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ABSTRACT 

 

Introduction: Treating chronic total occlusion of coronary arteries by percutaneous coronary intervention 

(CTO PCI) is one of the most representative technical advances in ischemic cardiomyopathy during last 

decade, performed by skilled cardiologic centers. Followed by preliminary results, the authors present in 

this work the rationale and design of the prospective and multicenter perfe-CTO study. 

Methods and Results: Known as major predictive factors of stent thrombosis and cardiovascular 

outcomes, stent strut coverage, malapposition and neointimal hyperplasia (NIH) proliferation will be 

systematically assessed by optical frequency domain imaging (OFDI) over entire length of each 

biodegradable-polymer sirolimus-eluting stent implanted immediately after successful CTO PCI and at 3-

month follow-up. Deducted from the analysis of 13 CTO lesions with a total of 18,765 struts and 1864 cross-

sections, incidence of malapposition after stenting and at 3-month follow-up was 5,5% and 5,7% 

respectively. Incidence of uncoverage at 3-month follow-up was 14,8% with a median percentage of 

neointimal proliferation per lesion of 3,78%. Strut coverage process was significantly delayed into the distal 

segment of the stents. Overall, OFDI showed mechanical abnormality requiring further treatment in 31% 

while final angiographic analysis was considered optimal.  

Conclusion: According to the preliminary results in this pilot study and the literature review, these suggest 

that complex histological remodeling could affect short-term assessment of vascular response after CTO PCI 

with higher incidence of strut malapposition and longitudinal heterogeneity about neointimal coverage.  

 

 

 

 

1| BACKGROUND 

 

Treating chronic total occlusion of coronary arteries by percutaneous coronary intervention (CTO PCI) is 

one of the most representative technical advances in ischemic cardiomyopathy during last decade and 

remains reserved to skilled cardiologic centers. What was recovering for a long time coronary artery bypass 
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graft (CABG) surgery or conservative medical treatment can now be managed safety with high rate of 

success during these complex procedures. 

 

1.1| Definitions and epidemiology 

 

Assessed by arteriography, chronic occlusion of the coronary artery is defined by a complete blockage of 

the vessel, responsible for clinically decrease in blood flow with a grade 0 or 1 of the Thrombolysis In 

Myocardial Infarction (TIMI) scoring system for at least 3 months1, even if in the absence of serial 

angiograms duration of occlusion is difficult to specify and must be often estimated from clinical 

informations and cardiovascular events. 

 

Prevalence of CTO varies in the literature, depending on clinical profiles of populations being examinated. 

Retrospective studies described that 30% of patients with coronary artery disease (CAD) could present a 

CTO on the coronary angiography, and higher incidences in case of prior CABG2,3. 

 

1.2| Pathobiology of CTO 

 

Knowing the histopathological processes of CTO and their temporal variability remains an essential 

condition to understand challenge of revascularization. 

 

CTOs could be divided in 3 interdependent segments. Between proximal and distal caps there is an 

intervening occluded segment. The proximal cap is described to be more likely fibro-calcific than the distal 

cap, explaining rationale behind retrograde strategies when percutaneous approach is selected4,5. Lumen, 

intimal plaque (IP), media and adventitia are not spared from the complex remodeling beginning after 

occlusion, with an important participation of inflammatory process suggested by massive infiltrate of 

lymphocytes and monocyte-macrophages observed in each layer4. Regarding age-related changes in IP 

composition, softer cholesterol-laden and foam cell-rich IP decrease significantly over time whereas fibro-

calcific IP increase in older lesions4 (Figure 1a). Advanced fibrotic CTO lesions could undergo negative 

remodeling. These changes negatively impact the likelihood of successful PCI. 

 



11 

 

 

 

 

 

 

 

 

 

 

Despite complete occlusion on 

coronary angiography, two 

types of neovascular channels are crossing the CTO4,5. Endothelialised intraluminal microchannels (160 to 

230 µm, but can be as large as 500 µm) span the CTO from proximal to distal cap as histologically recanalised 

segments. Micro capillaries (<100 µm), which run in radial directions from the vasa vasorum network, are 

termed non-recanalised segments because they do not connect extremities of the occlusion and their 

number seem to increase with CTO age. Role of neovascularisation developed within CTO may be to protect 

vessel wall against flow limiting effects of intimal plaque progression (Figure 1b). 

 

Another key finding is the tapered character of the proximal cap compared to CTOs where cap appears blunt 

on angiography, because it suggests a shorter occlusion, a looser fibrous tissue with prominent 

neovascularisation and recanalization5.  

 

These post-mortem observations has implications when CTO PCI is considered because dense fibro-calcific 

composition and micro capillaries characterize older occlusions with some adverse profiles of 

revascularization and probable inability to cross the lesion with guide wire with predisposition to 

subintimal tracking.  

In vivo investigations dealing with histopathological remodeling in CTOs have been developed with 

advances in intracoronary imaging and new insights into tissue characteristics have been published. Using 

virtual histology intravascular ultrasound (IVUS) in 50 patients affected by CTO, Guo et al. distinguished 

two different patterns of CTOs. Among them, a large majority had fibroatheroma occupying length of the 

Figure 1a 
A = low power view of representative hard fibrocalcific chronic total occlusion 
with extensive calcifications; B = low power view of representative soft lipid-
laden chronic total occlusion intimal plaque with extensive cholesterol 
deposition. Reproduced from Srivatsa et al.4 
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occluded segment with significantly more necrotic core and dense calcium suggesting that initial acute 

event leading to the development of a CTO might be a ruptured atherosclerotic plaque with bidirectional 

thrombus formation as acute coronary syndrome (ACS), atherosclerosis progression explaining the second 

pattern characterized by lesions with more fibrotic and fibrofatty plaques6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other studies suggested that structural remodeling was associated with functional impairments of the 

occluded vessel. Endothelial dysfunction and vasomotor tone disturbances could persist after 

recanalization, especially into distal segments7,8. Recovering vascular function would be the purpose of 

future trials9. 

 

Finally, the early development of collateral circulation in response to vascular occlusion and ischemia has 

been widely studied10,11 and its presence is strongly associated with lower rates of death or severe heart 

failure12,13. Even if hypoxia and shear stress due to pressure gradient within the post-occlusive vessel seem 

to be a trigger for chain reaction of arteriogenesis, this protective phenomenon involves several complex 

inflammatory processes and endothelial 

growth factors as VEGF11. Collateral 

 

Figure 1b.  
A and B = low power views of chronic total occlusion crossed by several large 
neovascular microchannels; C and D = high power views of chronic total 
occlusion demonstrating micro capillaries within adventitia and crossing the 
media. Reproduced from Srivatsa et al.4 
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pathways have capacity to prevent necrosis and provide metabolic supply to myocardium, but reach their 

limit during exercise because of limited flow reserve14. After CTO recanalization a collateral regression has 

been observed15 but it appears that pathways could remain recruitable in case of re-occlusion. 

 

These insights leave open the question how this chronic histological remodeling could affect the 

healing process of reendothelialization after PCI? 

 

1.3| Clinical practice guidelines 

 

Despite the fact one third of patients suffering from CAD could present CTO, place for management 

strategies remains limited in current practice guidelines and expert consensus. Regarding the European 

Society of Cardiology (ESC) guidelines on myocardial revascularization published in 201416, it is 

recommended that revascularization of CTOs should be considered in presence of symptoms or evidence of 

viability/ischemia in the concerned arterial territory as a class IIa and level B recommendation.  

 

1.4| Stent or scalpel 

 

Choice of technique for myocardial revascularization between PCI, CABG or conservative medical treatment 

is left to the rules of multidisciplinary Heart teams16, with the goal being complete revascularization 

whenever possible. Decision-making process will be guided by clinical and angiographical data provided by 

downstream investigations; multivessel disease, high SYNTAX score, recurrent episodes of in-stent 

restenosis or left ventricular systolic dysfunction are important criteria for referral to bypass surgery17.  

 

If the SYNTAX trial18 showed superiority of surgery compared to PCI using first-generation DES for treating 

complex CAD with similar percentages of CTO (≈ 22%), a recent study demonstrated non inferiority and 

safety of angioplasty using new-generation DES compared to CABG in management of left main coronary 

artery disease with low or intermediate SYNTAX scores19.  

 

Analyzing impact of technique of revascularization about major adverse cardiac events (MACE) occurrence 

in 1777 patients presenting at least one CTO, Tomasello et al. showed that CTO PCI might significantly 
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improve survival and decrease risk of cardiovascular events in comparison with CABG or medical 

treatment20. In this study patients referred to CABG had more frequently multivessel disease with more 

than 1 CTO whereas in those managed by PCI left ventricular ejection fraction (LVEF) and renal function 

were more frequently preserved. On the other hand, Kim et al. demonstrated that presence of multiple CTOs 

seemed to be into disfavor of PCI in term of MACE occurrence and rates of repeat revascularization21. 

Regarding relevancy of combined strategies, this study showed superior outcomes associated with PCI of 

the native vessel compared to PCI of the graft vessel in patients with prior CABG22.  

 

Place for conservative medical treatment of CTOs remains possible when some adverse lesions predict 

difficult procedures with high risk of unsuccessful revascularization and unfavorable benefit-risk equation, 

this option being unfortunately associated with higher rates of mortality and cardiovascular events23. 

 

These results suggest that technical improvements in stent development and growing experience of 

interventional cardiology teams will expand opportunities in selected patients for percutaneous 

approaches in the management strategy of complex CAD including CTOs in near future. 

 

1.5| Benefits of CTO revascularization 

 

Improvement of long-term clinical outcomes after CTO recanalization has long been widely debated, mostly 

because few randomized trials have been conducted to date. However many studies have explored this 

complex question. 

 

Mortality and overall survival 

 

Teramoto et al. showed in 738 patients who benefited CTO PCI during an average follow-up duration of 4 

years that cumulative all-cause death was significantly lower in the success group than in the failure 

group24, with a 89% rate of successful recanalization. Similar results were observed in a meta-analysis25 

involving 9 studies and a substantial number of 7,469 CTO patients in whom revascularization by PCI was 

achieved in 80%. In the Italian registry of CTOs20 and the retrospective study conducted by Kim et al.21, 

revascularization by PCI was statistically associated with lower incidence of cardiac death in comparison 
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with medical treatment. But the debate remains open and premature results of the DECISION-CTO 

randomized trial did not show superiority of PCI compared to optimal medical treatment alone in a single 

center study with significant number of cross-overs26. 

 

Heart failure 

 

If condition for CTO revascularization is to identify myocardial ischemia/viability16 and presence of CTO is 

associated with heart failure with reduced ejection fraction (HFrEF)27, we can expect that recanalization 

would improve cardiac functions. Assessing by cardiac MRI heart of CTO patients 6 months after successful 

recanalization, Cardona et al. observed that left ventricular end-systolic volume and left ventricular ejection 

fraction (LVEF) increased significantly with simultaneous decrease in number of ischemic segments28.  

 

Symptoms 

 

Regarding effectiveness of CTO revascularization for relieving symptoms, Rossello et al. demonstrated that 

successful recanalization of CTO was followed by significant improvement of quality of life assessed by 

global physical and mental health status and distance walked in the 6-minute walk test29. Less residual 

angina was observed after CTO PCI in this meta-analysis including 25 studies and 28,846 patients30. Short-

term benefits of CTO PCI were observed 1 month after recanalization in the FACTOR trial even if they seem 

to be greater in symptomatic patients31.  

From the VACTO primary and secondary studies32,33 presence of CTO should be also considered as an 

independent predictor for occurrence and recurrence of ventricular tachyarrhythmia (VTA), and we expect 

that CTO recanalization will be associated with decrease in the incidence of arrhythmias and sudden death 

pending a study will be designed to this end. 

Cardiovascular events 

 

Successful CTO PCI was associated with significant lower risk of MACE, lower risk of stroke and less need 

for CABG in comparison with failed procedures in these 2 powerful meta-analysis25,30. Furthermore results 

remain controversial about effect of CTO revascularization on the risk of myocardial infarction34.  
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Benefits remain uncertain, even if several meta-analyses suggested a strong association between successful 

CTO PCI and survival or improvement of symptoms and cardiac function. New insights into this fascinating 

area will be certainly provided by future randomized trials and prospective registries35.  

 

1.6| Crossing strategies 

 

Decision of CTO PCI was traditionally limited by relatively low success rate of recanalization mainly due to 

inability to cross the lesion with considerable contrast and radiation exposure during these possible lengthy 

procedures. However past decade gave us opportunity to see spectacular improvement in successfully 

revascularization rate which may exceed 80 to 85% according to some studies36.  

Growing experience of interventional cardiologists and the development of several techniques as 

retrograde approach or antegrade dissection and reentry had contributed to it, just as the identification of 

angiographic factors predicting technical success of CTO PCI. The most common difficulty score remains the 

J-CTO score (annex 1), from which 5 independent predictors were statistically selected into the Japanese 

CTO registry37. Previously failed attempt, a blunt proximal cap, the presence of any calcification within the 

CTO segment, a bending > 45 degrees and an occlusion length > 20 mm were more likely associated with 

technical failure and categorized CTO lesions in 4 difficulty groups with varying likehood of successful 

crossing within 30 minutes. From the PROGRESS CTO score, a proximal cap ambiguity, absence of operable 

collaterals and the presence of moderate or severe tortuosities were similarly predictive variables of failed 

PCI38.  

 

The hybrid approach to CTO PCI was developed to fix these difficulties with a safe and effective crossing 

algorithm (annex 2)36,39. The aim was to recanalize CTO in the shortest possible period with a minimal 

radiation and contrast exposure. By means of a dual coronary injection, an appropriate collaterality, quality 

of the target at the distal cap and an ambiguity of the proximal cap will firstly drive the operator to decide 

for antegrade or retrograde approaches. Then, in addition to other procedural data, a length of the lesion > 

20 mm will be a strong argument for referral to techniques using subintimal space as antegrade dissection 

reentry or reverse controlled antegrade and retrograde tracking (reverse CART)39. 

 

In parallel to improvement of strategies, innovations in stent technology and the development of a specific 



17 

 

material devoted to CTO PCI, it appeared that experience of practitioner, at the cost of long learning curve 

and usefulness of proctoring, was strongly associated with high rates of success and less procedural 

complications as coronary artery perforation, cardiac tamponnade, or contrast-induced nephropathy40.  

 

1.7| Concerning OFDI 

 

Second generation optical coherence tomography (OCT) OFDI allows minimally-invasive cross-sectional 

imaging of biological samples and has been selected for its high radial resolution in comparison with IVUS 

(13 µm vs. 90 µm) and its advantages in term of signal-to-noise ratio and lateral resolution in comparison 

with first generation OCT. Based on low-coherence interferometry, the reproducibility, accuracy and safety 

of this technology make OFDI a precious ally for the study of coronary arteries and guiding interventional 

procedures. From experimental research to routine use, OCT has become Gold standard for identifying 

vulnerable plaques as well as for optimizing/following-up angioplasty41,42. Imaging depth of 0,5-2 mm 

remains actually main limitation of OCT.  

 

1.8| Objectives of the study 

 

The objective of Perfe-CTO is to assess in-stent reendothelialization 3 months after successful CTO PCI 

procedure with OFDI.  

 

Secondary objectives of the study are: 1) to define usefulness of immediate and short-term OFDI analysis 

after these complex procedures; 2) to assess impact of the crossing strategy on the reendothelialization 

process; 3) to evaluate improvement of symptoms and incidence of cardiovascular events after CTO PCI 

during a 12-month clinical follow-up. 

Besides improving understandings about healing process after CTO PCI, the authors would like to 

demonstrate different profile of reendothelialization into recanalized CTO lesions in comparison of non CTO 

lesions, which could lead in practice to reconsider dual antiplatelet therapy (DAPT) duration and clinical 

follow-up of these patients after successful CTO PCI. 

 

2| METHODS 
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Perfe-CTO has been designed as an interventional, prospective and multicentric study involving several 

university hospitals, general hospitals and private clinics under the leadership of principal investigator 

based in the department of cardiology, university hospital of Poitiers, France. Conducted according to the 

ethical principles of the Declaration of Helsinki and current guidelines for good clinical practice, this open-

label trial has been approved by the ethical committee and the Institutional Review Board OUEST III under 

the reference 2016-A00867-44 (annex 3). The study is registered on ClinicalTrials.gov under the identifier 

NCT03209843. Authors are solely responsible for the design, conduct and all analyses of this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1| Patients 

 

Selection of patients for CTO PCI and possibility to switch between crossing strategies for successful 

recanalization will be left to the rules of the practitioner in accordance with current guidelines for good 

clinical practice. Data collection, statistical analysis and post-processing on OFDI runs for primary endpoint 

measurement will be performed at the central Corelab investigating center. 
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With a final goal of 150 analyzed CTO lesions, adult patients who have benefited from a successful CTO PCI 

will be included after the procedure. Possibility of being included will have been explained to every patient 

before attempt of recanalization.  

Exclusion criteria are the absence of written informed consent, a contraindication or impossibility to realize 

a safety OFDI as major coronary tortuosities, pregnancy or women with child-bearing potential, a severe 

hemodynamic instability, a severe chronic kidney disease defined by a creatinine clearance < 30 ml/min 

and severe coagulation disorders.  

 

At the time of inclusion, clinical characteristics of the patient as age, gender, cardiovascular risk factors, 

HFrEF, non-severe chronic kidney disease, prior history of myocardial infarction (MI) or CABG and current 

treatment will be reported on an electronic case report form (eCRF, annex 4). Symptoms, assessment of 

cardiac viability and CABG dysfunction will complete the CTO history. 

 

2.2| CTO PCI  

 

In each participating center, the practitioner will report the CTO vessel, the SYNTAX and J-CTO scores. 

Technical data as arterial access and diameter of guiding catheter, the total number of stents implanted with 

total stents length will be noticed.  

 

Only new generation drug-eluting Ultimaster® coronary stent system (Terumo corporation®, Tokyo, 

Japan) will be used in order to obtain comparable data regarding reendothelialization processes. The 

Ultimaster® is a thin-strut (80 µm), cobalt chromium, poly (DL-lactide co-caprolactone) biodegradable-

polymer (15 µm), sirolimus-eluting stent.  

Successful crossing approaches for recanalization will be firstly classified as antegrade, antegrade 

dissection reentry, retrograde and reverse CART. Any procedural complication, perfusion of GPIIbIIIa 

inhibitor, fluoroscopy time, quantity of contrast used and dose-length product (DLP) will defined the safety 

endpoints. 

 

Considering optimal angiographic result of the CTO PCI is an essential condition before immediate OFDI in 

order to assess usefulness of OFDI to reveal angiographically under-detected abnormalities. Every 
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complementary technique used to obtain this result as balloon dilatation has to be strictly reported by the 

practitioner on the eCRF.  

 

2.3| Immediate OFDI 

 

After ensuring this optimal angiographic result has been achieved as if procedure would be considered 

normally concluded, the operator will realize a systematic OFDI over entire length of each new generation 

DES implanted. Immediate brief analysis and complementary therapies induced by OFDI will be left to the 

discretion of the practitioner. Correcting malapposition of stent struts after OFDI should exclude persistent 

malapposition at 3 months in order to consider acquired malapposition only.   

Each OFDI pullback will be send to the Corelab investigating center for a post-processing analysis. Minimal 

lumen area (MLA, mm²), minimal lumen diameter MLD (mm), percentage of malapposed struts, presence 

of edge dissection or thrombus will be measured. Estimated time for a 10 mm processing analysis is 30 

minutes. 

 

2.4| Three-month follow-up 

 

Coronary angiogram will be systematically performed 3-months after CTO PCI with OFDI. As at first 

procedure, immediate brief analysis, complementary therapies and changes in DAPT induced by OFDI will 

be left to the rules of operator and strictly reported on the eCRF.  

Each OFDI pullback will be send to the Corelab investigating center for a post-processing analysis. MLA, 

MLD, minimal stent area (MSA, mm²), percentage of neointimal hyperplasia (NIH) proliferation, percentage 

of malapposed struts, percentage of uncovered struts and the presence of edge dissection, thrombus or 

persistent hematoma will be measured. Estimated time for a 10 mm processing analysis is 45  minutes. 

 

2.5| One-year clinical follow-up 

 

Each participating center will perform one year after CTO PCI a clinical evaluation of all patients included. 

This could be established directly with the subject during medical follow-up or indirectly via general 

practitioner and referring cardiologist if necessary. Standardized questionnaire will be provided at the end 
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of the e-CRF. Occurrence of MACE, sudden death, hospitalization for cardiac disease and severe hemorrhage 

will be reported. Any new coronary angiogram will be noticed, as well as any PCI or CABG occurred during 

this one-year follow-up. About symptoms, the Canadian Cardiovascular Society (CCS) grading system and 

New York Heart Association (NYHA) functional classification will be used to assess exertion-induced angina 

and dyspnea respectively one year after CTO PCI.  

 

2.6| OFDI analysis, definition of endpoints 

 

In the study OFDI will be performed using the Fastview® coronary imaging catheter (Terumo®, Tokyo, 

Japan) according to current guidelines for good clinical practice. Post-processing analysis of immediate and 

3-month follow-up OFDI pullbacks will be performed by 2 operators using the Lunawave® coronary 

imaging console (Terumo®, Tokyo, Japan).  

Measures will be realized every millimeter over the entire stented coronary artery. MLA and MLD will be 

measured from semi-automatic contouring of the arterial lumen as though MSA will be computed from a 

manual delineation of the stent, and corrected if necessary. NIH quantification will be also assessed in each 

slice from both lumen area and stent area, computing percentage of NIH proliferation, defined as NIH 

obstruction (%) = (stent area–lumen area)/stent area x 100. Regarding stent malapposition, struts will be 

considered malapposed when distance between the centre reflection of the strut and the vessel wall will be 

> 80 µm. An uncovered strut will be defined as having a neointimal thickness of 0 µm. Percentages of 

malapposition and uncoverage will be measured every millimeter. Each stent will be divided in 3 segments 

of similar length (proximal, median, distal thirds respectively) in order to assess potential longitudinal 

heterogeneous distribution of the reendothelialization process (Figure 2).   
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2.7| Statistical analysis 

 

Statistical analysis will be performed with SAS Institute Inc.© Statview© 5.0 software (Cary, NC, USA). 

Continuous data will be summarized as mean and standard deviation and compared by Student t-test, one-

way analysis of variance or non-parametric Wilcoxon rank-sum test, as appropriate. Categorical data will 

be presented as numbers and corresponding percentages, and compared by Pearson’s chi square test or 

Fisher’s exact test, as appropriate. A value of p < 0.05 will be considered statistically significant for all these 

tests as though a 95% confidence interval (CI). The expected number of CTO lesions for inclusion is 150. 

Figure 2  

Three-month OFDI after successful CTO PCI of the right coronary artery. A and B = semi-automatic contouring of lumen area and stent 

computing MLA, MLD, MSA and NIH proliferation; C = example of covered strut; D = example of uncovered strut; E = example of 

malapposed strut. Performed using the Lunawave® coronary imaging console and software (Terumo®, Tokyo, Japan). 
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3| RESULTS (pilot study) 

 

3.1| Patients and CTO PCI procedure 

 

A total of 13 successfully recanalized CTO lesions in 12 patients (10 men, 61 ± 9 years of age) were analyzed. 

Clinical characteristics of the population are summarized in Table 1. The main cardiovascular symptom 

was angina at inclusion and myocardial viability assessment was performed by cardiac MRI or scintigraphy 

in each lesion studied. No DAPT was interrupted or modified between the two procedures with a large 

majority of ASA plus Clopidogrel (92%).  

 

Regarding procedural characteristics (Table 2), in our population CTO PCI concerned more often chronic 

lesions of the right coronary artery (RCA). Successful recanalization was mostly obtained by antegrade 

crossing with an average J-CTO score of 1,6 ± 0,9. Procedural complication occurred in one case with a non 

occlusive thrombus of the femoral artery at the sheath introducer.  

 

3.2| Immediate OFDI  

 

Immediate OFDI revealed abnormality in 4 (31%) procedures whereas final angiographic analysis was 

considered optimal with malapposition in 3 cases justifying complementary balloon dilatation and 

thrombus in one case requiring use of anti-GPIIbIIIa. 

A total of 932 frames and 9442 struts were analyzed (Table 3), of which 518 (5,5%) were malapposed, 

corresponding to a median percentage of 5,29% (95% CI 4,32% to 6,26%) malapposed struts per lesion. 

MLA (mm²) and MLD (mm) were 7,1 ± 1,4 and 2,8 ± 0,3 respectively. Coronary artery thrombus was 

detected after PCI in 1 (8%) case. Edge dissection was detected in 1 (8%) case. Any procedural complication 

during OFDI was noted. 

 

 

Table 1. Clinical characteristics of the population 

Clinical characteristics  
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         Age, years 61 ± 9 

         Male sex, n (%) 11 (85) 

         Hypertension, n (%) 9 (69) 

         Hypercholesterolemia, n (%) 8 (62) 

         Current smoking, n (%) 2 (15) 

         Diabetes mellitus, n (%) 2 (15) 

         Obesity, n (%) 3 (23) 

         Chronic kidney disease, n (%) 3 (23) 

         HFrEF, n (%) 2 (15) 

         Prior CABG, n (%) 3 (23) 

         Prior MI, n (%) 7 (54) 

         Therapeutics  

            ASA, n (%) 13 (100) 

            Clopidogrel, n (%) 12 (92) 

            Ticagrelor, n (%) 1 (8) 

            Prasugrel, n (%) 0 

            ACE inhibitor, n (%) 11 (85) 

            Beta-blocker, n (%) 12 (92) 

            Statin, n (%) 13 (100) 

CTO history  

         CABG dysfunction, n (%) 1 (8) 

         Symptoms  

            Angina, n (%) 10 (77) 

            Dyspnea, n (%) 4 (31) 

            VTA, n (%) 1 (8) 

             
  

 

 

Table 2. CTO PCI                                                                    N=13 

Angiographic data  

         CTO vessel  

            Left anterior descending, n (%) 2 (15) 

            Right coronary artery, n (%) 8 (62) 

            Left circumflex, n (%) 3 (23) 

         SYNTAX score, n ± SD 25 ± 16 

         J-CTO score, n ± SD 1,6 ± 0,9 

         Multiple CTOs, n (%) 1 (8) 

CTO PCI  

Data are expressed by means ± SD and numbers (%); ASA= acetylsalicylic 
acid; ACE= angiotensin-converting enzyme. 
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         Successful crossing strategy  

            Antegrade wiring, n (%) 7 (54) 

            Dissection and reentry, n (%) 3 (23) 

            Retrograde, n (%)       1 (8) 

            Reverse CART, n (%) 2 (15) 

         Radial access, n (%) 7 (54) 

         Stents per CTO, n ± SD 2,5 ± 0,7 

         Total stents length (mm) 72 ± 23 

         Stent diameter (mm) 2,9 ± 0,2 

         Fluoroscopic time (min) 40 ± 13 

         Contrast (ml) 245 ± 54 

         PDS total (cGy.cm²) 11080 ± 7312 

         Use of GpIIb/IIIa inhibitor, n (%) 1 (8) 

         Procedural complication, n (%) 1 (8) 

 

 

 

3.3| Three-month OFDI  

 

Mean interval between CTO PCI and three-month follow-up with systematic OFDI was 98 ± 14 days. OFDI 

revealed abnormality in 2 (15%) procedures whereas angiographic analysis was considered optimal with 

significant malapposition requiring complementary balloon dilatation.  

 

A total of 932 frames were analyzed (Table 3). MLA (mm²) and MLD (mm) were 6,9 ± 1,4 and 2,7 ± 0,3 

respectively. MSA (mm²) was 7,1 ± 1,4. Percentage of NIH proliferation was 3,78% (95% CI 1,88% to 5,7%). 

On the 9323 analyzed struts, 536 (5,7%) were malapposed and 1378 (14,8%) were uncovered, 

corresponding to a median percentage of 5,95% (95% CI 4,43% to 7,47%) malapposed struts and a median 

percentage of 15,1% (95% CI 12,76% to 17,4%) uncovered struts per lesion.  Any case of edge dissection, 

hematoma or thrombus was noted at 3-months.  

 

 

 

Table 3. Immediate and 3-month OFDI findings   

Data are expressed by means ± SD and numbers (%) 
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 Immediate 

N=13 

Three-month 

N=13 

Minimal lumen area, mm² 7,1 ± 1,4 6,9 ± 1,4 

Minimal lumen diameter, mm 2,8 ± 0,3 2,7 ± 0,3 

Minimal stent area, mm² NA 7,1 ± 1,4 

Median % NIH proliferation/lesion (IQ range) NA 3,78 (1,6 – 5,32) 

Total number of analyzed struts, n 9442 9323 

Total number of analyzed cross sections, n 932 932 

Analyzed struts/lesion, n ± SD 726 ± 202 718 ± 195 

Malapposition   

         Malapposed struts, n (%) 518 (5,5) 536 (5,7) 

         Malapposed struts/lesion, n ± SD 39,8 ± 19,9 41,2 ± 21,1 

         Median % of malapposed struts/lesion (IQ range) 5,29 (3,46 – 6,51) 5,95 (4,65 – 7,58) 

Uncoverage   

         Uncovered struts, n (%) NA 1378 (14,8) 

         Uncovered struts per lesion, n ± SD NA 106 ± 37 

         Median % of uncovered struts/lesion (IQ range) NA 15,1 (12 – 17,56) 

Edge dissection, n (%) 1 (8) 0 

Thrombus, n (%) 1 (8) 0 

Hematoma, n (%) 1 (8) 0 

 

 

 

 

About spatial distribution of strut coverage (Figure 3), number of uncovered struts was significantly higher 

within distal thirds of the stents (35,7 ± 13,1 vs. 31,4 ± 11,2 vs. 38,9 ± 14,8, P = 0,014). Spatial distribution 

of strut malapposition was homogeneous (13,5 ± 7,7 vs. 13,2 ± 6,3 vs. 14,6 ± 9,2, P = 0,38). Any procedural 

complication during OFDI was noted.  

 

 

 

 

 

Data are expressed by means ± SD and numbers (%); IQ= inter-quartile; NIH= neointimal hyperplasia 
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4| DISCUSSION 

If increasing successful recanalization rates and improvement of long-term clinical outcomes are both two 

major objectives in management of CTO, the authors consider that insights about reendothelialization and 

healing process after CTO PCI could be the third. 

Known as predictive factors of stent thrombosis and cardiovascular outcomes, malapposition and 

uncoverage of struts are widely analyzed as unavoidable endpoints in every study dealing with safety of 

new generation DES or comparing techniques of PCI. Into the PESTO French multicentric registry42, first or 

second generation stent thrombosis were associated with a mechanical abnormality in 96% of cases, with 

a majority of malapposition. If severe diameter stenosis, calcified and long lesions are independent 

predictors of stent malapposition43, then CTO could seem to be the perfect substratum for these mechanical 

abnormalities. However robust data are lacking in this domain. To place our results in perspective, an 

updated look on the literature is necessary.  

4.1| Stent strut uncoverage 

 

Regarding strut coverage, in our study percentage of uncovered struts at 3-month follow-up was 14,8% on 

a strut-level analysis and 15,1 ± 4,3% on lesion-level analysis, despite 23% of subintimal tracking. Puri et 

al. measured 13,7% of uncovered struts 3 months after sirolimus-eluting stent implantation in non CTO 

PCI44, in coherence with the findings of a recent meta-analysis45 studying temporal trends of coronary stent 

struts coverage and showing different temporal kinetics according to stent type. With 8 to 15% of 

Figure 3  

Assessment of longitudinal distribution of strut coverage and apposition over entire 

stent length. 
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uncovered struts at a short-term of 3-month follow-up, sirolimus-eluting stents presented the lower rates 

of coverage45.  

Our preliminary results suggest that short-term assessment of stent coverage could show similar findings 

between CTO PCI and non CTO PCI. However, comparing CTO and non CTO vascular responses with OCT 6-

months after PCI using sirolimus-eluting stent, Jia et al. showed that uncoverage was more frequent in the 

CTO group, basing on a cross-section level analysis46. At 8-months follow-up, Sherbet et al. showed high 

rates of incomplete strut coverage after CTO PCI using everolimus-eluting-stent47. An earliest OCT 

evaluation after CTO PCI procedure in our study could be one of the hypotheses to explain this difference 

within a period during which inflammatory processes in response to stent implantation could be 

predominant on drug effects, this added to the 3 to 4-month Ultimaster® polymer biodegradation time.   

 

Overall, complex vascular remodeling of CTO seems to affect neointimal coverage after passing the initial 

inflammatory phase of vascular healing due to stent implantation. Beyond this first step, development in 

stent technology could decrease incidence of long-term uncoverage. The lower rates of uncoverage 

observed 9-month after CTO PCI in the next generation sirolimus-eluting stent with biodegradable polymer 

in comparison to second-generation everolimus-eluting stent with durable polymer48 seem to be in 

coherence with these hypotheses.  

 

4.2| Stent strut malapposition 

 

Negative remodeling with lumen area increase after recanalization and mechanical stresses on stent 

structure caused by the vessel wall of these frequently heavily calcified chronic lesions could be keys to 

understand the higher rates of strut malapposition observed in our study in comparison to the literature 

dealing with non CTO PCI.  

 

Indeed, the median percentage of strut malapposition per lesion was 5,95% at 3 months, while this rate did 

not exceed 0,2% in some studies within the same period49,50. Effects of underlying lesion morphology on 

acute arterial injury immediately after PCI have been argued by Jia et al. who showed higher incidence of 

malapposition in CTO lesions and lipid-rich plaque (LRP) lesions than in non CTO lesions with non LRP46. 

Similar findings were observed between unstable angina and stable angina PCI procedures, the first being 
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more prone to rupture during PCI with more LRP and necrotic core51.       

 

4.3| Heterogeneous spatial distribution of the reendothelialization process 

 

To best of our knowledge, the heterogeneous longitudinal distribution within the stent after CTO PCI has 

never been assessed before. Significant higher rates of covered struts were observed in the middle of the 

stent and the neointimal coverage process seemed to be more delayed into the distal thirds. Earlier 

assessment of the reendothelialization in comparison to other studies may explain this heterogeneity52. 

Additionally, overlapping of stents and involvement of endothelial dysfunction and vasomotor tone 

disturbances and their predominance into distal segments of CTO could explain this phenomenon8. Spatial 

distribution of malapposition was more homogeneous with no difference between proximal, median and 

distal segments.   

 

4.4| Perspectives of Perfe-CTO 

 

In the light of these results and in parallel with the literature review, it appears that CTO could present a 

different profile of reendothelialization after PCI compared to non CTO PCI. If confirmed at the term of the 

study, this could motivate practitioners to re-evaluate risk of stent thrombosis after CTO PCI in favor of 

extending the DAPT duration, even if long-term benefits of an over 12-month prolonged DAPT have not 

been proven in retrospective cohort studies53.  

 

By showing that about one third of immediate OFDI revealed at least one significant anomaly, usefulness of 

intra-coronary imaging to assess angiographically under-detected mechanical abnormalities could be 

strengthened towards a systematic use especially in these complex procedures, as it has been demonstrated 

for PCI in non ST-elevation myocardial infarction (NSTEMI) in comparison with fluoroscopy alone54.  

 

4.5| Limits of the study 

 

The sample size of 13 analyzed CTO remains a limitation in this work but the authors expect to achieve the 

projected number of 150 chronic lesions in order to obtain one of the largest CTO population ever studied 
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in a prospective trial. Due to the limited sample size, the pilot study could not allow to analyze impact of the 

successful crossing strategy on the reendothelialization assessed by OFDI. By opting for a single type of DES 

with risk of selection bias the authors wanted to limit too big variations of measures. 

 

5| CONCLUSION 

 

Developments of techniques of revascularization and regular innovations in stent technology have 

considerably expanded the horizons of CTO PCI regarding success rates and safety of recanalization. 

However, premature findings of Perfe-CTO study suggest that complex vascular remodeling of chronically 

occluded vessel could be generative of higher rates of strut malapposition even if it does not seem to affect 

the neointimal coverage process in comparison to non CTO PCI procedures. With a larger sample size, the 

authors hope to strengthen these results. The clinical relevance of these features has yet to be fully explored, 

particularly with regard to adaptation of DAPT duration or use of systematic intra-coronary imaging to 

optimize CTO PCI and could be the purpose of future studies. 
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ANNEXE 4: Budget prévisionnel étude Perfe-CTO 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bases de calcul 
194 jours travaillés par an
16 jours travaillés par mois
7,5 heures travaillées par jour

Postes de dépense

Assurance Catégorie 1 817,50 €

Reprographie (protocoles pour dossier d'autorisation, centre et investigateur associés,  
formulaires d'information et de consentement)

1 000,00 €

Frais divers (papeterie/ fournitures de bureau,...) 1 000,00 €

Frais de mission (ARC ) - calculé selon la grille du GT 5 ci après
Mises en place - monitoring de niveau intermédaire - cloture des centres

32 000,00 €

Frais de réunion investigateur pour démarrage de l'étude
remboursement frais de transport  - 250 € par investigateur

1 000,00 €

Frais de présentation des résultats - congrès 1 000,00 €

Personnel CHU Promoteur

ARC (49 000 € annuel) - calculé selon la grille du GT5
rédaction du CRF, mises en place, clotures des centres
monitoring niveau intermédiaire  
ARC à 80% Pendant 36 mois (3 mois mise en place, 30 mois étude, 3 mois de cloture)

110 400,00 €

Chef de projet (57 200 annuel)- calculé selon la grille du GT5
Gestion administrative et réglementaire: mises en place administratives - Rédaction des 
conventions financières  et suivi avec les centres associés - Obtentions des autorisations 
réglementaires  - Suivi des dépenses  - Gestion des modifications sustantielles - Suivi des 
dépenses - clotures administratives et financières des centres  
2 jours par mois pendant 30 mois 

21 600,00 €

Temps Data-Management
Conception e-CRF

20 000,00 €

Temps méthodologiste/ biostatisticien
conception de l'étude - réalisation du plan statistique - conception de la base - analyse 
des données

10 000,00 €

Temps Vigilance 7 135,00 €

TEC centres associés :
Aide au remplissage du CRF - préparation des monitoring avec l'investigateur - suivis 
patients à (5h par dossier) 
Soit 34€/h soit 170€/patient

25 500,00 €

OCT 
à l'inclusion et à M3: 850€/patient

12 750,00 €

Total 237 068 €

Déplacements

Bureautique/Informatique

Frais 

Frais Centres Associés

Prestations

PERFECTO
Hors Appel d'Offres

150 patients - 6 centres 
Inclusions : 24 mois ; suivi : 12 mois

Assurance
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ANNEXE 5: Case report form (CRF) 
 
 

 

Evaluation par tomographie en cohérence optique fréquentielle de la 
réendothelialisation des stents trois mois après la désobstruction d’une occlusion 

coronaire totale chronique 
The Perfe-CTO Study  

Post Stenting AssEssment of Re-endothelialization with OFDI after CTO procedure. 

 

 

 

PROMOTEUR :    CHU de POITIERS 

INVESTIGATEUR PRINCIPAL :  Dr Sébastien LEVESQUE 

     Pôle médico-chirurgical cardio-vasculaire et thoracique 

     Service de cardiologie, CHU de Poitiers 

     2 rue de la Milétrie BP 577 86021 Poitiers cedex 

     Téléphone : 05.49.44.30.44 poste 42053 
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     E-mail : s.levesque@chu-poitiers.fr 

 

 

CAHIER D’OBSERVATION 
 

CENTRE : 

N° de centre : 

N° du sujet :  _ _ _       Initiales du sujet :  _ _ _ _          Date du consentement : _ _  / _ _  / _ _ _ _ 

 

 

 

PREMIERE PARTIE : Critères d’inclusion et d’exclusion/données générales 
 

Critères d’inclusion (une réponse NON ne permet pas l’inclusion) 
Age >18 ans OUI ⎕ NON ⎕ 

Sujet libre, sans tutelle ni subordination OUI ⎕ NON ⎕ 
Consentement libre et éclaire, double fourni au patient OUI ⎕ NON ⎕ 

Occlusion chronique revascularisée (quelque soit la technique utilisée : antérograde, 
rétrograde, dissection réentrée) 

OUI ⎕ NON ⎕ 

 

Critères d’exclusion (une réponse OUI ne permet pas l’inclusion) 
Age <18 ans OUI ⎕ NON ⎕ 

Echec de désobstruction de l’occlusion chronique OUI ⎕ NON ⎕ 
Contre-indications ou impossibilité technique à la réalisation d’une imagerie OCT 
(tortuosités infranchissables) 

OUI ⎕ NON ⎕ 

Participation actuelle à une autre étude de recherche clinique évaluant un produit ou un 
dispositif expérimental, ou ayant participé à un/d’autre(s) essai(s) évaluant un produit ou 
un dispositif expérimental achevé(s) depuis moins de 30 jours 

OUI ⎕ NON ⎕ 

Femme enceinte/allaitante, femme en âge de procréer ne disposant pas d’une contraception 
efficace 

OUI ⎕ NON ⎕ 

Patient ne bénéficiant pas d’un régime de Sécurité Sociale ou n’en bénéficiant pas par 
l’intermédiaire d’une tierce personne 

OUI ⎕ NON ⎕ 

Insuffisance rénale chronique sévère (clairance < 30 ml/min MDRD) OUI ⎕ NON ⎕ 
SIRS, sepsis sévère ou choc septique OUI ⎕ NON ⎕ 

Instabilité hémodynamique OUI ⎕ NON ⎕ 
Troubles sévères de la coagulation OUI ⎕ NON ⎕ 

 

Données générales 
Date de naissance _ _  / _ _  / _ _ _ _ 

Age _ _ 
Sexe ⎕ Femme 

⎕ Homme 

Symptômes présentés par le/la patient(e) ⎕ Angor  
⎕ Dyspnée 
⎕ Malaise/syncope 
⎕ Troubles du rythme 
⎕ Insuffisance cardiaque 
⎕ Aucun 
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Stratification de l’angor (classification CCS) _ _ 

Stratification de la dyspnée (NYHA) _ _ 

Examen ayant montré une viabilité myocardique dans le territoire de l’occlusion 
chronique 

⎕ Echocardiographie 
⎕ Echocardiographie de stress 
⎕ IRM myocardique 
⎕ Scintigraphie myocardique 
⎕ Aucun 

Diabète OUI ⎕ NON ⎕ 

Hypertension artérielle OUI ⎕ NON ⎕ 

Hypercholestérolémie OUI ⎕ NON ⎕ 

Tabagisme actif ou sevré depuis moins de 3 ans OUI ⎕ NON ⎕ 

Obésité (IMC > 30 kg/m²) OUI ⎕ NON ⎕ 

Hérédité coronarienne au premier degré OUI ⎕ NON ⎕ 

Antécédent d’infarctus du myocarde OUI ⎕ NON ⎕ 

Antécédent d’accident vasculaire cérébral OUI ⎕ NON ⎕ 

Présence de pontage(s) aorto-coronaire(s) OUI ⎕ NON ⎕ 

Insuffisance cardiaque OUI ⎕ NON ⎕ 

FEVG (%) _ _ 

Insuffisance rénale chronique OUI ⎕ NON ⎕ 

Clairance MDRD (ml/min) _ _ 

Traitement antiagrégant plaquettaire ⎕ Acide acétylsalicylique 
⎕ Clopidogrel 
⎕ Ticagrelor 
⎕ Prasugrel 

Traitement anticoagulant oral OUI ⎕ NON ⎕ 

Traitement anticoagulant oral ⎕ Anti-vitamine K 
⎕ Apixaban 
⎕ Rivaroxaban 
⎕ Dabigatran 

 
 
 

DEUXIEME PARTIE : ANGIOPLASTIE DE L’OCCLUSION CHRONIQUE 

 
Données angiographiques et CTO 

Date CTO _ _  / _ _  / _ _ _ _ 
Siège de l’occlusion chronique ⎕ IVA 

⎕ Coronaire droite 
⎕ IVP 
⎕ RVP 
⎕ Circonflexe 
⎕ Marginale 

Longueur de la lésion (mm) _ _ 

Dysfonction d’un pontage  OUI ⎕ NON ⎕ 

Score SYNTAX _ _ 

J-CTO Score _ _ 

Calcifications OUI ⎕ NON ⎕ 

Collatéralité OUI ⎕ NON ⎕ 

Technique initiale de désobstruction 
 
 
 
 
 
Voie d’abord (préciser diamètre introducteur, Fr) 

⎕ Antérograde 
⎕ Rétrograde 
⎕ CART 
⎕ Reverse CART 
⎕ Dissection réentrée 
 
⎕ Radiale              _ _ 
⎕ Fémorale          _ _ 

Conversion de la technique en cours d’examen 
 
Si oui, préciser la technique obtenant le succès de recanalisation 
 
 
 
 
 
Si oui, préciser si changement de voie d’abord 

OUI ⎕ NON ⎕ 
 
⎕ Antérograde 
⎕ Rétrograde 
⎕ CART 
⎕ Reverse CART 
⎕ Dissection réentrée 
 
OUI ⎕ NON ⎕ 

Nombre de stents implantées  _ _ 

Longueur totale de stent (mm) _ _ 

Angioplastie réalisée sur une autre artère pendant l’examen OUI ⎕ NON ⎕ 

Temps de scopie avant OFDI (min) _ _ 
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Volume de contraste avant OFDI (ml) _ _ 

Complication péri-procédurale 
 
Si oui, précisez (texte libre) 

OUI ⎕ NON ⎕ 
 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Analyse angiographique post-stenting normale 
 
Aurait-elle motivé un contrôle OFDI en fin de procédure ? 

OUI ⎕ NON ⎕ 
 
OUI ⎕ NON ⎕ 

 
Analyse OCT post-angioplastie 
Les données suivantes seront analysées par lecture des run OCT par l’investigateur principal de l’étude :  diamètre de la lumière, 
surface de la lumière, nombre et pourcentage de mailles malapposées, thrombus et dissection. 
Merci Merci Merci Merci d’identifier les pullbackd’identifier les pullbackd’identifier les pullbackd’identifier les pullbacks (artère et distalité) afin de faciliter l’analyse.s (artère et distalité) afin de faciliter l’analyse.s (artère et distalité) afin de faciliter l’analyse.s (artère et distalité) afin de faciliter l’analyse.    

Complication péri-procédurale 
 
Si oui, précisez (texte libre) 

OUI ⎕ NON ⎕ 
 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Volume de contraste pendant OFDI (ml) _ _ 

Volume de contraste total (PCI + OFDI) (ml) _ _ 

Nombre de run  _ _ 

Analyse OFDI normale OUI ⎕ NON ⎕ 

Malapposition 
 
Si oui, précisez 

OUI ⎕ NON ⎕ 
 
⎕ Localisée               
⎕ Circonférentielle 

Dissection OUI ⎕ NON ⎕ 

Thrombus OUI ⎕ NON ⎕ 

Sous-déploiement OUI ⎕ NON ⎕ 

Modifications procédurales induites par OFDI 
 
Si oui, précisez 

OUI ⎕ NON ⎕ 
 
⎕ Post-dilatation au ballon 
⎕ Implantation nouveau stent 
⎕ GP2b3a 

 

 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TROISIEME PARTIE : CONTRÔLE A 3 MOIS DE L’ANGIOPLASTIE 
 

Données cliniques et angiographiques 

Date contrôle  _ _  / _ _  / _ _ _ _ 
Evènements cardiovasculaires survenus depuis CTO 
 
 
 
 
 

⎕ Décès toute cause 
⎕ Mort subite 
⎕ Décès de cause cardiovasculaire 
⎕ Syndrome coronaire aigu 
⎕ Accident vasculaire cérébral 
⎕ Thrombose de stent 

Schéma de la CTO. Merci de reporter les dimensions et dénominations des 
endoprothèses au niveau de leur site d’implantation. 
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⎕ Hémorragie grave 

Interruption du traitement anti-agrégant 
 
Si oui, précisez la raison 

OUI ⎕ NON ⎕ 
 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Analyse angiographique à 3 mois du site d’angioplastie normale 
 
Si non, précisez  
 
 
 
 
 
 
Aurait-elle motivé un contrôle OFDI? 

OUI ⎕ NON ⎕ 
 
⎕ Resténose 
⎕ Occlusion 
⎕ Sténose significative en aval 
⎕ Sténose significative en amont 
⎕ Thrombus 
⎕ Dissection 
 
OUI ⎕ NON ⎕ 

Disparition de la collatéralité OUI ⎕ NON ⎕ 

 

Analyse OCT à 3 mois 
Les données suivantes seront analysées par lecture des run OCT par l’investigateur principal de l’étude :  diamètre de la lumière, 
surface de la lumière, surface du stent, pourcentage de prolifération néointimale, nombre et pourcentage de mailles malapposées, 
nombre et pourcentage de mailles non couvertes, thrombus, dissection. 
Merci d’identifier les runs (artère et distalité) afin de faciliter l’analyse.Merci d’identifier les runs (artère et distalité) afin de faciliter l’analyse.Merci d’identifier les runs (artère et distalité) afin de faciliter l’analyse.Merci d’identifier les runs (artère et distalité) afin de faciliter l’analyse.    

Volume de contraste pendant OFDI (ml) _ _ 

Nombre de run  _ _ 

Complication péri-procédurale 
 
Si oui, précisez (texte libre) 

OUI ⎕ NON ⎕ 
 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Modifications induites par OFDI 
 
Si oui, précisez 

OUI ⎕ NON ⎕ 
 
⎕ Dilatation au ballon 
⎕ Implantation nouveau stent 
⎕ Modification du traitement anti-agrégant 
⎕ Traitement anticoagulant 

 
QUATRIEME PARTIE : SUIVI CLINIQUE A 1 AN 

uiv 
Suivi clinique à 1 an 

Date du contact _ _  / _ _  / _ _ _ _ 

Mode de contact ⎕ Patient 
⎕ Médecin 
⎕ Dossier médical 
⎕ Famille 

Evènements cardiovasculaires survenus contrôle à 3 mois 
 
 
 
 
 

⎕ Décès toute cause 
⎕ Mort subite 
⎕ Décès de cause cardiovasculaire 
⎕ Syndrome coronaire aigu 
⎕ Accident vasculaire cérébral 
⎕ Thrombose de stent 
⎕ Hémorragie grave 
⎕ Hospitalisation en cardiologie 

Nouvelle coronarographie  
 
Si oui, précisez 

OUI ⎕ NON ⎕ 
 
⎕ Angioplastie 
⎕ Pontage aorto-coronaire 
⎕ Traitement médical 

Stratification de l’angor (classification CCS) _ _ 

Stratification de la dyspnée (NYHA) _ _ 

 
Sortie d’étude après inclusion 
Raison ⎕ Non consentement/refus de poursuivre 

⎕ Perdu de vue 
⎕ Décès du patient 
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SERMENT 
 

 

����� 

 

 

 

 

 

En présence des Maîtres de cette école, de mes chers condisciples et 
devant l'effigie d'Hippocrate, je promets et je jure d'être fidèle aux lois de 
l'honneur et de la probité dans l'exercice de la médecine. Je donnerai mes soins 
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gratuits à l'indigent et n'exigerai jamais un salaire au-dessus de mon travail. Admis 
dans l'intérieur des maisons mes yeux ne verront pas ce qui s'y passe ; ma langue 
taira les secrets qui me seront confiés, et mon état ne servira pas à corrompre les 
mœurs ni à favoriser le crime. Respectueux et reconnaissant envers mes Maîtres, 
je rendrai à leurs enfants l'instruction que j'ai reçue de leurs pères. 
 

Que les hommes m'accordent leur estime si je suis fidèle à mes promesses 
! Que je sois couvert d'opprobre et méprisé de mes confrères si j'y manque ! 
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RESUME 

 

Introduction: Le traitement des occlusions coronaires totales chroniques (CTO) par angioplastie dans des 

centres expérimentés est un des grands progrès de la dernière décennie dans la prise en charge de la 

cardiopathie ischémique. Suivi par ses résultats préliminaires, les auteurs présentent dans ce travail le 

rationnel et la conception de l’étude prospective et multicentrique Perfe-CTO.  

Méthodes et Résultats: Décrits comme des facteurs prédictifs de thrombose de stent et de survenue 

d’évènements cardiovasculaires, le recouvrement néo-intimal, la mal-apposition des mailles de stent et le 

pourcentage de prolifération néo-intimale seront systématiquement évalués par tomographie en cohérence 

optique fréquentielle (OFDI) intra-coronaire sur toute la longueur des stents actifs à libération de sirolimus 

avec polymère biodégradable immédiatement et 3 mois après leur implantation lors de la désobstruction 

Evaluation par tomographie en cohérence optique fréquentielle de la 
réendothelialisation des stents trois mois après la désobstruction d’une 

occlusion coronaire totale chronique 

Design, rationnel et pilote de l’étude Perfe-CTO 
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d’une CTO. D’après l’analyse de 13 CTO soit un total de 18,765 mailles et 1864 segments millimétriques, la 

mal-apposition après stenting et à 3 mois concernait respectivement 5,5% et 5,7% des mailles. A 3 mois, 

14,8% des mailles n’étaient pas couvertes avec un pourcentage moyen de proliferation néo-intimale par 

lésion de 3,78%. Le processus de recouvrement des mailles était significativement retardé au niveau des 

segments distaux des endoprothèses. Au total, le recours à l’OFDI a révélé une anomalie justifiant un 

traitement complémentaire dans 31% des cas alors que le résultat angiographique final était considéré 

optimal.  

Conclusion: Les résultats préliminaires de cette étude pilote associés à une revue de la littérature suggèrent 

que le remodelage histologique complexe des CTO pourrait affecter à court-terme la cicatrisation après 

angioplastie par une grande incidence de mal-apposition et une hétérogénéité spatiale du processus de 

recouvrement néo-intimal. 

 


