MD Nassim Braik 
  
MD Paul Guedeney 
  
MD Micheal Behnes 
  
MD Steffen Desch 
  
Olivier Barthelemy 
  
MD Marcus Sandri 
  
MD Suzanne De Waha-Thiele 
  
MD Georg Fuernau 
  
MS Stéphanie Rouanet 
  
MD Marie Hauguel-Moreau 
  
MD Olivier Barthélémy 
  
MD Michel Zeitouni 
  
MD Pavel Overtchouk 
  
; Taoufik Ouarrak 
  
PhD Steffen Schneider 
  
PhD Uwe Zeymer 
  
MD Holger Thiele 
  
MD, PhD Gilles Montalescot 
email: gilles.montalescot@aphp.fr
  
MD Ibrahim Akin 
  
Gilles Pr 
  
MD Montalescot 
  
  
Impact of chronic total occlusion and revascularization strategy in patients with infarct-related cardiogenic shock: A subanalysis of the culprit-shock trial

Keywords: coronary artery chronic total occlusion, percutaneous coronary intervention, myocardial infarction, cardiogenic shock

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

Chronic total occlusion (CTO) of a coronary artery is a common finding in patients undergoing coronary angiography for coronary artery disease [START_REF] Konstantinidis | Temporal Trends in Chronic Total Occlusion Interventions in Europe[END_REF][START_REF] Claessen | Prognostic impact of a chronic total occlusion in a non-infarct-related artery in patients with ST-segment elevation myocardial infarction: 3-year results from the HORIZONS-AMI trial[END_REF]. There is a large body of evidence linking the presence of CTO with adverse early and late outcomes, particularly in the setting of an acute myocardial infarction [START_REF] Claessen | Prognostic impact of a chronic total occlusion in a non-infarct-related artery in patients with ST-segment elevation myocardial infarction: 3-year results from the HORIZONS-AMI trial[END_REF][START_REF] Connor | Meta-Analysis of the Impact on Mortality of Noninfarct-Related Artery Coronary Chronic Total Occlusion in Patients Presenting With ST-Segment Elevation Myocardial Infarction[END_REF][START_REF] Elias | Impact of Collateral Circulation on Survival in ST-Segment Elevation Myocardial Infarction Patients Undergoing Primary Percutaneous Coronary Intervention With a Concomitant Chronic Total Occlusion[END_REF]. Consistently, in the context of the lifethreatening situation that is myocardial infarction related cardiogenic shock (CS), the presence of non-infarct related artery CTO may also be burdened with poor prognosis [START_REF] Dangas | Prediction, staging, and outcomes of ischaemic cardiogenic shock after STEMI: a complex clinical interplay[END_REF][START_REF] Van Der Schaaf | Effect of multivessel coronary disease with or without concurrent chronic total occlusion on oneyear mortality in patients treated with primary percutaneous coronary intervention for cardiogenic shock[END_REF][START_REF] Bataille | Deadly association of cardiogenic shock and chronic total occlusion in acute ST-elevation myocardial infarction[END_REF][START_REF] Hoebers | The impact of multivessel disease with and without a co-existing chronic total occlusion on short-and long-term mortality in ST-elevation myocardial infarction patients with and without cardiogenic shock[END_REF].

The role of percutaneous coronary intervention in the management of CTO remains debated, with only limited data from randomized controlled trials (RCT) [START_REF] Galassi | Percutaneous recanalisation of chronic total occlusions: 2019 consensus document from the EuroCTO Club[END_REF]. Particularly, there is a dearth of data regarding the impact of immediate PCI of non-infarct related CTO in the setting of myocardial infarction complicated by CS. In fact, randomized controlled trials evaluating the role of PCI for the treatment of CTO have excluded patients with either recent acute coronary events [START_REF] Werner | A randomized multicentre trial to compare revascularization with optimal medical therapy for the treatment of chronic total coronary occlusions[END_REF][START_REF] Obedinskiy | The IMPACTOR-CTO Trial[END_REF][START_REF] Mashayekhi | A Randomized Trial to Assess Regional Left Ventricular Function After Stent Implantation in Chronic Total Occlusion: The REVASC Trial[END_REF][START_REF] Lee | Randomized Trial Evaluating Percutaneous Coronary Intervention for the Treatment of Chronic Total Occlusion[END_REF] or sustained hemodynamic instability [START_REF] Henriques | Percutaneous Intervention for Concurrent Chronic Total Occlusions in Patients With STEMI: The EXPLORE Trial[END_REF]. Non-infarct related CTO PCI could reduce the overall ischemic burden, thus improving the ventricular systolic function and cardiac output. However, CTO PCI may also be associated with increased intervention length, use of greater contrast media volume and procedural complications, even when performed by experienced operators [START_REF] Claessen | Acute myocardial infarction, chronic total occlusion, and cardiogenic shock: the ultimate triple threat[END_REF]. Our aim was to investigate the outcomes associated with the presence of non-infarct related CTO and the performance of culprit-lesion-only or immediate multivessel PCI according to the presence of non-infarct related CTO in patients randomized in the Culprit Lesion Only PCI versus Multivessel PCI in Cardiogenic Shock (CULPRIT-SHOCK) trial.

METHODS

The design and results of the CULPRIT-SHOCK trial have been previously described [START_REF] Thiele | PCI Strategies in Patients with Acute Myocardial Infarction and Cardiogenic Shock[END_REF][START_REF] Thiele | One-Year Outcomes after PCI Strategies in Cardiogenic Shock[END_REF][START_REF] Zeitouni | Investigator Versus Core Laboratory Evaluation of Coronary Flow and Related Mortality in the CULPRIT-SHOCK Trial[END_REF][START_REF] Feistritzer | Prognostic Impact of Atrial Fibrillation in Acute Myocardial Infarction and Cardiogenic Shock[END_REF][START_REF] Gimenez | Sex-Specific Management in Patients With Acute Myocardial Infarction and Cardiogenic Shock: A Substudy of the CULPRIT-SHOCK Trial[END_REF][START_REF] Guedeney | Prognostic Value of SYNTAX Score in Patients With Infarct-Related Cardiogenic Shock: Insights From the CULPRIT-SHOCK Trial[END_REF][START_REF] Guedeney | Radial versus femoral artery access for percutaneous coronary artery intervention in patients with acute myocardial infarction and multivessel disease complicated by cardiogenic shock: Subanalysis from the CULPRIT-SHOCK trial[END_REF]. Briefly, the CULPRIT-SHOCK trial was an investigator-initiated, international, multicenter, open-label study where patients presenting with acute myocardial infarction and multivessel coronary artery disease complicated by CS were randomized, in a 1:1 ratio, to a strategy of culprit-lesion-only PCI (with optional staged revascularization) or immediate multivessel PCI. Inclusion and exclusion criteria are detailed in the Online Table 1.

Cardiogenic shock was defined by the association of prolonged low systolic blood pressure <90mmHg or need for catecholamine, signs of pulmonary congestion and impaired organ perfusion. In all patients, the culprit lesion was treated first with the use of standard PCI techniques and with the recommended use of drug-eluting stents. In the culprit-lesion-only PCI group, staged revascularization was performed according to the patient clinical status and the presence of residual ischemia (evaluated by means of noninvasive testing or with the use of fractional flow reserve [FFR]), symptoms, and clinical and neurologic status. In the immediate multivessel PCI group any >70% stenosis of major coronary arteries (i.e. ≥2 mm diameter) was recommended to be treated with immediate PCI following the treatment of the culprit lesion with a recommended maximum dose of contrast material of 300 mL. This also included reasonable efforts to recanalize CTO in the acute phase, although operators were advised against excessive revascularization attempts(23). The indication for other therapy, including the use of mechanical circulatory support, was left to the discretion of the local physician, in accordance with generally accepted intensive care guidelines. The investigation was approved by the ethic committee or institutional review board of each participating center and written informed consent was obtained with the use of a prespecified process that varied slightly according to the country [START_REF] Thiele | PCI Strategies in Patients with Acute Myocardial Infarction and Cardiogenic Shock[END_REF].

Study populations and objective. CTO was defined as the presence of at least one major non-IRA with complete obstruction with Thrombolysis In Myocardial Infarction (TIMI) flow grade 0 for presumably more than 3 months, as blindly evaluated by two experienced readers in the ACTION (Allies in Cardiovascular Trials, Initiatives and Organized Networks) angiographic Core laboratory (Institut de Cardiologie, Pitié-Salpêtrière Hospital). In case of disagreement between readers, a third reader was requested to reach consensus. Our objective was to evaluate the impact of the presence of non-infarct related CTO on early and late outcomes and the respective performance of culprit-lesion-only PCI and immediate multivessel PCI in patients with or without CTO. Outcomes of interest were the composite of all-cause death or severe renal failure leading to renal-replacement therapy and all-cause death within 30 days and within one year of randomization. Events were defined as previously reported and adjudicated by an independent clinical event committee [START_REF] Thiele | PCI Strategies in Patients with Acute Myocardial Infarction and Cardiogenic Shock[END_REF][START_REF] Thiele | One-Year Outcomes after PCI Strategies in Cardiogenic Shock[END_REF][START_REF] Thiele | Multivessel versus culprit lesion only percutaneous revascularization plus potential staged revascularization in patients with acute myocardial infarction complicated by cardiogenic shock: Design and rationale of CULPRIT-SHOCK trial[END_REF]. For the purpose of this prespecified analysis, procedural success in a CTO was defined as the achievement of TIMI flow grade 3 at the end of the procedure. Specific follow-up was performed at 30 days, 6 months and one year by means of structured telephone interviews, with any potential endpoint events verified by review of original records. Death registries were searched to identify or confirm all deaths. The CULPRIT-SHOCK trial was supported by a grant agreement (602202) from the European Union Seventh Framework Program and by the German Heart Research Foundation and the German Cardiac Society. The authors are solely responsible for the design and conduct of this study, all study analyses, the drafting and editing of the papers and its final contents.

Statistical analysis. Categorical variables were described as proportion and compared with

Chi-square test or Fisher's exact test. Continuous variables were described as median (Q1; Q3) and compared using Wilcoxon rank-sum test. As previously published, event rates were compared using Chi-square test [START_REF] Thiele | PCI Strategies in Patients with Acute Myocardial Infarction and Cardiogenic Shock[END_REF][START_REF] Thiele | One-Year Outcomes after PCI Strategies in Cardiogenic Shock[END_REF]. Kaplan-Meier curves were also used to show event rates over time with classification according to the presence of non-infarct related CTO and compared using log-rank test. Patients without event were censored at 30 days or one year (for renal replacement therapy, deceased patients without event were censored at the date of death). Multivariate logistic regression models were used to evaluate the independent association between the presence of non-infarct related CTO and outcomes. For each outcome, non-infarct related CTO was adjusted on baseline clinical and procedural characteristics possibly associated with the outcome in univariate analysis (p<0.2) (Online Table 2 and3). In sensitivity analyses, the independent association of the presence of CTO on outcomes was adjusted on consistent covariates as well as the effective revascularization strategy undergone by the patients to account for crossovers among the groups of randomization. Results are presented as adjusted odd ratios with 95% confidence intervals (CI). A p-value <0.05 was considered significant unless otherwise specified. All statistical analyses were performed with SAS release 9.4 (SAS Institute Inc, Cary, NC) statistical software package.

RESULTS

Baseline and procedural characteristics. Of the 686 randomized patients with available informed consent, a total of 667 (97.2%) patients with available central core laboratory evaluation were included in this analysis, of whom 157 (23.5%; 95%CI 20.5%-26.9%) presented with at least one non-infarct related CTO. More than one CTO was present in 23 (14.6%) of these patients. The right coronary artery was the most frequent localization for CTO (Online Table 4). Patients presenting with at least one non-infarct related CTO had more frequent diabetes mellitus or prior PCI, but less frequently presented with ST segment elevation MI (STEMI) in the index event (Table 1). Length of the procedure, as estimated by the total duration of fluoroscopy was significantly increased in patients with CTO (Table 2).

Among patients randomized to the immediate multivessel PCI strategy, an immediate procedural success in all CTO lesions was achieved in 13 of 78 (16.7%; 95%CI 10.0%-26.5%) patients. Staged CTO procedure was performed with 5 patients, with a procedural success in 3/5 (60%) cases.

Association of CTO with outcomes.

Early and late outcomes according to the presence of non-infarct related CTO is detailed in Table 3. In univariate analysis, the presence of at least one non-infarct related CTO was associated with a significant increase of all-cause mortality or renal replacement therapy and all-cause mortality at 30 days and one year (Figure 1).

There was no significant difference in the rate of renal replacement therapy at 30 days between patients with or without CTO (17.2% versus 12.7%, p=0.16). There was no significant difference regarding adverse outcomes among patients with only 1 non-infarct related CTO compared to patients with 2 or more non-infarct related CTO (Online Table 5).

Among patients randomized to an immediate multivessel PCI strategy, procedural success in all CTO lesions was not significantly associated with early or late adverse outcomes (Online Table 6). After adjustment on baseline and procedural characteristics, the presence of at least one non-infarct related CTO remained significantly associated with an increased risk of allcause death at 30 days. Rates of all-cause death and all-cause death or renal replacement therapy at one year were also numerically increased in the presence of non-infarcted CTO but the difference was not statistically significant. Results remained consistent in a sensitivity analysis adjusted on the effective revascularization strategy performed (Online Table 7).

Impact of revascularization strategy in patients with or without CTO. Overall, a strategy of culprit-lesion-only PCI remained associated with lower rates of all-cause death or renal replacement therapy and all-cause death at 30 days and this effect was consistent in patients with and without non-infarct related CTO (p interaction = 0.68 and 0.52, respectively) compared to a strategy of immediate multivessel PCI (Online Table 8 and Figure 2). With respect to one-year outcomes, however, there was no statistically significant difference between the two revascularization strategies in patients presenting with or without noninfarcted CTO.

DISCUSSION

The main results of the present study are as follows: a non-infarct related CTO was present in roughly a quarter of patients with acute myocardial infarction and multivessel coronary disease complicated by CS and was an independent risk factor of early death. Compared to immediate multivessel PCI, a strategy of culprit-lesion-only PCI was associated with lower rates of early all-cause death or renal replacement therapy and all-cause death in patients with and without non-infarct related CTO, without significant interaction.

The prevalence of non-infarct related CTO in this study is consistent to previous reports evaluating the impact of CTO in patients presenting with CS [START_REF] Van Der Schaaf | Effect of multivessel coronary disease with or without concurrent chronic total occlusion on oneyear mortality in patients treated with primary percutaneous coronary intervention for cardiogenic shock[END_REF][START_REF] Bataille | Deadly association of cardiogenic shock and chronic total occlusion in acute ST-elevation myocardial infarction[END_REF][START_REF] Hoebers | The impact of multivessel disease with and without a co-existing chronic total occlusion on short-and long-term mortality in ST-elevation myocardial infarction patients with and without cardiogenic shock[END_REF]. This prevalence may be higher to what is more frequently reported in the general population of patients with coronary artery disease [START_REF] Claessen | Prognostic impact of a chronic total occlusion in a non-infarct-related artery in patients with ST-segment elevation myocardial infarction: 3-year results from the HORIZONS-AMI trial[END_REF]. In fact, the presence of CTO has been previously described as a strong risk factor for myocardial infarction related CS at admission [START_REF] Bataille | Deadly association of cardiogenic shock and chronic total occlusion in acute ST-elevation myocardial infarction[END_REF]. Patients presenting with both acute myocardial infarction and non-infarct related CTO may be exposed to a so-called "double jeopardy", as the CTO may prevent any collateral blood supply to the acutely infarcted myocardium, while the abrupt coronary occlusion may compromise any previously developed collateral circulation resulting in further myocardial injury [START_REF] Claessen | Acute myocardial infarction, chronic total occlusion, and cardiogenic shock: the ultimate triple threat[END_REF].

In the current study, the presence of non-infarct related CTO was independently associated with all-cause death at 30 days and a strong trend for 1-year death. There exists only limited data on the impact of the presence of CTO in patients presenting with myocardial infarction related CS, with most from retrospective analyses of observational registries [START_REF] Van Der Schaaf | Effect of multivessel coronary disease with or without concurrent chronic total occlusion on oneyear mortality in patients treated with primary percutaneous coronary intervention for cardiogenic shock[END_REF][START_REF] Bataille | Deadly association of cardiogenic shock and chronic total occlusion in acute ST-elevation myocardial infarction[END_REF]. To the knowledge of the authors, the only available data from a randomized study came from a posthoc analysis of the Intraaortic Balloon Pump in Cardiogenic Shock II (IABP-SHOCK II) trial, which also reported CTO to be an independent risk factor of long-term mortality following myocardial infarction related CS [START_REF] Saad | Prognostic impact of nonculprit chronic total occlusions in infarct-related cardiogenic shock: results of the randomised IABP-SHOCK II trial[END_REF]. Of note, this study did not evaluate the impact of the coronary revascularization strategy according to the presence of CTO.

Another interesting finding of the present study is the absence of significant association between non-infarct related CTO and the occurrence of renal replacement therapy. It has been previously hypothesized that CTO PCI may be associated with increased risk of kidney injury, mainly because of higher use of contrast media, which may lead to contrast-induced nephropathy [START_REF] Galassi | Percutaneous recanalisation of chronic total occlusions: 2019 consensus document from the EuroCTO Club[END_REF][START_REF] Guedeney | Assessing and minimizing the risk of percutaneous coronary intervention in patients with chronic kidney disease[END_REF]. Although the amount of contrast media was numerically higher in patients with CTO, the difference did not reach statistical significance, most likely because a limited maximal dose of contrast media was recommended in the protocol. This may partly explain the absence of significant increase of the risk of renal replacement therapy; another explanation may be the relatively low number of patients with CTO. Of note, our results are consistent with prior observational studies which did not report a significant increased risk of contrast induced nephropathy associated with CTO PCI [START_REF] Demir | Contrast-Induced Nephropathy After Percutaneous Coronary Intervention for Chronic Total Occlusion Versus Non-Occlusive Coronary Artery Disease[END_REF].

There are only scarce dedicated RCTs comparing revascularization to conservative management of CTO [START_REF] Stone | Percutaneous Coronary Intervention of Chronic Total Occlusions: Conquering the Final Frontier[END_REF]. None has found CTO revascularization to be significantly associated with a reduction of hard clinical endpoints such as mortality or myocardial infarction, albeit a lower rate of repeat revascularization has seldom been reported [START_REF] Werner | A randomized multicentre trial to compare revascularization with optimal medical therapy for the treatment of chronic total coronary occlusions[END_REF][START_REF] Obedinskiy | The IMPACTOR-CTO Trial[END_REF][START_REF] Mashayekhi | A Randomized Trial to Assess Regional Left Ventricular Function After Stent Implantation in Chronic Total Occlusion: The REVASC Trial[END_REF][START_REF] Lee | Randomized Trial Evaluating Percutaneous Coronary Intervention for the Treatment of Chronic Total Occlusion[END_REF][START_REF] Henriques | Percutaneous Intervention for Concurrent Chronic Total Occlusions in Patients With STEMI: The EXPLORE Trial[END_REF].

To the knowledge of the authors, the Evaluating Xience and left ventricular function in PCI on occlusiOns after STEMI (EXPLORE) was the only randomized controlled trial evaluating the performance of additional PCI of CTO in patients presenting with STEMI( 14). This trial, powered for MRI evaluated parameters, reported also an increased one year rate of freedom from angina but no significant reduction of major adverse cardiac events [START_REF] Elias | Long-term impact of chronic total occlusion recanalisation in patients with ST-elevation myocardial infarction[END_REF]. Moreover, in the EXPLORE trial, CTO PCI were performed within 7 days of the index STEMI, with a superior rate of procedural success compared to the results of immediate CTO PCI in the present study. CTO PCI is a complex intervention with a procedural success rate highly dependent on operators skills and the availability of dedicated equipment while there exists an increased risk of periprocedural complications such as coronary perforation [START_REF] Kinnaird | Incidence, Determinants, and Outcomes of Coronary Perforation During Percutaneous Coronary Intervention in the United Kingdom Between 2006 and 2013: An Analysis of 527 121 Cases From the British Cardiovascular Intervention Society Database[END_REF][START_REF] Kinnaird | Legacy Effect of Coronary Perforation Complicating Percutaneous Coronary Intervention for Chronic Total Occlusive Disease: An Analysis of 26 807 Cases From the British Cardiovascular Intervention Society Database[END_REF]. As a consequence, current guidelines do not support systematic invasive management of CTO but rather limit indications to cases of patients with angina resistant to medical therapy or large documented ischemia in the corresponding territory [START_REF] Galassi | Percutaneous recanalisation of chronic total occlusions: 2019 consensus document from the EuroCTO Club[END_REF][START_REF] Neumann | ESC/EACTS Guidelines on myocardial revascularization[END_REF]. Obviously, the recommendations do not deal with emergency chronic CTO revascularization in shock patients. The absence of significant interaction in the present analysis suggests a consistent benefit of the culpritlesion-only PCI strategy compared to an immediate multivessel PCI strategy in patients with or without non-infarct related CTO. In patients without any non-infarct related CTO the less invasive strategy was associated with a significant reduction of 30-day adverse outcomes. In patients with non-infarct related CTO a culprit-lesion-only PCI was also associated with numerically lower rates of adverse outcomes, although without reaching statistical significance, possibly because of insufficient statistical power in this population.

We acknowledge several limitations. This is a substudy of a randomized trial, and our results should only be considered as hypothesis-generating. Overall, the number of patients presenting with a least one non-infarct related CTO was limited, potentially leading to underpowered analysis and larger studies remain necessary to better comprehend the impact of CTO in patients with cardiogenic shock and multivessel disease. In particular, there is insufficient power to evaluate the impact of successful CTO recanalization on outcomes in the present analysis. The level of expertise of participating operators in the percutaneous management of CTO, the type of dedicated equipment or revascularization strategy (i.e. retrograde or anterograde approach) used in each case were not routinely collected, while specific angiographic risk scores were not prospectively evaluated [START_REF] Kinnaird | Incidence, Determinants, and Outcomes of Coronary Perforation During Percutaneous Coronary Intervention in the United Kingdom Between 2006 and 2013: An Analysis of 527 121 Cases From the British Cardiovascular Intervention Society Database[END_REF][START_REF] Young | Examining the Operator Learning Curve for Percutaneous Coronary Intervention of Chronic Total Occlusions[END_REF]. The timing of implantation of mechanical circulatory support compared to CTO procedure was not collected nor was the occurrence of specific complications of CTO procedures such as coronary perforation or cardiac tamponade. Post-PCI residual stenosis was not evaluated and therefore not included in the definition of procedural success. The management of chronic CTO PCI is not optimal in the context of emergency and shock, and all technical possibilities may have not been used for CTO revascularization in our population, with only limited time likely dedicated for each attempt. This can at least partly explain the low success rate of immediate CTO PCI in this study. Of note, recent consensus statements have advised against performing CTO procedures in acute setting [START_REF] Galassi | Percutaneous recanalisation of chronic total occlusions: 2019 consensus document from the EuroCTO Club[END_REF][START_REF] Neumann | ESC/EACTS Guidelines on myocardial revascularization[END_REF][START_REF] Brilakis | Guiding Principles for Chronic Total Occlusion Percutaneous Coronary Intervention[END_REF].

CONCLUSION

In patients with myocardial infarction related CS and multivessel disease, the presence of CTO is associated with more adverse outcomes while a strategy of culprit-lesion-only PCI seems beneficial in patients with or without CTO. 
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Table 3 . Early and late outcomes according to the presence of chronic total occlusion
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