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RESUME Risques thrombotiques et hémodynamiques chez les patients chez les patients
hospitalisés en réanimation présentant une fibrillation atriale de novo au cours d’un

sepsis : caractérisation, stratification et stratégies thérapeutiques
Objectifs

La fibrillation atriale de novo (FAN) au cours d’un sepsis est associée a un surrisque
thrombotique, une altération de 1’état hémodynamique et un doublement de la mortalité. Sur le
versant thrombotique, les objectifs étaient (i) d’évaluer la capacité des scores de risque
cardiologiques et des anomalies echocardiographiques transoesophagienne (ETO) (dysfonction
ventriculaire gauche systolique, dysfonction de 1’auricule gauche (AG), athérome aortique)
pour prédire le risque cardio-vasculaire (événements thrombotiques artériels, hémorragies,
déces toute cause) et (i1) de caractériser le risque de formation d’un thrombus intra AG
(incidence et délai de formation, prévalence de la sidération post cardioversion de I’AG) chez
les patients ayant une FAN au cours d’un sepsis. Sur le versant hémodynamique notre objectif
¢tait d’établir un essai randomisé visant a comparer 1’efficacit¢ hémodynamique de trois

stratégies de prise en charge usuelle du risque hémodynamique dans ce contexte.
Méthodes

Nous avons mené 1’é¢tude FAST (Fibrilation Atrial Sepsis Thrombus) observationnelle
multicentrique prospective. Tous les adultes consécutifs sous ventilation mécanique présentant
une FAN au cours d’un sepsis ont bénéficié¢ d’une ETO dans les 48 heures suivant I'apparition
de la FAN. Le critére d’évaluation principal était la survenue d’ un événement cardiovasculaire
a J28, incluant les événements thrombotiques artériels, les hémorragies majeures et le déces.
La fonction de ’AG post cardioversion a été étudiée chez les patients en rythme sinusal au
moment de I'ETO. L’essai CAFS (Control Atrial Fibrillation sepsis) est un essai de supériorité
randomisé, multicentrique, en groupes paralléles, ouvert et controlé, visant a comparer
l'efficacité et la sécurité de trois stratégies thérapeutiques chez les patients présentant une FAN
au cours d'un choc septique. 240 patients seront randomisés pour recevoir soit un contrdle du
risque (magnésium et controle des « triggers » de la FAN), soit un contrdle du rythme (controle
du risque et faible dose d'amiodarone), soit un contréle du rythme (contréle du risque et forte
dose d'amiodarone avec choc électrique externe si la FAN persiste). Le critére d'évaluation
principal est un criteére hiérarchique a J28 incluant la mortalité toute cause et la durée du choc

septique.



Résultats et discussion

Les approches cardiologiques de stratification des risques thrombotiques (anomalies ETO,
score CHA2DS2-VASc) et hémorragiques (score HAS-BLED) semblent limitées pour prédire
le risque cardio-vasculaire. Une approche individualisée basée sur I’ETO et le score CHA2DS»2-
VASc pourrait néanmoins étre intéressante. Ce travail a également mieux caractérisé le risque
de formation d’un thrombus intra cardiaque : absence de thrombus dans les 48 h suivant le
début de la FAN, prévalence rare de la sidération post cardioversion de I’AG. Enfin, nous avons
confirmé 1’équipoise clinique au sujet des modalités du traitement anticoagulant (délai
d’initiation, durée) a 1’origine d’une grande hétérogénéité des pratiques usuelles justifiant la
réalisation d’essais thérapeutiques. L’essai CAFS est en cours d’inclusion (92 patients/ 240
inclus) au sein de 28 unités de soins intensifs en France et en Belgique. L'essai cible une
population bien sélectionnée, avec un objectif principal et un modele expérimental appropriés,
afin de fournir une réponse robuste quant a la meilleure stratégie de prise en charge
hémodynamique de la FAN au cours du choc septique afin d'améliorer la survie et la durée du

choc septique.
Conclusions

La prise en charge spécifique d’une FAN au cours du sepsis doit s’attacher a prévenir le risque
thrombotique et limiter le risque d’aggravation hémodynamique. Au sein de cette population a
trés haut risque cardiovasculaire et d’altération hémodynamique, ce travail a permis de (i) poser
les bases d’un futur essai afin d’évaluer la meilleure stratégie de traitement anticoagulant et (i1)
mettre en place un essai actuellement en cours afin d’évaluer la meilleur stratégie de prise en

charge du risque hémodynamique.
Mots clés

Fibrillation atriale, risque thrombotique, risque hémodynamique, sepsis, réanimation, stratégie

thérapeutique, anticoagulation



SUMMARY Thrombotic and hemodynamic risks in intensive care unit patients with
new-onset atrial fibrillation during sepsis: characterization, stratification, and

therapeutic strategies
Objectives

New-onset atrial fibrillation (NOAF) during sepsis is associated with increased thrombotic risk,
deterioration of hemodynamic status, and a 2-fold increase in mortality. Regarding the
thrombotic risk, the objectives were (i) to assess the ability of cardiological risk scores and
transesophageal echocardiographic (TEE) abnormalities (left ventricular (LV) systolic
dysfunction, left atrial (LA) dysfunction, aortic atheroma) to predict cardiovascular risk (arterial
thrombotic events, hemorrhage, all-cause death) and (ii) to assess the risk of LA thrombus
formation (incidence and time course of formation, prevalence of post-cardioversion LA
dysfunction) in patients with NOAF during sepsis. Regarding the hemodynamic risks, our
objectives were to design and conduct a randomized trial to compare the hemodynamic efficacy

of three usual strategies for managing hemodynamic risk in this context.
Methods

For the thrombotic risk objectives, we conducted the Fibrillation Atrial Sepsis Thrombus
(FAST) observational multicenter prospective study. All consecutive mechanically ventilated
adults with NOAF during sepsis underwent TEE within 48 hours of NOAF onset. The study
outcome was a composite of cardiovascular events at day 28, including arterial thromboembolic
events, major bleeding, and all-cause death. Post-cardioversion LA function was studied in
patients in sinus rhythm at the time of TEE. For the hemodynamic risk objective, we have
designed the Control Atrial Fibrillation Sepsis (CAFS) study, a multicenter, parallel-group,
open-label, randomized controlled superiority trial comparing the efficacy and safety of three
strategies in patients with NOAF during septic shock. A total of 240 patients will be randomized
to receive either risk control (magnesium and control of NOAF triggers), rate control (low dose
amiodarone), or thythm control (high dose amiodarone with external electrical shock if NOAF
persists). The primary endpoint is a hierarchical criterion at day 28 including all-cause mortality

and the duration of septic shock.
Results

Cardiological strategies for stratifying thrombotic (TEE abnormalities, CHA2DS2-VASc

score) and hemorrhagic (HAS-BLED score) risks seem limited. An individualized approach



based on TEE and the CHA2DS2-VASc score could be of interest. This thesis also enabled us
to better characterize the risk of intra-cardiac thrombus formation: absence of thrombus within
48 hours of NOAF onset, low prevalence of post-cardioversion LA dysfunction. Finally, we
have confirmed the clinical equipoise regarding the modalities of anticoagulant treatment (time
of initiation, duration), which explains the marked variation in current clinical practice and
justifies the need for therapeutic trials. The CAFS study is currently being run (92 patients) in
28 intensive care units (ICUs) in 23 hospitals in France and 5 hospitals in Belgium. The trial
targets a well-selected population, with an appropriate, patient-relevant primary objective and
experimental design, to provide a robust response (best strategy with respect to adverse events

of NOAF, such as thrombotic and bleeding events).
Conclusions

The management of NOAF during sepsis requires a focus on preventing thrombotic events and
limiting adverse hemodynamic effects. In this population at very high risk of cardiovascular
and hemodynamic deterioration, this thesis has (i) provided the basis for a future trial to evaluate
the best anticoagulant treatment strategy, and (ii) initiated an ongoing trial to evaluate the best

hemodynamic risk management strategy.
Keywords

Atrial fibrillation, Thrombotic risk, Hemodynamic risk, sepsis, intensive care unit, Therapeutic

strategies, Anticoagulation
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ABBREVIATIONS

AVC : accident vasculaire cérébral
CAFS: Control Atrial Fibrillation Sepsis

CHA2DS2-VASc: Congestive heart failure, Hypertension, Age > 65 years (doubled),
Diabetes, Stroke (doubled), Vascular disease, Age 65-74 years, Sex category

ESC : European Society of Cardiology

ETO : echocardiographie trans-oesophagienne
FA : fibrillation atriale

FAN : fibrillation atriel de novo

FAST : Fibrillation Atrial Sepsis Thrombus

HAS-BLED : Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or
predisposition, Labile International Normalized Ratio (INR), Elderly, Drugs/alcohol

concomitantly
IC : intervalle de confiance

OR : odds ratio (rapport de cotes)
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1.ETAT DES CONNAISSANCES

Le sepsis est une réponse inflammatoire systémique inappropri¢ de ’organisme a un agent
infectieux [1] conduisant a une dysfonction vitale d’organe(s) (cardio-vasculaire, rénale,
respiratoire, hématologique, ou hépatique) définie par un score « Sepsis Organ Failure
Assessment » > 2 [2]. Le sepsis constitue un véritable enjeu de santé publique avec
approximativement 50 millions de personnes affectés et 11 millions de décés par an a travers le
monde [3]. Environ 225 patients développent un sepsis pour 100 000 habitants en France, avec
une mortalité hospitaliere de 34% [4]. Le choc septique constitue la forme la plus grave de
sepsis nécessitant I’administration de vasopresseurs pour maintenir une pression artérielle
moyenne a une valeur d’au moins 65 mmHg, et par une concentration artérielle de lactate
supérieure a 2 mmol/L [1]. L’incidence du choc septique est en constante augmentation,
concernant 50000 patients hospitalisés en réanimation chaque année en France (10% des

patients hospitalisés en réanimation), et dont la mortalité hospitali¢re peut dépasser 40% [1].

La fibrillation atriale de novo (absence d’antécédent de fibrillation atriale, FAN) demeure le
trouble du rythme acquis le plus fréquent chez les patients en sepsis, survenant chez 3% a 48%
des patients (Table 1). L’incidence varie en fonction de la gravité du sepsis, du type de
recrutement (médical ou chirurgical) et du type d’étude (rétrospective ou prospective). Klein
et al ont ainsi reporté que les patient en sepsis, sepsis sévere et choc septique (selon 1’ancienne
définition du sepsis), présentaient une incidence cumulée de FAN de 10%, 22% et 40%,
respectivement [5]. La FA correspond a une activation ¢€lectrique rapide et désynchronisée des
myocytes atriaux. Ce rythme se traduit par une incompétence hémodynamique atriale. Sur
I’¢lectrocardiogramme, les ondes d’activation de 1’oreillette correspondent a des oscillations
rapides dont I’amplitude, la forme et la durée varient. Dans le contexte du sepsis, la FAN est

associée a une augmentation du risque d’éveénements thrombotiques artériels notamment
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cérébraux [6], une altération de 1’état hémodynamique [5,7] déja précaire et un doublement du

risque de déces intra-hospitalier [5] (Table 1).

La prise en charge spécifique de la survenue d’une FAN dans ce contexte doit ainsi poursuivre
conjointement deux objectifs : prévenir le risque thrombotique et limiter le risque d’aggravation

hémodynamique. La thése s’organisera donc autour de ces deux thématiques

1.1 Fibrillation atriale de novo au cours du sepsis :

physiopathologie

La physiopathologie de la survenue d’une FAN chez les patients septiques est complexe,
résultante de 1’interaction entre des facteurs directement liés a la réanimation (« triggers »), des

facteurs liés a la pathologie aigiie, et des facteurs prédisposants liés au terrain du patient [8].

1.1.1 Les triggers

Le déclencheur de la FA est une décharge atriale ectopique, le plus souvent située au niveau
des veines pulmonaires. Les décharges ectopiques atriales sont secondaires a une libération
diatolique calcique du reticulum sarcoplasmique conduisant a des post-dépolarisations précoces
et retardées. Ces post-dépolarisations peuvent étre favorisées par des désordres électrolytiques
tels que I’hypokaliémie ou I’hyponatrémie par action sur les pompes Na*/Ca** [9] [10]. L hypo-
magnésiémie est également un trigger identifié [11]. Le magnésium présente en effet des
propriétés modulatrices des canaux potassiques et calciques myocardiques, et des propriétés
stabilisatrices de membrane [12]. Une seule étude randomisée prospective sur un effectif de
199 patients ayant une FA rapide aux urgences, rapporte que 1’administration systématique
intraveineuse de magnésium permet d’obtenir plus fréquemment une baisse de la fréquence

cardiaque (FC) et un retour en rythme sinusal, en comparaison a I’administration d’un placebo
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[13]. L’activation sympathique pourrait également favoriser la survenue de décharges atriales
ectopiques, que cette activation soit secondaire a la pathologie septique causale, ou a
I’administration de catécholamines exogénes chronotropes positives [7,10,14-16].
L’hypovolémie pourrait contribuer a la survenue de FAN [17], possiblement en lien également
avec une stimulation du systeme adrénergique. A I’inverse, un exces de remplissage est
¢galement a risque de survenue de FAN [10,14]. Dans une mise au point sur les interventions
non anti-arrythmiques chez les patients septiques présentant une FAN, Vieillard-Baron et al.
expliquent cette constatation par une possible dilalation des oreillettes secondaire au
remplissage excessif [12]. Enfin les mémes auteurs alertent sur la nécessité d’éviter toute mal-
position des cathéters veineux centraux au niveau de 1’oreillette droit qui pourrait favoriser la

survenue de FAN [12].

1.1.2 Facteurs liés au sepsis

Au sein d’une large cohorte rétrospective incluant 8356 patients admis en réanimation médico-
chirurgicale, une FAN survenait chez 8% des patients. Parmis les caractéristiques de bases des
patients a I’admission, les facteurs les plus fortement associés a la survenue d’une FAN étaient
I’4ge avancé, l’insuffisance respiratoire aigiie et le sepsis [18]. Les mécanismes
physiopathologiques qui sous tendent le développement d’une FAN dans le cadre du sepsis sont
méconnus. Cependant la réponse inflammatoire systémique semble jouer un role prépondérant.
Chez les patients cardiologiques non septiques, plusieurs études rapportent que I’élévation de
la protéine C-réactive est associé a la survenue et la persistance de la FA [19,20]. Enfin, de
nombreuses pathologies aiglies non cardiaques potentiellement intriquées au sepsis peuvent
également étre associées a la survenue d’une FAN, telles que les pathologies pulmonaires

aiglies [6] ou I’insuffisance rénale aigue [6,7,14,15].
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1.1.3 Facteurs liés au terrain

La FAN au cours d’un sepsis survient le plus souvent sur un terrain a risque comparable a celui
décrit au sein de la population de cardiologie [21] associant 1’age, I’hypertension artérielle,
I’obésité, ainsi que la présence de comorbidités cardio-vasculaires, pulmonaires ou
endocriniennes [6,15,16,22-25]. Si le terme de FAN « secondaire » est utilis¢ en présence d’un
facteur déclenchant potentiellement réversible, celui-ci est donc probablement réducteur,

oubliant qu’il faut le plus souvent un substrat sous jacent pour développer une FA.

1.2 Risque thrombotique chez les patients en FA de novo

au cours d’un sepsis

1.2.1 Incidence

Au sein d’une large cohorte rétrospective regroupant pres de 50000 patients en sepsis [6],
Walkey et al. ont montré que la FAN était associée a un doublement du risque d’AVC
ischémique intra-hospitalier (2,6 % vs 0,6 % ; Odds ratio (OR): 2,70 [IC 95%, 2,05-3,57])

(Table 1).

Table 1 : Incidence, mortalité intra-hospitalicre et risque d’événement thrombotique artériel
intra-hospitalier de la fibrillation atriale de novo (FAN) au cours d’un sepsis
Auteurs (ref) | Dessin de Nombre FAN: | Mortalité Estimation Evénement
I’étude de n (%) | intra- du risque de | thrombotique
patients hospitaliére déceés artériel
FAN versus
Rythme sinusal
Bosch [26] Retrospective | 9,528 233 39.1 vs. OR, 2.54; -
(2.5) 20.1%; 95% CI,

p <0.001 1.94-3.32
Steinberg Prospective 27 9 66.7 vs. HR, 4.4;95% | -
[27] (33.3) | 11.1%; CI,

p=0.024 1.07-18.20
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Klein Prospective 1,782 418 29 vs. 14%; RR, 2.10; -
Klouwenberg (23.4) | p<0.001 95% CI,
[5] 1.61-2.73
Lewis [28] Retrospective | 131 20 53 vs. 31%; OR, 2.6;95% | -
(153) | p=0.024 Cl,
0.83-8.05
Liu [29] Retrospective | 503 240 61.3 vs. OR, 3.3;95% | -
@47.7) | 17.5%; Cl,
p <0.001 1.54-7.13
Ferrera [30] Prospective 507 52 48 vs. 25.6%; | OR, 1.9;95% | -
(10.3) | p<0.05 Cl,
1.01-4.11
Guenancia Prospective 66 29 24 vs. 19%;p | - Aucun AVC
[24] (44) =0.61 dans le suivi a
J90
Seemann [7] Prospective 71 23 42 vs. 48%; - -
(324) | p=0.63
Walkey [6] Retrospective | 49,082 2896 56.3 vs. RR, 1.07; 2.0vs. 1.3%;p=
6) 37.7%; 95% CI, 0.06;
p <0.001 1.04-1.11 HR, 1.51; 95%
Cl,
0.98-2.33
(intra-hospitalier)
Meierhenrich | Prospective 50 23 43.4vs. - -
[23] (46) 22.2%;
p=0.14
Christian [31] | Retrospective | 272 16 68.8 vs. - -
(5.9 39.6%;
p=0.034
Salman [25] Retrospective | 81 25 64 vs. 36%; OR, 3.28; Aucun AVC
(30.9) | p=0.018 95% CI, dans le suivi a
1.12-9.57 128

1.2.2 Physiopathologie des évenements thrombotiques artériels

1.2.2.1 Triade de Virchow et thrombose intra cardiaque

Les éveénements thrombotiques artériels chez les patients de cardiologie en FA sont
généralement attribués a ’embolie d’un thrombus formé dans 1’appendice auriculaire gauche
[32] et détectable en échocardiographie transoesophagienne (ETO) [33]. Les mécanismes
physiopathologiques morphologiques et biologiques a 1’origine de la formation d’un thrombus
intra auricule gauche chez les patients de cardiologie ayant une FA sont présentés en Figure 1

[34]. La formation d’un thrombus intra auricule gauche chez les patients en FA repose sur la
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triade de Virchow comprenant stase, dysfonction endothéliale a 1’origine d’une modification

du tissu atrial et de sa matrice extracellulaire, et état d’hypercoagulabilité [32,34].

L’auricule gauche est une structure borgne, déclive, appendue a I’oreillette, s’abouchant en
avant de la veine pulmonaire supérieure gauche. L auricule gauche présente des caractéristiques
morphologiques (cavit¢ oblongue, apex étroit, surface irréguliére: muscles pectinés) et
fonctionnelles (sidération avec baisse de la contractilité, dilatation) favorables au

développement de la stase sanguine [34,35] (Figure 1).

Les conditions physiopathologiques pro-thrombotiques (dysfonction endothéliale et état
d’hypercoagulabilité) exacerbées lors d’un état septique sévere pourraient ainsi favoriser la
formation d’un thrombus intra cardiaque a I’origine d’ événements thrombotiques artériels [35].
La survenue d’une coagulopathie induite par le sepsis, a I’origine d’un état
d’hypercoagulabilité, est fréquente et associée a un mauvais pronostic [36]. Les cytokines pro-
inflammatoires induisent l'expression du Facteur Tissulaire endothélial et monocytaire qui
active la coagulation a ’origine d’une production excessive de thrombine convertissant le
fibrinogéne en un réseau de fibrines insolubles [37]. L’augmentation de la
production/activation d'inhibiteurs (thrombin-activable fibrinolysis inhibitor) conjointement a
la diminution de I’activateur tissulaire du plasminogeéne (plasminogen activator inhibitor-1)
participent a [D’altération de la fibrinolyse [38]. Les neutrophiles activés libeérent des
microvésicules [39] et des pieges extracellaires neutrophiliques (neutrophil extracelular traps)
[40,41] pro-coagulants. En outre, les anticoagulants naturels (protéine C, protéine S,
thrombomoduline et antithrombine) et les «tissue factor pathway inhibitors», qui limitent
l'activation de la coagulation, sont soit épuisés, soit moins actifs [42]. Cette coagulopathie
pourrait contribuer a la formation d’un thrombus lors d’un épisode de FA, bien qu’aucune

association n’ai ét¢ a ce jour démontré.
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Bien qu’il soit difficile de démontrer que la dysfonction endothéliale présente chez les patients
septiques [43] puisse contribuer directement a la formation d’un thrombus dans le cadre d’une
FA, celle-ci pourrait largement contribuer a un état d’hypercoagulabilité [44]. A 1’état de repos,
I’endothélium posseéde des propriétés antiagrégantes, anticoagulantes et anti-inflammatoires en
produisant notamment de puissants antagonistes (oxyde nitrique/ monoxyde d’azote,
prostacycline/ prostacycline) qui participent au maintien de I’homéostasie de I’endothélium. En
cas de sepsis, l'endothélium vasculaire est activé directement par les « pathogen-associated
molecular patterns » des bactéries, des virus et des champignons, ou indirectement par les
picges extracellulaires des neutrophiles (neutrophil extracellular traps, NETs) et les cytokines
pro-inflammatoires [45—48]. L'un des premiers signes de dysfonctionnement endothélial dans
le sepsis est la déconstruction du glycocalyx endothélial [49] qui recouvre la surface luminale
des cellules endothéliales [50]. Les cellules endothéliales sont alors soumises a un processus de
dégradation avec atteinte de I’intégrité de la barriére endothéliale [S1]. Par ailleurs, les cellules
endothéliales peuvent interagir avec les cellules immunitaires et notemment les neutrophiles
activés, déclenchant la formation de thrombus, un processus impliqué dans la pathogenése du

sepsis [52].
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Figure 1. Mécanismes physiopathologiques morphologiques et biologiques a I’origine de la
triade de Virchow et la formation d’un thrombus intra auriculaire gauche chez les patients de

cardiologie ayant une fibrillation atriale (d’aprés Watson et al.[34])
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1.2.2.2  Autres cause d’éveénements thrombotiques artériels

Les événements thrombotiques artériels chez les patients en FA pourraient étre également dus
a d’autres sources cardiaques d’embolie, ou a des pathologies athéromateuses localisées au

niveau ’aorte ascendante et la crosse aortique proximale [53-55], également détectable en ETO

[55,56].
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1.2.3 Stratification du risque thrombotique chez les patients de

cardiologie en FA

Il n’y a pas d’étude de stratification du risque thrombotique chez les patients ayant une FAN au
cours d’un sepsis. Nous allons donc dans ce chapitre développer les modalités de stratification
de ce risque au sein de la population de cardiologie afin d’y rechercher d’éventuels futurs outils

extrapolables chez les patients septiques.

Si le bénéfice d’un traitement anticoagulant en prévention du risque d’éveénements
thrombotiques artériels au long cours dans la population de cardiologie ayant une FA est
largement démontré, son usage est limit¢é par le risque hémorragique. La stratégie
d’anticoagulation repose donc sur I’analyse du rapport entre le bénéfice d’une prévention du

risque d’événements thrombotiques artériels et le risque d’évenements hémorragique séveres.

1.2.3.1 Durée de la FA et formation de thrombus intra-cardiaque

Chez les patients de cardiologie, de nombreuses études en ETOs ont précisé I’incidence et le
délai d’apparition d’un thrombus intra cardiaque, notamment au niveau de 1’auricule gauche.
La prévalence de thrombose de I’oreillette gauche et/ou de son auricule parmi les patients en
FAN de plus de 48 h varie de 0% a 27% [57—-62], dépendant de la « charge » en FA, la présence
ou non d’un traitement anticoagulant ainsi que de la présence d’un AVC récent [63]. Sur ces
données, les différentes sociétés savantes cardiologiques ont considéré que la formation d’un
thrombus intra cardiaque nécessitait que la FA persiste au moins 48h [21,44]. Des thrombi ont
cependant été visualisés en ETO dans des délais plus courts. Stoddard et al. ont ainsi rapporté
une prévalence de thrombus intra cardiaque de 14% en cas de FA datant de moins de 48 heures
[59]. Kleemann et al. retrouvaient une prévalence plus faible de 1,4 % chez les patients ayant
une FA de moins de 48 heures sous anti vitamine K et de 4% chez les patients sans anti vitamine

K [64].
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1.2.3.2 La sidération de 1’auricule gauche post cardioversion

De nombreuses études ETOs effectuées pendant la conversion de la FA en rythme sinusal ont
rapporté la survenue d’une dysfonction auriculaire gauche (ou « sidération ») post
cardioversion en rapport avec une perte de la contraction mécanique organisée [65].
La sidération de I’auricule gauche post cardioversion se manifeste par une réduction des
vitesses de remplissage et de vidange de 1’auricule gauche, malgré un retour en rythme sinusal
[66-69]. Ce phénomene favorise la formation de thrombus intra auricule gauche post
cardioversion, et ce quelle que soit la modalité de la cardioversion (électrique, médicamenteuse
ou spontanée) [70]. La sidération atriale est maximale immédiatement apres la cardioversion,
avec une reprise progressive de sa fonction contractile en quelques jours a quelques semaines
(jusqu’a 3 ou 4 semaines) [70,71]. Ces observations expliquent que 80% des éveénements
thrombotiques artériels surviennent dans les 3 premiers jours post cardioversion et que la quasi-
totalité surviennent dans les 10 premiers jours [72]. Cela renforce la nécessité d’un traitement
anticoagulant au cours de la période péri cardioversion, méme en 1’absence de thrombus
préalablement visualisé [21]. Sur ces données, les différentes sociétés savantes cardiologiques
considérent que le risque de sidération atriale post cardioversion pendant 3 a 4 semaines justifie
la poursuite du traitement anticoagulant au moins durant cette période, y compris chez les

patients a faible score risque thrombo-embolique [66].

1.2.3.1 Scores de risque thrombotiques CHA2DS2-VASc et hémorragique HAS-BLED

(Annexe 1)

De nombreuses études cardiologiques ont permis de distinguer des facteurs de risque cliniques
d’évenements thrombotiques artériels «majeurs» et «non majeurs» liés aux patients ayant une
FA non valvulaire chronique et non anticoagulés. Les facteurs de risque majeurs sont 1’age >

75 ans et la présence d’un antécédent d’AVC ischémique constitué, d’AVC ischémique
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transitoire, ou d’accident artériel thrombo-embolique non cérébral [21,73]. Les facteurs de
risque non majeurs sont une insuffisance cardiaque congestive, une dysfonction ventriculaire
gauche systolique (fraction d’éjection ventriculaire gauche < 40%), un diabéte sucré, le sexe
féminin, et un age entre 65 et 74 ans [21,73]. Afin de mieux appréhender le risque d’ ATE propre
a chaque patient, le CHA2DS2-VASc score [Congestive heart failure, Hypertension, Age > 65
vears (doubled), Diabetes, Stroke (doubled), Vascular disease, Age 65—74 years, Sex category
(female)] a été développés a partir de ces facteurs de risques [21,73]. Un score CHA2DS2-VASc

> 2 indique un haut risque d’éveénements thrombotiques artériels.

1.2.3.2  Parametres echocardiographiques

Echocardiographie transthoracique

L’existence d’une sténose mitrale identifie une population a haut risque d’événements
thrombotiques artériels [74]. La présence d’une dilatation de I’oreillette gauche et d’une
dysfonction systolique ventriculaire gauche sont les seuls autres paramétres en
échocardiographie transthoracique indépendamment associés a une augmentation du risque
d’éveénements thrombotiques artériels [75]. Chez les patients considérés a faible risque
d’éveénements thrombotiques artériels selon la stratification clinique, le taux d’AVC passe de
0,4% a 9,3% par an en présence d’une dysfonction systolique ventriculaire et de 4,4% a 15%

par an dans la population a haut risque [76].

Echocardiographie transoesophagienne

L’ETO constitue un outil performant semi-invasif permettant I’étude des structures postérieures
inacessible (ou difficilement accessible) en echocardiographie transthoracique, notemment
I’oreillette gauche, I’auricule gauche, et I’aorte thoracique. L’objectif de I’examen est d’évaluer
au sein de ces structures les parametres associés a un risque accru d’événements thrombotiques

artériels chez les patients de cardiologie présentant une FA [56,77].
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La présence d’un contraste spontané intense dans le massif atrial, oreillette et auricule gauche,
est le témoin échocardiographique de la stase sanguine dans la cavité atriale gauche. Le
contraste spontané est défini par la présence d'un nuage dynamique d'échos de faible amplitude,
animés d'un mouvement lent, répétitif, et circulaire ; la réflexion des ultrasons est plus élevée
pour des faibles contraintes de cisaillement et dépend de 1'hématocrite, de la concentration en
fibrinogeéne et en macromolécules plasmatiques (Figure 2, A2) [78-80]. La description du
contraste spontané dans le massif atrial gauche est basée sur la classification de Fatkin qui
distingue 4 niveaux de contraste (de 0 a 3) en fonction de I’intensité (modulé ou non par
I’augmentation des gains) et la répartition du contraste spontané dans I’oreillette et 1’auricule.
Certains auteurs décrivent un stade supplémentaire, le « sludge » (ou état immédiatement pré
thrombotique). Les patients présentant un contraste spontané atrial gauche de grade 3 (dit
« intense ») ont un taux d’AVC important (22%) au long cours, et ce, malgré un traitement

anticoagulant curatif [81].

La présence d’un thrombus intra auriculaire gauche est systématiquement recherché (Figure 2,
A3). L’ETO reste actuellement la technique de référence dans cette indication, permettant de
détecter un thrombus avec une sensibilité et une spécificité élevées, qui varie entre 93 et 100 %

[82].

La fonction atriale est étudiée en ETO en mode Doppler pulsé. L’examen permettra de mesurer
les vitesses de vidange (liées a la contraction de 1’auricule gauche) et de remplissage de
I’auricule gauche. La baisse des vitesses de vidange et de remplissage de I’auricule gauche est
ainsi le témoin de sa « sidération » (Figure 2, Bs3) [83]. Ces mesures participent a la
stratification du risque thrombotique chez les patients de cardiologie en FA. Miigge et al ont
montré que la prévalence du contraste spontané dans 1’oreillette gauche était plus €élevée lorsque
les vitesses intra auriculaires gauches étaient inférieures a 25 cm/s [83]. Dans 1’étude SPAF 111,

la présence d’un thrombus dans I’auricule gauche était plus fréquente dans le groupe de patient
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ayant des vitesses intra auriculaires gauches basses (< 20 cm/s) [84]. Enfin les vitesses
auriculaires gauches basses sont associées a un taux d’événements thrombotiques artériels

majoré d’un facteur 2,6 [56].

L’athérome aortique complexe (plaque athéromateuse protrusive > 4 mm, athérome mobile ou
plaque atheromateuse ulcérée [85,86]) est associé a un risque accru d’événements
thrombotiques artériels chez les patients de cardiologie en FA (15,8% par an, multiplié par 4
par rapport au risque des patients sans athérome aortique complexe) [87]. L’association
d’anomalies atriales gauches et d’un athérome aortique protrusif sélectionne un sous groupe de
patients en FA a risque particulierement ¢levé d’événements thrombotiques artériels. Le risque
d’AVC est de 7.5 % par an en présence d'un contraste spontané ou d'un thrombus atrial gauche,
de 12 % par an en présence d'un athérome aortique > 4 mm et de 20,5% par an si ces 2 facteurs

sont associés. En leur absence, le risque d’AVC est de 1,2% par an [55].

L'ETO, réalisable au lit du patient, pourrait donc étre particulierement utile afin d’estimer le
risque thrombotique chez les patients instables hospitalisés en réanimation et présentant une FA

au cours d’un sepsis.
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Figure 2. Anomalies de I’auricule gauche (AG) (en echocardiographie trans-oesophagienne
coupe oesophagienne moyenne) associées a un risque accru d’éveénements thrombotiques
artériels chez les patients de cardiologie présentant une fibrillation atriale. A; Incidence a 90°,
AG libre, A; Incidence a 90°, Contraste spontané intense dans 1’auricule gauche défini par la
présence d'un nuage dynamique d'échos de faible amplitude, animés d'un mouvement lent,
répétitif, et circulaire ; la réflexion des ultrasons est plus élevée pour des faibles contraintes de
cisaillement et dépend de I'hématocrite, de la concentration en fibrinogéne et en
macromolécules plasmatiques, As : Incidence a 0°, thrombus intra-AG. By : Incidence a 90°,
mesure au doppler pulsé des vitesses de remplissage et de vidange intra-AG, B2 : normalité des

vélocités (> 25 cm/s), B3 : baisse des vélocités (<25 cm/s)
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Abbreviations : AG, auricule gauche ; ETO, echocardiographie trans-oesophagienne ; OG, oreillette gauche
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1.2.4 Risque hémorragique

Au méme titre que le risque thrombotique, le risque hémorragique est fortement majoré lors du
sepsis. En effet, la dérégulation de la réponse inflammatoire secondaire a I’infection peut
engendrer un état anti-thrombotique associant thrombopénie, consommation des facteurs de la
coagulation, et augmentation de la fibrinolyse a I’origine de complications hémorragiques

seéveres [88-91].

Deés les années 1990, Brown et al ont rapporté la survenue d’une hémorragie clinique lors du
séjour en réanimation médico-chirurgicale chez 10% (138/1328) des patients [92]. Les facteurs
de risque d’hémorragie étaient la mise sous traitement anticoagulant curatif (RR = 4.19), la
dénutrition (RR=3.45), I’insuffisance rénale aigue (RR= 3.36), une médication antiulcéreuse
gastro-duodénale a I’admission (RR=3.36), ainsi que la ventilation mécanique (RR=1.82). La
survenue d’une hémorragie en réanimation était un facteur de risque indépendant de mortalité
hospitaliére [92]. Plus récemment, Strauss et al ont confirmé ces résultats en rapportant une
incidence d’événements hémorragiques majeurs de 20% chez les patients hospitalisés en
réanimation pour une cause médicale, souvent septique [93]. La présence d’'une CIVD était
significativement associée a un sur-risque hémorragique. Plus particulierement chez les patients
présentant une FA au cours d’un sepsis, Walkey et al. ont montré une incidence de 12.6%

d’éveénements hémorragiques majeurs [94].

Si le risque d’événements thrombotique artériels peut légitimement poser la question de
I’intérét préventif du traitement anticoagulant, I’évaluation du risque hémorragique devra donc
étre systématique afin d’évaluer la balance bénéfice/risque d’un tel traitement. Le score HAS-
BLED [Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or
predisposition, labile International Normalized Ratio (INR), Elderly (4ge > 65 years),

Drugs/alcohol concomitantly] a été développé en cardiologie chez les patients ayant une FA
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traitée par anticoagulation efficace pour prédire le risque d’hémorragie grave a 1 an [44]. Un
score HAS-BLED >3 indique un haut risque de complication hémorragique en cas

d’anticoagulation efficace.

1.3 Risques hémodynamiques chez les patients en FA de

novo au cours d’un sepsis

1.3.1 Altération hémodynamique

La survenue d’une FAN au cours d’un sepsis est associée a une altération de [’état
hémodynamique (Figure 3) [5,7]. Seemann et al. rapportent une augmentation significative des
doses (médianes [IQR]) de noradrénaline de 1,7 mg/h [0,3-3] a 1,8 mg/h [0,5-4,5] dans 1’heure
suivant la survenue de la FAN chez 30 patients en choc septique [7]. Klein et al. décrivent une
chute de la pression artérielle moyenne de 75 mm Hg (IQR 66-85) a 66 mm Hg (IQR 60-76)
lors d’un premier épisode de FAN chez 418 patients en sepsis, malgré I’initiation ou la

majoration des doses de vasopresseurs chez 41% d’entre eux [5].
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Figure 3 : conséquences hémodynamiques chez les patients du passage en fibrillation atriale

de novo au cours d’un sepsis [5,7]

Fréquence Pression artérielle
cardiaque (bpm) moyenne (mmHg) RS avant la FA
160 100 En FA
132 140 5
80 73 75
120 105 99 66
60
80
40
40 5
0 0
Seeman, 2015 Klein, 2016 Seeman, 2015 Klein, 2016
Initiation ou augmentation NA: 1,8 (0,5-4,5)vs 1,7 (0,3-3)
vasopresseurs: 41% mg/h; P=0,01

Résultats presentés en médiane (IQOR)
Abbreviations : bpm, battements par minute ; FC, fréquence cardiaque ; PAM : pression artérielle moyenne,
RS : rythme sinusal, FA, fibrillation atriale.

1.3.2 Physiopathologie de I’altération hémodynamique

1.3.2.1 En milieu cardiologique

La FA peuvent engendrer une dysfonction diastolique et/ou systolique du ventricule gauche a
I’origine d’une baisse du débit cardiaque. La dysfonction diastolique ventriculaire gauche est
secondaire a : (i) la perte de la systole auriculaire et donc du remplissage ventriculaire télé-
diastolique [95] ; (i1) I’irrégularit¢ du temps diastolique qui engendre une diminution du
remplissage ventriculaire d’autant plus importante que la durée de la diastole précédant la
contraction est courte [96]. La dysfonction systolique ventriculaire gauche (tachy-
cardiomyopathie ventriculaire) [97] est secondaire & : (i) une ischémie sous endocardique
[98,99] avec altération de la contractilité intrinseéque du ventricule gauche due a une diminution
des apports en oxygeéne par réduction du temps diastolique de perfusion coronaire et une

augmentation des besoins en oxygene par augmentation de la FC ; (ii) une possible variation
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battement par battement de I’inotropisme cardiaque due a I’irrégularité des contractions

ventriculaires [100].

1.3.2.2 Particularités chez les patients septiques

Les altérations hémodynamiques pourraient étre exacerbées chez les patients en choc septique
étant donné : (i) I’¢lévation de la FC préalablement a la survenue de la FAN ; (ii) la conduction
ventriculaire rapide lors de la FAN; (iii) I’incidence élevée de dysfonction ventricule gauche
diastolique et systolique chez les patients septiques. Klein et al. rapportent une fréquence
ventriculaire médiane de 105 (IQR 89-119) battements par minute juste avant la survenue de la
FAN chez 418 patients septiques [101] (Figure 3). Dans cette situation, le raccourcissement du
temps diastolique explique que le remplissage ventriculaire soit fortement dépendant de la
contraction auriculaire, et que sa disparition soit susceptible d’engendrer une chute du débit
cardiaque [102]. Le remplissage ventriculaire est également en grande partie dépendant de la
contraction auriculaire en cas de dysfonction diastolique ventricule gauche sous-jacente [103],
présente chez 60% des patients en choc septique [104]. Lors de la survenue d’une FAN, Klein
et al. décrivent une hausse de la fréquence ventriculaire a une médiane de 132 (IQR 116-152)
bpm (Figure 3) pouvant accroitre I’ischémie sous-endocardique par augmentation des besoins
en oxygeéne du myocarde [101]. Enfin, les conséquences de la baisse de 1’inotropisme
ventriculaire gauche pourraient étre d’autant plus marquées qu’il existe une baisse de la
contractilité intrinséque du ventricule gauche sous-jacente présente chez plus de deux-tiers des

patients en choc septique [105].

1.3.3 Prise en charge hémodynamique actuelle de la FAN chez les

patients en choc septique : 3 stratégies en pratique courante

Aucun essai randomisé n’a comparer les différentes stratégies de prise en charge

hémodynamique des FANs chez les patients en choc septique, si bien qu’aucune
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recommandation spécifique n’est disponible dans ce contexte. Par ailleurs, les
recommandations 2020 de I’European Society of Cardiology (ESC) sont difficilement
applicables chez les patients en choc septique, car ces derniers sont par définition défaillants
sur le plan hémodynamique [66]. Les études observationnelles européennes rapportent ainsi

une grande hétérogénéité des pratiques dans ce contexte (Figure 4) [5,7,23,24].

Figure 4 : Thérapeutiques spécifiques utilisées en pratique courante lors de la prise en charge

des patients présentant une fibrillation atriale de novo au cours d’un sepsis
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Abbreviations : CEE, choc électrique externe, ATG Ca, antagnoniste calcique, BB, beta-bloquants

De cette hétérogénéité des pratiques, nous pouvons néanmoins identifier 3 stratégies usuelles

de prise en charge du risque hémodynamique :

- une stratégie de controle des « triggers » (Cf paragraphe 1.1.1) de la FAN, sans utilisation

de traitement spécifique anti-arythmique [106] (contrdle du risque);
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- une stratégie de contrdle de la FC, en association au controle des triggers, par 1’utilisation
d’anti-arythmiques, tels que I’amiodarone a faible doses ou les beta-bloquants de trés courte
durée d’action [5,7,106,107] ;

- une stratégie de contrdle du rythme cardiaque (RC), en association au contrdle des triggers,
par 'utilisation d’anti-arythmiques, exclusivement I’amiodarone a fortes doses, et/ou la

réalisation d’un choc électrique externe [5,7,106,107].

1.3.3.1 Stratégie usuelle de contrdle du risque

Un certain nombre d’épisodes de FAN pourrait étre résolutif par le seul contrdle des triggers
(cf paragraphe 1.1.1) [12]. En particulier, I’hypo-magnésiémie est un trigger clairement
identifié [11], et sa correction doit étre envisagée selon de récentes recommandations d’experts
[12]. De plus, le magnésium présente des propriétés stabilisatrices de membrane [12] et pourrait
permettre un meilleur controle du RC et de la FC en association avec d’autres anti-arythmiques.
Les effets secondaires notables (bradycardie) sont rares et surviennent essentiellement lors de
I’administration de doses importantes [13,108]. La prévalence attendue d’un événement
indésirable grave apres la réalisation d’un bolus unique intra-veineux de 2g sur 20 minutes est
donc trés faible [109,110]. L’utilisation du magnésium, seul ou en association avec un
traitement spécifique anti-arythmique, demeure ainsi une pratique courante chez les patients
ayant une FAN en choc septique [106], et cela méme en I’absence d’hypomagnésémie
documentée (absence de corrélation démontrée entre magnésémie et efficacité clinique du

magnésium dans ce contexte, [109]).
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1.3.3.2 Stratégie usuelle de contrdle de la FC

Amiodarone faible dose

L’utilisation d’amiodarone intra-veineuse a faibles doses est usuelle lors d’une stratégie visant
a limiter la tachycardie (contrdle de la FC). En effet, le choix thérapeutique demeure limité chez
les patients en état de choc septique qui présentent constamment une diminution des résistances
vasculaires, ainsi qu’une altération fréquente de la contractilité intrinséque du ventricule gauche
[105]. De plus, P'insuffisance rénale est fréquente dans cette population [7]. Dans ces
circonstances, les bétabloquants et les antagonistes calciques bradycardisants (vasodilatateurs
périphériques et inotropes négatifs), ainsi que les digitaliques (risque de surdosage en cas
d’insuffisance rénale), sont d’utilisation complexe et souvent contre-indiqués. L’ESC indique
que I’amiodarone intra-veineux peut tre utilisée afin de contrdler la FC en cas d’instabilité

hémodynamique, ou de dysfonction systolique ventriculaire gauche séveére [111].

En raison de I’absorption retardée et de la biodisponibilité¢ incompléte de la voie entérale a
I’origine d’une concentration plasmatique maximale tardive entre 3 et 7 heures [112], la voie
intra-veineuse est initialement recommandée afin d’obtenir un effet thérapeutique rapide [111].
Du fait de la toxicité potentielle de I’amiodarone, la posologie idéale doit étre la plus faible
possible qui ait la capacité de diminuer significativement et rapidement la FC. La FC optimale
d’un point de vue hémodynamique chez les patients ayant une FAN au cours du choc septique
n’est cependant pas précisément connue. Chez les patients de cardiologie, ’ESC préconise
I’obtention d’une FC inférieure a 110 bpm [15]. En réanimation, une «faible dose» d’attaque
d’amiodarone permet de diminuer la FC de 37 = 8 bpm [113]. Salem et al rapportent des
résultats similaires a I’aide d’une modélisation de la relation effet-dose de 1’amiodarone sur la

réduction de la FC chez les patients ayant une FAN au cours d’un état de choc cardiogénique
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ou d’un sepsis: une «faible dose» d’attaque d’amiodarone permet une diminution de la FC de

154 bpm a moins de 115 bpm [107].

Beta-bloquants de courte durée d’action

Les B bloquants B1 hautement selectif de trés courte durée d’action pourraient avoir un intérét
afin de controler la FC chez les patients en FA au cours du sepsis/ choc septique. En particulier,
le landiolol présente une trés courte demie-vie de 4 minutes et un moindre effet inotrope négatif
en comparaison avec d’autre B-bloquant intra-veineux [114]. Okajima et al ont ainsi montré que
le landiolol permettait une réduction significative de la FC (de 145 + 14 bpm a 90 + 20 bpm)
sans détérioration de 1’état hémodynamique chez 39 patients ayant une FA au cours d’un sepsis
[115]. D’autres auteurs ont rapporté des résultats similaires chez les patients présentant une FA

au cours d’'une COVID-19 sévére [116].

1.3.3.3 Stratégie usuelle de contrdle du rythme cardiaque

Cardioversion médicamenteuse

L’amiodarone, la flécainide et le propafenone sont les trois molécules disponibles en France et
recommandées par ’ESC pour la réalisation d’une cardioversion médicamenteuse chez les
patients de cardiologie [111]. La flécainide et le propafenone sont cependant contre indiqués
chez les patients ayant une cardiopathie sous-jacente [111]. Dans la mesure ou plus de deux-
tiers des patients présentent une baisse de la contractilité intrins€que du ventricule gauche au
cours du choc septique [105], I’amiodarone demeure la molécule anti-arythmique usuellement
utilisée dans ce contexte pour une cardioversion médicamenteuse [106]. Afin d’optimiser le
taux de cardioversion, ’ESC 2016 [111] et PANSM (Agence Nationale de Sécurit¢ du
Médicament) recommandent la réalisation d’un bolus intra-veineux initial de 5-7 mg/kg suivi
d’une perfusion continue intra-veineuse de 1200 mg sur 24h. En effet, la concentration

plasmatique d'amiodarone chute trés rapidement par absorption tissulaire [112], et 1’effet
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thérapeutique s’épuise aprés 4 heures, justifiant la poursuite d’une perfusion continue IVSE
[111] dans le cas ou une forte dose est nécessaire. Plusieurs études menées chez les patients de
cardiologie ayant une FA récente de moins de 15 jours rapportent que le taux de cardioversion
obtenu avec I’amiodarone en bolus IV unique varie de 34 a 69%, contre 55 & 95% lorsque le
bolus initial est suivi d’une perfusion continue [117]. A notre connaissance, il n’y a cependant
pas de données chez les patients en choc septique concernant d’une part le taux de succés de la
cardioversion médicamenteuse avec I’amiodarone, et d’autre part la dose d’attaque optimale

d’amiodarone qui permettrait d’optimiser le taux de cardioversion.

En I’absence de dysfonction ventriculaire gauche systolique sous jacente, le propafenone
pourrait constituer une alternative intéressante a 1’amiodarone. Récemment, Balik et al. ont
publié¢ un essai randomisé, bi-centrique, controlé¢, en double aveugle, visant a comparer
I’efficacité de 1’amiodarone et du propafenone a forte dose intra-veineuse chez 209 patients
ayant une FAN au cours d’un choc septique sans dysfonction ventriculaire gauche systolique
sévere. Si il n'y avait pas de différence significative au regard du critére de jugement principal
(pourcentage de patients en rythme sinusal a H24 du début de I’infusion) entre les deux
molécules, le propafenone permettait cependant une cardioversion plus rapide (3,7 h [95% CI
2,3-6.,8] vs. 7,3 h [95% CI 5-11], p = 0,02) avec un taux de récidive plus faible (52% vs 76%,

p <0,001) que I’amiodarone.

Cardioversion électrique : choc électrique externe

La réalisation d’un choc électrique externe est la seconde alternative usuellement choisie par le
clinicien afin d’obtenir un retour en rythme sinusal chez les patients en choc septique [106].
Chez les patients hospitalisés en réanimation, I’efficacit¢ de la cardioversion électrique
demeure cependant limitée : prés de deux patients sur trois récidivent la FAN dés la 1° heure

[118] et trois patients sur quatre récidivent a 24 heures de la réalisation du choc électrique
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externe [10,119,120]. Cette inefficacité explique en partie que les cliniciens privilégient
usuellement la cardioversion médicamenteuse chez les patients septiques : selon les cohortes
européennes, deux patients sur trois recoivent de I’amiodarone alors que seulement un patient

sur 10 bénéficie d’une cardioversion électrique (Table 3) [5,7].

2. PRINCIPAUX OBJECTIFS DE LA THESE

Les objectifs de ce travail de thése sont d’étudier les risques thrombotiques et hémodynamiques

chez les patients présentant une FAN au cours d’un sepsis/ choc septique:

2.1 Risque thrombotique (Article 1 et 2)

2.1.1 Questions non résolues chez les patients ayant une FAN au cours
d’un sepsis
Les données prospectives sur les risques thrombotiques et hémorragiques sont peu nombreuses.
L’absence d’¢tude ETO ne permet pas d’appréhender a ce jour :
- D’incidence et le délai d’apparition de la thrombose intra-cardiaque dans ce contexte ;
- D’incidence des anomalies ¢échocardiographiques associées au risque d’événements
thrombotiques artériels chez les patients de cardiologique en FA (Cf. paragraphe 1.2.3) ;
L’incidence de survenue de la sidération de ’auricule gauche post cardioversion.
Les scores de risque thrombotique CHA2DS2-VASc et hémorragique HAS-BLED n’ont pas été
¢étudiés dans ce contexte.
L’absence d’essai thérapeutique randomisé ne permet pas d’appréhender la balance bénéfice

risque du traitement anticoagulant en prévention du risque thrombotique dans ce contexte.
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2.1.2 Objectifs de la these

Concernant 1’étude du risque thrombotique, nos objectifs sont de :

- Caractériser le risque d’événements cardio-vasculaires associant les événements
thrombotiques artériels, les événements hémorragiques séveres et le décés toute cause ;

- Etudier I’incidence des anomalies échocardiographiques connues pour €tre associées au
risque d’événements thrombotiques artériels chez les patients de cardiologique en FA (Cf.
paragraphe 1.2.3) : contraste spontan¢ intense au sein du massif atrial gauche (oreillette et
auricule gauche), thrombus dans 1’oreillette/auricule gauche, baisses des velocités de
vidange et de remplissage intra-auriculaire gauche, athérome aortique complexe,
dysfonction ventriculaire gauche systolique ;

- Ftudier d’éventuelles associations entres ces anomalies structurelles et fontionnelles

échocardiographiques et le risque cardio-vasculaire, notemment thrombotique ;

Etudier I’incidence de survenue de la sidération de 1’auricule gauche post cardioversion ;

Etablir les bases d’un futur essai dont I’objectif sera d’évaluer la meilleure stratégie de
traitement anticoagulant en terme de prévention des éveénements thrombotiques artériels
sans sur-risque hémorragique ou de déces.

Nous avons réalisé une étude prospective multicentrique €échocardiographique au sein de 10
Services de Réanimation Francaise chez les patients ayant une FAN au cours d’un sepsis

(Article 1, Article 2 : sous analyse de I’article 1).
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2.2 Risque hémodynamique (Article 3)

2.2.1 Question non résolue chez les patients ayant une FAN au cours
d’un sepsis
Quelle est la meilleur des stratégies de prise en charge hémodynamique des patients ayant une

FAN au cours d’un état de choc septique ?

2.2.2 Objectifs de la thése

Nos objectifs étaient de comparer 1’efficacité hémodynamique des trois stratégies de prise en
charge usuelle (Cf paragraphe 1.3.3 ; contrdle du risque, controle de la FC, controle du RC)
chez les patients présentant une FA au cours d’un choc septique. Notre hypothése est que les
stratégies de contrdle du rythme et de la fréquence améliorent chacune 1’hémodynamique
comparativement a une stratégie de controle du risque, et que le contréle du rythme cardiaque

améliore I’hémodynamique comparativement au controle de la fréquence (Article 2).
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3. RISQUE THROMBOTIQUE

Article 1

Transesophageal echocardiography for cardiovascular risk estimation in patients with

sepsis and new-onset atrial fibrillation: a multicenter prospective pilot study.

Labbé V, Ederhy S, Lapidus N, Joffre J, Razazi K, Laine L, Sy O, Voicu S, Chemouni F,
Aissaoui N, Smonig R, Doyen D, Carrat F, Voiriot G, Mekontso-Dessap A, Cohen A,
Fartoukh M, FAST Study Group

Ann Intensive Care. 2021;11(1):146. doi:10.1186/s13613-021-00934-1

Visual abstract

Transesophageal echocardiography for cardiovascular risk estimation in patients with sepsis and new-onset atrial
fibrillation {(NOAF): a multicenter prospective pilot study.
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for cardiovascular risk estimation in patients
with sepsis and new-onset atrial fibrillation:
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Abstract

Background: Echocardiographic parameters have been poorly investigated for estimating cardiovascular risk in
patients with sepsis and new-onset atrial fibrillation. We aim to assess the prevalence of transesophageal echocardio-
graphic abnormalities and their relationship with cardiovascular events in mechanically ventilated patients with sepsis
and new-onset atrial fibrillation.

Methods: In this prospective multicenter pilot study, left atrial/left atrial appendage (LA/LAA) dysfunction, severe
aortic atheroma, and left ventricular systolic dysfunction were assessed using an initial transesophageal echocardio-
graphic study, which was repeated after 48-72 h to detect LA/LAA thrombus formation. The study outcome was a
composite of cardiovascular events at day 28, including arterial thromboembolic events (ischemic stroke, non-cere-
brovascular arterial thromboembolism, LA/LAA thrombus), major bleeding, and all-cause death.

Results: The study population comprised 94 patients (septic shock 63%; 35% women; median age 69 years). LA/LAA
dysfunction, severe aortic atheroma, and left ventricular systolic dysfunction were detected in 17 (19%), 22 (24%), and
27 (29%) patients, respectively. At day 28, the incidence of cardiovascular events was 46% (95% confidence interval
[Cl]: 35 to 56). Arterial thromboembolic events and major bleeding occurred in 7 (7%) patients (5 ischemic strokes, 1
non-cerebrovascular arterial thromboembolism, 2 left atrial appendage thrombi) and 18 (19%) patients, respectively.
At day 28, 27 patients (29%) died. Septic shock (hazard ratio [HR]: 2.36; 95% Cl 1.06 to 5.29) and left ventricular systolic
dysfunction (HR: 2.06; 95% CI 1.05 to 4.05) were independently associated with cardiovascular events.

Conclusions: Transesophageal echocardiographic abnormalities are common in mechanically ventilated patients
with sepsis and new-onset atrial fibrillation, but only left ventricular systolic dysfunction was associated with cardio-
vascular events at day 28.

Keywords: Atrial fibrillation, Transesophageal echocardiography, Stroke, Bleeding, Sepsis
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of arterial thromboembolic events [2] and death than
patients without NOAF [1, 2]. Decision-making with
regard to thrombo-prophylaxis should be based upon the
absolute risks of cardiovascular events, including arterial
thromboembolism event, bleeding, and death, and the
net clinical benefit for a given patient. However, conven-
tional score to assess thromboembolic and bleeding risk
in patient with atrial fibrillation have not been validated
in the specific setting of sepsis [3, 4].

Transesophageal echocardiography (TEE) abnormali-
ties, such as left ventricular (LV) systolic dysfunction, left
atrial/left atrial appendage (LA/LAA) dysfunction, and
severe aortic atheroma, are associated with an increased
risk of arterial thromboembolic event in patients with
atrial fibrillation [5]. In particular, LA/LAA dysfunction,
revealed by LAA low velocities and dense spontaneous
echo contrast (SEC) resulting from blood stasis [6-8],
remains strongly associated with thrombus formation [9].
So, bedside echocardiography could be useful in critically
ill patients with sepsis and NOAF for estimating their
cardiovascular risk.

We therefore conducted a prospective, multicenter,
observational, echocardiographic pilot study (the Fibril-
lation Atrial Sepsis Thrombus [FAST] study) in 10 French
ICUs in patients with sepsis and NOAF. Our objectives
were to assess early LV systolic dysfunction, LA/LAA
dysfunction, and severe aortic atheroma, and to inves-
tigate the relationship of these structural and functional
parameters with the occurrence of cardiovascular events
at day 28.

Methods

Patient selection

During a 24-month period (November 2014 to Novem-
ber 2016), all mechanically ventilated adult patients with
sepsis/septic shock who experienced significant NOAF
(including atrial fibrillation and atrial flutter) on ICU
admission or during their ICU stay were eligible. Sig-
nificant NOAF was defined by an AF in patients with no
prior history of AF [10], lasting at least 6 h or recurred
more than twice (>30 s) per day despite correction of
modifiable risk factors such as hypokalemia or hypov-
olemia [11]. Sepsis/septic shock was defined according
to the Sepsis-3 definition [12]. All episodes of NOAF
were systematically recorded on an electrocardiogram
assessed by two cardiologists (any discrepancy being
solved by consensus), and classified as atrial fibrillation,
or atrial flutter using standard definitions [13]. Patients
with a history of atrial fibrillation for which the cardio-
vascular risk depends in part to their established previ-
ous medication regimen for atrial fibrillation [10], with
valvular heart disease classifying AF as “valvular AF”
(significant mitral stenosis, mechanical aortic or mitral
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valve; [14]), with TEE contraindication [15], those who
were moribund (expected survival <48 h), or with a deci-
sion to limit full care, and those refusing to participate,
were not included.

The study was approved by the Comité de Protection
des Personnes Ile-de-France 5 (ref. 14941), as a compo-
nent of standard care, and patient consent was waived, as
per French Law. Written and oral information about the
study was given to the patients or their next of kin.

Data collection

Demographics, medical history, antithrombotic medica-
tions, admission category, Simplified Acute Physiology
Score II [16], and CHA,DS,-VASc [14] and HAS-BLED
[14] scores were recorded on ICU admission (detailed
definitions in Additional file 1: Table S1). The type of
infection and the Sepsis-Related Organ Failure assess-
ment score [17] were recorded at NOAF onset (day 0).
NOAF management during ICU stay was left at the dis-
cretion of the physicians in charge.

Echocardiography

Echocardiography were performed at the bedside by
skilled intensivists, all of whom had >2 years of TEE
experience, with competence in advanced critical care
echocardiography [18]. Examinations were conducted
with recent commercially available equipment (CX50,
AFFINITY 70, and IE33; Philips Ultrasound system,
Bothell, WA; VIVID 7, VIVID 9, and VIVID I, General
Electric Healthcare system, Horten, Norway). All echo-
cardiographic studies involved transthoracic echocar-
diography according to the recommendations of the
European Association of Cardiovascular Imaging [19]
with 2.5- and 3-MHz transducers, followed by TEE with
5-MHz multiplane transducers. Each patient underwent
echocardiography within 48 h of NOAF onset (initial
TEE). Based on the initial TEE findings, changes in treat-
ment regarding therapeutic anticoagulation were left at
the discretion of the physicians in charge. To investigate
LA/LAA thrombus formation, a second echocardiog-
raphy was performed 48 to 72 h after the initial TEE in
patients who were still mechanically ventilated (second
TEE). Supplementary echocardiography studies per-
formed at the discretion of the physicians in charge were
recorded.

LA or LAA thrombi, LA/LAA dysfunction (including
LA/LAA dense SEC and LAA low velocities), LAA large
area, and severe aortic atheroma were investigated as
previously described [6, 7, 20-24]. A LA/LAA thrombus
was considered present when there was a well-circum-
scribed, echodense, intra-cavitary mass that is acousti-
cally distinct from the underlying endocardium and the
pectinate muscles [21]. LA/LAA dense SEC was defined
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as finely reticular pattern of dynamic, swirling intra-cav-
itary echoes localized within the LA or LAA persistent
throughout the LA-LAA at normal gain [6, 21]. Velocity
of the LAA was recorded with pulse-wave Doppler inter-
rogation 1 cm within the orifice. Flow velocity was evalu-
ated in anterograde (emptying) and retrograde (filling)
directions, and was averaged over a minimum of 3 to 5
consecutive cardiac cycles as specified by protocol. LAA
low velocity was defined as a LAA filling or emptying
velocity <25 cm/s [7, 23]. The area of the LAA was meas-
ured by planimetry at 90° view as specified by protocol.
LAA large area was defined as a LAA area >5 cm? [21].
The thoracic aorta was analyzed at each level, including
the ascending aorta, the proximal and distal arch, and the
descending aorta, as specified by protocol and according
to previously described methods [20]. Severe aortic ath-
eroma was defined as: protruding atherosclerotic plaques
(highly echogenic areas that protruded >4 mm above the
surface of the intima into the aortic lumen); or mobile
atheroma; or ulcerated atheroma [20, 22, 24]. LV systolic
dysfunction was defined as LV ejection fraction <45%
(mild, 31-45%; severe, <30%) using the biplane Simpson
method [19].

All echocardiographic studies were analyzed off-line by
two experienced observers (VL and SE) in a blinded man-
ner. Differences between observers were resolved by con-
sensus; if the observers could not agree, a third observer
(AC) reviewed the studies, and that observer’s judgment
was binding.

Follow-up and outcomes

All patients were followed from day O (inclusion) to day
28. The primary outcome was the occurrence of a car-
diovascular event, comprising arterial thromboembolic
events (ischemic stroke, non-cerebrovascular throm-
boembolism, or thrombus of the LA/LAA on echocar-
diography studies [3]), major bleeding event (according
to the International Society on Thrombosis and Hemo-
stasis definition: symptomatic bleeding in a critical area
or organ such as intracranial, bleeding associated with
a reduction in hemoglobin of >1.24 mmol/L or lead-
ing to transfusion of >2 units blood or packed cells, or
fatal bleeding; [25, 26]), and death from any cause. Sec-
ondary outcomes were individual components of the pri-
mary outcome (detailed definitions in Additional file 1:
Table S1).

With the exception of the second TEE, no systematic
screening of arterial thromboembolic events was per-
formed. The diagnostic work-up of arterial thrombo-
embolic events and major bleeding events included the
usual investigations performed in the participating ICUs,
and was collected by the attending intensivists. An inde-
pendent committee adjudicated arterial thromboembolic
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events and major bleeding events, and assessed the rela-
tionship of ischemic stroke and non-cerebrovascular
thromboembolism with NOAF, using the Stop Stroke
Study Trial of Org 10172 in Acute Stroke Treatment
classification (detailed definitions in Additional file 1:
Table S2, Fig. S1, [27]).

Statistical analysis

Data are reported as medians (interquartile range [IQR])
for quantitative variables, and as frequencies (percent-
ages) for categorical variables. Associations with com-
posite primary outcome (cardiovascular events) were
tested by standard Cox models. A multivariable model
for the primary outcome was built from studied TEE
parameters (LV systolic dysfunction, LA/LAA dysfunc-
tion, severe aortic atheroma), with additional adjustment
on variables associated with this outcome in the univari-
ate analysis. Associations with secondary outcomes (indi-
vidual component of the composite primary outcome)
were tested by univariate cause-specific Cox models for
the first occurrence of arterial thromboembolic event or
major bleeding event (accounting for the competing risk
of death), and by standard Cox models for the all-cause
mortality. A multivariable model was built for the pri-
mary outcome only, as the number of events was judged
too low to avoid overfitting for the other outcomes. All
survival models were censored at day 28. Hazard ratios
(HRs) were estimated and reported with their 95% con-
fidence intervals (Cls). All tests were 2-tailed and p val-
ues < 0.05 were considered significant. Statistical analysis
was conducted with R version 3.6.3 (R Core Team 2019;
R foundation for statistical Computing, Vienna, Austria).

Results

Baseline clinical characteristics and TEE findings

During the study period, 94 patients were studied (63
men and 31 women) with a median age of 69 years
(IQR: 61 to 77 years) (study flowchart in Fig. 1). Median
time from ICU admission to NOAF onset was 2 days
(IQR: 1 to 4 days) (atrial fibrillation, »=93; atrial flut-
ter, n=1). Baseline clinical characteristics are displayed
in Table 1. Median CHA,DS,-VASc score was 3 (IQR:
2 to 4), and HAS-BLED score was 2 (IQR: 1 to 3). Ini-
tial TEE studies were performed after a median time
of 1.3 days (IQR: 0.7 to 2.1 days) from NOAF onset.
NOAF was present during initial TEE in 47% of patients
(details regarding other hemodynamic parameters dur-
ing TEE are available in Additional file 1: Table S3).
LA/LAA dysfunction was detected in 19% of patients,
including LA/LAA SEC (7%) and LAA low velocities
(12%). Severe aortic atheroma was diagnosed in 24%
of patients. LV systolic dysfunction occurred in 29% of
patients. None of the patients had thrombus in the LA
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385 patients aged >18 years with mechanical
ventilation, sepsis, and significant atrial fibrillation

Excluded (n=268)
History of atrial fibrillation (»=210)
Contraindication to TEE (n=18)
Moribund (#»=18)
History of valvular heart disease (n=11)
Decision to limit full care (»=10)
Refused to participate (n=1)

A

96 patients included

Non-inclusion (n=21)
No research staff available in time (n=13)
No affiliation to social security (n=5)
Inadvertent omission from the study inclusion process

(n=3)

Secondary excluded (n=2)

A4

94 patients studied with
initial TEE

Patient with failed attempts to introduce the TEE probe
Patient with no sepsis

No second TEE (n=30)
Weaning of invasive mechanical ventilation (n = 15)

Organizational reasons (n=7)

A Death (n=8)
64 patients studied with
second TEE
Fig. 1 Patient flowchart. TEE transesophageal echocardiography
or LAA (Table 2). Regarding the therapeutic impact of = Outcomes

TEE studies, therapeutic anticoagulation was initiated
following TEE in 3% of patients due to LA/LAA dense
SEC (n=2) and severe aortic atheroma (n=1).

NOAF management during ICU stay

Cardioversion was attempted in 67 patients (71%), using
amiodarone in 65 patients (69%) and electric shock in
23 patients (24%). Management prior to electric shock
included therapeutic anticoagulation in 8 of 23 patients
and TEE to exclude LA/LAA thrombus in 13 of 23
patients. During ICU stay, therapeutic anticoagulation
was administered in 50 patients (53%), after 1 day (IQR: 0
to 2 days) from NOAF onset. At day 28, NOAF was per-
sistent in 15 patients (16%) (Additional file 1: Table S4).
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The incidence of cardiovascular events at day 28 was
46% (95% CI: 35 to 56), and 27 patients (29%) died. 7
patients (7%) presented at least one arterial thrombo-
embolic event occurring after a median of 6 days (IQR:
4 to 7 days) from NOAF onset. Arterial thromboembolic
events included 5 ischemic strokes (three definitely, one
probably, and one definitely not related to NOAF), 1 non-
cerebral thromboembolism (probably related to NOAF),
and 2 LAA thrombi. A second TEE was performed in 64
patients (Fig. 1) after 4.2 days (IQR: 3.3 to 5.1 days) from
NOAF onset, and revealed 1 LAA thrombus. The second
LAA thrombus was diagnosed in a further TEE, per-
formed 17 days after NOAF onset because of the clinical
occurrence of ischemic stroke. Details about the mecha-
nisms of each arterial thromboembolic event are shown
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Table 1 Baseline clinical characteristics, initial severity, and initial new-onset atrial fibrillation management according to 28-day arterial
thromboembolic events, major bleeding events and death

Variable Total (n=94) Arterial thromboembolic Major bleeding event Death
event

No(n=87) Yes(n=7) No(n=76) Yes(n=18) No(n=67) Yes(n=27)

Baseline clinical characteristics on ICU admission

Age, median (IQR), years 69 (61-77) 69 (61-77) 69 (63-80) 69 (61-78) 67 (61-74) 69 (61-77) 68 (64-78)
Female sex, no. (%) 33 (35) 31(36) 2 (29) 26 (34) 7 (39) 25(37) 8 (30)
Cardiac disease, no. (%) 17 (18) 14 (16) 3(43) 14 (18) 3(17) 13(19) 4(15)
Left ventricular systolic dysfunction, no. (%) 3(3) 3(3) 0 3(4) 0 3(4) 0
Vascular disease, no. (%) 19 (20) 16 (18) 3(43) 14 (18) 5(28) 11(016) 8 (30)
Stroke, no. (%) 8(8) 8(9) 0 7(9) 1(6) 5(7) 3(11)
Diabetes mellitus, no. (%) 24 (25) 23 (26) 1(14) 21(28) 3(17) 14(21) 10 (37)
Smoker, no. (%) 51 (54) 48 (55) 3(43) 42 (55) 9 (50) 37 (55) 14 (52)
Hypertension, no. (%) 57 (61) 51(59) 6 (86) 46 (60) 11(61) 38(57) 19 (70)
Clinical risk scores, median (IQR)
CHA,DS,-VASc 3(2-4) 3(2-4) 3(1-4) 3(2-4) 3(2-4) 3(2-4) 3(2-4)
HAS-BLED 2(1-3) 2(1-3) 2(1-3) 2(1-3) (1-3) (1-3) 2(1-3)
Previous therapeutic anticoagulation, no. (%) 4 (4) 4(5) 0 2(3) 2011 4 (6) 0
Admission category, no. (%)
Medical 74.(79) 70 (80) 4(57) 61 (80) 13(72) 52 (78) 22 (81)
Scheduled surgery 5(5) 5(6) 0 4(5) 1(6) 4(6) 1(4)
Emergency surgery 15(16) 12(14) 3(43)° 11(014) 4(22) 11(16) 4(15)
SAPS Il score on ICU admission, median (IQR) 58 (47-74) 58 (44-74) 63 (51-68) 60 (44-74) 54 (50-73) 54 (43-73) 65 (55-74)

Severity and management on the day of NOAF onset

SOFA score, median (IQR) 9(7-11) 9(7-11) 9 (6-9) 9(7-11) 9(6-11) 9(7-11) 10 (6-13)
Septic shock, no. (%) 59 (63) 55 (63) 4 (57) 45 (59) 14 (78) 38 (57) 21(78)
Catecholamine, no. (%) 75 (80) 70 (80) 5(71) 60 (79) 15 (83) 52 (78) 23 (85)
Norepinephrine 71(75) 66 (76) 5(@71) 57 (75) 14 (78) 50 (75) 21(78)
Epinephrine 6 (6) 5(6) 1(14) 3(4) 3(17)° 4(6) 2(7)
Dobutamine 7(7) 5(6) 2(29) 709 0 5(7) 2(7)
Cardioversion attempt, no. (%) 60 (64) 58 (67) 2 (29) 49 (64) 11(61) 42 (63) 18 (67)
Medical (@amiodarone) 59 (63) 57 (65) 2(29) 48 (63) 11(61) 41 (61) 18 (67)
Electrical 16 (17) 16 (18) 0 9(12) 7 39)° 10 (15) 6(22)
Antiplatelet therapy, no. (%) 24 (25) 21 (24) 3 (43) 17 (22) 7 (39) 15(22) 9(33)
Therapeutic anticoagulation, no. (%) 28 (30) 25 (29) 3(43) 23 (30) 5(28) 23 (34) 5(18)

CHA,DS ,-VASc congestive heart failure, hypertension, age > 75 years (doubled), diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism
(doubled), vascular disease, age 65 to 74 years, sex category (female), HAS-BLED hypertension, abnormal renal/liver function, stroke, bleeding history or
predisposition, labile international normalized ratio, elderly, drugs/alcohol concomitantly, ICU intensive care unit, IQR interquartile, NOAF new-onset atrial fibrillation,
SAPS Simplified Acute Physiology Score, SOFA Sepsis-Related Organ Failure Assessment

@ p<0.05, when compared with the value for no arterial thromboembolic event
b p <0.05, when compared with the value for no major bleeding event

in Table 3. 18 patients (19%) had at least one major bleed-  Factors associated with cardiovascular events

ing event occurring after a median of 8.5 days (IQR: 3.5  Baseline clinical characteristics were similar between
to 12 days) from NOAF onset. Major bleeding events patients with or without cardiovascular event (Addi-
included 21 extra-cranial and 2 intracranial bleedings tional file 1: Table S6). Among initial severity and
(Additional file 1: Table S5). 10 patients (11%) presented = NOAF management, septic shock and electrical cardio-
a major bleeding event categorized as life-threatening, version attempt on the day of NOAF onset were associ-
including fatal gastrointestinal bleeding in 2 of them. At  ated with cardiovascular events (respectively, HR: 2.72;
the time of the first arterial thromboembolic and major  95% CI 1.30 to 5.69 and HR: 2.33; 95% CI 1.17 to 4.65;
bleeding events, therapeutic anticoagulation was used in  Additional file 1: Table S6). Regarding TEE parameters,
5 patients (71%) and 12 patients (67%), respectively.
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Table 2 Initial transthoracic and transesophageal echocardiographic variables according to 28-day arterial thromboembolic events,
major bleeding events, and death

Variable Total (n=94) Arterial Major bleeding event Death
thromboembolic event

No (n=87) Yes(n=7) No(n=76) Yes(n=18) No(n=67) Yes(n=27)

LVEF, median (IQR), % (n =94) 55 (45-61) 56 (45-62) 51(33-57) 57(49-62) 47 (43-57) 57 (49-61) 51 (30-61)
LV systolic dysfunction (LVEF < 45%), no. (%) 27 (29) 24 (28) 3(43) 18 (23) 9 (50)® 16 (24) 11 (47)
(I’) = 94)
LV systolic severe dysfunction (LVEF <30%), no. (%) 9 (10) 7 (8) 2 (29) 9(12) 0 2(3) 7 (26)°
(n=94)
RV dilatation, no. (%) (n=90)¢ 27 (28) 25 (30) 2(29) 22 (30) 5(29) 21(33) 6(23)
Paradoxical septum, no. (%) (n =94) 5(5) 4(5) 1(14) 5(5) 0 3(4) 2(7)
Significant left-sided valve disease, no. (%) (h=94)¢ 4 (4) 2(2) 2 (29)° 1(1) 3(17)° 2(3) 2(7)
LA area, median (IQR), cm? (n=70) 20 (16-24) 20(16-23) 25(18-28) 20(16-23) 21(18-24) 21(16-25) 18(15-22)
LA/LAA thrombus, no. (%) (n=94) 0 0 0 0 0 0 0
LAA dysfunction, no. (%) (n:88)f 17 (19) 16 (20) 1(14) 12(017) 5(28) 12 (19) 5(19)
LA/LAA dense SEC (n=94) 7(7) 6(7) 1(14) 6(8) 1(6) 5(7) 2(7)
LAA low velocity (n=88)? 11(12) 11(14) 0 7(10) 4(22) 7011 4(15)
LAA emptying velocity, median (IQR), cm/s (n=89) 66 (41-85) 67 (41-83) 63 (41-90) 66 (43-81) 65(33-91) 61 (44-85) 70(39-81)
LAA filling velocity, median (IQR), cm/s (n=88) 60 (46-71) 59 (45-71) 65 (50-68) 62 (46-72) 56 (45-61) 58(47-72) 62 (44-68)
LAA large area (> 5 cm?), no. (%) (n=287) 13(15) 10(12) 3(43) 10 (14) 3(18) 7(11) 6 (24)
LAA area, median (IQR), cm? (n=287) 32((4-43) 32(24-4.1) 49(3.0-53) 32(24-43) 34(23-45 34(23-42) 3.1(24-45)
Severe aortic atheroma, no. (%) (h=91) 22 (24) 21(25) 1(14) 18 (24) 4(23) 18 (27) 4(16)

IQR interquartile, LA left atrial, LAA left atrial appendage, LV left ventricular, LVEF left ventricular ejection fraction, RV right ventricular, SEC spontaneous echo contrast
2 p<0.05, when compared with the value for no arterial thromboembolic event

b p <0.05, when compared with the value for no major bleeding event

€ p<0.05, when compared with no death

4RV dilatation was defined as RV and LV end-diastolic areas ratio in long-axis cardiac view

€ Aortic stenosis, n=2; mitral regurgitation, n = 1; aortic regurgitation, n=1

fFLA/LAA dense SEC or LAA low velocity

9 LAA emptying velocity < 25 cm/s or LAA filling velocity <25 cm/s

only LV systolic dysfunction was associated with car-  Factors associated with each of the components
diovascular events (HR: 2.75; 95% CI 1.48 to 5.08; Addi-  of cardiovascular events

tional file 1: Table S3). As compared with patients Arterial thromboembolic event

showing no LV systolic dysfunction, patients with mild  There was no significant difference in baseline clini-
LV systolic dysfunction had a higher cardiovascular risk  cal characteristics, severity, and management on the
(HR: 2.39; 95% CI 1.14 to 4.63) and those with severe day of NOAF onset between patients with and without
LV systolic dysfunction had an even higher risk (HR: arterial thromboembolic event, with the exception of
4.2; 95% CI 1.79 to 10.05). A multivariable model built a context of emergency surgery (Table 1). In particular,
from TEE parameters with additional adjustment on the CHA,DS,-VASc score was similar between the two
septic shock and electrical cardioversion attempt on the  groups. Regarding TEE parameters, only significant left-
day of NOAF onset identified LV systolic dysfunction sided valve disease was associated with an increased risk
(HR: 2.06; 95% CI 1.05 to 4.05) as the only independent  of arterial thromboembolic event (Table 2).

predictor of cardiovascular events (Table 4). Additional

adjustments on baseline clinical characteristics (SAPSII  Major bleeding event

score, CHADS2Vasc2 and HAS-BLED) and antithrom-  Patients with major bleeding event more often received
botic management (antiplatelet therapy and therapeu- initial electrical cardioversion attempt, whereas the
tic anticoagulation on the day of NOAF onset) did not HAS-BLED score and initial therapeutic anticoagula-
substantially change the magnitude of reported hazard tion (Table 1) were similar between the two groups. LV
ratios (Additional file 1: Table S7). systolic dysfunction and left-sided valve disease were
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Table 3 Description of 28-day arterial thromboembolic events

Variable Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
CHA,DS,-VASc score 3 6 0 1 2 5 4
NOAF characteristics Persistent Sustained Sustained Sustained Persistent Sustained Persistent
Time from NOAF onset, 1 2 6 5 5 0 3
days
Initial TEE study
LV systolic function, 45 50 5 56 70 60 22
LVEF (%)
LA/LAA dysfunction? No No No No No No Yes
Severe aortic atheroma  Yes No No No No No No

Management before arterial thromboembolic event

Therapeutic anticoagu-  Yes No Yes Yes Yes No Yes
lation
Cardioversion attempt ~ Yes Yes Yes Yes No No No
Type Ischemic stroke Ischemic stroke Ischemic stroke Ischemic stroke Ischemic stroke; LAA Non-CVTE LAA thrombus®
thrombus °
Mechanism®
Causatives subtypes of ~ Probable large artery  Evident cardio- Evident cardio- Evident cardio- Evident cardio-aortic - -
ischemic stroke® atherosclerosis aortic embolism  aortic embolism  aortic embolism  embolism
Sources of embolism - No VA ECMO No No Suspicionof -
other than intracardiac endocarditis
thrombus’
Relation to NOAF Definitely not Definitely Probably Definitely Definitely Probably -
Fatal ischemic stroke or No No No No No No -
non-CVTE

CHA,DS ,-VASc congestive heart failure, hypertension, age > 75 years (doubled), diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism
(doubled), vascular disease, age 65 to 74 years, sex category (female), CVTE cerebrovascular thromboembolism, LA left atrial, LAA left atrial appendage, LV left
ventricular, LVEF left ventricular ejection fraction, NOAF new-onset supraventricular arrhythmia, TEE transesophageal echocardiography, VA ECMO veno-arterial
extracorporeal membrane oxygenation

2 Including LA/LAA SEC and low LAA flow velocity

b Revealed at a supplementary TEE performed 17 days after NOAF onset because of ischemic stroke

€ Revealed at the second TEE study performed in all patients with arterial thromboembolic event except patient 4
d Arterial thromboembolic mechanism was assessed by an independent committee

€ Causative subtype of ischemic stroke (large artery atherosclerosis, cardio-aortic embolism, small-artery occlusion, other cause, or unknown cause) was determined
using the Stop Stroke Study Trial of ORG 10172 in Acute Stroke Treatment classification criteria [27]

f Among patients with non-cerebrovascular thromboembolism and those with evident cardio-aortic embolism as a causative subtype of ischemic stroke

Table 4 Univariate and multivariable analyses of factors associated with cardiovascular events®

Variable Univariate analysis Multivariable analysis

HR (95% Cl) p value HR (95% Cl) p value
Septic shock? 2.72 (1.30-5.69) 0.01 2.36 (1.06-5.29) 0.04
Electrical cardioversion attempt® 2.33(1.17-4.65) 0.02 1.51(0.72-3.17) 0.27
LV systolic dysfunction®® 2.75 (1.48-5.08) 0.001 2.06 (1.05-4.05) 0.03
LA/LAA dysfunctiond' ¢ 1.14 (0.54-2.39) 0.73 0.85(0.39-1.87) 0.69
Severe aortic atheroma® 0.58 (0.26-1.33) 0.20 0.60 (0.26-1.40) 0.24

Cl confidence interval, HR hazard ratio, LA left atrial, LAA left atrial appendage, LV left ventricular

@ Composite of arterial thromboembolic events, major bleeding events, and death from any cause
b On the first day of new-onset atrial fibrillation onset

€LV ejection fraction <45%

d At the first echocardiography

€ LA/LAA dense spontaneous echo contrast or LAA low velocity
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the only TEE parameters associated with major bleeding
events (Table 2).

28-day mortality

Baseline clinical characteristics, initial severity and
NOAF management were similar between survivors and
non-survivors, with the exception of the Simplified Acute
Physiology Score II score on ICU admission, which was
associated with mortality (Table 1). LV ejection fraction
was the only TEE parameter associated with mortality
(Table 2).

Discussion

Our study aimed at describing the early TEE abnormali-
ties in critically ill mechanically ventilated patients with
sepsis and NOAF, and at estimating the cardiovascular
risk by performing a systematic comprehensive mor-
phological work-up with TEE. We found that LV sys-
tolic dysfunction, severe aortic atheroma, and LA/LAA
dysfunction were common, and that the incidence of
cardiovascular events was very high, including arterial
thromboembolic event (7%), major bleeding event (19%),
and all-cause death (29%). Among the initial TEE abnor-
malities, only LV systolic dysfunction was independently
associated with a poor prognosis.

Thrombotic and bleeding risks

In line with our results, Yoshida et al. reported a 4.6%
incidence of stroke in ICU patients with NOAF [28].
Walkey et al. showed that septic patients with NOAF
had a greater risk of in-hospital stroke, as compared with
their counterparts [2]. We also report that major bleed-
ing events, most of which were life-threatening, were
almost three times more frequent than thromboembolic
events (19% versus 7%). Similarly, Walkey et al. showed
a 12.6% incidence of bleeding in a large retrospective
cohort of patients with sepsis and NOAF [29]. Gastro-
intestinal bleedings in our cohort of patients were more
common and severe than in previous cohort in critically
ill patients [30]. Krag et al. reported a 2.4% incidence of
clinically important gastrointestinal bleeding in 1034
critically ill patients, which none of them was fatal [30].
Upper gastrointestinal lesions commonly seen in ICU
patients requiring mechanical ventilation [31] may also
increase bleeding risk among patients with sepsis who
are receiving therapeutic anticoagulation. Therefore,
thrombotic and bleeding risks in patients with sepsis and
NOATF seem to be higher than those reported in cardi-
ology wards. In a recent clinical trial studying early ver-
sus delayed cardioversion in patients with NOAF in the
Emergency Department, Pluymaerkers et al. reported a
0.5% incidence of arterial thromboembolic events and no
major bleeding events within 4 weeks of follow-up [32].
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The underlying mechanisms of the cardiovascu-
lar events are complex in this context. NOAF may be
a marker of greater sepsis severity, associated with an
increased risk of thrombotic and bleeding events through
hemodynamic collapse, increased systemic inflamma-
tion, and coagulopathy [33, 34]. Sepsis could predispose
to LA/LAA thrombus formation in patients with NOAF.
Virchow’s triad—including abnormal blood stasis, hyper-
coagulable state, and endothelial dysfunction—could be
exacerbated in this context [35, 36]. In this setting, signif-
icant left-sided valve disease, associated with the occur-
rence of thrombotic events in our cohort, could be a
potential etiologic factor in the development of them. In
addition, due to inclusion criteria some of patients may
have unrecognized pre-existing paroxysmal AF. At last,
patients hospitalized in the ICU for sepsis and requir-
ing mechanical ventilation seem to have a high baseline
thrombotic and bleeding risks, irrespective of NOAF,
as shown in our cohort of elderly patients with frequent
comorbidities such as cardiovascular disease and arterial
hypertension.

Therapeutic anticoagulation

Observational data suggested that therapeutic anticoagu-
lation was not associated with a reduced risk of ischemic
stroke, but was associated with a higher bleeding risk
among propensity score-matched patients with sepsis
and atrial fibrillation [29]. However, there are no robust
data on the net clinical benefit of therapeutic anticoagu-
lation in patients with sepsis and NOAF. In line with our
results, Yoshida et al. reported that 40% of critically ill
patients with NOAF received therapeutic anticoagula-
tion [28]. In patients with septic shock eligible for early
NOAF cardioversion (<24 h), a recent French survey
has shown that 22% of intensivists initiated immediate
therapeutic anticoagulation, whereas 27% initiated thera-
peutic anticoagulation after 24 h, and 44% after 48 h of
sustained NOAF [37]. Similarly, we reported that only
one-third of patients received therapeutic anticoagula-
tion prior to electric shock. These deviations from recent
European guidelines that recommend therapeutic anti-
coagulation before any emergent cardioversion [4, 10]
confirm that the cardiologic approach does not seem
appropriate in septic patient at high risk of bleeding. In
the light of our results, specific therapeutic for NOAF in
patients with sepsis such as electric shock and therapeu-
tic anticoagulation should be used with caution. Hence,
identifying patients with sepsis and NOAF most likely
to benefit from therapeutic anticoagulation is a major
clinical challenge. We found that the CHA,DS,-VASc
and HAS-BLED scores, used for clinical decision-mak-
ing on anticoagulation in the cardiology ward, were
not associated with any of the cardiovascular events.



Labbé et al. Ann. Intensive Care (2021) 11:146

Similarly, Walkey et al. reported a poor performance of
CHA,DS,-VASc scores to stratify risk of stroke during
sepsis in a large retrospective cohort of patients with sep-
sis and atrial fibrillation [29]. Finally, our results confirm
the need for bedside cardiovascular risk estimation tools,
to help decisions to be made about therapeutic anticoag-
ulation and its timing.

TEE for cardiovascular risk estimation

A TEE-guided strategy for estimating cardiovascular
risk may be questionable. Although initial TEE revealed
frequent LAA dysfunction (including dense SEC or low
velocity), severe aortic atheroma, and LV systolic dys-
function, only the last of these was associated with a poor
prognosis. Moreover, a systematic early TEE followed by
a second TEE in two-thirds of patients revealed only one
LAA thrombus. In line with our results, Seemann et al.
reported myocardial dysfunction in 40% of patients with
septic shock and NOAF [38]. LV systolic dysfunction and
NOAF may be two components of myocardial septic dys-
function. The clinical and prognosis significances of LV
systolic dysfunction during sepsis are a matter of debate
[39]; however, our findings suggest that its association
with NOAF is associated with a poor prognosis. Two pre-
vious studies reported the prevalence of thrombus, dense
SEC and severe aortic atheroma in ambulatory cardio-
logical patients undergoing TEE for NOAF cardioversion
[40, 41]. In comparison with our results, Kleemann et al.
reported a similar prevalence of thrombus (1%), dense
SEC (9.5%), and aortic atheroma (21%), whereas Stoddart
et al. reported a higher prevalence of thrombus (14%)
and dense SEC (39%) [40, 41]. Those differences may be
explained by the higher number of patients with struc-
tural heart disease in the study by Stoddart et al. (94%),
as compared with the study by Kleemann et al. (49%) and
our study (18%).

Study strengths and limitations

This multicenter study was conducted in 10 ter-
tiary university ICUs, where TEE is routinely used in
mechanically ventilated critically ill patients. The major
strengths of our study are: (i) the comprehensive search
for risk factors for cardiovascular events, including
systematic morphological work-up with two sequen-
tial TEE studies (initial TEE to identify patients at high
risk of cardiovascular events, and the second TEE to
investigate LA/LAA thrombus formation); (ii) its pro-
spective design with adjudication of arterial throm-
boembolic events and major bleeding events; and (iii)
the mean level of inclusion of 0.5 patient per month
per center seems to be an appropriate number with
regard to the eligibility criteria and is consistent with
consecutive and exhaustive recruitment. Our study has
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several limitations. First, the relatively small number of
patients limited power in all analyses. This may explain
the absence of association between TEE abnormali-
ties and outcomes. One could also object that arterial
thromboembolic event might have been more relevant
as a primary outcome, yet we did not consider this
option, because of its low incidence. Instead, we used a
composite outcome that reflects the net clinical benefit
of therapeutic anticoagulation. Second, the incidence of
arterial thromboembolic events may have been under-
estimated due to the fact that (i) the second TEE was
not performed in all patients; (ii) TEEs performed in
the first few days after NOAF onset may not capture
LA/LAA thrombus formation within this time frame
and (iii) cerebral magnetic resonance imaging was not
systematic. Third, the present study was an observa-
tional study with potential indication bias. Rhythm/
rate control and therapeutic anticoagulation could have
influenced the occurrence of thrombotic and bleeding
events. Fourth, we excluded patients who had a history
of atrial fibrillation, in whom long-term cardiovascu-
lar risk stratification has been well studied [10]. Fifth,
although an independent committee assessed arterial
thromboembolic mechanism using a previous pub-
lished classification, make a clear distinction between
the “cardio-aortic embolism” and sepsis-related hypo-
tension as a cause of stroke remains difficult. Finally, as
this study was conducted in France, our findings may
not be applicable elsewhere; however, the incidences of
cardiovascular events reported in other nations [2, 3,
28, 29] were similar to our findings.

Conclusions

TEE abnormalities (including LA/LAA dysfunction,
severe aortic atheroma, and LV dysfunction), and
cardiovascular events were common in critically ill
patients with sepsis and NOAF. However, only LV sys-
tolic dysfunction was independently associated with
cardiovascular events. Consequently, transesophageal
echocardiography appears to be limited in this context
for estimating cardiovascular risk, albeit the sample
size was relatively small.
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Additional file 1 Definition of CHA2DS2-VASc and HAS-BLED risk scores, arterial thromboembolic

events, and bleeding events

Variable

Definition

Risk score

CHA,DS,-VASc [1]

HAS-BLED [1]

Stroke and non-CVTE

Stroke

Ischemic stroke

Hemorrhagic stroke

Undetermined

stroke

Non-CVTE

Fatal stroke or non-
CVTE
Causatives subtypes of
ischemic stroke e
Bleeding

Major bleeding
events (ISTH definition)
(2]

Life-threatening
bleeding (RE-LY
definition) [3]

Congestive heart failure, Hypertension, Age >75 years (doubled), Diabetes
mellitus, prior Stroke or transient ischemic attack or thromboembolism (doubled)
— Vascular disease, Age 65 to 74 years, Sex category (female).

Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or
predisposition, Labile international normalized ratio, Elderly, Drugs/alcohol

concomitantly.

An acute episode of focal or global neurological dysfunction caused by brain,
spinal cord, or retinal vascular injury as a result of hemorrhage or infarction.

An acute episode of focal cerebral, spinal, or retinal dysfunction caused by
infarction of central nervous system tissue. Hemorrhage may be a consequence of
ischemic stroke. In this situation, the stroke is an ischemic stroke with
hemorrhagic transformation and not a hemorrhagic stroke.

An acute episode of focal, global cerebral, or spinal dysfunction caused by
intraparenchymal, intraventricular, or subarachnoid hemorrhage.

An acute episode of focal or global neurological dysfunction caused by presumed
brain, spinal cord, or retinal vascular injury as a result of hemorrhage or
infarction, but with insufficient information to allow categorization as ischemic
or hemorrhagic stroke.

An abrupt vascular insufficiency associated with clinical or radiological evidence
of arterial occlusion in the absence of other likely mechanisms.

Death from any cause within 28 days of stroke or non-CVTE.

Meets >1 of the following criteria: symptomatic bleeding in a critical area or
organ, e.g., intracranial, intraspinal, intraocular, retroperitoneal, intra-articular,
pericardial, or intramuscular with compartment syndrome; bleeding associated
with a reduction in hemoglobin of > 1.24 mmol/L or leading to transfusion of > 2
units blood or packed cells; fatal bleeding.

Meets >1 of the following criteria (subcategory of major bleeding event): fatal
bleeding; symptomatic intracranial bleeding; bleeding with a decrease in
hemoglobin of >50 g/L, or bleeding requiring transfusion of >4 units of blood;

necessitating surgical, endoscopic, or endovascular action.
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Intracranial Intracerebral, subdural, epidural, or subarachnoid bleeds
bleeding (ISTH
definition) [2]

Fatal bleeding Bleeding event that is the primary cause of death or contributes directly to death.
(ISTH definition) [2]

Abbreviations: CVTE, cerebrovascular thromboembolism; ISTH, International Society on Thrombosis and Haemostasis; RE-LY,

Randomized Evaluation of Long-Term Anticoagulation Therapy.
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Additional file 2 Stop Stroke Study Trial of Org 10172 in Acute Stroke Treatment (SSS-TOAST)

Classification Criteria to Determine Causative Subtypes of Acute Ischemic Stroke [4]

Stroke Level of Criteria

Mechanism Confidence

Large artery Evident 1. Either occlusive or stenotic (>50% diameter reduction) vascular disease judged to be due to
atherosclerosis atherosclerosis in the clinically relevant extracranial or intracranial

arteries, and

2. The absence of acute infarction in vascular territories other than the stenotic or
occluded artery

Probable 1. Prior history of one or more transient monocular blindness (TMB), transient ischemic attacks
(TIAs), or stroke from the territory of index artery affected by atherosclerosis within the last month,
or
2. Evidence of near-occlusive stenosis or nonchronic complete occlusion judged to be due to
atherosclerosis in the clinically relevant extracranial or intracranial arteries (except for the vertebral
arteries), Or
3. The presence of ipsilateral and unilateral internal watershed infarctions or multiple, temporally
separate, infarctions exclusively within the territory of the affected artery

Possible 1. The presence of an atherosclerotic plaque protruding into the lumen and causing mild stenosis
(<50%) in a clinically relevant extracranial or intracranial artery and prior history of two or more
TMBs, TIAs, or strokes from the territory of index artery affected by atherosclerosis, at least one
event within the last month, or
2. Evidence for evident large artery atherosclerosis in the absence of complete diagnostic
investigation for other mechanisms

Cardioaortic Evident The presence of a high-risk cardiac source of cerebral embolism (including atrial fibrillation)
embolism
Probable 1. Evidence of systemic embolism, or
2. Presence of multiple acute infarctions that have occurred closely related in time within both right
and left anterior or both anterior and posterior circulations in the absence of occlusion or near-
occlusive stenosis of all relevant vessels; other diseases that can cause multifocal ischemic brain
injury such as vasculitides, vasculopathies, and hemostatic or hemodynamic disturbances must not be
present

Possible 1. The presence of a cardiac condition with low or uncertain primary risk of cerebral embolism, or
2. Evidence for evident cardioaortic embolism in the absence of complete diagnostic investigation for
other mechanisms

Small-artery Evident Imaging evidence of a single clinically relevant acute infarction less than 20mm in greatest diameter

occlusion within the territory of basal or brainstem penetrating arteries in the absence of any other pathology in
the parent artery at the site of the origin of the penetrating artery (focal atheroma, parent vessel
dissection, vasculitis, vasospasm, and so on)

Probable The presence of stereotypic lacunar TIAs within the past week

Possible 1. Presenting with a classical lacunar syndrome in the absence of imaging that is sensitive enough to
detect small infarctions, or
2. Evidence for evident small artery occlusion in the absence of complete diagnostic investigation for
other mechanisms

Evident Presence of a specific disease process that involves clinically appropriate brain arteries
Probable A specific disease process that has occurred in clear and close temporal relation to the onset of brain
infarction such as arterial dissection, cardiac or arterial surgery, and cardiovascular interventions

Possible Evidence for an evident other cause in the absence of complete diagnostic investigation for
mechanisms listed above

55




Additional file 3 The decision algorithm to assign a mechanism using the Stop Stroke Study Trial of
Org 10172 in Acute Stroke Treatment (SSS-TOAST) Classification Criteria [4].

No Evident 1 Evident >1 Evident
Mechanism Mechanism Mechanism
Criteria for a Possible Critenia for a Probable
Mecchanism Mechanism
l None ] | Single | | Multiple | None Single Multiple
Unknown Undetermined Undetermined Undeterminod
Unclassificd Unclassafied Unclassified
i
v

| Evident Etiology I

56




Additional file 4 Initial transthoracic and transesophageal echocardiographic variables according to 28-

Day cardiovascular events

Available No Cardiovascular Cardiovascular
Variable Data Events (n =51) Events (n =43) p Value
Hemodynamic parameters °
Time from NOAF, median (IQR), 93 1.3 (0.7-2.1) 1.3 (0.8-2.1) 0.48
days
NOAF during study, No. (%) 94 19 (37) 25 (58) 0.06
Mean arterial pressure, median 87 83 (73-94) 78 (69-86) 0.20
(IQR), mmHg
Heart rate, median (IQR), 92 99 (82-123) 110 (89-137) 0.02
beats/min
Catecholamines, No. (%) 93 29 (58) 36 (84) 0.03
Norepinephrine 93 27 (54) 33 (78) 0.07
Epinephrine 93 24 3(7) 0.45
Dobutamine 93 1(2) 3(7) 0.29
Echocardiographic parameters
LVEF, median (IQR), % 94 58 (50-63) 50 (36-61) 0.002
LV systolic dysfunction (LVEF 94 7 (14) 20 (46) 0.001
<45%), No. (%)
LV systolic severe dysfunction 94 1(2) 8 (19) 0.004
(LVEF <30%), No. (%)
RV dilatation, No. (%) ¢ 90 18 (37) 11 (27) 0.50
Paradoxical septum, No. (%) 94 2(4) 3(7) 0.40
Significant left-sided valve 93 0(0) 4(9) 0.06
disease, No. (%)
LA area, median (IQR), cm? 70 20 (16-24) 19 (16-24) 0.88
LA/LAA thrombus, No. (%) 94 0 0 -
LAA dysfunction 9, No. (%) 88 7 (15) 10 (24) 0.73
LA/LAA dense SEC 94 4 (8) 3(7) 0.49
LAA low velocity ° 88 3(6) 8(19) 0.18
LAA emptying velocity median 89 61 (46-82) 69 (38-87) 0.95
(IQR), cm/s
LAA filling velocity, median 88 60 (48-73) 58 (44-67) 0.09
(IQR), cm/s
LAA large area >5 cm?, No. (%) 87 5(11) 8 (20) 0.33
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LAA area, median (IQR), cm? 87 32244 3.3(2.44.6) 0.45
Severe aortic atheroma, No. (%) 91 15 (30) 7(17) 0.20

Abbreviations: IQR, interquartile; LA, left atrial; LAA, left atrial appendage; LV, left ventricular; LVEF, left ventricular ejection
fraction; NOAF, new-onset atrial fibrillation; RV, right ventricular; SEC, spontaneous echo contrast; TEE, transesophageal
echocardiography.

* Composite of arterial thromboembolic event, major bleeding event, or death.

® At the time of initial TEE study.

¢ Defined as RV and LV end-diastolic areas ratio in long-axis cardiac view >0.6.

4 LA/LAA dense SEC or LAA low velocity.

¢ LAA emptying velocity <25 cm/s or LAA filling velocity <25 cm/s.
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Additional file 5 New onset atrial fibrillation and sepsis management during 28-Day follow-up in

intensive care unit

Variable

All Patients (n = 94)

NOAF management during 28 days from NOAF onset

Cardioversion attempt, No. (%)

Time from NOAF onset, median (IQR), days

Medical cardioversion attempt (amiodarone), No. (%)

Time from NOAF onset, median (IQR), days
Electrical cardioversion attempt, No. (%)

Time from NOAF onset, median (IQR), days
Antiarrhythmic drug, No. (%)

Amiodarone

Beta-blockers

Calcium blockers
Antiplatelet, No. (%)

Time from NOAF onset, median (IQR), days
Therapeutic anticoagulation, No. (%) @

Time from NOAF onset, median (IQR), days

Organ failure management during 28 days from NOAF onset

Catecholamines, No. (%)

Norepinephrine

Maximum dose, median (IQR), ug/kg/min ®

Dobutamine

Maximum dose, median (IQR), ug/kg/min °

Epinephrine

Maximum dose, median (IQR), pg/kg/min

Hemodialysis, No. (%)
Mechanical ventilation, No. (%)

Length of ICU stay, median (IQR), days

b

67 (71)
0(0-1)
65 (69)
0 (0-1)
23 (24)
1 (0-2)

77 (82)
17 (18)
4(4)
33 (35)
0(0-2)
50 (53)
1(0-2)

79 (84)
74 (79)
0.62 (0.40-1.65)
9(10)
8 (5-10)
8 (8)
0.76 (0.34-1.20)
8 (8)
94 (100)
18 (10-30)

Abbreviations: ICU, intensive care unit; IQR, interquartile; NOAF, new-onset atrial fibrillation.

*Indication (n = 50): NOAF (n = 42; 84%), extracorporeal membrane oxygenation (n = 2; 4%), pulmonary embolism (n = 4; 8%),

dialysis (n = 1; 2%).

® Only patients who received the drug during septic shock were considered.
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Additional file 6 Description of 28-Day ISTH major bleeding events

Time
Patient HAS- Therapeutic From Severity Hemostasis Life-
Number Age, BLED Septic Anticoagulation NOAF Source Variables Action threatening Fatal
b e Score Shock Before Bleeding Onset, d Reported Bleeding ©
days ¢
Patient 1 50 3 Yes No 3 Soft tissue 1 No No No
Patient 2 85 1 Yes Yes 6 Upper 1 No No No
gastrointestinal
Yes 12 Upper 1 No No No
gastrointestinal
Patient 3 69 4 Yes Yes 19 Soft tissue 2 No Yes No
Patient 4 40 2 Yes No 1 Hemoptysis 1 No No No
No 6 Upper 1 No No No
gastrointestinal
No 19 Intra-articular 0 No No No
(knee)
Patient 5 63 1 Yes No 24 Upper 1 No No No
gastrointestinal
Patient 6 77 1 Yes Yes 15 Upper 1 No No No
gastrointestinal
Yes 17 Hemoptysis 0 BAE Yes No
Patient 7 71 1 Yes No 11 Upper 1 No No No
gastrointestinal
Patient 8 75 3 Yes Yes 12 Lower 2 No Yes No
gastrointestinal
No 28 Lower 2 Surgery Yes No
gastrointestinal
Patient 9 65 2 No Yes 3 Upper 2 Surgery Yes Fatal
gastrointestinal
Patient 54 2 Yes No 2 Upper 2 No Yes Fatal
10 gastrointestinal
Patient 69 2 Yes Yes 5 Upper 1 Endoscopic Yes No
11 gastrointestinal hemostasis
Patient 62 1 No No 7 Intracranial 0 No Yes No
12
Patient 66 4 Yes Yes 14 Upper 2 Endoscopic Yes No
13 gastrointestinal hemostasis
Patient 77 2 No Yes 3 Upper and lower 2 No Yes No
14 gastrointestinal
Patient 61 1 No Yes 12 Intracranial 0 No Yes No
15
Patient 76 2 No Yes 12 Uterine 1 No No No
16
Patient 56 3 Yes Yes 9 Lower 1 No No No
17 gastrointestinal
Patient 70 4 Yes Yes 8 Soft tissue 1 No No No
18

Abbreviations: BAE, bronchial artery embolization; HAS-BLED, Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition,

Labile international normalized ratio, Elderly, Drugs/alcohol concomitantly; ISTH, International Society on Thrombosis and Hemostasis; NOAF, new-onset

atrial fibrillation.

* Investigator assessed.
® Three patients had two adjudicated ISTH major bleeding events and one patient had three adjudicated ISTH major bleeding events.
¢ 1= day of NOAF.
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4 Severity variables: 1 = Bleeding associated with a reduction in haemoglobin of at least 2g/dL or leading to transfusion of two or more units of blood or
packed cells; 2 = Bleeding associated with a reduction in haemoglobin of at least 5g/dL or leading to transfusion of at least four units of blood or packed
cells.

¢ According to the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) definition [3].
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Additional file 7 Baseline clinical characteristics at intensive care unit admission, initial severity and

new onset atrial fibrillation management according to 28-Day cardiovascular events *

No Cardiovascular Cardiovascular Event p
Variable Event (n = 51) (n =43) Value
Baseline clinical characteristics on ICU admission
Age, IQR, interquartile, median (IQR), yrs 69 (61-77) 69 (62-76) 0.83
Female sex, No. (%) 18 (35) 15 (35) 0.82
Cardiac disease, No. (%) 10 (20) 7 (16) 0.34
Vascular disease, No. (%) 7 (14) 12 (28) 0.20
Left ventricular systolic dysfunction, No. 3 (6) 0 >0.99
(%0)
Stroke, No. (%) 4 (8) 4(9) 0.83
Diabetes mellitus, No. (%) 11(22) 13 (30) 0.42
Smoker, No. (%) 29 (57) 22 (51) 0.64
Hypertension, No. (%) 29 (57) 28 (65) 0.46
Clinical risk scores, median (IQR)
CHA,DS,-VASc 3(2-4) 3(24) 0.61
HAS-BLED 2 (1-3) 2(1-3) 0.73
Previous therapeutic anticoagulation, No. 2(4) 2(5) >0.95
(%)
Admission category, No. (%)
Medical 42 (82) 32 (75) 0.42
Scheduled surgery 3 (6) 2(5) 0.82
Emergency surgery 6 (12) 921 0.30
Site of infection, No. (%)
Lung 37 (72) 31 (72) 0.96
Abdomen 12 (23) 10 (23) 0.79
Other 9 (18) 7 (16) 0.69
SAPS 1II score on ICU admission, median 54 (42-73) 63 (52-74) 0.18
(IQR)
Severity and management on the day of NOAF onset
SOFA score, median (IQR) 9(7-11) 9(6-12) 0.79
Septic shock, No. (%) 25 (49) 34(79) 0.01
Catecholamines, No. (%) 38 (74) 37 (86) 0.24
Norepinephrine 37(72) 34 (79) 0.58
Epinephrine 1(2) 5(12) 0.03
10
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Dobutamine 4(8)

Cardioversion attempt, No. (%) 32 (63)
Medical (amiodarone) 31 (61)
Electrical 5(10)

Antiplatelet therapy, No. (%) 9(18)

Therapeutic anticoagulation, No. (%) 18 (35)

3(7)
28 (65)
28 (65)
11 (26)
15 (35)
10 (23)

0.64
0.81
0.67
0.02
0.08
0.18

Abbreviations: CHA,DS,-VASc, Congestive heart failure, Hypertension, Age >75 years (doubled), Diabetes mellitus, prior Stroke or

transient ischemic attack or thromboembolism (doubled), Vascular disease, Age 65 to 74 years, Sex category (female); HAS-BLED,

Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normalized ratio, Elderly,

Drugs/alcohol concomitantly; ICU, intensive care unit; IQR, interquartile; NOAF, new-onset atrial fibrillation; SAPS, Simplified Acute

Physiology Score; SOFA, sepsis-related organ failure assessment.

* Composite of arterial thromboembolic event, major bleeding event, or death.
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Additional file 8 Multivariate analyses of factors associated with cardiovascular events * including

baseline clinical characteristics (SAPSII score, CHADS2Vasc2 and HAS-BLED) and antithrombotic

management (antiplatelet therapy and therapeutic anticoagulation on the day of NOAF onset)

Variable

HR (95% CI)

p Value

CHA,DS,-VASc

Septic shock ®

Electrical cardioversion attempt °
LV systolic dysfunction ¢
LA/LAA dysfunction ¢ ¢

Severe aortic atheroma ¢

1.11 (0.91-1.35)
2.30 (1.03-5.14)
1.52 (0.73-3.18)
2.22 (1.12-4.40)
0.73 (0.31-1.68)
0.61 (0.27-1.40)

0.29
0.04
0.27
0.02
0.46
0.24

HASBLED

Septic shock ®

Electrical cardioversion attempt ®
LV systolic dysfunction & ¢
LA/LAA dysfunction

Severe aortic atheroma ¢

1.13 (0.88-1.45)
2.38 (1.06-5.32)
1.45 (0.69-3.07)
2.13 (1.09-4.18)
0.78 (0.35-1.75)
0.56 (0.24-1.30)

0.33
0.03
0.33
0.03
0.55
0.17

SAPS II score

Septic shock ®

Electrical cardioversion attempt ®
LV systolic dysfunction ¢
LA/LAA dysfunction ¢ ¢

Severe aortic atheroma ¢

1.00 (0.99-1.02)
2.36 (1.04-5.34)
1.51 (0.70-3.27)
2.06 (1.04-4.08)
0.85 (0.39-1.88)
0.61 (0.26-1.41)

>0.99
0.04
0.29
0.04
0.70
0.25

Antiplatelet therapy ®

Septic shock ®

Electrical cardioversion attempt °
LV systolic dysfunction *¢
LA/LAA dysfunction ¢ ¢

Severe aortic atheroma ¢

1.40 (0.68-2.89)
2.18 (0.95-5.00)
1.62 (0.76-3.48)
1.99 (1.01-3.94)
0.76 (0.33-1.74)
0.62 (0.27-1.43)

0.37
0.06
0.21
0.05
0.51
0.26

Therapeutic anticoagulation®
Septic shock ®

Electrical cardioversion attempt °
LV systolic dysfunction ¢
LA/LAA dysfunction ¢ ¢

Severe aortic atheroma ¢

0.76 (0.36-1.62)
2.36 (1.06-5.29)
1.56 (0.75-3.28)
2.10 (1.07-4.11)
0.85 (0.39-1.86)
0.63 (0.27-1.45)

0.48
0.04
0.24
0.03
0.68
0.28

Abbreviations: CI, confidence interval; HR, hazard ratio; LA, left atrial; LAA, left atrial appendage; LV, left ventricular.

* Composite of arterial thromboembolic events, major bleeding events, and death from any cause.

® On the first day of new-onset atrial fibrillation onset.
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¢ LV ejection fraction <45%.
4 At the first echocardiography.

¢ LA/LAA dense spontaneous echo contrast or LAA low velocity.
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Recent guidelines recommend therapeutic anticoagulation for four weeks after cardioversion
in critically ill patients with acute (<48 hours) new-onset atrial fibrillation (NOAF) (1). These
recommendations are based on observational studies in cardiological outpatients reporting an
increased post-cardioversion thrombotic risk, even in the absence of pre-existing thrombus (2).
One of the main mechanisms is a post-cardioversion (whatever the type of cardioversion)
transient left atrial appendage (LAA) dysfunction (named stunning) predisposing to LAA
thrombus formation, and manifested by a reduction in transesophageal echocardiography
(TEE) LAA flow velocities despite return to a sinus rhythm (SR) (3—6). However, post
cardioversion LAA function has not been investigated in critically ill patients with NOAF
during sepsis. We therefore, conducted an exploratory sub-analysis of results from the
prospective observational Fibrillation Atrial Sepsis Thrombus (FAST) study (7), which
included 94 patients with sepsis and NOAF hospitalized in 10 French intensive care units, to
investigate the prevalence of post-cardioversion LAA dysfunction and explore the impact of

return to a SR on LAA function.

Methods

From November 2014 to November 2016, consecutive mechanically ventilated adult patients
with NOAF during sepsis/septic shock were enrolled in the FAST study (7). Exclusion
criteria included patients with valvular heart disease, contraindications to TEE, patients with
a decision to withdraw life-sustaining treatment, moribund patients, and refusal to participate
(7). NOAF was defined as AF occurring in a patient with no prior history of AF and lasting at
least six hours or recurring more than twice (>30 s) per day despite correction of modifiable
risk factors such as hypokalemia or hypovolemia (7). As previously described (7), within 48
hours of diagnosis of NOAF, each patient underwent a TEE with 5-MHz multiplane

transducers to investigate the LAA function. At the time of TEE, patients were categorized
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according to the return to a SR (SR group) or not (no SR group). LAA dysfunction was
defined as a low (<25 cm/s) emptying or filling LAA velocity (8) evaluated with pulse-wave
Doppler interrogation 1 cm within the orifice in anterograde (emptying) and retrograde
(filling) directions, averaged over a minimum of 3-5 consecutive cardiac cycles (8). The
presence of a thrombus in the LA or LAA were also investigated. All echocardiographic
studies were analyzed of-line by two experienced observers (VL and SE) in a blinded
manner. Patients whose LAA function could not be recorded (n=5) were secondarily
excluded. The local ethical committee approved the FAST study (Comité de Protection des
Personnes Ile-de-France 5, ref. 14941); patient consent was waived due to the observational
nature of the study.

Categorical and continuous variables were compared for the study outcome using the Fisher
exact test or x2 test and the t test or the Mann-Whitney U test, respectively. To mitigate
unbalance between SR and non SR patients, we fitted a propensity score for the return to a SR
through a nonparametric gradient boosting machine learning algorithm included in the Twang
package (9). Confounding factors included in the propensity score were clinical characteristics
(age, sex, congestive heart failure, SAPS II score on admission, SOFA score on the day of TEE,
type of cardioversion attempted, time from NOAF onset to cardioversion, catecholamines),
biological findings (pH, PaO2/Fi0: ratio, arterial lactate, hemoglobin), and TEE parameters
(left ventricular ejection fraction). Their balance among the two groups was assessed by the
absolute standardized mean difference before and after weighting, with a value lower than 25%
being considered as sufficient to support the assumption of balance between groups (10). The
propensity score was further used in a weighted linear model to estimate the effect of a return
to a SR. In the weighted population, it was possible to assess the association with LAA

velocities in a pseudo-population in which the characteristics of subjects who returned or not
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to a SR were balanced. P-values were two-tailed and a value lower than 0.05 was considered

significant. All analyses were performed using R software.

Results

Eighty-nine patients were included (32[36%] women; age 69[61-77] years; septic shock
64%; SAPS Il score 58[47-74], table 1). At the time of the TEE studies, 48 (54%) patients
had returned to SR, either spontaneously (n=19) or after receiving medical (n=28) and/or
electrical (n=3) cardioversion. The median time from NOAF onset to TEE studies was longer
in the SR group as compared with the non-SR group (36[19-53] days vs. 21{13—46] hours,
p=0.02). Baseline clinical characteristics, NOAF management before TEE, and SOFA score
on the day of TEE did not differ between the two groups, as well as the left ventricular
ejection fraction and hemodynamic parameters during TEE, except for a lower median heart
rate in the SR group (90[82-109] vs. 127[99-147] beats/min, p<0.001). The SR group had
less LAA dysfunction (2(4%) vs 9 (22%), p=0.002) and higher LAA emptying (74[57-89] vs.
47[33-71], p=0.003) and filling (65[51-71] vs. 54[43-67], p=0.02) velocities compared with
the non-SR group (Figure 1). No patient had LA/ LAA thrombus. In comparison with no
return to SR, the return to SR was significantly associated with higher LAA emptying and
filling velocities both in the crude linear model (+20.2 [7.7-32.7] cm/s and +9.7[0.1-19.2]
cm/s, respectively) and the propensity-weighted linear model (+18.8 [6.0-31.6] cm/s and

+9.5[0.0-19.0] cm/s, respectively, respectively).

Discussion

To our knowledge, this is the first study assessing the LAA function after cardioversion for

acute (< 48h) NOAF in critically ill patient with sepsis. The main findings are as follows: (i)
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the prevalence of LAA dysfunction is very low (<5%) in patients with return to a SR and (i1)
the return to a SR is independently associated with an improvement in LAA function.

In cardiologic outpatients with chronic AF, Harjai et al have demonstrated that restoration of
sinus rhythm was associated with a significant decrease in the LAA filling velocities (0.42+
0.20m/s pre-cardioversion vs 0.29+0.14m/s post-cardioversion) and LAA emptying
velocities (0.40+0.22 m/s pre-cardioversion vs 0.29 £0.18 m/s post-cardioversion) (6),
consistent with the results of others authors (4, 5). Our results suggest a different behavior of
LAA function in sepsis-triggered AF as compared with that in chronic AF with significant
atrial remodeling and endothelial dysfunction (11).

European guidelines for prevention of NOAF cardioversion-related arterial thromboses in
critically ill patients are debated, leading to major variations in practice patterns. In a recent
French survey, we found that, in critically ill patients with sepsis, almost one in two
intensivist initiate anticoagulation later than recommended (only when NOAF is sustained
more than 48h), and almost two-thirds of them use it for a shorter than recommended
duration (for a maximum of 7 days after successful cardioversion) (12). Our results may
suggest that the “cardiologic approach” does not seem appropriate in septic patients at high
risk of anticoagulation-related bleeding (13).

Our study has several limitations. First, we did not assess LAA velocities prior to SR
restoration in order to investigate the potential worsening of LAA function after
cardioversion, termed stunning. However, restoration to SR was independently associated
with an LAA function improvement. Second, we cannot exclude a very transient LAA
dysfunction that could have recovered before TEE exploration. However, the delay between
TEE studies and the onset of NOAF (and therefore the return to SR) was short (<48h).

In conclusion, in this preliminary investigation, the prevalence of LAA dysfunction after

successful cardioversion of acute NOAF in critically ill patients with sepsis was very low and
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the restoration of a SR was independently associated with an improvement of the LAA
function. Specific guidelines for prevention of NOAF cardioversion-related arterial
thromboses in patients with sepsis would require randomized clinical trials to evaluate the

best anticoagulation strategies in this setting.
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Table 1. Baseline clinical characteristics, biological data, SOFA score and NOAF management according to the cardiac

rhythm *
Available Total ok Non-SR p

Variable bata (n=89) (il:::) (il::ll; Value
Baseline clinical characteristics
Age, median (IQR), yrs 89 69 (61-77) 65 (59-76) 70 (63-78) 0.13
Female sex, No. (%) 89 32 (36) 19 (40) 13 (32) 0.51
Congestive heart failure, No. (%) 89 15 (17) 6 (12) 9 (22) 0.27
Vascular disease, No. (%) 89 17 (19) 9(19) 8(19) >0.99
Stroke, No. (%) 89 6(7) 2(4) 4 (10) 0.41
CHA:DS;,-VASc scores (0-9), median (IQR) 89 3(2-4) 3(2-3) 4 (2-4) 0.19
SAPS II score on ICU admission, median (IQR) 89 58 (47-74) 58 (44 —72) 63 (50-74) 0.27
Septic shock, No. (%) 89 57 (64) 30 (62) 27 (66) 0.83
Biological data T
Cardiac troponin (x the URL) 76 4 (1-12) 4 (1-9) 4 (2-15) 0.32
Pa02/FiO2 radio, median (IQR), mmHg 88 196 (152-284) | 242 (170-291) | 188 (132-279) | 0.10
Arterial PH 88 7.3 (7.3-7.4) 7.4 (7.3-7.4) 7.3 (7.2-7.4) 0.01
Arterial Lactate (mmol/L) 87 1.8 (1.2-2.7) 1.8 (1.3-2.2) 1.9 (1.2-2.8) 0.69
Leukocytes (10°/L) 89 15 (9-24) 16 (9 —24) 14 (9-23) 0.81
Haemoglobin (g/dL) 87 10 (9-11) 10(9—11) 10 (9-11) 0.41
SOFA score, median (IQR) 1 89 9(7-12) 9(6-11) 9(7-13) 0.25
Management of the NOAF, No. (%)

Medical cardioversion attempted 87 50 (57) 28 (58) 22 (55) 0.83

Electrical cardioversion attempted 84 7(8) 3 (6) 4 (10) 0.70

Therapeutic anticoagulation 89 25 (28) 11(23) 14 (34) 0.34
TEE parameters ”
Time from NOAF, median (IQR), hours 88 29 (17-49) 36 (19-53) 21 (13-46) 0.02
Mean arterial pressure, median (IQR), mmHg 82 80 (71-88) 81 (73-90) 80 (69-87) 0.37
Heart rate, median (IQR), beats/min 87 101 (85-129) 90 (82-109) 127 (99-147) | <0.001
Catecholamines, No. (%) 88 64 (73) 32 (68) 32 (78) 0.34

Norepinephrine 88 57 (65) 29 (62) 28 (68) 0.65

Norepinephrine dose, median (IQR), 88 0.8 (0.0, 2.5) 0.3 (0.0, 2.0) 1.3 (0.0, 3.0) 0.13
pg/kg/min §

Epinephrine 88 5(6) 2(4) 3(7) 0.66

Dobutamine 88 4(4) 1(2) 3(7) 0.33
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LVEF, median (IQR), % 89 55 (45-61) 55 (45-61) 55 (44-61) 0.87
LV systolic dysfunction (LVEF <45%), No. (%) 89 27 (30) 14 (29) 13 (32) 0.82
LA area, median (IQR), cm? 69 20 (16-24) 20 (16-23) 20 (16-25) 0.44
LA/LAA thrombus 89 0 0 0 -

LA/LAA dense SEC 89 7(8) 4 (8) 3(7) >0.99
LAA emptying velocity median (IQR), cm/s 89 66 (41-85) 74 (57-89) 47 (33-71) 0.001
LAA filling velocity, median (IQR), cm/s 88 59 (46-71) 65 (51-71) 54 (43-67) 0.05
LAA low velocity " 88 11 (12) 24) 9(22) 0.02

Definitions of abbreviations: CHA,DS,-VASc, Congestive heart failure, Hypertension, Age >75 years (doubled), Diabetes

mellitus, prior Stroke or transient ischemic attack or thromboembolism (doubled), Vascular disease, Age 65 to 74 years, Sex

category (female); FiO2, fraction of inspired oxygen; ICU, intensive care unit; IQR, interquartile; LA, left atrial; LAA, left

atrial appendage; LV, left ventricular; LVEEF, left ventricular ejection fraction; MD, miss data; NOAF, new-onset atrial
fibrillation; PaO2, partial pressure of arterial oxygen; SAPS, Simplified Acute Physiology Score; SEC, spontaneous

echocardiographic contrast; SOFA, sepsis-related organ failure assessment; SR: sinus rhythm; TEE, transesophageal

echocardiography.

* At the time of transesophageal echocardiography study.
1 On the day of transesophageal echocardiography study
1 Before transesophageal echocardiography study

§ Only patients who received norepinephrine during transesophageal echocardiography study were considered.

IILAA emptying velocity <25 cm/s or LAA filling velocity <25 cm/s.
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Figure 1. Filling LAA velocity (A) and emptying LAA velocity (B) according to the
restauration of sinus rhythm (SR group) or not (non-SR group) after cardioversion for acute
new-onset atrial fibrillation in critically ill patients with sepsis. The middle line indicates the
median; box base, 25th percentile; box top, 75th percentile; whiskers, range.
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Abbreviation: LAA, left atrial appendage; SR, sinus rhythm
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ABSTRACT

Introduction: New-onset atrial fibrillation (NOAF) is the most common arrhythmia in
intensive care unit (ICU) patients with septic shock, and is associated with haemodynamic
alterations and increased mortality rates. Therefore, efforts to determine the most effective
management strategies are important. In the absence of data from randomised trials, clinical
practice varies widely. In this setting, heart rate or heart rhythm control could be beneficial in
limiting the duration of shock and preventing evolution to multi-organ dysfunction.

Methods and analysis: The Control Atrial Fibrillation Sepsis (CAFS) study is a binational
(French and Belgium), multicentre, parallel-group, open-label, randomised controlled
superiority trial to compare the efficacy and safety of three strategies in patients admitted to the
ICU who have NOAF (heart rate > 110 bpm lasting 5 minutes) during septic shock. Patients
will be randomised to receive either risk control (magnesium and control of NOAF risk factors),
rate control (risk control and low dose of amiodarone), or rhythm control (risk control and high
dose of amiodarone with external electrical shock if NOAF persists) for 7 days. Patients with a
history of AF, NOAF lasting more than 48 h, recent cardiac surgery, or a contraindication to
amiodarone will not be included. We will recruit 240 patients. Patients will be randomised on
a 1:1:1 basis, and stratified by centre. The primary endpoint is a hierarchical criterion at day 28
including all-cause mortality and the duration of septic shock defined as the period from
randomisation to successful weaning of vasopressors. Secondary outcomes include individual
components of the primary endpoint; effectiveness at controlling cardiac rhythm at day 7;
arterial lactate clearance at day 3; proportion of patients free from organ dysfunction at day 7;
ventricular arrhythmia, conduction disorders, thrombotic events and major bleeding events, and
acute hepatitis related to amiodarone at day 28; ICU and hospital lengths of stay at day 28.
Ethics and dissemination: The study has been approved by an ethics committee. Patients will
be included after obtaining signed informed consent. The results will be submitted for
publication in peer-reviewed journals.

Trial registration number: NCT04844801
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Strengths and limitations of the study
» This randomised controlled trial may contribute to the establishment of recommendations
with a high level of evidence on the best strategy to limit the duration of shock in patients with

sepsis and new onset atrial fibrillation and to prevent evolution to multi-organ dysfunction in
these patients.

» Pragmatic design comparing three common strategies in an intention-to-treat approach.
» Limitation: not blinded.
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INTRODUCTION

Background and rationale

New-onset atrial fibrillation (NOAF) is reported in 40 % of patients with septic shock and is
associated with haemodynamic alterations and increased mortality [1,2]. Efforts to determine
the most effective management strategies are therefore important. In a recent preliminary study
from our research team, successful cardioversion for NOAF in patients with sepsis seemed to
be associated with a better prognosis [3]. However, because no randomised clinical trial data
are available, there is no consensus regarding best management for NOAF during septic shock,
which has led to major variations in practice [1,2,4—7]. Three treatment strategies are commonly
used: (i) heart rate control (hereafter rate control) with the use of antiarrhythmic drugs,
essentially based on administration of low dose amiodarone [8-10]; (ii) rhythm control using
antiarrhythmic drugs, essentially based on administration of high doses of amiodarone and
electrical cardioversion [9,10]; and (iii) control of modifiable NOAF risk factors (hereafter risk
control) without using antiarrhythmic drugs [11].

Advocates of a rhythm control strategy contend that conversion to sinus rhythm may improve
haemodynamics by restoring diastolic function and decreasing cardiac metabolic demand,
reduce thromboembolic risk, and minimise exposure to anticoagulants. Proponents of rate
control counter that this approach limits the potential adverse effects of high dose amiodarone
and/or of electrical cardioversion, while still improving haemodynamics. Finally, the risk
control strategy minimises the adverse effects of amiodarone while still resulting in conversion
of AF in some patients.

Determining the effectiveness and safety of these three strategies for NOAF during septic shock
may provide information to improve clinical decision making and resource utilisation for this
highly prevalent condition. Therefore, we will conduct a multicentre, parallel group, open-label,
randomised controlled superiority trial to compare head-to-head risk control, rate control and

rhythm control in this setting.

Hypothesis

Our hypotheses are formulated in patients who have NOAF during septic shock to assess: i)
first, that rate control and rhythm control each improve haemodynamic status, thus decreasing
mortality and shock duration, compared to risk control; ii) second, that rhythm control

outperforms rate control in this setting.
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Objectives

Primary objective

The main objective is to compare the efficacy of three strategies (risk control, rate control,
rhythm control) in reducing mortality and the duration of shock.

Secondary objectives

Secondary objectives are to compare the benefit and risks of the three strategies (risk control,
rate control, and rhythm control) in terms of: i) rhythm control efficacy, ii) mortality, morbidity,
and organ dysfunction; iii) safety, including thrombotic events, bleeding events, net clinical

benefit, and serious adverse events related to amiodarone and electrical cardioversion.

METHODS AND ANALYSIS

Trial design

This is a binational, multicentre, parallel-group, open-label, randomised controlled superiority
trial to compare the efficacy and safety of three strategies (risk control, rate control and rhythm
control) in patients with NOAF during septic shock. The trial protocol follows the Standard
Protocol Items: Recommendations for Interventional Trial (SPIRIT) reporting guidelines.

Study setting

The study will be conducted in 28 intensive care units (ICUs) in 23 hospitals in France and 5
hospitals in Belgium (list of the study sites in Appendix A).
Eligibility criteria
Inclusion criteria
Adult patients (age > 18 years) admitted to the ICU will be eligible as soon as they meet all the
following criteria:
1- Septic shock, defined by the association of the following criteria:
o Documented or suspected infection, with initiation of antibiotic therapy
o Initiation of vasopressors (noradrenaline, adrenaline) for at least 1 hour to maintain the
mean arterial pressure (MAP) > 65 mmHg
2- NOAF (including atrial fibrillation, atrial flutter, and atrial tachycardia) with heart rate
> 110 bpm lasting 5 minutes or more

3- Written informed consent (patient, next of kin or emergency situation)
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4-

Affiliation to a social security system

Exclusion criteria

Patients presenting any of the following criteria will not be included:

1.

10.
11.

12.

Refractory shock defined by a dose of noradrenaline base or adrenaline base > 1.2
pg/kg/min

Cardiac surgery or cardiac transplant in the previous month

Aortic or mitral valve mechanical prosthesis, significant mitral stenosis (mitral surface
<1.5cm?)

Congenital heart disease other than bicuspid aortic valve, atrial defect, or patent foramen
ovale

History of NOAF before septic shock, defined as paroxysmal AF with long-term
antiarrhythmic and/or therapeutic anticoagulation, or permanent AF

NOAF lasting at most 48 hours * (or 24 hours if AF occurs under vasopressor). *: In
case of NOAF of more than 48 hours, the patient can be included after transoesophageal
echocardiography (only in mechanically ventilated patients) to eliminate an intracardiac
thrombus coupled with initiation of therapeutic anticoagulation (in the absence of
contraindication)

Electrical cardioversion or use of amiodarone, other antiarrhythmic, or drug inducing
bradycardia (beta-blockers, bradycardic calcium channel blocker, digitalis, flecainide)
in the 6 hours prior to inclusion

Contraindication to amiodarone: history of a serious adverse event related to
amiodarone, history of lung disease related to amiodarone, history of hyperthyroidism
related to amiodarone, PR interval > 240 ms, severe sinus node dysfunction with no
pacemaker, 2°/ 3° atrioventricular block with no pacemaker, QTc>480 ms, known or
treated hyperthyroidism, hypersensitivity to iodine, amiodarone or to any of the
excipients, severe hepatocellular insufficiency (prothrombin rate <20%), diffuse
interstitial lung disease

Kalaemia < 3 mmol/L

Pregnant or breast-feeding

Moribund or death expected from underlying disease during the current admission;
patients deprived of liberty and persons subject to institutional psychiatric care
Participation in another interventional trial on septic shock and/or arrhythmic disease
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Intervention

All consecutive adult patients admitted to the ICU in one of the participating centres who have
NOAF during septic shock will be systematically screened for inclusion and non-inclusion
criteria. The number of patients who do not meet the inclusion criteria will be reported
prospectively in a paper register by each of the participating centres. A patient identification
number and the reason for non-inclusion will be noted (local register of non-inclusion in each
of the concerned centres).

The experimental plan is shown in Figure 1. After verification of the inclusion and non-
inclusion criteria, the patient will be enrolled and randomised (Day 1) as soon as possible, and
within 48 hours from the onset of AF (or 24 hours if AF occurs under vasopressor). They should
then immediately receive the appropriate strategy according to their randomised group —risk
control, rate control, or rhythm control- for 7 days (or until ICU discharge, whichever comes
first). The risk control strategy will consist of (i) 2 g intravenous bolus of magnesium sulphate
over 20 min (if creatinine clearance >30 mL/min), and (ii) control of NOAF risk factors, such
as hypovolaemia and metabolic disorders (details in Table 1). The rate control strategy will
consist of (i) control of NOAF risk factors as described above, and (ii) ‘low dose’ amiodarone
(details in Figure 1). The rhythm control strategy will consist of (i) control of NOAF risk factors
as described above, (ii) “high dose’ amiodarone (details in Figure 1), and (iii) if NOAF persists,
electrical cardioversion in sedated patients receiving invasive mechanical ventilation
(modalities according to the European Society of Cardiology (ESC) guidelines [12]; details in
Figure 1). The course of the three strategies depending on the rhythm and haemodynamic
evolution of the patients is shown in Figure 2. Therapeutic anticoagulation is recommended in
the absence of contraindications if NOAF persists more than 48 hours (modalities of therapeutic
anticoagulation will be left to the discretion of the attending physicians). After Day 7 (or after
discharge from the ICU if prior to Day 7), NOAF management will be at the discretion of the
attending physicians. All patients will be followed until Day 28.

In all groups, current recommendations for the management of septic shock will be followed
[13].

Criteria and procedures for premature withdrawal of a participant from the study

In compliance with the conventional management of patients with NOAF during septic shock,
the randomised rate control strategy and rhythm control strategy will be discontinued if one of
the following occurs:
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o ventricular arrhythmia: torsade de pointe, sustained ventricular tachycardia, ventricular
fibrillation;

o Conduction disorders: severe bradycardia (< 50 beats per minute), 2nd or 3rd degree
atrioventricular block, sinus dysfunction (significant sinus pause of at least 3 seconds),
need for a pacemaker, QTc prolongation > 480 ms;

0 Acute hepatitis related to amiodarone defined by a significant (x10) increase in
transaminases (hepatic cytolysis) compared to values before the first dose administered
without any other identified cause of hepatitis;

0 Hyperthyroidism, as defined by a TSH < 0.1 mIU/L detected on the blood sample

performed before amiodarone initiation [14].

Follow-up visits
The trial clinical examination will be part of routine practice. Parameters collected in the study
are those usually collected for management of patients with NOAF during septic shock. The
trial follow-up visits will be on day 2, day 3, day 7, and day 28. If the patient is still hospitalised
on day 28, data will be collected from the patient's medical records with the possible assistance
of a clinical research technician (CRT). If the patient is discharged:
- the CRT will collect the medical records from the clinical departments where the
patient stayed; these will be analysed by the investigator who included the patient.
- the CRT will collect data on the patient’s vital status and occurrence of serious
adverse events during the follow up period:
v’ (if necessary) telephone the patient (three different attempts, days, and times
over 15 days);
v" (if necessary) telephone the physician in charge of the patient during the follow-
up period,;
v’ (if necessary) telephone the patient's treating or referring physician(s);

v" (if necessary) contact the town hall of the patient’s birthplace

Endpoints

Primary endpoint

The primary endpoint is a hierarchical criterion assessed at day 28 and includes all-cause
mortality and the duration of shock. It is calculated in such a manner that death constitutes a
worse outcome than duration of shock.
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The duration (days) of septic shock is defined as the time from randomisation to successful
weaning of vasopressors (no reintroduction or death during the first 48 hours after

discontinuation).

Secondary endpoints
Secondary endpoints will include the following:
(1) Effectiveness of treatment on converting cardiac rhythm at day 7 (or at discharge or
death if before day 7)
- Number of patients with sinus rhythm
- Number of days alive with sinus rhythm
- Number of days alive with NOAF and heart rate <110 bpm

- Proportion of patients receiving therapeutic anticoagulation after randomisation

(2) Efficacy on morbidity and mortality and organ function at day 28

- Duration of septic shock at day 28

- Proportion of patients alive free of vasopressors at day 7 (or at discharge or death if
before day 7)

- Arterial lactate clearance at day 3 defined as the percentage decrease in arterial lactate
concentration between randomisation (day 1) and day 3 [15].

- Proportion of patients alive free from organ dysfunction at day 7 (or at discharge or
death if before day 7). Organ dysfunction will be defined as a sequential organ failure
assessment (SOFA) score > 3 for the following organs: cardiovascular, renal,
neurological, hepatic, respiratory, or coagulation [16].

- Length of ICU stay at day 28

- Length of hospital stay at day 28

- All-cause deaths at day 28.

(3) Safety at day 7 and day 28

- Proportion of patients with at least one arterial thrombotic event including ischaemic
stroke and non-cerebrovascular arterial thrombotic event [17]

- Proportion of patients with at least one major bleeding event defined as a bleed that
meets at least one of the following criteria: bleeding in a critical area or organ (e.g.,

intracranial, intraspinal, intraocular, retroperitoneal); bleeding requiring surgical,
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endoscopic or endovascular haemostasis action; a life-threatening bleed; and a fatal
bleed [18];

- Proportion of patients with at least one serious adverse event related to amiodarone or
to magnesium including ventricular arrhythmia, conduction disorders, and acute
hepatitis related to amiodarone as described above;

- Proportion of patients with at least one serious adverse event associated with electrical
cardioversion (for patients receiving electrical cardioversion) including ventricular

arrhythmia, conduction disorders, and arterial thrombotic event.

Diagnostic investigations were left to the discretion of the treating clinicians.

(4) Combined efficacy and safety outcome at day 28

- Proportion of patients with a net clinical outcome as assessed by the presence of all-
cause death, arterial thrombotic event, major bleeding event, or at least one serious
adverse event related to amiodarone or to magnesium or to electrical cardioversion at
day 28

Sample size and its statistical justification

The required number of participants to be randomised is 240 patients. Estimates, derived from
previous studies in similar populations [19], show that a sample of at least 240 patients (80 per
group) suffices to achieve >80% power to detect a statistically significant difference in the
ranked composite primary endpoint.

Sample size calculation also considered the pairwise comparisons between the groups. For each
performed comparison, 1000 samples were simulated using R software. Based on data from our
two previous studies in patients with NOAF during sepsis [3,6], sample size calculation
assumed 28-day mortality rates of 35%, 30%, and 25% for the risk control, rate control, and
rhythm control groups, respectively, and durations of septic shock of 4.9 + 2.4 days (standard
deviation), 3.9 + 2.4 days, and 2.9 + 2.4 days, respectively.

Within each sample/pairwise comparison, an individual score was calculated by comparing
each patient in one group with all patients in the second group (23). These scores were then
compared between groups using a Mann-Whitney/Wilcoxon test in each of the 1000 samples,
and the p-value of each test was recorded. For each pairwise comparison, the percentage of tests

with a p-value <0.05 was at least 81% with 80 subjects in each group. Therefore, we expect 80
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subjects per group for a minimum power of 81% to detect a difference in the primary endpoint

with an alpha=5%.

Recruitment

The expected duration of patient enrolment is 42 months starting from November 2021. The
chronogram of the study is as follows: i) 2018: public grant award received from the French
Ministry of Health (Programme Hospitalier de Recherche Clinique); ii) May 2019: promotion
by Assistance Publique-Hopitaux de Paris (AP-HP); iii) July 2020: approval by an independent
ethics committee; iv) November 2021-May 2025: inclusion of patients; iv) 2025: end of
inclusion, monitoring by the participating centres and research work by the investigators;
cleaning and closure of the database; blind review to screen for protocol violation, to define
intention-to-treat and per-protocol analysis populations; v) 2025-2026: data analysis, writing of

the manuscript, and submission for publication.

Allocation of intervention and data management

After the patient or their relative has signed the study consent form, all inclusion/exclusion
criteria will be checked by the investigator before randomisation. Centralised block
randomisation using a 1:1:1 ratio will be prepared by the Clinical Research Unit before the start
of the trial. Randomisation will be carried out in balanced blocks and stratified by hospital
centre. Patients will be randomised electronically when the investigator logs in to the centralised
electronic case report form (e-CRF) website “Cleanweb” provided by Telemedicine
technologies.

Non-identifying data will be entered into the e-CRF via a web browser by a trained investigator
or research assistant at each centre. The participating centres have access to e-CRFs via a web-
based data collection system (unique identification and password by user). Patient follow-up
and task schedules are detailed in the study Gantt chart (Table 2). The e-CRF was devised by
the principal investigator and the scientific supervisor of the study in collaboration with the data
manager of the clinical research unit, Saint-Antoine Hospital AP-HP. e-CRFs and a data
dictionary (containing coding variables and definitions) will be saved and archived in the
clinical research unit — Saint Antoine Hospital, AP-HP secured servers. Paper CRFs are
available in the documentation provided at each site. The e-CRFs (CleanWeb Telemedecine)
use the secured computer servers of AP-HP. The computer files used for this research are
implemented in compliance with the French (amended “Informatique et Libertés” law
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governing data protection) and European (General Data Protection Regulation — GDPR)
regulations. The sponsor has already obtained authorisation from CNIL (French Data Protection
Agency) before implementing any data processing of data from this research (Ref.:
MLD/MFI/AR2012389). Database quality control is undertaken by the Data manager of the
clinical research unit — Saint Antoine Hospital, AP-HP (missing data, range checks on
quantitative values, date chronology check; R-Project computer programming) and put at the
disposal of the investigation team. Data management procedures are validated by the clinical
research quality specialist and recorded in their secured servers and on paper.

Statistical methods

All analyses will be performed by the study statistician according to a predefined statistical
analysis plan, using Stata v9.4 (or next version, StataCorp, College Station, TX, USA). A two-
tailed p-value of less than 0.05 will indicate statistical significance.

In compliance with the SPIRIT statement, a flow diagram will describe the progress of the three
groups of patients throughout the different phases of the trial (enrolment, allocation, received
interventional agents, follow-up, and data analysis). The analysis will be performed on an
intention-to-treat (ITT) basis. In case of premature interruption or withdrawal from the study,
patients will not be substituted. Missing values will be described and, according to their nature
and frequency, multiple imputation methods will be applied. A per-protocol analysis will be
conducted as the trial sensitivity analysis since it excludes patients incorrectly randomised or
who did not receive the allocated intervention.

Comparative analyses will be done systematically with (main analysis) and without adjustment
for randomisation stratification factors. There is no intention to perform interim analyses. The
primary endpoint analysis will be done on the ITT population with supportive analyses on the
per protocol (PP) population. The latter aim is to investigate PP-excluded patients and their
impact on the ITT analysis, and eventually to check whether similar results can be obtained for
a robust interpretation. All secondary endpoints analyses will be conducted on ITT and PP
populations to assess the robustness of the results.

Descriptive analysis

Descriptive statistical analyses will be conducted on the whole study population to describe
general and baseline characteristics, demographics, past history, as well as numbers of
premature study withdrawals. Quantitative variables will be presented as mean (standard

deviation) or median (25"-75" percentiles) according to the normality of their distribution as
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assessed by Shapiro-Wilk tests and graphical methods. Qualitative variables will be presented
as numbers (%).

Analysis of the primary endpoint

The pre-specified primary endpoint will be a ranked composite score that incorporates death
and duration of shock, calculated in such a manner that death constitutes a worse outcome than
longer duration shock. Each patient will be compared with every other patient in the study and
assigned a score (equality: 0, win: +1, loss: —1) for each pairwise comparison based on who
fared better. For example, if one patient survives and the other does not, the first will be
attributed +1 and the latter —1 for that pairwise comparison. If both patients in the pairwise
comparison survive, the scoring will depend on duration (days) of septic shock: fewer days
earns a score of +1, and more days earns a score of —1. If both patients survive and had the
same duration of septic shock, or if both patients die, both will score 0 for that pairwise
comparison. For each patient, scores of all pairwise comparisons will be summed to obtain a
cumulative score. These cumulative scores will be ranked and compared across the three groups
via non-parametric Mann-Whitney test.

Analysis of secondary endpoints

Comparisons between randomised groups at given timepoints will be conducted using Chi
square or Fisher exact tests for categorical variables, and using a t-test or non-parametric Mann-
Whitney test (pairwise comparisons), and ANOVA or Kruskal Wallis tests (comparisons of >2
groups) for quantitative variables, as appropriate. Pairwise comparisons within groups (across
timepoints) will be conducted using tests for paired data, i.e., McNemar test for qualitative data,
and t-tests for paired data or Wilcoxon signed ranks for continuous data, as appropriate.

For all-cause mortality at day 28, the number of patients with sinus rhythm at day 7, the number
of patients free of vasopressors at day 7, and survival without serious adverse event, calculation
of time-to-event endpoints based on follow-up censored data will be employed, taking into
account the competing risks of hospital discharge (for mortality evaluation) and death (for
number of patients with sinus rhythm at day 7 and the number of patients free of vasopressor
at day 7). Kaplan-Meier survival curves and cumulative incidence curves will be plotted for
each treatment group, and Cox models will be used to calculate sub-hazard ratios along with
their 95% confidence intervals and corresponding p-values.

Analyses of independent determinants of quantitative secondary endpoints will be performed
using multivariable linear regression models adjusting for baseline characteristics. As for global

longitudinal analysis, we will use generalised linear regression mixed models to test interactions
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between timepoints, groups, and pre-specified predictors while entering patient level as a

random effect to take into consideration the hierarchical structure of repeated data.

Data monitoring

The trial steering committee (principal investigator, senior investigator, and methodologist) will
supervise the progression and monitoring of the study. Research assistants will regularly
perform on site monitoring at all centres to check protocol adherence and accuracy of the
recorded data. An investigator at each centre will be responsible for daily patient screening,
patient enrolment, adherence to protocol, and completion of the e-CRF. Since the three
treatment strategies are currently used in routine practice, no data safety monitoring board was

required by the ethics committee.

Patient and public involvement

Patients and/or the public were not involved in the development of this study.

ETHICS AND DISSEMINATION

Ethical approval

The study has been approved by independent ethics committee (Comité Sud-Ouest and Outre-
Mer 11, France, registration number 2019-A02624-53; and Comité éthique de I’hopital Erasme,
Belgium, registration number CCB B4062023000179).

Consent to participate

Patients will be included after signing a written informed consent (Appendix B). If the patient
is not able to understand the information given in the consent form, they can be included if a
next of kin consents or helps obtain the consent. Eligible patients unable to receive information
and for whom a substitute decision maker is not present, can still be included through a process
of deferred consent; after recovery, the patient’s agreement to stay in the trial will be sought.
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Confidentiality

Data will be handled according to the French law on data protection and the European General
Data Protection Regulation (GDPR). All original records will be archived at the trial sites for

15 years.

Declaration of interest

This study was funded by a grant from the French Ministry of Health obtained in 2018
(Programme Hospitalier de Recherche Clinique). The sponsor is Assistance Publique-Hopitaux
de Paris, AP-HP (Délégation a la Recherche Clinique et & I’'Innovation, DRCI).

Access to data

Investigators will make the documents and individual data required for monitoring, quality
control, and audit of the study available to dedicated persons, in fulfilment with the law.

Dissemination policy

Findings will be published in peer-reviewed journals and presented at national and international
meetings. Communications, reports, and publication of the results of the study will be placed
under the responsibility of the principal investigator-coordinator of the study and the steering
committee. Reporting will adhere to the SPIRIT statement, and rules of publication will follow
the international recommendations as for The Uniform Requirements for Manuscripts (ICMJE,
April 2010) (SPIRIT checklist, appendix C).

DISCUSSION

This pragmatic, multicentre, randomised controlled trial will compare the effectiveness and
safety of risk control, rate control, and rhythm control for NOAF in patients with septic shock.
Despite many observational studies showing that tachycardia and atrial fibrillation are key
prognostic factors for septic shock [1,2,20], no randomised controlled trials have been

conducted to investigate the best strategy to manage NOAF in this setting.

18

101



Strengths of our pragmatic trial come from its design comparing three distinct commonly used
strategies in this setting in an ITT approach, the generalisability embedded in the multicentre
design, in which both university and non-university hospitals from two countries (France and
Belgium) will recruit patients, and the carefully selected population. Indeed, in regards to this
last point, we will exclude patients with a significant history of AF (for which the cardio-
vascular risk depends in part on their established previous medication regimen for AF), and
patients with a high thrombotic risk (AF more than 48 hours, recent cardiac surgery, and
valvular heart disease classifying AF as ‘valvular AF’ [21]). Importantly, this is an investigator-
initiated trial, funded by a grant from the French Ministry of Health with no competing
commercial or financial interests involved.

Our study however has several limitations. Since it is an open-label trial, some bias, such as
clinical decision-making preferences, is inevitable. Duration of septic shock, the second
component of the hierarchical primary endpoint, may be subjective, thus liable to performance
bias. Reporting bias is unlikely for the primary outcome given that (i) all cause death is
objective, and (ii) ICU hospitalisation and haemodynamic support to determine the duration of
septic shock are unambiguously supported by medical records. Nonetheless, an independent
clinical events committee will blindly adjudicate all relevant safety outcomes.

In summary, the CAFS trial is an open label, randomised controlled trial testing the efficacy of
three routinely used strategies (risk control, rate control, and rhythm control) for NOAF during
septic shock to improve survival and reduce duration of shock. The trial targets a well-selected
population, with an appropriate, patient relevant primary objective and experimental design, to
provide a robust response (best strategy with respect to the adverse event such as thrombotic
and bleeding event). This trial’s results may therefore provide high quality evidence for the
development of international recommendations for the optimal strategy to improve outcomes

in patients with NOAF during septic shock.
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APPENDICES

Appendix A: List of study sites
Appendix B: Model of the consent form

Appendix C: SPIRIT Checklist
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Table 1: Non-antiarrhythmic interventions for the risk control strategy [22]

Modifiable risk
factor

Objective

Modalities

Hypovolaemia

MAP > 65 mmHg with at
least one negative fluid-
responsiveness test if the
patient is still hypotensive

Fluid resuscitation with crystalloid or colloids
according to sepsis guidelines [23]

Hypokalaemia

Potassium > 3.5 mmol/L

Concurrent replacement of potassium ?

Hyponatraemia

Natraemia

> 135 mmol/L

Avoid hypotonic solutions in initial resuscitation
and consider correcting hyponatraemia, if any ?

chronotropy due
to catecholamines

Hypoxaemia Avrterial oxygen saturation | Adjustment of the inspiratory oxygen fraction
> 90% and/or the positive expiratory pressure in patients
with ventilatory support
Acidosis pH > 7.35 Adjustment of tidal volume, circuit dead space
and/or adapted filling fluids, depending on the
mechanism of acidosis
Excess To limit the arrhythmic According to the sepsis guidelines [23]%:

effects of catecholamines

0 Lowest vasopressor dose to achieve MAP=65
mmHg

o Noradrenaline as first line;

o0 Dobutamine as a second-line drug, in cases of
myocardial dysfunction requiring a positive
inotrope to improve tissue perfusion;

0 Adrenaline as a second-line replacement for
noradrenaline in refractory shock.

Persistent fever

Body temperature

<38.1°C

External cooling and anti-pyretics could be
discussed ?

Mal-positioned
central venous
catheter

Correctly positioned
catheter

Withdraw catheter to caval-atrial junction

Abbreviations: MAP, mean arterial pressure

% Left to the discretion of the attending physicians
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Table 2 Study Gantt chart (task schedule)

Procedures and assessments D1 D2-D7 @ D28+/-2d

Inclusion and non-inclusion criteria R

Enrolment

Informed consent R

Intervention

Risk control strategy C C

Rate control strategy C

O

Rhythm control strategy

O
O

Assessments

Characteristics of the patient °

Characteristics of the septic shock ¢

Organ dysfunction and
management ¢

Thyroid blood sample

Other biological data ®

OO0 O OO

Cardiac rhythm

Time of septic shock f

Adverse event

ICU length of stay and hospital
length of stay

O O |00

Vital status

Abbreviations: C, Care; ICU, intensive care unit; R, research

2or until ICU discharge, whichever comes first

b Characteristics of patients include age, sex, height, weight, severity score indicated by the Simplified
Acute Physiological Score Il score, CHA;DS,VASc thrombotic risk score, HASBLED bleeding risk
score, pre-existing conditions (arterial hypertension, diabetes mellitus, alcohol, chronic cardio-
vascular, respiratory, renal, liver, thrombotic or bleeding event, stroke, neoplasia, positive serology for
human immunodeficiency virus), previous medication (antithrombotic, corticosteroids, gastric anti-
ulcer, non steroidal anti-inflammatory)

¢ Site of infection, pathogen (type, sensitivity to initial anti-infective therapies), source control
modalities, hospital- or community-acquired infection, duration of septic shock

d Severity score indicated by the Sequential Organ Failure Assessment score, haemodynamic data (if
available: left ventricular ejection fraction, stroke volume; arterial lactate), organ support (fluid
resuscitation, catecholamine, invasive mechanical ventilation, renal replacement therapy),
corticosteroids

¢ potassium, sodium, magnesium, arterial PH, bicarbonates, white blood cell count, transaminase
ftime from randomisation to successful weaning of vasopressors (no reintroduction or death during the

first 48 hours after discontinuation).

107

24



Figure 1: Experimental scheme

No limit  No limit 48 h max? i . . .
(24 hours if AF occurs under vasopressor) 7 days (or until ICU discharge, whichever comes first)
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+/- External electrical shock ®
Amiodarone IV
H : : 7 mglkg over 1h (max 600 mg) Amiodarone enteral © Amiodarone enteral ©
: followed b i i 1200 mg for 24h 200 mg for 24h
i i for a total of 1290 mg over 24h
E Rhythm control (including the risk control)
: H L
Amiodarone IV
: | 4mgll1(g over End of
G (max 300 mg) the
! Amiodarone enteral ¢ 200 mg for 24h research
B
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L Mg2+ IV
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Control of modifiable risk factors: non-antiarrhythmic interventions ©
Yy - .
Risk control
: : § H1
( 1 D1 D 2-3 D 4.7 D7 D28 |
ICU

admission
- Outcomes

Abbreviations: IV, intravenous; IP, infusion pump

2In case of NOAF > 48 hours, the patient can be included after a transesophageal echocardiography (only in
mechanically ventilated intubated patients) to eliminate an intracardiac thrombus coupled with initiation of
therapeutic anticoagulation (in the absence of contraindication)

bOnly in sedated patients receiving invasive mechanical ventilation in the two following cases: (i) NOAF
persists after initial 1V bolus of amiodarone and norepinephrine base (or epinephrine base) doses > 0.3 pg/kg/mn
or (ii) NOAF persists > 6 h after initial IV amiodarone bolus. A maximum of three consecutive cardioversions
with energy delivery of 150, 200, and 300 will be done using a synchronised biphasic defibrillator with anterior—
posterior electrode positions. In case of recurrence of NOAF after a first electrical cardioversion, indication for a
new external electrical shock is left to the discretion of the treating physicians.

¢ Enteral route unavailable: 720 mg continuous 1V over 24 h (0.5 mg/mn 1V over 24h)

d Enteral route unavailable: 150 mg IV over 1 h

e Hypovolaemia, hypokalaemia, hyponatraemia, hypoxaemia, acidosis, excess chronotropy due to
catecholamines, persistent fever, mal-positioned central venous catheter
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Figure 2: Course for the three strategies according to the rhythm and haemodynamic
evolution of the randomised patients
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Day-1
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randomization dose
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Abbreviations: EES, external electrical shock; NOAF, New Onset Atrial Fibrillation

2 Therapeutic anticoagulation is recommended in the absence of contraindications if sustained or paroxysmal
NOAF > 48 hours. If therapeutic anticoagulation is contraindicated, patients in the rhythm control group will be
switched to the rate control group.

bn the case of sinus rhythm of more than 24h

¢Dose thresholds reduced by half in cases of severe cellular hypoxia defined by an arterial lactate level >3 mmol/L
=== Possibility of switching to a rate or rhythm control strategy in case of persistent NOAF and significant
haemodynamic alteration
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5. Discussion

5.1 Risque thrombotique et hémorragique

5.1.1 Incidence

Nous rapportons une incidence d’événements thrombotiques artériels élevée (7%) relativement
similaire a celle rapportée par Yoshida et al. (4,6%) au sein d’une cohorte prospective de
patients présentant une FAN en réanimation [121]. L incidence des événements hémorragiques
majeurs est également importante (19%), en cohérence avec les résultats de Walkey et al. qui

rapportent une incidence de 12,6% chez les patients ayant une FAN au cours d’un sepsis [94].

Les risques thrombotiques et hémorragiques chez les patient en FAN au cours d’un sepsis sont
ainsi bien supérieurs a ceux rapportés chez les patients de cardiologie en situation d’urgence.
Au sein d’un récent essai clinique comparant la cardioversion précoce versus retardée chez les
patients prises en charge pour une FAN au sein de services des urgences, Pluymaerkers et al.
ont rapporté une incidence de 0,5% d'événements thrombotiques artériels et aucun événement

hémorragique majeur au cours des 4 semaines de suivi [122].

Ces résultats confirment la nécessité de disposer d'outils de stratification du risque
cardiovasculaire utilisable au lit des patients, afin d'identifier les patients les plus susceptibles
de bénéficier d'un traitement anticoagulant pour prévenir le risque thrombotique sans sur-risque

hémorragique.

5.1.2 Stratification du risque

5.1.2.1 Les scores cardiologiques

Les scores « cardiologiques » de stratification des risques thrombotiques CHA2DS2-VASc et
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hémorragiques HAS-BLED, semblent étre limitées pour prédire les événements cardio-
vasculaires chez les patients ayant une FAN au cours d’un sepsis [123]. De méme, Walkey et
al. ont rapporté dans ce contexte une faible performance du score CHA2DS2-VASc pour

stratifier le risque d'AVC au sein d’une large cohorte rétrospective [94].

5.1.2.2 Paramétres échocardiographiques

Les anomalies cardiaques structurelles et fonctionnelles en échocardiographie (dysfonction de
I’auricule gauche, athérome aortique sévere, dysfonction systolique du ventricule gauche) sont
fréquents chez les patients présentant une FAN au cours d’un sepsis. Cependant, seule la
dysfonction systolique du ventricule gauche, visible en echocardiographie transthoracique,

¢tait associée de maniére indépendante aux événements cardio-vasculaires.

La réalisation d’une étude échocardiographique morphologique compléte et systématique,
comprenant une premiere ETO dans les 48 heures suivant I'apparition de la FAN, suivie d'une
seconde ETO chez les deux tiers d'entre eux, n'a révélé qu'un seul thrombus intra-auriculaire
gauche. De plus, aucun thrombus n'a été rapporté chez six patients ayant développé un

évenement thrombotique artériel. Plusieurs hypothéses peuvent étre envisagées :

Un thrombus peut s'étre développé secondairement en raison de la persistance de la FAN ;

- La survenue d’une sidération post-cardioversion de ’auricule gauche malgré le retour en
rythme sinusal peut favoriser la formation de thrombus [124];

- Un thrombus peut passer inaper¢u lorsqu'une ETO est réalisée aprés I'événement
embolique ;

- Enfin, nous rapportons un AVC ischémique probablement dii a une plaque d'athérosclérose

instable, et deux accidents thrombotiques artériels possiblement dus a d'autres sources

cardiaques d'embolie. De méme, des séries cardiologiques antérieures ont rapporté que 25%
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des AVC ischémiques chez les patients atteints de FA pouvaient étre dus a d'autres sources

cardiaques d'embolie ou a une pathologie athéromateuse de 1'aorte proximale [125,126].

Par conséquent, une stratégie basée sur la réalisation systématique d’une ETO afin d’estimer le

risque cardio-vasculaire, notemment thrombotique, semble limitée.

Etant donné la fréquence observée des anomalies de I’auricule gauche dans cette premiére
étude, nous avons effectué une sous-analyse de I’étude FAST (Annexe 2) afin de caractériser
une approche individualisée de 'ETO basée sur le score CHA2DS2-VASc. Les anomalies de
l'oreillette/auricule gauche comprenant la baisse des vitesses de vidange et de remplissage intra-
auriculaire gauche, la dilatation de 1’auricule gauche, ainsi que la présence d’un thrombus ou
un contraste spontané intense, sont associées au score de risque thrombotique CHA2DS2-VASc
[127] et aux événements thrombotiques artériels chez les patients cardiologiques présentant une
FA [128], nous avons ainsi évalué la capacité du score CHA2DS2-VASc a prédire les anomalies
de Doreillette/auricule gauche a I’ETO chez les patients présentant une FAN au cours d’un
sepsis. La prévalence des anomalies de [1oreillette/auricule gauche augmentait
significativement avec le score CHA2DS2-VASc. L'aire sous la courbe ROC (95%CI) du score
CHA:2DS2-VASc pour prédire les anomalies de ’oreillette/auricule gauche était de 0,66 (0,53-
0,76). Un seuil de 5 pour le CHA2DS2-VASc a donné une précision diagnostique (c'est-a-dire
la proportion de tous les tests avec un résultat correct) de 0,71(0,61-0,80), avec une valeur
prédictive négative de 28% (13-47), une valeur prédictive positive de 91% (81-97), une
sensibilité¢ de 57% (29-82), et une spécificité¢ de 74% (63-83). Les résultats de cette étude
ancillaire pourraient suggérer une approche individualisée de I'ETO réalisée chez les patients a
haut risque d'anomalies de ’oreillette/ auricule gauche (CHA2DS2-VASc >5) et pour lesquels

la balance bénéfice/risque de l'anticoagulation est particulierement difficile.
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5.1.23 Vers des biomarqueurs sanguins ?

De nombreuses données convergentes ont montré I’intérét des biomarqueurs en complément de
la stratification clinique pour prédire les risques thrombotiques, hémorragiques et de déces
chez les patients de cardiologie en FA chronique [129]. Les biomarqueurs cardiaques
(troponine, B-type natriuretic peptide), d’activation plaquettaire et de la coagulation (D-
dimeéres, Fibrinogene, Fragments pro-thrombinique 1 et 2, Complexe thrombine-antithrombine,
Fibrinopeptide A, microparticules procoagulantes circulantes), de stress oxydatif et fibrose
myocardique (GDF 15, galectine-3), de dysfonction rénale (créatinine, cystatine C),
d’inflammation (C-réactive protein, Interleukines 6), de dysfonction endothéliale (von
Willebrand factor) et de renouvellement de la matrice extra-cellulaire (Métalloprotéinases
matricielles) ont ainsi été associé a un risque accru d’événements cardio-vasculaires séveres
[130-132] (Annexe 3). Plus particuliérement réalisées au sein de notre service, des études ont
montré une association entre le taux de C-reactive protéine a I’admission et I’augmentation de
la mortalité chez le patient en FA [19], une relation entre le taux plasmatique de facteur
Willebrand a I’admission et le risque d’insuffisance cardiaque et de mortalité toute cause [134],
et une augmentation du taux de microparticules procoagulantes circulantes chez le patient en

FA [135].

A notre connaissance, ces biomarqueurs n’ont pas été étudiés chez les patients présentant une
FA au cours du choc septique. Au-dela de mieux caractériser les mécanismes
physiopathologiques a 1’origine des risques pro-thrombotiques et hémorragiques accrus dans
ce contexte, |’utilisation de ces biomarqueurs pourrait permettre une meilleur stratification des
risques cardio-vasculaires. Nous souhaitons mener [’étude BAFS (Biomarkers Atrial
Fibrillation Sepsis) qui permettra d’étudier les concentrations sériques des biomarqueurs
circulants chez les patients présentant une FAN au cours du choc septique et d’évaluer la

capacité de ces biomarqueurs circulants a prédire le risque cardiovasculaire dans ce contexte.
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5.1.3 Le traitement anticoagulant curatif : I’équipoise clinique

L’¢évaluation de la balance bénéfice/risque de I’anticoagulation curative demeure un vrai
challenge quotidien pour les intensivistes en ’absence (i) d’outil performant de stratification
des risques cardio-vasculaires a court terme et (ii) 1’absence de données robustes (essais
cliniques randomisés) sur le bénéfice net (absence d’événement cardiovasculaire associant
évenement thrombotique artériel, événement hémorragique, et décés de cause cardio-
vasculaire) du traitement anticoagulant dans ce contexte. En cohérence avec nos résultats,
plusieurs études rapportent ainsi I’administration d’un traitement anticoagulant chez un patient

sur deux présentant une FAN en réanimation [10,121,136-138].

5.1.3.1 Stratégie libérale “cardiologique”

Les recommandations européennes actuelles pour la prévention des événements thrombotiques
artériels peri-cardioversion de la FAN préconisent l'initiation précoce d'une anticoagulation
thérapeutique (dés que possible avant la cardioversion, quelle que soit la durée de 1a FAN), pour
une durée prolongée (au moins 4 semaines post-cardioversion) [139]. Comme développé dans
le paragraphe 1.2.3, ces recommandations sont basées sur des études observationnelles menées
chez des patients cardiologiques rapportant (i) un risque de formation de thrombus atrial gauche
méme en cas de FAN aigué (<48 heures) [140] et (i1) un risque thrombotique post-cardioversion

accru [141,142].

5.1.3.2 Vers une stratégie conservatrice ?

La stratégie libérale “cardiologique” pourrait €tre remise en question chez les patients

présentant une FAN au cours d’un sepsis.

116



Tout d'abord, au sein de notre cohorte prospective de 96 patients présentant une FAN au cours
d’un sepsis, aucun patient n’a présenté¢ de thrombus intra-oreillette/ auricule gauche au cours

des 48 premiéres heures suivant la survenue de la FAN [143].

Ensuite, nous montrons que la prévalence d’une dysfonction de 1’auricule gauche post-
cardioversion est trés rare (4%) chez les patients présentant une FAN au cours d’un sepsis
(Article 2). Ces résultats pourraient suggérer un comportement différent de 1’auricule gauche
lors de la FA dans le contexte d’un sepsis par rapport a celui de la FA chronique incluant

remodelage auriculaire et dysfonctionnement endothélial [144].

De plus, I’é¢tude FAST a rapporté que les évenements hémorragiques majeurs, dont la plupart
menagaient le pronostic vital, étaient presque trois fois plus fréquents que les événements
thrombotiques artériels (19% contre 7%) [143]. Enfin, au sein d’une large cohorte de patients
appariés par score de propension et présentant une FA au cours d’un sepsis, le traitement
anticoagulant était associ¢ a une augmentation du risque hémorragique sans diminution

significative du risque thrombotique [94].

Ces arguments suggerent que la stratégie libérale cardiologique pourrait ne pas étre appropriée
chez les patients septiques présentant un risque hémorragique élevé [123]. Il en découle une
importante hétérogénéité des pratiques usuelles. Dans une enquéte de pratique que nous avons
menée aupres de 356 intensivistes (Annexe 4) [106], nous avons ainsi constaté que, chez les
patients présentant une FAN au cours d’un choc septique, 44% des intensivistes initient le
traitement anticoagulant curatif plus tardivement (uniquement lorsque la FAN est persistante
plus de 48 heures), et 59% d'entre eux l'utilisent pour une durée plus courte (pendant un

maximum de 7 jours apres une cardioversion réussie).

En résumé, la stratégie libérale cardiologique (traitement anticoagulant a début précoce et durée

prolongée) peut minimiser le risque hémorragique, mais également augmenter le risque
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hémorragique. A l'inverse, une stratégie conservatrice (c'est-a-dire une initiation plus tardive et
une durée plus courte du traitement anticoagulant) pourrait également prévenir le risque

thrombotique, tout en réduisant 1'exposition au traitement anticoagulant a risque hémorragique.

Nous souhaitons donc dans un avenir proche effectuer un essai clinique randomisé dont

I’objectif sera de déterminer la meilleure stratégie de traitement anticoagulant.

5.1.4 Incidence et facteurs preédictifs d’évenements cardio-vasculaires a

long terme

Les travaux de cette thése se sont particulierement intéressés a la caractérisation et la
stratification des risques cardio-vasculaires a court terme de la FAN au cours d’un sepsis.
Cependant plusieurs travaux indiquent que la survenue d’un tel événement constitue un
marqueur de risque 2 moyen et long terme de complications cardio-vasculaires [ 145] impliquant
d’identifier précocement les patients a risque afin de mettre en place un suivi et des traitements
spécifiques adaptés. Au sein d’une cohorte rétrospective de patients survivant d’un sepsis,
Walkey et al ont rapporté que les patients ayant une FAN au cours du sepsis, en comparaison
aux patients n’ayant pas de FAN au cours du sepsis, présentaient un risque a long terme plus
¢leve de récidive de FA (54,9% vs. 15,5%), d’hospitalisation pour insuffisance cardiaque
(11,2% vs 8,2% ; HR, 1,25 [IC 95% 1,16-1,34]), ’AVC (5,3% vs 4,7%; HR, 1,22 [IC 95%
1,10-1,36]), et de déces (74,8% vs 72,1%; HR 1,04 [IC 95% 1,01-1,07]) [145]. Par ailleurs,
parmi les patients ayant une FAN et un AVC ischémique lors du suivi, prés de la moitié
n’avaient eu aucune récidive de FA préalablement a I’AVC ischémique. La survenue d’une FA
de novo lors d’un sepsis pourrait ainsi étre la derniére « opportunité » d’envisager une thrombo-
prophylaxie chez certains patients [145]. Ces données s’opposent ainsi a la pensée selon
laquelle une FA de novo au cours d’un sepsis serait un événement transitoire réversible et sans

conséquence apres la résolution du sepsis. Au contraire, la FAN pourrait étre 1’expression
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clinique d’une pathologie plus profonde et plus chronique de I’oreillette gauche ou le
remodelage atrial (structurel, électrique, biochimique [146]), la dysfonction endothéliale et
1'état pro-thrombotique y sont associés [147]. L'interaction complexe entre ces différents
mécanismes pourrait créer un cercle vicieux de cardiomyopathie atriale qui ne cesse de
s'aggraver entrainant un risque plus élevé de FA et d'événements thrombotiques artériels [147—
149]. Ainsi, identifier précocement la cardiomyopathie atriale et les facteurs impliqués dans
son développement permettrait d’adapter les thérapeutiques et notamment la stratégie

anticoagulante [147,150].

Au-dela des scores cliniques de risque et les anomalies morphologiques détectées en
échocardiographie « conventionnelle », des données plus récentes ont montré que 1’évaluation
morphologique de I’oreillette gauche en échocardiographie tridimensionnelle [151,152], et
fonctionnelle grace a I’étude de la déformation myocardique (strain) sont désormais
particulierement utile pour stratifier le risque d’événements thrombotiques artériels a long
terme chez les patients de cardiologie [146,153—159]. Comme vu dans le paragraphe 5.1.2, de
nombreuses données ont également montré I’intérét des biomarqueurs en complément de la
stratification clinique et échocardiographique pour prédire les risques d’événements cardio-

vasculaires a long terme [130—132] chez les patients de cardiologie en FA permanente.

L’objectif d’un prochain travail sera donc de pouvoir affiner I’évaluation des patients survivants
d’un sepsis compliqué de FAN par une approche combinée clinique (scores de risque
conventionnels), biologique (nouveaux biomarqueurs), et échocardiographique (notamment
utilisation de nouvelles techniques: strain, étude OG tridimensionnelle) afin d’identifier

précocement les patients ayant un risque a long terme d’éveénements cardiovasculaires associés

ala FA.
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5.2 Risque hémodynamique

Malgré de nombreuses études observationnelles rapportant que la FAN est indépendemment
associée a une aggravation hémodynamique et un doublement de la mortalité hospitaliére [5—
7], aucun essai controlé randomisé¢ n'a étudié la meilleure stratégie de prise en charge
hémodynamique dans ce contexte. Ceci explique pourquoi les places respectives du contrdle
du risque, du rythme cardiaque (RC) ou de la fréquence cardiaque (FC) ne sont pas établies et
n’ont jamais fait I’objet de recommandation ni méme de consensus professionnel. Il existe donc
une forte équipoise clinique : i) le contrdle du risque minimiserait la iatrogénie tout en
permettant la résolution d’un certain nombre de FAN ; ii) le controle de la FC (en sus du
contrdle du risque) limiterait les effets indésirables potentiels des fortes doses d’amiodarone et
de la cardioversion électrique, tout en stabilisant I’hémodynamique; iii) le controle du RC (en
sus du controle du risque) optimiserait davantage I’hémodynamique, en améliorant rapidement
la fonction diastolique et en réduisant la demande métabolique cardiaque et pourrait réduire le
risque de formation d’un thrombus intra-cardiaque et le recours a un traitement anticoagulant.
L’essai multicentrique randomisé et contrdlé CAFS compare I'efficacité et la sécurité de trois
stratégies usuelles de prise en charge hémodynamique de la FAN au cours du choc septique :
contrdle du risque, controle de la FC et contrdle du RC (Identifiant IDRCB; 2019-A02624-53 ;
Trial registration number: NCT04844801).

A ce sujet, les essais menés précedemment ont concerné les patients stables sur le plan
hémodynamique, qu’il s’agisse des patients de cardiologie ayant une FA chronique [160], ou
les patients en post opératoire de chirurgie cardiaque [161]. Ces essais visaient & comparer les
stratégies médicamenteuses de controle de la FC ou du RC, en incluant la possibilit¢ d’une
cardioversion électrique. L’essai AFFIRM a suggéré, chez les patients de cardiologie en FA

non valvulaire chronique, 1’absence de différence significative entre ces deux stratégies sur la
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mortalité et la morbidité a 5 ans (accident thrombo-embolique et accident hémorragique a long
terme) [39]. Le contrdle du RC était cependant associé a des ré-hospitalisations plus fréquentes
en comparaison au contréle de la FC. De la méme fagon, les effets secondaires médicamenteux,
notamment la survenue de bradycardie et d’un allongement du QT étaient plus fréquents dans
le groupe contrdle du RC par rapport au groupe controle de la FC. Ainsi, au cours de la FA non
valvulaire, ’ESC préconise en premiére intention une stratégie de contrdle de la FC, réservant
le contrdle du RC a la persistance des symptomes liés a la FA [66]. Dans le contexte post-
opératoire de chirurgie cardiaque, Gillinov et al. ont également comparé les stratégies de
contrdle de la FC et du RC chez des patients stables sur le plan hémodynamique [161]. Le
groupe controle du RC bénéficiait de la mise sous amiodarone accompagnée de la réalisation
d’une cardioversion électrique si la FA persistait plus de 24h. Dans le groupe contrdle de la
FC, le clinicien pouvait choisir, seul ou en association, un beta-bloquant, un antagoniste
calcique bradycardisant, ou un digitalique. Si la FA persistait plus de 48h, un traitement
anticoagulant était recommandé. Les auteurs ne rapportent aucune différence entre ces deux
stratégies en termes de nombre de jours d’hospitalisation a 3 mois, de survenue d’événements
thrombotiques artériels, de complications hémorragiques, ou de persistance de FA a 60 jours
[161]. Ces résultats sont cependant difficilement extrapolables aux patients en sepsis/choc
septique chez lesquels 1’enjeu principal est 1’altération d’un état hémodynamique déja précaire.
Les points forts de notre étude pragmatique sont (i) sa conception qui compare trois stratégies
usuelles distinctes en intention de traiter et en restant aussi proche que possible du scénario
clinique, (ii) la généralisation des résultats liée a la conception multicentrique de I’essai
(hopitaux universitaires et non universitaires, essai bi-national), et (iii) la population bien
sélectionnée. En effet, en ce qui concerne ce dernier point, nous exclurons les patients ayant
des antécédents significatifs de FA (pour lesquels le risque cardio-vasculaire dépend en partie

de leur traitement antérieur pour la FA), et les patients présentant un risque thrombotique élevé
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(FA > 48 heures sans ETO préalable excluant la présence d’un thrombus intra-cardiaque, post
opératoire de chirurgie cardiaque, et cardiopathie valvulaire). Il est important de noter qu'il
s'agit d'un essai a l'initiative des investigateurs, financé par une subvention du ministére frangais

de la santé, sans aucun intérét commercial ou financier concurrent.

Notre étude présente plusieurs limites. De nombreux biais (biais de suivi, d’interprétation...)
sont inévitables dans cet essai ouvert. Le délai de survenue du choc septique, deuxiéme
composante du critére d'évaluation primaire hiérarchique, peut étre trop subjectif et donc sujet
a un biais. Le biais de déclaration est peu probable pour le critére primaire étant donné que (i)
le déces toutes causes confondues est objectif, et (i) 1'hospitalisation en réanimation et le
support hémodynamique déterminant la durée du choc septique sont sans équivoque

documentés au sein du dossier médical.

Les résultats de cet essai, si nos hypotheses se confirment, contribueront a améliorer la prise en
charge du choc septique par la démonstration «fondée sur des preuves» du bénéfice d’une
stratégie pragmatique susceptible de réduire la durée de la défaillance hémodynamique et des
autres défaillances d’organes, avec in fine, un effet potentiel sur la mortalité des patients en

choc septique.

6. CONCUSION DE LA THESE

La survenue d’une FAN au cours d’un sepsis est particulierement fréquente et grave, associée
a un sur-risque thrombotique, une altération de 1’état hémodynamique déja précaire et un
doublement du risque de déces intra-hospitali¢re. La prise en charge spécifique d’une FAN dans
ce contexte doit s’attacher a prévenir le risque thrombotique et limiter le risque d’aggravation

hémodynamique. La thése s’est articulée autour de ce double objectif.
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Nous confirmons que le risque d’événements cardio-vasculaires majeurs est élevé chez les
patients ayant une FAN au cours d’un sepsis. Dans ce contexte, les approches cardiologiques
de stratification des risques thrombotiques (anomalies ETO, score CHA2DS2-VASc) et
hémorragiques (score HAS-BLED) afin de prédire ce risque semblent limitées. L’étude d’une
approche individualisée basée sur ’ETO couplée avec le score CHA2DS2-VASc pourrait
néanmoins €tre intéressante. Ce travail a également permis de caractériser le risque de formation
d’un thrombus intra-cardiaque (absence de thrombus dans les 48 h suivant le début de la FA,
prévalence rare de la sidération post cardioversion de 1’auricule gauche). Enfin, nous avons
confirmé 1’équipoise clinique au sujet des modalités de traitement anticoagulant (délai
d’initiation, durée) a ’origine d’une grande hétérogénéité des pratiques usuelles justifiant la
réalisation d’essais thérapeutiques. Les résultats apportées par cette thése posent les bases d’un
futur essai dont 1’objectif sera d’évaluer la meilleure stratégie de traitement anticoagulant dans
la prévention des événements thrombotiques artériels sans sur-risque hémorragique ou de
déces.

Le second volet de la thése s’est attaché a la prise en charge du risque hémodynamique de la
FAN au cours d’un état de choc septique. La réalisation de I’essai CAFS (inclusion en cours)
randomisé contrdlé ouvert teste 1'efficacité de trois stratégies couramment utilisées (contrdle du
risque, controle de la fréquence cardiaque et controle du rythme cardiaque) dans ce contexte.
L'essai cible une population bien sélectionnée, avec un objectif principal et un modele
expérimental approprié, afin de fournir une réponse robuste quant a la meilleure stratégie de
prise en charge hémodynamique de la FAN au cours du choc septique dans 1’objectif
d'améliorer la survie et la durée du choc septique. Nous pensons que les résultats de cet essai
contribueront a la publication de recommandations consensuelles dans la prise en charge

hémodynamique des patients ayant une FAN au cours d’un choc septique.
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8. Annexes

8.2 Annexe 1

Scores de stratification des risques thrombotiques et hémorragiques au long cours validés

chez les patients de cardiologie ayant une fibrillation atriale chronique non valvulaire [42—44].

CHA,DS,-VASc critéres ‘ HAS-BLED critéres m
1 HTA 1

IC congestive /

dysfonction VG
Anomalie de la
HTA 1 fonction rénale ou lou2
hépatique
Age >75 ans 2 AvVC 1
Diabéte 1 Hémorragie 1
AVC/AIT/ATE 2 INRs labiles 2
Maladie vasculaire 1 Age > 65 ans 1
Age 65-74 ans 1 Médicaments ou alcool 1ou2

Sexe féminin

T dAVC Hémorragie/
CHA,DS,-VASc score aux HAS-BLED score 100 patients
(% / an) i
annees
) 0

0% 1,113

[y
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6,7% 12,50
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9,6%

6,7%
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© 0O N o u A~ W N

15,2%

Abreviations: AIT: accident ischémique transitoire ; AVC: accident vasculaire cérébral ; FE:
fraction d’éjection ; CHA2DS2>-VASc [Congestive heart failure, Hypertension, Age > 65 years
(doubled), Diabetes, Stroke (doubled), Vascular disease, Age 65—74 years, Sex category
(female)] [43]; HAS-BLED [Hypertension, Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile international normalized ratio (INR), Elderly (age > 65 ans),
Drugs/alcohol concomitantly] [44]; IC : insuffisance cardiaque ; INR: international
normalized ratio ; VG: ventricule gauche
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8.3 Annexe 2

CHA2DS2-VASc scores to predict left atrial/left atrial appendage abnormalities in patients with
sepsis and new-onset atrial fibrillation: a preliminary investigation. Labbé V, Ederhy S, Legouis

D, Joffre J, Razazi K, Sy Oumar, Chemouni F, Mekontso-Dessap Armand, Fartoukh M, Cohen
A, FAST Study group: Submitted (Nov 2023)

Visual abstract

CHA,DS,-VASc scores to predict left atrial/left atrial appendage (LA/LAA) abnormalities
in patients with sepsis and new-onset atrial fibrillation: a preliminary investigation
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Abbreviations

AUC: area under the curve

CHA:2DS2-VASc: Congestive heart failure, Hypertension, Age >75 years (doubled), Diabetes
mellitus, prior Stroke or transient ischemic attack or thromboembolism (doubled), Vascular
disease, Age 65 to 74 years, Sex category

ICU: intensive care unit

IQR: interquartile

LA/LAA: left atrial/left atrial appendage

NOAF: new-onset atrial fibrillation

TEE: transesophageal echocardiography
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New-onset atrial fibrillation (NOAF) is associated with an increased risk of arterial
thrombotic events and mortality in critically ill patients with sepsis !. Transesophageal
echocardiography (TEE) left atrium/left atrial appendage (LA/LAA) abnormalities, including
thrombus, dense spontaneous echo contrast (SEC) resulting from blood stasis 2, low LAA
velocities, and large LAAs, are associated with the CHA2DS2-VASc score of thrombotic risk
3 and arterial thrombotic events in cardiology outpatients with AF . In patients with NOAF
during sepsis, these LA/LAA abnormalities are reported with a relatively high incidence °,
but a relationship with the CHA2DS2-VASc score has not been studied. We, therefore,
conducted a sub-analysis of results from the prospective observational Fibrillation Atrial
Sepsis Thrombus (FAST) study °, which included 94 patients with sepsis and NOAF
hospitalized in 10 French intensive care units (ICUs), to evaluate the relationship of the

CHA2DS2-VASc score with LA/LAA abnormalities in this setting.

Methods

From November 2014 to November 2016, consecutive mechanically ventilated adult patients
with NOAF during sepsis/septic shock were enrolled in the FAST study °. NOAF was
defined as AF with no prior history of AF and lasting at least six hours or recurring more than
twice (>30 s) °. Main exclusion criteria were valvular heart disease and TEE
contraindications °. The CHA2DS2-VASc score * were calculated on ICU admission. Each
patient underwent transthoracic echocardiography followed by TEE with 5-MHz multiplane
transducers within 48 hours of diagnosis of NOAF. The echocardiographic methodology have
been described previously ° (detailed in supplemental Method 1). The primary outcome was
the presence of at least one LA/LAA abnormality, comprising large LAA area (> 5 cm?©),

low emptying or filling LAA velocities (<25 cm/s 7), or the presence of a thrombus or a dense
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SEC in the LA or LAA. All echocardiographic studies were analyzed offline by two
experienced observers in a blinded manner.

To evaluate the capacity of the CHA2DS2-VASc score to predict LA/LAA abnormalities,
confidence intervals for the area under the receiver operating characteristic curve (AUC) and
performance tests were calculated using bootstrap and exact binomial tests, respectively. The

optimal cut-off point was chosen according to the Youden index.

Results

Ninety-four patients (61[65%] men; age 69[61-77] years) were included (Table 1). The
median (IQR) CHA2DS2-VASc score was 3(2-4). TEE studies were performed a median of
1(1-2) day after NOAF onset. NOAF was present during TEE studies in 44(47%) patients
(hemodynamic parameters during TEE detailed in supplemental Tablel). LA/LAA
abnormalities were detected in 29(31%) patients including dense SEC, low LAA velocity,
and large LAA in 7(7%), 11(12%), and 13(15%) patients, respectively. No patient had a
thrombus. Patients with LA/LAA abnormalities had a significantly higher median CHA2DS:-
VASc score than patients without abnormalities (3.5[2.2-5.0] vs. 3.0[2.0-4.0], p=0.04; Table
1). There were no statistically significant differences between the groups in any other
variables (Table 1). The prevalence of LA/LAA abnormalities increased significantly with
increasing CHA2DS2-VASc scores (p=0.009, Figure 1). The AUC (95%CI) of the CHA2DS:-
VASc score for predicting LA/LAA abnormalities was 0.66(0.53-0.76). A cut-off point for
CHA2DS2-VASc of 5 gave a diagnostic accuracy (i.e., the proportion of all tests with a
correct result) of 0.71(0.61-0.80), with a negative predictive value of 28%(13-47), a positive

predictive value of 91%(81-97), a sensitivity of 57%(29-82), and a specificity of 74%(63-83).

Discussion
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Similar to results in cardiology patients *, CHA2DS2-VASc scores appear valuable for
predicting LA/LAA abnormalities in septic patients with NOAF, even though the AUC
indicated a moderate ability to predict LA/LAA abnormalities. Our primary analysis of the
FAST study found no association between LA/LAA abnormalities and arterial thrombotic
events °. This lack of association may be explained by (1) the small number of studied
patients and (2) therapeutic anticoagulation was left to the clinician's discretion based, in part,
on the echocardiographic findings. Despite these possible reasons, a systematic TEE-guided
strategy therefore appears to have limited value in septic patients with NOAF. However,
based on the assumption that LA/LAA abnormalities are reasonable surrogates for AF-related
arterial thrombotic events, our current results could suggest an individualized TEE approach
in cases where the benefit/risk balance of anticoagulation is particularly challenging: patients
with low or moderate risk of LA/LAA abnormalities (CHA2DS2-VASc score<5) may not
require TEE, whereas those with high risk (CHA2DS2-VASc>5) should have TEE to detect
any LA/LAA abnormalities.

Our study has several limitations. First, there may have been selection biases and
uncontrolled confounding factors in this sub-analysis of a prospective cohort study. Second,
we evaluated invasively ventilated patients; thus, results may not be generalizable to other
critically ill patients. Third, the overall study group was small, resulting in wide 95% ClIs for
our AUC.

In conclusion, higher CHA2DS2-V ASc scores were associated with a greater prevalence of
LA/LAA abnormalities in patients with NOAF during sepsis. Further studies on the
relationship of the CHA2DS2-VASc score with LA/LAA abnormalities and thrombotic events

are warranted in larger populations.
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Table 1. Baseline clinical characteristics, biological data, transthoracic echocardiographic parameters,

sequential organ failure assessment (SOFA) score and management of new onset atrial fibrillation (NOAF)

according to presence or absence of left atrial/left atrial appendage (LA/LAA) abnormalities *

Total LA/LAA No LA/LAA p
(n=94) abnormalities abnormalities | Value
Variable (n=29) (n=65)
Components of CHA,DS,-VASc score
Congestive heart failure 17 (18) 5(19) 12 (18) >0.99
Hypertension 57 (61) 17 (65) 40 (59) 0.64
Age, yrs 69 (61-77) 72 (65-78) 68 (60-77) 0.15
Diabetes mellitus 24 (25) 8 (31) 16 (23) 0.60
Stroke 7(7) 4 (15) 3(4) 0.09
Vascular disease 19 (20) 8 (31) 11 (16) 0.15
Women 33 (35 10 (38) 23 (34) 0.81
CHA,DS,-VASc scores (0-9) 3.0 (2.0-4.0) 3.5 (2.2-5.0) 3.0(2.0-4.0) | 0.04
SAPS II score on ICU admission 58 (47-74) 63 (45-74) 58 (48-73) 0.82
Biological data ®
Cardiac troponin (x the URL) (MD = 15) 6 (2-18) 10 (2- 26) 5(2-13) 0.16
Lactate (mmol/L) (MD = 1) 2.2(1.7-3.5) 2.2(1.5-3.1) 25(1.7-3.7) | 028
Leukocyte count (10%/L) 16.1 (10.1-24.0) | 15.4(8.8-22.3) | 16.3(10.5-26.2) | 0.27
Fibrinogen (mmol/L) (MD = 11) 7.0 (5.2-8.3) 7.3 (4.6-8.5) 7.0(54-8.0) | 0.96
Transthoracic echocardiography
parameters
LVEF, % 55 (45-62) 56 (40-60) 55 (48-63) 0.33
LV systolic dysfunction (LVEF <45%) 27 (29) 10 (38) 17 (25) 0.21
LV systolic severe dysfunction
(LVEF <30%) 9(10) 4 (15) 5(7) 0.26
RV dilatation (MD=4)¢ 23 (26) 5(19) 18 (28) 0.44
Significant left-sided valve disease 4(4) 2(8) 2(3) 0.31
LA area, median (IQR), cm* (MD=24) 33 (47) 23 (17-24) 20 (16-23) 0.20
SOFA score ® 9.0 (7.0-11.0) 9.0 (6.2-10.0) 9.0(7.0-12.0) | 0.64
Septic shock 59 (63) 19 (73) 40 (59) 0.24
NOAF Management °
Catecholamines 75 (79) 22 (85) 53 (78) 0.57
Cardioversion 60 (64) 17 (65) 43 (63) >0.99
Therapeutic anticoagulation 28 (30) 9 (35) 19 (28) 0.62
10
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Data are presented as median (25th—75th percentile) or n (%), unless otherwise specified. Comparisons were made using
Mann-Whitney or Fisher’s exact tests, as appropriate.

Abbreviations: CHA2DS2-VASc, Congestive heart failure, Hypertension, Age >75 years (doubled), Diabetes mellitus,
prior Stroke or transient ischemic attack or thromboembolism (doubled), Vascular disease, Age 65 to 74 years, Sex
category (female); ICU, intensive care unit; IQR, interquartile; LV, left ventricular; LVEF, left ventricular ejection
fraction; MD, missing data; RV, right ventricular; SAPS, Simplified Acute Physiology Score.

2 Composite of LA/LAA thrombus, LA/LAA dense spontaneous echo contrast, LAA low velocity (MD=6), or large LAA
area (MD=7) on transesophageal echocardiography.

®On the day of NOAF onset

¢RV dilatation was defined as RV/LV end-diastolic area ratio > 1 in long-axis cardiac view
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Figure 1. Prevalence (percentage) of left atrial/left atrial appendage (LA/LAA)

abnormalities® and their individual components for different values of the CHA2DS2-VASc

risk score
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Abbreviations: CHA2DS2-VASc, Congestive heart failure, Hypertension, Age >75 years
(doubled), Diabetes mellitus, prior Stroke or transient ischemic attack or thromboembolism
(doubled), Vascular disease, Age 65 to 74 years, Sex category (female); SEC, spontaneous

echo contrast.

P values shown on the figure are the evolution of the prevalence of LAA abnormalities
according to the CHA2DS2-VASc risk score (0, n=9; 1, n=8; 2, n=16, 3, n=25; 4, n=22; 5,
n=11; 6-9, n=3) using the Mantel-Haenszel’s chi-square test for trend

* Composite of LA/LAA thrombus, LA/LAA dense spontaneous echo contrast, low LAA
velocity, or LAA large area (LA/LAA thrombus, n=0).

Supplemental material
Methods 1. Echocardiography

Table 1. Conditions at the time of the transesophageal echocardiography according to
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presence or absence of left atrial/left atrial appendage (LA/LAA) abnormalities
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Electronic supplementary material

Method S1. Echocardiography .

Echocardiography were performed at the bedside by skilled intensivists, all of whom had >2
years of TEE experience, with competence in advanced critical care echocardiography 2.
Examinations were conducted with recent commercially available equipment (CXS50,
AFFINITY 70, and IE33; Philips Ultrasound system, Bothell, WA; VIVID 7, VIVID 9, and
VIVID I, General Electric Healthcare system, Horten, Norway). All echocardiographic studies
involved transthoracic echocardiography according to the recommendations of the European
Association of Cardiovascular Imaging * with 2.5- and 3-MHz transducers, followed by TEE
with 5-MHz multiplane transducers. Each patient underwent echocardiography within 48 hours
of NOAF onset (initial TEE).

LA or LAA thrombi, LA/LAA dense SEC, LAA low velocities, and LAA large area,
were investigated as previously described %, A LA/LAA thrombus was considered present
when there was a well-circumscribed, echodense, intra-cavitary mass that is acoustically
distinct from the underlying endocardium and the pectinate muscles 7. LA/LAA dense SEC
was defined as finely reticular pattern of dynamic, swirling intracavitary echoes localized
within the LA or LAA persistent throughout the LA-LAA at normal gain 7. Velocity of the
LAA was recorded with pulse-wave Doppler interrogation 1 cm within the orifice. Flow
velocity was evaluated in anterograde (emptying) and retrograde (filling) directions, and was
averaged over a minimum of 3 to 5 consecutive cardiac cycles as specified by protocol. LAA
low velocity was defined as a LAA filling or emptying velocity <25 cm/s 3. The area of the
LAA was measured by planimetry at 90° view as specified by protocol. LV systolic
dysfunction was defined as LV ejection fraction <45% (mild, 31-45%; severe, <30%) using
the biplane Simpson method®.

All echocardiographic studies were analyzed off-line in a blinded manner by two
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cardiologist experts with board certification in echocardiography and level 3 competence

according to the American Society of Echocardiography Standards !' (VL and SE).

Differences between observers were resolved by consensus; if the observers could not agree,

a third cardiologist expert ' (AC) reviewed the studies, and that observer’s judgment was

binding.

Table S1. Conditions at the time of the transesophageal echocardiography according to
presence or absence of LA/LAA abnormalities ?

No
LA/LAA
Total LA/LAA
abnormalities p Value
(n=94) abnormalities
(n=29)
Variable (n=65)
Time from NOAF, days 1(1-2) 1(1-1) 1(1-2) 0.07
NOAF during TEE 44 (47) 15 (58) 29 (43) 0.25
Mean arterial pressure, mmHg (MD=7) 81 (71- 88) 80 (75- 86) 82 (69-91) 0.75
Heart rate, beats/min (MD=2) 102 (85- 129) 91 (81- 134) 107 (87- 129) 0.26
Catecholamines, (MD=1) 67 (72) 22 (85) 45 (67) 0.12
Norepinephrine 60 (64) 17 (65) 43 (64) >0.99
Epinephrine 5(5) 3(11) 2(3) 0.13
Dobutamine 4(4) 1(4) 3(4) >0.99

Data are presented as median (25th—75th percentile) or n (%)

Abbreviations: IQR, interquartile; LA/LAA, left atrial/left atrial appendage; MD, miss data; TEE, transesophageal

echocardiography; NOAF, new onset atrial fibrillation.

2 Composite of LA/LAA thrombus, LA/LAA dense spontaneous echo contrast, low LAA velocity, or large LAA area.
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8.4 Annexe 3

Biomarqueurs étudiés dans I’objectif de stratifier les risques thrombotiques et hémorragiques

chez les patients de cardiologie ayant une fibrillation atriale.

Biomarqueurs Role du biomarqueur Données de la littérature cardiologique chez les
patients en fibrillation atriale

Activation plaquettaire
et de la coagulation

- D dimeére - Marqueur du turnover de la fibrine - Associé a la présence d’un thrombus intra AG
[165-168], la survenue d’ETA [169-171],
d’événements hémorragiques sévéres et de
déces.

- Associ¢é a la présence d’une dysfonction
auriculaire gauche [172].

- Microparticules pro | - Micro vésicules membranaires pro coagulante | - augmentée chez les patients en FA [137]
coagulantes d’origine essentiellement plaquettaire et cellules
circulantes endothéliales en réponse a une activation ou agression
cellulaire [137]
- Fragments pro- | - Marqueur d’une activation de la coagulation - Associé a la survenue d’un ETA [173].
thrombinique 1 et 2 - Complexe prothrombotique - Corrélé a la présence d’un contraste spontanée
- Complexe thrombine- intra AG [172,174].
antithrombine
- Fibrinopeptide A
- Tissue-plaminogen - Marqueur d’une augmentation de la fibrinolyse - Associée a présence de facteur de risque d’ETA
activator antigéne - Systéme fibrinolytique tel que I’age, la présence d’une insuffisance
- t-PA inhibiteur-1 - en réponse a [’état pro-thrombotique [175,176], cardiaque congestive, une dysfonction VG
- Complexe plasmine- I’inflammation et les dommages endothéliaux systolique, et la survenue d’une FA de novo
antiplasmine [177,178] chez les patients en FA récente (essai SPAF III (Stroke Prevention in
Atrial Fibrillation) [179]
- p-thromboglobuline - Marqueur d’une activation plaquettaire et du relargage | - Rapporté chez les patients en FA en
d’ a-granules durant 1’agrégation plaquettaire et la comparaison aux patients en rythme sinusal
formation du thrombus [180-186].
- Role potentiel des plaquettes dans 1’état pro- | - Absence d’association entre la concentration
thrombotique plasmatique de B-thromboglobulin et la
- Pourrait cependant étre essentiellement en lien avec les survenue d’ETA (étude issue de I’essai SPAF-III
conditions vasculaires athéromateuse sous-jacentes [187].

présente chez ces mémes patients.

- Von Willebrand | - Marqueur de dysfonction/ dommage endothéliale et | - Lien avec la présence d’un thrombus intra AG
factor activation plaquettaire [189], la survenue d’ATE [190,191], d’accident
- Glycoprotéine produite par les cellules endothéliales hémorragique sévére et de  déces

[188] jouant un rdle majeur dans les processus [188,190,192,193] chez les patients en FA.

d’adhésion plaquettaire et de formation du thrombus. Surexpression de vVWF par I’endocarde atrial
chez les patient en FA compliqué d’un ATE,
spécifiquement au niveau de zones contenant
des cellules inflammatoires et de 1’endocarde

dénudeé [194].
- Fibrinogéne - Contraste spontané intra auriculaire gauche =
traduction échocardiographique d’une

interaction accru entre le fibrinogéne et les
érythrocytes dépendante des concentrations de
chacun de ces deux éléments [195,196].
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Biomarqueurs
cardiaques

- Troponine cardiaque

- B-type natriuretic
peptide

- N-terminal pro B-
type natriuretic
peptide

Inflammation, Stress

oxydatif et Fibrose

- CRP

- Interleukine 6

- Growth
differentiation factor
15

- Galectine-3

Biomarqueur de la
fonction rénal

- cystatine C

Renouvellement de la
matrice extracellulaire

- Métalloprotéinases
matricielles

- Marqueurs de souffrance myocardique

- Protéine secrété par les myocytes en réponse a des
mécanismes multiples [197-200] vulnérabilité
tissulaire, nécrose, ischémie et stress myocardique di
a augmentation et la variabilit¢ de la fréquence
cardiaque, dysfonction myocardique secondaire aux
variations des volumes atriales et ventriculaires et des
pressions de remplissage.

Marqueur diagnostic trés sensible d’une dysfonction
VG systolique et diastolique

- Neuro-hormone  sécrétée par les myocytes
principalement en réponse a une augmentation de la
tension pariétale secondaire par exemple a une
surcharge de volume ou de pression.

NTproBNP : fragment inactif du BNP de longue demi-
vie d’élimination, augmente durant les états de stress
hémodynamique comme I’insuffisance cardiaque, les
syndrome coronarien aigue, et les arythmies tel que la
FA [202,204].

Marqueurs de I’inflammation

- La CRP et l'interleukine 6 stimulent la production de
facteur tissulaire a partir de monocytes in vitro
[210,211]

L'interleukine 6 augmente la production de plaquettes
et la sensibilit¢ a la thrombine, [212] stimule la
transcription du fibrinogéne [213] et est lie a
l'activation et aux dommages endothéliaux [214,215].

Marqueur de ’inflammation et du stress cellulaire

(ischémie cellulaire, stress oxydatif et mécanique)

[222,223].

- Exprimé par de nombreuses cellules telles que les
adipocyte et les myocytes

- Impliquée dans plusieurs processus pathologiques tels

que l'inflammation et la fibrose [225].

marqueur plus fiable de la fonction rénale que la
créatinine sérique [226], en particulier pour la
détection de petites réductions du débit de filtration
glomérulaire.

Inhibiteur de la cystéine protéase synthétisé a un taux
constant dans toutes les cellules nucléées et éliminé par
filtration glomérulaire [227]

Marqueur d’un  renouvellement  possiblement
pathologique de la matrice extracellulaire [230,231]
L’atteinte de cette structure pourrait favoriser la
thrombogeneése en induisant un remodelage auriculaire
pathologique associant fibrose et infiltration de
I'endocarde.
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- Risque d’ATE, de déces et d’évenement
hémorragique sévére, multiplié respectivement
par 1.7, 3 et 1.9 fois (étude des biomarqueurs
issue de I’étude RELY [201-203])

Associé a un risque élevé d’ETA et de mortalité
cardio-vasculaire [202,205,206]

- Association avec la présence d’une dysfonction
atriale et d’un thrombus intra auriculaire gauche
[207-209].

Associ¢é avec le risque de mortalité et
d’évenements cardiovasculaire [216-219].

Prédictifs de mortalité toute cause confondue
ajusté sur des modéles incluant d’autres
biomarqueurs pronostic tel que la troponine et le

NT pro BNP [220,221].

Association significative et indépendante (ajusté
sur les autres facteurs de risque clinique et autres
biomarqueurs) avec la survenue d’ETA, de
déces, et d’évenements hémorragiques séveres
[224].

- Association avec la mortalité
biomarqueurs ARISTOTLE)

Pas d'association indépendante avec le risque
d'ETA ou d’éveénement hémorragique sévere.

(étude de

Association entre I’insuffisance rénale et le
risque d’évenement cardiovasculaire incluant les
ETA, les événements hémorragiques séveres, et
la mortalité [228]

Cystatine C associée a des taux plus é€levés
d'ATE, de mortalité et de saignements majeurs
[229].

Les patients en FA présentent une élévation de
concentration de diverses métalloprotéinases
matricielles (MMP, leurs inhibiteurs (inhibiteur
tissulaire des MMP [TIMPY]) et divers facteurs de
croissance [230,231]



Abbreviations: BNP, B-type natriuretic peptide; FA, fibrillation atriale, ETA, événement thrombotique artérie ;
NT Pro-BNP, N-terminal B-type natriuretic peptide

8.5 Annexe 4

A survey on the management of new onset atrial fibrillation in critically ill patients with septic
shock. Labbé V, Bagate F, Cohen A, Voiriot G, Fartoukh M, Mekontso-Dessap A: J Crit Care
61:18-20, 2021.

Visual abstract

A survey on the management of new onset atrial fibrillation (NOAF) in critically ill patients
with septic shock
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A survey on the management of new onset atrial
fibrillation in critically ill patients with septic
shock
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New onset atrial fibrillation (NOAF) is the most frequent rhythm dis-
order in critically ill patients with septic shock, and is associated with
high rates of arterial thrombotic event (ATE), hemodynamic alteration
and mortality [1-3]. However, international guidelines failed to
established clear treatment modalities of this entity [1,4]. We sought
to assess practices in the management of hemodynamic and thrombotic
risks of NOAF in this context.

An anonymous online survey was electronically sent by email to
French-speaking intensivists. The 18-questions survey consisted of
questions based on an illustrative case and related to various modalities
of hemodynamic and thrombotic risk management, followed by ques-
tions related to the characteristics of respondents. Surveys were col-
lected from January 10th to February 25th 2020.

Three hundred and fifty-six intensivists replied to the survey (re-
sponse rate of 11.2%) including anaesthesiologists (40%),
pulmonologists (13%), internal medicine specialists (12%), intensive
care specialists (10%) and cardiologists (8%) from university (45%), pub-
lic (43%) or private (11%) hospitals (Supplemental Digital Content 1.
Supplement Table 1). NOAF management strategies are reported in
Table 1. All intensivists aimed at controlling reversible “triggers” of
NOAF, while 36% and 8% of them associated rhythm or rate control med-
ications, respectively. In patients eligible for early (<24 h) cardiover-
sion, 22% of intensivists initiated immediate therapeutic
anticoagulation, whereas 27% initiated therapeutic anticoagulation
after 24 h, and 44% after 48 h of sustained NOAF. Therapeutic
anticoagulation was mainly achieved using intravenous unfractionned
heparin, and discontinued by more than half of physicians within
seven days of successful cardioversion. When CHA,DS,-VASc stroke
risk score was >2 [4], 11% of intensivists initiated therapeutic
anticoagulation earlier, while 18% stopped therapeutic anticoagulation
later, as compared with their usual strategy. HAS-BLED bleeding risk
score >3 [4] and bleeding risk factors in critically-ill patients [5] were
considered as justifying an earlier discontinuation of therapeutic
anticoagulation by 29% and 22% of physicians, respectively. Results did
not differ according to the type of institution or primary specialty of
the respondent, except for therapeutic anticoagulation initiation before
any cardioversion regardless of the duration of NOAF, which was more

https://doi.org/10.1016/j.jcrc.2020.09.025
0883-9441/© 2020 Elsevier Inc. All rights reserved.
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frequently proposed by cardiologists as compared to their counterparts
[13/29 (45%) vs 64/327 (20%), p < 0.01].

In line with previous observational studies, we report non-consensual
management of NOAF during septic shock [2,3,6,7]. Whereas control of
reversible “triggers” [8] was systematic, less than half of the respondents
associated specific anti-arrhythmic interventions for cardioversion or
ventricular rate control. The benefit of both strategies, as recommended
by European guidelines in patients with hemodynamic instability [1,4],
are uncertain in septic patients. Although high ventricular rates and loss
of atrial systole may lead to haemodynamic deterioration, rapid ventric-
ular response may be a compensatory response to underlying condition
[1]. When the ventricular rate control was considered, physicians used
mainly intravenous amiodarone, as proposed by the European guidelines
in critically ill patients [4]. Recent European guidelines in critically ill pa-
tients recommend therapeutic anticoagulation initiation before any
emergent cardioversion regardless of the duration of NOAF, and for at
least 4 weeks after successful cardioversion [1]. In contrast, more than
half of the respondents initiated therapeutic anticoagulation later, and
for a shorter duration. These deviations from the guidelines (which
apply to cardiology wards patients), may be due to discrepancies in
stroke and bleeding risks between cardiologic and septic patients. First,
thrombotic and bleeding risks in the latter seem to be higher than those
reported in cardiology wards [1,4-6,9]. Second, CHA,DS,-VASc and
HAS-BLED clinical score used in ambulatory cardiology patients [4] are
not validated in septic patients; thus, a majority of intensivists did not
take into account these scores for therapeutic anticoagulation manage-
ment. Third, the frequency and required time for left atrial thrombus for-
mation are unknown in septic patients, as the notion of left atrial
stunning risk that mandate prolonged therapeutic anticoagulation after
cardioversion in cardiologic patient [10].

Our study has several limitations. First, the response rate was low, a
fact that may introduce some potential bias. However, the number of
answers received after a single mailing without any reminder or incen-
tive was important, and respondent's characteristics were diverse (Sup-
plemental Digital Content 1. Supplement Table 1). Second, since the
questionnaire consisted of closed responses with a limited number of
choices, we could not explore the complexity of real life practices. How-
ever, the case presented was inspired from the clinical scenario. Third,
the survey was sent only to French-speaking intensivists, which limits
the generalization of our results.

In conclusion, this practice survey confirms the complexity of clinical
decisions regarding management of thrombotic and hemodynamic
risks in septic patients with NOAF. Specific guidelines would require fur-
ther investigations with randomised clinical trials aiming at assessing
the best strategies in this setting.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrc.2020.09.025&domain=pdf
https://doi.org/10.1016/j.jcrc.2020.09.025
https://doi.org/10.1016/j.jcrc.2020.09.025
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www.journals.elsevier.com/journal-of-critical-care
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Table 1
Survey on the management of new onset atrial fibrillation during septic shock.
Variables Number
(percentage)
Number of intensivists 356 (100)
Hemodynamic management®
First hemodynamic intervention”
Correction of reversible triggers® 200 (56.2)
Correction of reversible triggers 4+ Pharmacological 121 (34)
cardioversion
Correction of reversible triggers + Ventricular rate control 29 (8.1)
Correction of reversible triggers + Electrical cardioversion 6(1.7)
No intervention 0
Drug agent used for pharmacological cardioversion, n = 121
Amiodarone 121 (100)
Beta blocker 0
Calcium blocker 0
Flecainide 0
Drug agent used to control ventricular rate, n = 29
Amiodarone 19 (65.5)
Beta blocker 6(20.7)
Digoxin 4(13.8)
Calcium blocker 0
Administration modalities of drug agent, n = 150
Enteral 39(25.9)
Intravenous 111 (74.1)
Therapeutic anticoagulation initiation®
Time to therapeutic anticoagulation initiation
Before any cardioversion, regardless of the duration of NOAF 77 (21.6)
If NOAF sustained >24 h 96 (27)
If NOAF sustained >48 h 156 (43.8)
Never 27 (7.6)
Time to therapeutic anticoagulation initiation in patients with
CHA,DS,;VASc > 2
Before any cardioversion, regardless of the duration of NOAF 101 (28.4)
If NOAF sustained >24 h 77 (21.6)
If NOAF sustained >48 h 120 (33.7)
Never 22 (6.2)
Don't know 36 (10.1)
Drug for initial therapeutic anticoagulation
Intravenous unfractionned heparin 252 (70.8)
Subcutaneous low-molecular-weight heparin 93 (26.1)
Vitamin K antagonist 6(1.7)
Subcutaneous calcium heparin 5(14)
Non-vitamin K antagonist oral anticoagulants 0(0)
Therapeutic anticoagulation discontinuation
Time to stop therapeutic anticoagulation after successful
cardioversion
Immediately 60 (16.9)
24 h 40 (11.2)
48h 61(17.1)
7 days 48 (13.5)
4 weeks 147 (41.3)
Time to stop therapeutic anticoagulation after successful
cardioversion in patients with CHA;DS,VASc > 2
Immediately 44 (12.3)
24 h 23 (6.5)
48 h 34 (9.6)
7 days 28 (7.9)
4 weeks 182 (51.1)
Don't know 45 (12.6)
Time to stop therapeutic anticoagulation after successful
cardioversion in patients with HAS-BLED >3
Immediately 87 (24.4)
24 h 45 (12.6)
48 h 63 (17.7)
7 days 38 (10.7)
4 weeks 58 (16.3)
Don't know 65 (18.3)
Time to stop therapeutic anticoagulation after successful
cardioversion in patients with risk factors for bleeding in the
critically-ill (invasive mechanical ventilation or acute renal
failure or antiulcer medication)
Immediately 98 (27.5)
24 h 44 (124)
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Table 1 (continued)

Variables Number
(percentage)
48 h 42 (11.8)
7 days 36 (10.1)
4 weeks 96 (27)
Don't know 40 (11.2)

Abbreviations: CHA;DS,VASc, Congestive heart failure, Hypertension, Age > 75 (doubled),
Diabetes mellitus, prior Stroke or transient ischemic attack or thromboembolism (dou-
bled), Vascular disease, Age 65 to 74, Sex category (female); HAS-BLED, Hypertension, Ab-
normal renal and liver function (1 point each), history of Stroke, history of Bleeding, Labile
INR in patients on warfarin, Elderly (age > 65 years), Drug or alcohol abuse (1 point each);
ICU, intensive care unit; NOAF, new onset atrial fibrillation.

2 in a patient with NOAF, heart rate at 140 bpm, mean arterial pressure at 65 mmHg,
norepinephrine at 2 mg/h.

b within 24 h of NOAF onset.

¢ as fluid resuscitation, correction of potassium and magnesium.

94" in patients with NOAF during septic shock eligible for cardioversion (no contraindi-
cation to therapeutic anticoagulation).
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Supplemental Digital Content 1. Supplement Table 1. Characteristics of respondents

Characteristics of respondents

Number (percentage) or
Median (interquartile range)

Number of intensivists 356 (100)
Type of institution, n (%)
University Hospital 159 (44.7)
Non University Public Hospital 152 (42.7)
Private Hospital 40 (11.2)
Other institution 5(1.4)
Type of ICU (md=2)
Mixed 227 (64.1)
Medical 97 (27.4)
Surgical 30 (8.5)
Number of beds in Intensive care unit (md=3) 20 (15-24)
Number of admissions per year (md=7)
<500 33 (9.5)
500 — 1000 172 (49.3)
>1000 144 (41.2)
Medical status (md=2)
Hospital practitioner 234 (66.1)
University professor 26 (7.4)
Assistant 56 (15.8)
Resident 38 (10.7)
Primary specialty (md=3)
Anaesthesia 141 (40)
Pneumology 47 (13.3)
Internal medicine 42 (11.9)
Intensive care 37 (10.5)
Cardiology 29 (8.2)
Emergency 29 (8.2)
Nephrology 17 (4.8)
Other 11(3.1)
Years of experience (md=4) 8 (3-16)

Abbreviation: md, missing data
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