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Immediate coronary angiogram in out-of-hospital cardiac arrest patients with non-shockable initial rhythm and without ST-segment elevation -Is there a clinical benefit?
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Introduction

Coronary angiogram (CA) followed if necessary by angioplasty in case of acute coronary syndrome (ACS) is recommended according to guidelines if ST-segment elevation is documented on the post-resuscitation electrocardiogram (ECG), and may be considered in patients without ST-elevation and high suspicion of acute myocardial ischemia [START_REF] Ibanez | ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation: The Task Force for the management of acute myocardial infarction in patients presenting with ST-segment elevation of the European Society of Cardiology (ESC)[END_REF] . However, according to a recent prospective randomized trial, in patients with shockable initial rhythm without ST-segment elevation, emergency CA on admission versus delayed CA did not show any clinical benefit [START_REF] Lemkes | Coronary Angiography after Cardiac Arrest without ST-Segment Elevation[END_REF] . Several studies assessed the benefit of CA in shockable rhythm patients or in the overall population of cardiac arrest patients [START_REF] Spaulding | Immediate coronary angiography in survivors of out-of-hospital cardiac arrest[END_REF][START_REF] Dumas | Long-term prognosis following resuscitation from out of hospital cardiac arrest: role of percutaneous coronary intervention and therapeutic hypothermia[END_REF][START_REF] Geri | Immediate Percutaneous Coronary Intervention Is Associated With Improved Short-and Long-Term Survival After Out-of-Hospital Cardiac Arrest[END_REF] , and in studies analyzing non-shockable initial rhythm patients, CA was performed in as little as 40% of the patients, making results subject to selection bias [START_REF] Bougouin | Should We Perform an Immediate Coronary Angiogram in All Patients After Cardiac Arrest?: Insights From a Large French Registry[END_REF] . Therefore, precise data regarding the role of CA with angioplasty as part of a diagnostic and therapeutic management algorithm in patients resuscitated from out-ofhospital cardiac arrest (OHCA) with non-shockable initial rhythm is lacking.

We therefore performed a retrospective study in OHCA patients in our center that performs CA in all patients resuscitated from OHCA without an obvious non-cardiac cause, irrespective of the initial rhythm and of the ECG changes.

The purpose of the study was to determine the prevalence of ACS in survivors of OHCA with non-shockable initial rhythm without ST-elevation, to assess survival to hospital discharge in these patients, and compare them to shockable initial rhythm patients without ST-elevation.

Methods

This retrospective single-center study was performed in Lariboisière University Hospital in Paris, according to the Declaration of Helsinki (2013 version) of the World Medical Association. The study was approved by the ethics committee of our institution (CE -SRLF), and informed consent from the patients or the next of kin was not required given the retrospective nature of the study.

Patients and data gathering

We included patients admitted to our centre age 18 years or more, who were successfully resuscitated from an OHCA without obvious non-cardiac cause. We excluded patients who had refractory cardiac arrest or unsustained return of spontaneous circulation (ROSC) [START_REF] Perkins | Cardiac arrest and cardiopulmonary resuscitation outcome reports: update of the Utstein Resuscitation Registry Templates for Out-of-Hospital Cardiac Arrest: a statement for healthcare professionals from a task force of the International Liaison Committee on Resuscitation (American Heart Association, European Resuscitation Council, Australian and New Zealand Council on Resuscitation, Heart and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern Africa, Resuscitation Council of Asia); and the American Heart Association Emergency Cardiovascular Care Committee and the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation[END_REF] , and patients who had an obvious non-cardiac cause to their cardiac arrest like poisoning, trauma, obvious asphyxia (i.e. decreased tissue oxygenation resulting from external causes such as airway obstruction by a foreign body [START_REF] Perkins | Cardiac arrest and cardiopulmonary resuscitation outcome reports: update of the Utstein Resuscitation Registry Templates for Out-of-Hospital Cardiac Arrest: a statement for healthcare professionals from a task force of the International Liaison Committee on Resuscitation (American Heart Association, European Resuscitation Council, Australian and New Zealand Council on Resuscitation, Heart and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern Africa, Resuscitation Council of Asia); and the American Heart Association Emergency Cardiovascular Care Committee and the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation[END_REF] ). We recorded the baseline characteristics of the patients, parameters of the cardiac arrest, clinical and biochemical parameters, coronary angiogram data and survival to hospital discharge. Data were recorded according to the Utstein-style recommendations for reporting resuscitation outcomes [START_REF] Perkins | Cardiac arrest and cardiopulmonary resuscitation outcome reports: update of the Utstein Resuscitation Registry Templates for Out-of-Hospital Cardiac Arrest: a statement for healthcare professionals from a task force of the International Liaison Committee on Resuscitation (American Heart Association, European Resuscitation Council, Australian and New Zealand Council on Resuscitation, Heart and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern Africa, Resuscitation Council of Asia); and the American Heart Association Emergency Cardiovascular Care Committee and the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation[END_REF] .

In France, OHCA patients are managed on site by an emergency medical team capable of cardiopulmonary resuscitation, intubation, mechanical ventilation and advanced basic life support. The emergency medical team is usually preceded by firefighters able to administer basic life support, electric shocks for defibrillation and oxygen, until the medical team arrives on site.

After ROSC, patients were transferred to our center directly to the catheterization laboratory where a team of two cardiologists performed CA, and a team of two or more intensivists managed vital functions including respiratory and inotropic support.

Coronary angiogram and ACS definition

CA was performed on admission irrespective of the initial rhythm and ECG changes, according to the standard technique, preferably through the radial approach [START_REF] Voicu | Role of cardiac troponin in the diagnosis of acute myocardial infarction in comatose patients resuscitated from out-of-hospital cardiac arrest[END_REF][START_REF] Sideris | Value of post-resuscitation electrocardiogram in the diagnosis of acute myocardial infarction in out-of-hospital cardiac arrest patients[END_REF] .

ACS was defined in this study as the presence of an unstable, culprit lesion on angiogram. ACS was diagnosed by the physician in charge of the CA according to angiographic criteria for unstable, culprit lesions such as presence of ruptured plaques with fresh thrombus [START_REF] Thygesen | Third universal definition of myocardial infarction[END_REF][START_REF] Thygesen | Fourth Universal Definition of Myocardial Infarction[END_REF] .

Angiograms were retrospectively analyzed by two experienced interventional cardiologists unaware of the initial rhythm (SV, GS) in order to verify and confirm the presence of an unstable, culprit lesion.

After the CA, patients were transferred to the intensive care unit for hemodynamic management, mechanical ventilation, and targeted temperature management. Survival was evaluated at hospital discharge and was defined according to the cerebral performance category score [START_REF] Beesems | Cognitive function and quality of life after successful resuscitation from cardiac arrest[END_REF] . Patients with cerebral performance category score of 1, 2 or 3 at hospital discharge were considered survivors.

Causes of the arrest were recorded as specified by the physicians in charge in the medical record of the patients, after the detailed in-hospital evaluation comprising history, clinical, biochemical and imaging data. When no cause was given in the medical record, data was reevaluated by a group of three of the authors (SV, EG, GS) to establish the appropriate cause.

Statistical analysis

Continuous variables were expressed as medians (interquartile range) and categorical variables as frequencies and percentages. Continuous variables were compared using student t-test if normally distributed and Mann-Whitney test if otherwise. Welch correction was used in case of non-homogeneous variance. Categorical variables were compared using chi-square test when appropriate and Fisher's exact test otherwise. Differences were considered significant if twosided p<0.5. Statistical analysis was performed using R statistical software, version 3.3.2 (R Project for Statistical Computing).

Results

During the study period from January 2002 to December 2018, 825 OHCA patients were admitted to our center and 517 were included in the study (Figure 1, Table 1). All patients were comatose on admission.

In this study we only included patients without an obvious non-cardiac cause on admission, and after the detailed in-hospital evaluation, causes of the arrest in the overall population were determined as follows: ACS (31%), chronic ischemic heart disease (15%), hypoxia (i.e. decreased tissue oxygenation resulting from a medical condition, not from an external cause 7 , 13%), primary heart rhythm disease (8%), neurological disorder (5%), dilated cardiomyopathy (4%), other causes (16% including pulmonary embolism, electrolyte disturbances, aortic dissection etc.), and unknown (8%).

Coronary angiogram and mortality in patients without ST-segment elevation

Of the 517 patients included, 311 had no ST-segment elevation, 179 with non-shockable initial rhythm and 132 with shockable initial rhythm (Table 2).

Among the 179 non-shockable initial rhythm patients without ST-segment elevation, 2 (1%) had ACS, compared with 29 (22%) in patients with shockable initial rhythm without STelevation (p<0.0001, Table 3). Culprit arteries in the two patients with ACS in the nonshockable initial rhythm group were LAD and circumflex respectively. Both patients had successful angioplasty with direct stenting and had TIMI 3 final flow of the culprit artery.

Mortality rate was 85% in patients with non-shockable initial rhythm without ST-segment elevation, and 39% in patients with shockable initial rhythm without ST-segment elevation, p<0.0001 (Table 2). Mortality according to the presence of ST-segment elevation and ACS is shown in Figure 2.

Both patients with ACS in the non-shockable initial rhythm without ST-elevation group died, one due to multiorgan failure, the other due to severe anoxic injury. Among patients with shockable initial rhythm without ST-elevation and ACS, 20 (69%) survived. No statistical test was performed to compare mortality rate between groups given the reduced number of patients in the first group.

ST-segment elevation and ACS in shockable versus non-shockable initial rhythm patients

Among 51 non-shockable initial rhythm patients with ST-segment elevation, 16 had ACS, while in 35 (69%) ST-segment elevations were false positive. Among 155 patients with shockable initial rhythm and ST-segment elevation, 113 had ACS while in 42 (27%) STsegment elevations were false positive (p<0.0001 for false positive ST-segment elevation between groups, Figure 1).

Discussion

The most important finding in this study was that prevalence of ACS in patients resuscitated from OHCA with non-shockable initial rhythm without ST-elevation was extremely low, 1%. This is the first study focusing specifically on the population of non-shockable initial rhythm patients without ST-elevation on the post resuscitation ECG, and performing CA routinely on admission in all patients.

Although recommendations on CA after OHCA suggested non-shockable initial rhythm is associated with "unfavorable pre-hospital settings" and should argue against CA [START_REF] Noc | Invasive coronary treatment strategies for out-of-hospital cardiac arrest: a consensus statement from the European association for percutaneous cardiovascular interventions (EAPCI)/stent for life (SFL) groups[END_REF] , no precise evaluation of ACS prevalence and survival in the non-shockable initial rhythm population exists to date. Several studies suggested a clinical benefit of routine CA after successfully resuscitated OHCA in shockable initial rhythm patients [START_REF] Aissaoui | Age and benefit of early coronary angiography after out-of-hospital cardiac arrest in patients presenting with shockable rhythm: Insights from the Sudden Death Expertise Center registry[END_REF][START_REF] Elfwén | Coronary angiography in out-of-hospital cardiac arrest without ST elevation on ECG-Short-and long-term survival[END_REF] or in mixed cohorts of shockable and non-shockable initial rhythm patients [START_REF] Welsford | Does Early Coronary Angiography Improve Survival After out-of-Hospital Cardiac Arrest? A Systematic Review With Meta-Analysis[END_REF][START_REF] Jaeger | Benefit of immediate coronary angiography after outof-hospital cardiac arrest in France: A nationwide propensity score analysis from the RéAC Registry[END_REF] . Data regarding non-shockable initial rhythm patients undergoing CA after OHCA despite absence of ST-elevation is scarce, since studies have focused on shockable rhythm patients due to the close association between shockable initial rhythm and ACS [START_REF] Waldo | Predicting the Presence of an Acute Coronary Lesion Among Patients Resuscitated From Cardiac Arrest[END_REF][START_REF] Granfeldt | Severity of ischemic heart disease and presenting rhythm in patients with out-of-hospital cardiac arrest[END_REF][START_REF] Perkins | Part 3: Adult basic life support and automated external defibrillation: 2015 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations[END_REF] . After screening 1174 publications, a systematic review [START_REF] Harhash | Coronary angiography and percutaneous coronary intervention in cardiac arrest survivors with non-shockable rhythms and no STEMI: A systematic review[END_REF] was able to identify only 97 patients in one study [START_REF] Wilson | Incidence of coronary intervention in cardiac arrest survivors with non-shockable initial rhythms and no evidence of ST-elevation MI (STEMI)[END_REF] and 55 patients in a second study [START_REF] Martínez-Losas | Coronary angiography findings in cardiac arrest patients with non-diagnostic post-resuscitation electrocardiogram: A comparison of shockable and non-shockable initial rhythms[END_REF] , as this population was rarely specifically identified in the literature. No benefit of the CA was observed, but in these studies CA was not performed routinely (16% of the patients had had CA in the study by Wilson et al [START_REF] Wilson | Incidence of coronary intervention in cardiac arrest survivors with non-shockable initial rhythms and no evidence of ST-elevation MI (STEMI)[END_REF] ), the selection criteria were not specified, therefore the prevalence of acute coronary lesions was most likely not accurately estimated. Another study evaluating the usefulness of CA according to prognosis reported as little as 47% of CA in the group with most unfavorable prognosis comprising a majority of non-shockable initial rhythm patients, the selection bias remaining therefore a concern [START_REF] Bougouin | Should We Perform an Immediate Coronary Angiogram in All Patients After Cardiac Arrest?: Insights From a Large French Registry[END_REF] . In our study, we performed CA in all patients on admission and our results offer a more accurate and free of selection bias estimation of ACS prevalence. Based on two simple criteria of non-shockable initial rhythm and absence of STelevation, we identified a population in which ACS is extremely rare and CA is most likely not clinically beneficial, especially in the initial phase of the hospital management. More elaborate scores [START_REF] Bougouin | Should We Perform an Immediate Coronary Angiogram in All Patients After Cardiac Arrest?: Insights From a Large French Registry[END_REF] based on several parameters and assessing the overall mortality risk rather than the probability of ACS, may also be used for this purpose. However, some parameters such as durations of no-flow (time from collapse of the patient to the beginning of cardiopulmonary resuscitation) and low-flow (time from the beginning of cardiopulmonary resuscitation to return of spontaneous circulation) included in these scores are not always available and may be subject to errors of estimation in the acute setting of OHCA.

Among 179 patients with non-shockable initial rhythm without ST-elevation, our analysis identified only 2 patients with ACS, who despite successful angioplasty and intensive care management, died of neurological failure and multiorgan failure, therefore we can reasonably consider that angioplasty did not influence their prognosis.

Recently, the COACT randomized trial showed that in cardiac arrest patients with shockable rhythm and no ST-elevation, CA on admission versus later during hospitalization, did not influence mortality and was not associated with any clinical benefit, instead it delayed reaching target temperature compared to the delayed CA group 2 . The prevalence of ACS was 16%, (similar to 22% in the homologous population of our study), and despite this relatively high prevalence, immediate CA failed to show a clinical benefit. Given the very low prevalence of ACS of 1% in our non-shockable initial rhythm patients without ST-elevation, and their dismal survival, it is most likely that CA on admission does not provide any clinical benefit in terms of prognosis in this population. If the optimistic assumption was made that a hypothetical 180 th patient in our cohort were to present an ACS and survive due to the CA and angioplasty, this would result in a number needed to treat undergoing CA of 180. This is a very high number, suggesting a low clinical benefit, especially in the light of previous guidelines that considered a number needed to treat as low as 167 too high to recommend certain techniques in the field of cardiac arrest management [START_REF] Soar | Part 4: Advanced life support: 2015 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations[END_REF] .

The present study is the only one in the literature focusing specifically on non-shockable initial rhythm patients without ST-segment elevation and performing routine CA in all patients offering data free of selection bias. Or data show that the initial management of OHCA patients with non-shockable initial rhythm and without ST-elevation may prioritize other aspects than CA, which may be clinically more beneficial, like targeted temperature management according to a recent trial [START_REF] Lascarrou | Targeted Temperature Management for Cardiac Arrest with Nonshockable Rhythm[END_REF] , hemodynamic management and neurological protection [START_REF] Soar | Part 4: Advanced life support: 2015 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations[END_REF] .

Finally, our study suggests that more false positive cases of ST-segment elevation may occur in patients with non-shockable initial rhythm compared to shockable initial rhythm, a finding that needs to be confirmed and explored in future studies, as diagnostic characteristics of the ECG changes after OHCA may be influenced by ischemia-reperfusion injury as previously reported [START_REF] Sideris | Value of post-resuscitation electrocardiogram in the diagnosis of acute myocardial infarction in out-of-hospital cardiac arrest patients[END_REF] .

Our study has several limitations. Its retrospective non-randomized design limits the degree of validity of its conclusion. However, the data showing in the absence of a selection bias, a very low prevalence of ACS and the dismal prognosis, strongly suggests CA to be most likely not beneficial in this population.

Our study included a relatively limited number of patients with non-shockable initial rhythm without ST-elevation, 179 representing approximately only a third of the total number of patients included in the multicenter study analyzing the shockable rhythm without ST-elevation population [START_REF] Lemkes | Coronary Angiography after Cardiac Arrest without ST-Segment Elevation[END_REF] . However, it is the largest so far to have analyzed specifically non-shockable initial rhythm patients, and moreover, to have done so without a selection bias.

Since the initial rhythm prevalence may be influenced by many factors, including time to cardiopulmonary resuscitation, and ACS diagnosis on CA may vary according to definitions and be subject to inter-observer variability, the prevalence of ACS in other cohorts may differ from our results, as previous studies with different methodologies and higher ACS prevalence suggested [START_REF] Bougouin | Should We Perform an Immediate Coronary Angiogram in All Patients After Cardiac Arrest?: Insights From a Large French Registry[END_REF][START_REF] Wilson | Incidence of coronary intervention in cardiac arrest survivors with non-shockable initial rhythms and no evidence of ST-elevation MI (STEMI)[END_REF] . Therefore, in order to be more generalizable, our results need to be confirmed by future data.

Although our study identified a population with a very low prevalence of ACS, we could not determine risk factors which might identify ACS patients within this population before CA, and this may be attempted in larger studies.

Finally, the number of patients with non-shockable initial rhythm and no ST-elevation with ACS in our population is too small to accurately estimate their mortality. However, this is due to the low prevalence of the ACS in this population, therefore a more powerful estimation of mortality should be performed in larger future studies, some ongoing, including patients without post-resuscitation ST-elevation [START_REF] Hauw-Berlemont | EMERGEncy versus delayed coronary angiogram in survivors of out-of-hospital cardiac arrest with no obvious non-cardiac cause of arrest: Design of the EMERGE trial[END_REF] .

In conclusion, in patients resuscitated from CA with non-shockable initial rhythm, and no STelevation, prevalence of ACS as observed after routinely performed CA was extremely low, and prognosis of the patients extremely poor. Therefore, routine CA on admission is most likely not clinically beneficial in these patients.
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