventitia) are reached by substantial inflammatory 
processes, and each layer is equally affected.2) In some cases, stents for recanalization 
are partially in an extraluminal-intramedial position, and the specific evolution and 
endothelization have not been studied. We report here 3 cases for which a CTO Percutaneous 
Coronary Intervention has been performed with reverse-Controlled Anterograde and 
Retrograde Tracking (CART) techniques by 2 expert operators with an unusual aneurysmal 
evolution (Figure 1). The stent did not appear to be undersized with a classic late acquired 
stent malapposition. We know that after a CTO procedure, the mean artery diameter 
increases by a small percentage, especially in its distal portion.3) Here, the “lumen” artery 
increased by more than 100%, and each time, it occurred in the reverse CART target zone. 
Two combined options could probably explain the aneurysmal evolution. First, the reverse 
CART technique with large knuckle wires created a media hematoma that could partially or 
totally disappear several weeks after stenting. Second, due to a lack of constrained elastic 
tunics, the blood pressure flow shreds the media. The walls are no longer held by a consistent 
media or elastic tunics, and thus, they become aneurysmal: a progressively shredding 
acquired aneurysm of the neo-lumen without variation in the adventitia diameter. Therefore, 
each complex revascularization of CTO should be controlled, with intravascular optical 
coherence tomography if necessary.

Korean Circ J. 2020 Sep;50(9):839-842
https://doi.org/10.4070/kcj.2020.0058
pISSN 1738-5520·eISSN 1738-5555

Images in  
Cardiovascular Medicine

Received: Feb 11, 2020
Revised: Mar 24, 2020
Accepted: Apr 29, 2020

Correspondence to
Sébastien Levesque, MD
Cardiovascular Interventional Unit, Division of 
Cardiology, Department of Medicine, Centre 
Cardio-Vasculaire, CHU de Poitiers, Poitiers 86 
000, France.
E-mail: selevesq@yahoo.fr

Copyright © 2020. The Korean Society of 
Cardiology
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted noncommercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Sébastien Levesque 
https://orcid.org/0000-0002-9834-3508
Alexandre Gamet 
https://orcid.org/0000-0001-5660-6464
Luc-Philippe Christiaens 
https://orcid.org/0000-0001-7245-7542

Conflict of Interest
The authors have no financial conflicts of 
interest.

Author Contributions
Conceptualization: Levesque S; Data 
curation: Motreff P; Formal analysis: Gamet 
A; Supervision: Levesque S; Validation: 
Levesque S, Christiaens LP; Writing - original 
draft: Gaufroy A; Writing - review & editing: 
Levesque S.

Sébastien Levesque , MD1, Astrid Gaufroy, MD1, Alexandre Gamet , MD1,  
Pascal Motreff, MD, PhD2, and Luc-Philippe Christiaens , MD, PhD1

1�Cardiovascular Interventional Unit, Division of Cardiology, Department of Medicine, Centre Cardio-
Vasculaire, CHU de Poitiers, Poitiers, France

2Cardiovascular Interventional Unit, CHU de Clermont-Ferrand, Clermont-Ferrand, France

Unpredictable Midterm Coronary 
Damage after Knuckle-reverse CART: 
Should We Be More Careful?

https://e-kcj.org
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-9834-3508
https://orcid.org/0000-0002-9834-3508
https://orcid.org/0000-0001-5660-6464
https://orcid.org/0000-0001-5660-6464
https://orcid.org/0000-0001-7245-7542
https://orcid.org/0000-0001-7245-7542
https://orcid.org/0000-0002-9834-3508
https://orcid.org/0000-0001-5660-6464
https://orcid.org/0000-0001-7245-7542
http://crossmark.crossref.org/dialog/?doi=10.4070/kcj.2020.0058&domain=pdf&date_stamp=2020-06-01


840https://e-kcj.org https://doi.org/10.4070/kcj.2020.0058

Reverse CART's Hidden Hazard
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Figure 1. (A, F, K) Right coronary artery with proximal chronic total occlusion. (B, G, L) Immediate perfect angiographic result after successful CTO PCI using the 
reverse CART technique. (C, H, M) Immediate OFDI result. Stents are well apposed everywhere. Some struts are deeply impacted in the media which seems to 
be heterogenous (thrombus, haematoma or scar of dissection?). (D, I, N) One-month systematic angiographic control showing several aneurysms in the reverse 
CART target zone (arrows). (E, J, O) One-month systematic OFDI control showing large and circumferential acquired stent malapposition. Stents are perfectly 
deployed without underexpansion (mean diameters are equal to the initial stent size, A4 SMD: 3.6 mm; B4 SMD: 3.6 mm; C4 SMD: 4.1 mm). Stent struts appear 
to be free of thrombus or neoendothelium. The vessel lumen area increased abnormally with a mean diameter compatible to acquired shredding aneurysms (A4 
LMD: 6.2 mm; B4 LMD: 5.9 mm; C4 LMD: 5.4 mm). 
CART = Controlled Anterograde and Retrograde Tracking; CTO = chronic total occlusion; LMD = lumen mean diameter; OFDI = Optical Frequency Domain 
Imaging; PCI = Percutaneous Coronary Intervention; SMD = stent mean diameter. 
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Figure 1. (Continued) (A, F, K) Right coronary artery with proximal chronic total occlusion. (B, G, L) Immediate perfect angiographic result after successful 
CTO PCI using the reverse CART technique. (C, H, M) Immediate OFDI result. Stents are well apposed everywhere. Some struts are deeply impacted in the 
media which seems to be heterogenous (thrombus, haematoma or scar of dissection?). (D, I, N) One-month systematic angiographic control showing 
several aneurysms in the reverse CART target zone (arrows). (E, J, O) One-month systematic OFDI control showing large and circumferential acquired stent 
malapposition. Stents are perfectly deployed without underexpansion (mean diameters are equal to the initial stent size, A4 SMD: 3.6 mm; B4 SMD: 3.6 mm; C4 
SMD: 4.1 mm). Stent struts appear to be free of thrombus or neoendothelium. The vessel lumen area increased abnormally with a mean diameter compatible to 
acquired shredding aneurysms (A4 LMD: 6.2 mm; B4 LMD: 5.9 mm; C4 LMD: 5.4 mm). 
CART = Controlled Anterograde and Retrograde Tracking; CTO = chronic total occlusion; LMD = lumen mean diameter; OFDI = Optical Frequency Domain 
Imaging; PCI = Percutaneous Coronary Intervention; SMD = stent mean diameter.
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