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votre bonne ambiance de travail et votre formation, malgré votre charge de travail... En
particulier merci a Laurene, Kevin, Stéphanie, Céline, Elodie, Sabine, Thomas, Anthony, Nadia,
Macarena, Audrey, Marine, Lucie, Karen, Gauthier, Géraldine, Laura, Jonathan, Cécile, Leila,
Laure, Pierre, Romain, Honorine, Emma, Myriam, Marie Jose, Najat, Tony, Faustine,
Veéronique, Sonia, Sandra, Valérie, Myléne, Laurence, Virginie, Eulalie, Noelle, Gérard et
Francis, Julien, Nicolas, Audrey, Olivier, Sihame, Guillaume, Alexandre, Romain, Claire, et tout
les autres.... j’ai adoré travailler en équipe avec vous, méme lors des nuits de gardes
interminables.. Merci aux IDE de I’USC sans qui ce projet n’aurait pas abouti (Julia, Clara,
Aurore, Graziella, Joris, Matthis, Sarah, Fauve, Lucile...)

Au bureau de recherche clinique : Un grand merci au Docteur Sophie Bringuier, pour son soutien
sans faille avec toujours les mots justes, sa disponibilité et réactivité tout au long de ce projet
d’étude. Merci pour sa formation trés instructive avec un apercu du monde de la recherche
clinique. Merci a Zoé que j’ai sirement di embéter pas mal ces derniers temps en squattant le
bureau de recherche clinique et en passant des heures sur SAS avec Sophie.. Merci aussi a
Floriane, superbe rencontre, qui m’a donné les clefs pour mieux organiser le suivi des patients.

Merci aux secrétaires : Héleéne, Emilie, Véronique, Mireille pour leur aide précieuse, leur écoute
et disponibilité tout au long de mes stages et recemment lors de mon travail de these. Merci aussi
a Guyléne pour sa disponibilité et son aide précieuse.

A mon stage en inter CHU a Grenoble, retour a la maison : Merci au Professeur Albaladejo
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Cédric, Remi, Thibault, Florian, Alex, pour les stages passés ensemble, les moments de
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Elsa, Alice, Marléne, Boris, Hugo, Yannick, Adrien, Yannis, Guillaume, Mickael, Cyprien, Joris,
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avoir galéré ou au contraire s’étre régalés, pour les repas a I’internat au soleil au bord de la
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« initiation bieres » ? Et ceux du dernier stage : Laysa, Charlotte, Marina, Rim, Claude, Loic,
Jérbme, qui m’ont vue glisser vers le rble de chef et sur le bitume aussi, avec qui on a bien rigolé
et travaillé, merci a tous d’avoir été 1a méme dans ces derniers mois difficiles, et Claude bonne
nouvelle tu n’auras plus besoin de cacher ma béquille je m’en suis séparé ! Merci a
Laysa/Charlotte pour les dernieres gardes passées ensemble, a déchoquer entre filles !

A tous ceux que j’ai n’ai pas mentionné mais que je n’oublie pas...

Aux amis de Grenoble : Les premiéres et qui sont toujours la : Cassandra, Alizée, Noéline,
Pauline, merci les filles pour votre soutien tout au long de ces longues années, votre bonne
humeur et le plaisir qu’on a lorsqu’on se revoit, notamment lors d’heureux événements.
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juste apres, pas une fois mais a trois reprises ! Merci a David qui t’accompagne désormais et qui
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voyages au programme pour vous rendre visite (depuis le temps !), aux USA pour Mathilde, a
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Merci aux « grenoblois »: Les sportifs Estelle et Théo, les parents Cécilia et Mathieu, les futurs
haut-savoyards Chloé et Cyril, les lyonnais Marianne et Sylvain : merci pour toutes les vacances
Ou courts séjours passés ensemble, pour toutes les soirees med’ et méme celle au stade des Alpes
a regarder un feu d’artifices (pour une fois que ¢’est la Médecine qui régale, on s’est pas

privés 1), pour le week-end au WED avec certains, on s’en souvient encore et on remercie
toujours JP de ne nous avoir aidé pour cette histoire de portable alors que c’était pas vraiment
cela le probléme.. Pour tous les heureux événements qu’on a encore a féter I’an prochain ,
préparez vous au marathon !

et maintenant I’extension aux « sudistes » : les marseillais Débo et Hono, les expat’
montpelliérains Claire et Geo, merci pour nos soirées ou week-end ensemble méme a la derniére
minute juste pour profiter du moment présent, nos jeux sans fin, la découverte du Sud et de ces
bienfaits. Merci a tous de nous faire partager bient6t votre bonheur, je suis honorée (et pas de
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Aux amis rencontrés au fil de I’internat :Geoffrey, le vrai nimois ou devrais-je dire de la
Calmette, merci de m’accompagner depuis le premier stage d’internat, de partager ta bonne
humeur et surtout ton accent dont je ne me lasse pas !

Bastien, belle rencontre a Perpignan, et pourtant bien loin de chez toi, on attend avec impatience
I’invitation pour le carnaval de Dunkerque !

Nicolas et Pauline, « mes petits » du stage de maternité a Perpignan, & qui j’ai appris les
premiéres péridurales alors que j’en faisait depuis trés peu de temps ! Tellement fiére du
parcours que chacun de vous a parcouru, de votre réussite au boulot comme en amour, merci
aussi a ceux qui partagent vos vies Aude et Vincent, qui sont toujours la pour vous soutenir,
aussi. Hate de féter la derniére these, celle de Nico !

Benjamin et Alex, une rencontre mémorable il y a déja 5 ans, merci d’étre toujours 1a, de me
soutenir et de me donner des conseils pour avancer, merci pour les soirées passées ensemble, les
brunchs et les tentatives pour me faire venir au DAR D. A quand la dégustation de Whisky en
Ecosse ou le voyage en Tanzanie ? Merci a Anouchka, trés belle rencontre, merci pour ta
gentillesse, ta genérosité, ton aide précieuse dans les moments les plus durs et ta force de
guerriére (en témoignera ou pas la pinata..).

A Nicolas et Thomas mes co-internes avec lesquels j’ai partagé le plus de stages, avec lesquels
j’ai le plus ri ou plané, a ce fameux stage au DAR A dont on se souviendra longtemps, aux futurs
voyages a Bruxelles ou dans les iles..

Marie, Julie et Chloé, la team 100% girls et 100% folles pendant le stage d’été au DAR D, merci
pour ces bons moments passés ensemble a refaire le monde, a profiter de la vie et surtout a
rigoler ! Merci a Martin et Arthur dont j’ai fait la connaissance qui permettent de dépenser Robin
au vélo.

Nacim et Esra, merci de m’avoir accompagneé ces dernieres années, d’avoir toujours pris de mes
nouvelles et avoir partagé nos expéeriences ensemble, merci pour votre gentillesse a tous les
deux.
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Mathieu, belle rencontre, dernier stage ensemble et pas des moindres, en tant qu’interne
seniorisée, a partager le bureau d’un professeur en douce pendant qu’il était parti, & devoir
S’adapter au nouveau stage et a notre statut intermédiaire entre interne et chef. Pour ton partage
de connaissances (et cela il y en a 1), méme de facon indirecte, a ton soutien lors de ces derniers
mois difficiles.

Manue et Hugo, parents depuis peu, merci pour votre bonne humeur, votre soutien a Robin tout
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1.LIST OF ABBREVIATIONS

2D STE: Two-Dimensional Speckle-Tracking Echocardiography
2D TTE: Two-Dimensional TransThoracic Echocardiography

AAC, A2C, LAX or A3C: Apical four-chamber, Apical two-chamber, Apical Long-Axis or
Apical three-chamber

AIS: Abbreviated Injury Score

AKI: Acute Kidney Injury

ARDS: Acute Respiratory Distress Syndrome
BCI: Blunt Cardiac Injury

BCT: Blunt Chest Trauma

BIC: Bayesian Information Criterion

Cl: Cardiac Index

CK: Creatine Kinase

CO: Cardiac Output

CM: Contusion Myocardique

CVD: Cardiovascular Disease

DMPT: Dysfonction Myocardique Post-Traumatique
ECLS: ExtraCorporeal Life Support

EKG: Electrocardiogram

GCS: Glasgow Coma Scale

GLS: Global Longitudinal Strain

Hs-TnT: Hypersensible Troponin T

ICU: Intensive Care Unit

IGSII score: Index de Gravité Simplifié 11
IQR: Interquartile range

ISS: Injury Severity Score

IVC : Inferior Vena Cava

IVS: Interventricular Septal Thickness

JASE: Journal of the American Society of Echocardiography
LOS: Length of stay

LS: Longitudinal Strain

LV: Left Ventricle

LVEF: Left Ventricular Ejection Fraction
MC: Myocardial Contusion

MRI: Magnetic Resonance Imaging
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MTP: Massive Transfusion Protocol

NT-proBNP: N-Terminal pro-Brain Natriuretic Peptide

OMS: Organisation Mondiale de la Santé

PAH: Pulmonary Arterial Hypertension

PaO2/FI02 ratio: ratio of partial pressure arterial oxygen and fraction of inspired oxygen
PLR: Passive Leg Raise

PSM: Paradoxical Septum Motion

PSM: Paradoxical Septum Motion

PTMD: Post-traumatic Myocardial Dysfunction

PVC: Premature Ventricular Contraction

REBOA: Resuscitative Endovascular Balloon Occlusion of the Aorta
RTC: Road Traffic Collision

RV free-wall LS: Right ventricle free-wall Longitudinal Strain
RV/LV ratio: Right Ventricle/Left Ventricle diameter ratio
RV: Right Ventricle

RVEF: Right Ventricular Ejection Fraction

RV-focused A4C: Right Ventricular focused Apical four-Chamber
S’ wave: Tricuspid valve Systolic motion velocity

SBP: Systolic Blood Pressure

SD: Standard deviation

SFAR: Société Francaise d'Anesthésie et de Réanimation
SIRS: Systemic Inflammatory Response Syndrome

SL.: Strain Longitudinal

SLG: Strain Longitudinal Global

SOFA score: Sepsis-related Organ Failure Assessment score
SPAP: systolic Pulmonary Artery Pressure

SVC : Superior Vena Cava

TAPSE: Tricuspid Annular Plane Systolic Excursion

TDI: Tissue Doppler Imaging

TEVAR: Thoracic Endovascular Aortic Repair

VTE: Venous thromboembolism

VTI: Velocity Time Integral
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1. ABSTRACT

Background: Myocardial contusion is one of the most described injuries described in blunt chest trauma.
Its clinical characteristics and prevalence remain poorly known. Strain measurement using 2D speckle-
tracking echocardiography (2D STE) may quantify subtle abnormalities of myocardial function but has
never been studied in trauma setting. We hypothesize that 2D STE can be used as a sensitive tool in the
early recognition of post-traumatic myocardial dysfunction (PTMD). The aim of this study was therefore

to determine prevalence of PTMD assessed by 2D STE in chest trauma patients on Day1.

Methods: A prospective observational study was carried out in the Trauma Center from May to October
2021 (IRB N°202000542). All severe trauma patients suffering from a blunt chest injury (AIS>1) were
consecutively enrolled within the first 24 hours of trauma. Echocardiography (conventional parameters and
2D STE) was performed on Day 1, Day 2 and Day 7, as well cardiac biomarkers and electrocardiogram.
Prevalence of left PTMD (GLS >-18%) and right PTMD (free-wall LS >-20%) on Dayl was specifically

studied, as well as its course and its prognostic consequences.

Results: Of 105 chest trauma patients admitted, 44 were included in the interim analysis planned at 6
months (median age 35 (IQR,27-55), median ISS 29 (IQR,17-34)). Prevalence of PTMD on Day 1 was
67% (95%CI1 52-82%): 44% (95%CI 28-59%) left PTMD, 5% (95%CI 0-12%) right PTMD, 18% (95%IC
6-30%) bilateral PTMD. In these patients, left ventricular GLS on Day 1 was -15% (IQR, -16—-13%) and
right ventricular free-wall LS -13% (IQR, -16—-12%). On Day 2 all patients conserved a PTMD , with an
increase in left ventricular GLS value of 6% (IQR, -7— 18%) and a decrease in right ventricular free-wall
LS value of 5% (IQR, -16—30%). On Day 7, 20 patients (61%) presented a persistent PTMD: 15 (46%) on
the left side, 2 (6%) on the right side and 3 bilateral (9%). Finally, patient with PTMD had a significant
higher morbidity in comparison with others chest trauma patients (norepinephrine use [P=0.01], duration

of vasopressor support [P=0.02] or length of hospital stay [P=0.05].

Conclusion: In this interim analysis, prevalence of PTMD detected by 2D STE was very high in our cohort
severe blunt chest trauma patients. This suggest that myocardial strain would be an interesting diagnostic

tool to early detect subclinical patterns of myocardial contusion associated with a worse outcome.

Keywords: Speckle-Tracking Echocardiography, blunt chest trauma, cardiac injury, chest trauma,

myocardial contusion, intensive care, global longitudinal strain, deformation imaging
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2. BACKGROUND

Thoracic trauma is the cause of significant morbidity and accounts for 25% of trauma-related
deaths, which underlines the importance of initial management [1-4]. Sudden decelerative forces,
as those experienced during a high-speed road traffic collision, may lead to damages of underlying
tissues such as heart or lungs [2-3]. Indeed, the kinetic energy (= ¥2 mass x speed?) transferred
during a crash affects the viscoelastic chest wall causing direct pressure on the myocardium,
indirect effects linked to the increase in intrathoracic pressures with shear stress, as well as
contrecoup injuries, caused by recoil after initial impact [4-5]. As consequence, Blunt cardiac
injury (BCI) may occur including myocardial rupture, valve rupture (with acute valvular
regurgitation), coronary artery dissection, as well as myocardial contusion (MC) [6-11]. This latter
injury has a wide spectrum of clinical presentations, ranging from benign incidental findings
through to major life-threatening circulatory failure [12-14]. Many complications may arise, for
example arrhythmias by reentry mechanism potentially leading to severe rhythm disturbances
(ventricular tachycardia or fibrillation), most often within the first 24 hours [15-16-67]. Pericardial
effusion may also result from myocardial contusion but it rarely leads to cardiac tamponade [17].
Hemodynamics consequences are initially due to an ischemia-reperfusion phenomena by transient
decrease in coronary flow and myocardial dysfunction depending on the extent of damage to
myocardial cells [18-19]. Thereby right ventricle (RV), because of its specific location behind
sternum, is a non-negligible cause of hemodynamic instability. However, heart failure rarely lead

to a clinical status of severe cardiogenic shock [20-21-24].

In clinical practice, the identification of blunt trauma patients affected by a myocardial
contusion may be challenging because it does not exist a gold standard for diagnosis [15-22]. The
absence of consensual diagnostic criteria explains therefore the modest knowledge of this
nosological entity. The diagnostic tool (i.e. electrocardiogram (EKG), conventional two-
dimensional transthoracic echocardiography (2D TTE), biochemical cardiac markers, imaging or
autopsy) is a major influencing factor to determine prevalence of myocardial contusion, which
greatly varies from 24% in an autopsy study to 76% in a clinical series [1-13-20-23-24-25]. So,
the diagnosis of traumatic myocardial contusion is commonly based on a bundle of evidences,
including mainly cardiac biomarkers and electrocardiogram findings [16-26-27-28]. However,
these criteria remain imprecise due to a lack of sensitivity and specificity [62]. Patients with
suspected myocardial contusion may have EKG changes (up to 61%). High sensitivity troponin T
(Hs-TnT) measurement offers substantially better sensitivity (77%) but low specificity (59%) [13-

24-28]. Imaging such as MRI is difficult to perform in clinical practice, especially for shocked or
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severely injured patients. 2D TTE had poor sensitivity (<15%) but good specificity (>90%); it is
mainly used to identify cardiac complications such as lesions requiring surgery (valves, coronary
arteries and wall ruptures) and those requiring appropriate therapeutic strategies
(hemopericardium, cardiogenic shock) [29-30]. Despite different criteria allowing a systolic
function assessment (LVEF, VTI, S waves, TAPSE...), 2D TTE could underestimate several
myocardial dysfunctions due to a subjective analysis (especially for visual quantification of LVEF)
and to a training bias (more experienced expert than a novice).

"Strain" refers to the change in length of a segment of myocardium from its original length and
"strain rate™ measure the net change in strain per unit time. Two-dimensional Speckle Tracking
Echocardiography (2D STE) is a computerized technique using automated algorithms to analyze
temporal variations (from one image to another) in the systolo-diastolic displacement of acoustic
markers (called "speckles™) of 20-30 pixels size along different spatial orientations such as
longitudinal, circumferential and radial planes to then quantitatively derive the "strain parameters"
(also called "deformational parameters”)[31]. The deformation is displayed according to 3
averaging levels: 1) by segmentation (values indicated next to the 17 segments at the level of the
"bull's eye™ diagram), 2) by longitudinal view (Apical 3-, 4-, and 2- chamber) and 3) by ventricle
(global longitudinal strain (GLS)). 2D STE allowing thus an objective and topographical
quantification of myocardial contractility, be it segmental or global, independent of the sensor
position (unlike tissue Doppler)[32]. It is widely recognized for having low inter-/intra-observer
variability (5.4-8.6% and 4.9-7.3% respectively)[31]. The use of the 2D STE technique in medical
ICU is increasing as evidenced by latest publications on the relevance of strain in septic shock,
ARDS or more recently in SARS-CoV-2 patients [33-37]. On the other hand in trauma setting,
the use of 2D STE was not assessed. However, one of the interest of myocardial strain might be
its timely identification of subclinical or occult "Post-traumatic Myocardial Dysfunction™ (PTMD)
especially in population at risk constituted by blunt chest trauma patients. 2D STE could offer
clinician a broader therapeutic window to potentially prevent or delay progression to unexplained

shock.

This study aims to investigate the prevalence of PTMD among a cohort of chest trauma
patients, using measurement of myocardial strain by 2D STE, as well as PTMD course during first

week following trauma, its influencing factors and its prognostic consequences.
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3.METHODS

3.1. STUDY DESIGN
This prospective and observational exploratory trial from May to October 2021

(preliminary results) studied a cohort of trauma patients admitted to Lapeyronie University
Hospital Center (Level | Regional Trauma Center; Occitrauma network) in Montpellier, France.
The study protocol was approved by local scientific and ethics committees of Montpellier
University Hospital Center (IRB N°202000542). All patients have given oral, informed consent to
participate in the study.

3.1.1.INCLUSION CRITERIA
All severe trauma patients with an Injury Severity Score [ISS] >9 aged between 18 and 74

years and admitted to our trauma center with a blunt chest injury (Abbreviated Injury Scale [AIS]

>1) were screened for potential inclusion.

3.1.2.NON-INCLUSION CRITERIA
Non-inclusion criteria were as follows: delay to initial trauma >24 hours; imminent death;

recovered cardiac arrest; critical status (qualified on an AIS score >5 or need for ExtraCorporeal
Life Support (ECLS) or Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA));
preexisting cardiac arrhythmia, coronary heart or valvular heart disease; congenital heart disease;
pulmonary arterial hypertension (PAH); valve prosthesis or pacemaker. Exclusion criteria were as
follows: insufficient quality of ultrasound image to assess 2D STE, logistical problem (ultrasound
machine failure), early transfer to another unit or discharge <24 hours after admission and
persistent preload dependence. For ethical and administrative reasons, minors, pregnant women,
patients under legal protection, guardianship or curatorship were not included in the study.
Likewise, patients who had formalized their opposition to participating in the present study were

excluded.

3.2. STUDY PROCEEDINGS
3.2.1.RESEARCH CALENDAR
The planned inclusion period takes place over one year with an interim analysis planned at

6 months. As foreseen in the research protocol, the duration of patient follow-up was one week
with a phone call at 1 month, repeated twice in the event of no answer. Day 0 (DO; between 8 a.m.
and 8 a.m.) was defined in our series as the day of admission in our trauma center. After checking
inclusion criteria, clinical (EKG), biological (cardiac biomarkers) and echocardiographic
(conventional 2D TTE and 2D STE) findings were recorded on Day 1 (D1; between 8 a.m. and 8

a.m.) and Day 2 (D2; between 8 a.m. and 8 a.m.). For secondary outcome concerning the course
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of PTMD over one week, Day 7 (D7) referred to a third echocardiographic assessment either on
D7 when patients were still hospitalized in ICU or on the day of discharge when they were

transferred to another unit or at home.

Clinical and follow-up data were monitored daily during the hospital stay. Complications
such as organ failure or cardiological event, duration of vasopressor support or mechanical
ventilation, length of ICU and hospital stay were also documented. Patients were subsequently
excluded from analysis if echocardiographic data were missing or consent withdrawn during

follow-up.

3.2.2.DATA COLLECTION

3.2.2.1. CLINICAL ASSESSMENT
The first part of the standardized observation book was developed as a sociodemographic

survey, with the design of specific questions relating to the characteristics of the patients, their
medical history especially their risk factors for cardiovascular disease (CVD), as well as the
circumstances of the initial trauma. Severity scores such as ISS, IGS Il and SOFA were determined
for each patient on admission. Blood pressure (systolic, diastolic, mean), heart rate, peripheral
oxygen saturation, respiratory rate, tidal volume, minute ventilation, inspiratory oxygen fraction
and expiratory CO2 fraction were recorded on admission, on D1, D2 and D7. A daily 12-lead
electrocardiogram was collected.

3.2.2.2. BIOCHEMICAL ASSESSMENT
Arterial blood gas, lactate, electrolyte panel, cardiac biomarkers (High sensitivity Troponin

T (Hs-TnT), natriuretic peptide (NT-proBNP), creatine kinase (CK), myoglobin), liver function
test, urea, creatinine, coagulation test and hemoglobin were measured using standard laboratory

techniques.

3.2.2.3. ECHOCARDIOGRAPHY
The second part was a standardized echocardiographic report allowing conventional 2D

TTE and 2D STE data collection. Timing of TTE for participants were standardized and
performed on D1, repeated on D2 and when possible remotely at D7.

a) Two-dimensional echocardiography (2D TTE):

Cine loops from 3 standard apical views (4 chamber (A4C), 2 chamber (A2C), apical long-axis
(LAX)) and RV-focused A4C were recorded using gray-scale harmonic imaging and saved in raw
data format (Vivid S70, General Electric Medical Systems, Montpellier, France). Images were
obtained at a frame rate of 50-60 per second, and digital loops were saved onto optical disc for off-
line analysis. Automated left ventricular ejection fraction (LVEF)(%) was determined from the
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apical 4- and 2-chamber views. The following conventional data were extracted: LV diastolic
diameter (mm), interventricular septal (IVS) thickness (mm), aortic annulus diameter (mm), sub-
aortic velocity time integral (VTI)(cm), cardiac output (CO)(L/min), cardiac index
(CDH(L/min/m2), RV/LV ratio, paradoxical septum motion (PSM), Tricuspid Annular Plane
Systolic Excursion (TAPSE) (mm), Tricuspid valve Systolic motion velocity (S’ wave)(cm/sec),
inferior vena cava (IVC) diameter (mm), estimation of systolic Pulmonary Artery Pressure
(sPAP)(mmHg), according to JASE recommendations [38].

b) Two-dimensional Speckle-Tracking Echocardiography (2D STE):

Cine loops were performed by physicians at bedside and analyzed only once offline by two
experienced physicians blinded of patient's condition. Outliers were removed from the analysis.
The endocardial borders were traced in the end-systolic frame of 2D images from the 3 apical
views. Speckles were tracked frame by-frame throughout the ventricular wall during the cardiac
cycle and apical, middle and basal regions of interest were automatically created. Segments that

failed to track were manually adjusted by the operator.

For the left ventricle (LV), the Global longitudinal strain (GLS) was measured for each apical
views (A4C, A2C and A3C). LV GLS (%) also called "GLS AVG (average) " was calculated as

the mean strain of 18 segments.

Figure 1A. Recording of 3 apical views (A4C, A2C and A3C) for strain measurement
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Figure 1B. Segmentation of A4C, A2C and LAX views in relation to the "bull’s-eye™ display
[Modified figure from JASE.2015]
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Figure 1C. Recording of left GLS (from left to right: tracking, averaging by apical view and by

segmentation (“bull's eye” diagram))[Figures from our collection]

For the right ventricle (RV), septum strain is not recommended for RV global systolic assessment,
as interventricular septum contributes significantly to both (RV and LV) systolic function. RV
longitudinal strain (LS) is less confounded by overall heart motion, but depends on RV loading
conditions as well as RV size and shape. Thus, it should be measured in the RV-focused view. RV
free-wall 1s usually divided in three segments (from base to apex). The free-wall LS (%) 1s an

average of basal, mid and apical segments [39].

Figure 1D. Recording of RV-focused A4C for strain measurement [Modified figure from JASE.2015]

RVD1 =59 mm RVD1 =57 mm RVD1 = 55 mm

Apical 4-chamber

The RV focused apical 4-chamber view is a dedicated view which keeps the LV apex
in the center and displays the largest basal RV diameter.

Figure 1C. Recording of right free-wall LS [Figures from our collection]

RV free-wall LS =-26%
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3.2.3.FoLLow-UP
A call at 1 month was made to highlight late cardiac complications such as secondary

hypertension, arrhythmia, delayed cardiac arrest, delayed pulmonary embolism, acute myocardial
infarction, pericardial effusion or cardiac tamponade. “One-month mortality” was defined as death
at one month of follow-up from any cause. Apart from this, the management of the patient was

unchanged from the usual recommended medical practice.

3.3. STUDY DEFINITIONS

Previous studies have demonstrated that a GLS cut off at -18% was robust to identify a left
ventricular systolic dysfunction in medical settings [31]. On the right side, even if data are more
sparse, a free-wall LS cut off at -20% allows detection of a right ventricular systolic dysfunction
[40-39]. The acronym "PTMD" referred to the echocardiographic entity "post-traumatic
myocardial dysfunction” defined as a new systolic function impairment that appears after blunt
chest trauma. Therefore "occurrence of PTMD" was defined using International and European
recommendations [41-32-42]: occurrence of a left PTMD if GLS >-18% and/or a right PTMD if
free-wall LS >-20%. Patients were thus categorized into two subgroups (PTMD group) (no PTMD
group) if a PTMD was observed on D1. "Bilateral” PTMD was defined by a impaired myocardial
strain on both left and right sides. On Day 7, "persistent” PTMD was considered when GLS for
left ventricle and or free-wall LS for right ventricle remained pathological.

"Elevated" Hs-TnT was defined by a serum level >14 ng/L on two separate blood samples
with a minimum of 8 hours apart [23]. EKG was considered "abnormal” if occurrence of a non-
preexisting anomaly as follow: supraventricular tachycardia, sinus bradycardia, atrial fibrillation,
premature ventricular contractions, bundle branch block, T-wave inversion, ST elevation or
depression, ventricular tachycardia or fibrillation [23-24]. 2D TTE was considered "abnormal™ in
case of new valve defects, regional wall motion abnormalities, pericardial effusion or other
anatomic defects [24]. "Left systolic dysfunction™ was retained if any of following criteria were
present: autoLVEF <40%; sub-aortic VTI <12cm; ClI <2.2L/min/m?2 [43-44]. Preload dependence
was defined as "persistent” if AVTI >15% during a Passive Leg Raise (PLR) or AIVC >12%
distensibility (in mechanical ventilation) or AIVC>40% collapsibility (in spontaneous ventilation)
[45-46-47-48]. "Right systolic dysfunction™ was retained if any of following criteria were present:
TAPSE <16mm; S’wave <10cm/s; RV/LV ratio >1.0 with Paradoxical septal motion (PSM)[40-
49].
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3.4. STATISTICAL ANALYSIS

3.4.1.SAMPLE SIZE ESTIMATION
Considering an expected rate of 10% PTMD prevalence, with a precision of 5% (half-width

of the 95% confidence interval), and this taking into account non-exploitable data (estimated at

10% of crude number), a required number of subjects of 150 patients was calculated.

3.4.2.STATISTIC DATA
Baseline characteristics at the enroliment were expressed as number (%) for qualitative

variables, mean + standard deviation (SD) for continuous normally distributed variables and
median (interquartile range(1QR), 25%-75%) for continuous non-normally distributed variables.
The main objective of the study is the prevalence of PTMD on D1. The -18% and -20% cut-offs
were used to determine left and right DMPT, respectively. The prevalence and its 95% confidence
interval (95%CI) were presented globally and then according to the left and right side. In order to
describe strain variation between D1 and D2, we have presented absolute and relative variations
of strain quantitative values for each ventricle (GLS for left ventricle and free-wall LS for right
ventricle). These variations between D1 and D2 have also been described according to PTMD or
no-PTMD subgroups. Values are presented as median (IQR), the unit is the percent (%). The
course over time of strain values has been studied using mixed models. Strain was the dependent
variable. The side, the day and the side*day interaction were considered as fixed effects and the
patient as random effect. Univariate analysis was performed on baseline patient data to select
adjustment variables. The study of strain values according to qualitative variables were compared
using a Student's t-test or the Mann—Whitney U test according to the validity conditions of tests.
The search for associations between quantitative variables and those of strain was studied by
correlations of Pearson’s and Spearman’s correlation coefficient according to variables. Variables
whose univariate significance P was less than 0.10 were evaluated (gender, side, thoracic epidural
analgesia, dependence preload, mechanical ventilation, age, weight, use of noradrenaline). The
final model was chosen to minimize the BIC (Bayesian Information Criterion). The estimated
effect (B) of each significant variable was presented with the corresponding 95% confidence
interval (95%CIl). In order to explore the validity of strain, its comparison with other diagnostic
tools (biology, EKG and conventional 2D TTE) for the diagnosis of myocardial contusion was
studied using a Cohen's kappa statistic because there was no gold standard available.
Complications of patients during the ICU stay were also studied according to the initial diagnosis.
A Student's t-test or the Mann-Whitney U test was used to study quantitative variables.
Comparisons of qualitative variables were made using the Chi-square test or Fisher's exact test
when sample sizes were too small to meet the conditions for Chi-square validity. All reported P

values are two-sided, and 0.05 was considered as the threshold for statistical significance.
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Statistical analysis was performed in collaboration with the Department of Medical Information
of the University Hospital of Montpellier using SAS software (SAS/Enterprise Guide software
9.3).

3.4.3.QUALITY CONTROL AND ASSURANCE

3.4.3.1. DATA COLLECTION AND MANAGEMENT
First, physicians pre-filled the standardized observation book independently. The

mvestigators then ensured integrity of responses with their access to the patient medical file. In
accordance with the legislative provisions in force, investigators collected on a paper observation
book the patient identity (initials of first name and surname, date of birth) to whom a unique 2-
character identification number was assigned (P[I7]) to guarantee anonymization of each
participant. Anonymization was respected throughout the study. All data required by the study
protocol were recorded from paper observation books on Excel software secured by passwords.
Excel is an open source software that is extensible, modular and based on international standards.
Each missing piece of data was accompanied by an explanation (premature discontinuation,
mcomplete follow-up). The data was transcribed into the software in a neat and readable fashion
as it was collected from the patients. Entry has been checked and formatted in order to prohibit
entry of outliers or out of bounds data. Traceability and monitoring of activities have been ensured.
The data was extracted and analyzed from the software before being exported in ".CSV" format
on EXCEL® in its 2021 version.

3.4.3.2. NATIONAL COMMISSION FOR INFORMATICS AND LIBERTIES
The nvestigators complied with the sponsor's requirements by submitting a file to the research

ethics committee, obtaining a number issued by the site
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4. PRELIMINARY RESULTS

4.1. FLOWCHART
During the first six months of inclusion (May 15 to October 15, 2021), 105 severe trauma

patients with blunt chest trauma were screened, 45 patients were included in the study and followed

over a period of 7 days. One patient was secondary excluded because of echocardiographic

monitoring not available. A total of 44 patients were thus studied in the per-protocol interim

analysis planned at 6 months in the study protocol (Fig. 2).

Figure 2. Flowchart of the study
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- Death withm first 48h - 6
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Informad consent
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Table 1. Baseline data (at enrollment)

All patients

Ventilated

Non ventilated

Characteristics (N=45) patients (N=15) patients (N=30) P-value

Age. years, median (IQR) # 35 (27-55) 32 (24-57) 39 (28-55) 0.50
Women, no. (%) 8 (18) 3 (20) 5(17) 1.00
Men, no. (%) 37(82) 12 (80) 25 (83) 1.00
Body-mass index, kg/m? median (IQR) 24 (22-27) 23 (22-28) 24 (22-27) 0.96
Cardiovascular risk factors, no. (%)

Hypertension 6(13.3) 1(6.7) 5(16.7) 0.65

Diabetes 2(4.9) 1(6.7) 1(3.3) 1.00

Dyslipidemia 3(6.7) 1(6.7) 2(6.7) 1.00

Current smoking 16 (35.6) 5(33.3) 11 (36.7) 0.83
History, no. (%)

Chronic pulmonary disease # 6(13.3) 5(33.3) 1(3.3) 0.01%*

Chronic renal insufficiency 0 (0) 0(0) 0(0) -

Peripheral artery disease 0(0) 0(0) 0 (0) -

Previous stroke 0 (0) 0(0) 0 (0) -
Prehospital clinical data

Heart rate, beats/min, median (IQR) 83 (75-110) 91 (70-130) 81 (76-102) 0.27

Chest pain, no. (%) 14 (31.1) 4(26.7) 10 (33.3) 0.74

Oxygen saturation < 90 %, no. (%) # 13 (28.9) 3 (20) 10 (33.3) 0.67

Hypotension (SBP < 90mmHg), no. (%) # 11 (24.4) 9 (60) 2(6.7) <0.01*

GCS <7, no. (%) 5(11.1) 5(33.3) 0 (0) <0.01*
Reason for admission, no. (%)

Polytrauma 41 (91) 15 (100) 26 (87) 0.28

Isolated chest injury 4(9) 0(0) 4(13) 0.28
Severity assessment

High velocity trauma, no. (%) # 36 (80) 14 (93.3) 22 (73.3) 0.23

AISthorax, median (IQR) 3(2-4) 4(2-4) 3 (2-4) 0.45

ISS, median (IQR) 29 (17-34) 41 (29-48) 23 (14-29) <0.01%*

IGSIL median (IQR) 22 (13-31) 38 (31-43) 19 (8-23) <0.01*

SOFA score, median (IQR) 2 (1-5) 6 (5-7) 1(0-2) <0.01%
Biological data, median (IQR)

Lactate, mmol/L 2.4 (1.1-3.4) 2.9 (2.4-4) 1.5 (1-3) <0.01*

Pa02/FIO2 ratio 356 (260- 260 (215-349) 381 (333-457) <0.01%*

420)

Physiological support, no. (%)

Norepinephrine use 18 (40) 14 (93.3) 4(13.3) <0.01%*

Dobutamine use 0(0) 0(0) 0 (0) -
Emergency procedures, no. (%)

Chest tube insertion 18 (40) 7 (46.7) 11 (36.7) 0.52

Massive Transfusion Protocol 7 (15.6) 7 (46.7) 0 (0) <0.01*

Embolization 3(6.7) 3 (20) 0 (0) 0.03*

Emergency surgery (all types) 13(28.9) 7 (46.7) 6 (20) 0.09

Data are shown as n (%) or median (IQR). *statistical significance with p-value < 0.05
Abbreviations: IQR: interquartile range, SBP: systolic blood pressure, GCS: Glasgow Coma Scale, AIS: Abbreviated Injury Scale,
ISS: Injury Severity Score, IGSII score: Index de Gravité Simplifié I, SOFA score: Sepsis-related Organ Failure Assessment score,
PaO2/FIO2: ratio of partial pressure arterial oxygen and fraction of inspired oxygen

# SEVERITY CRETERIA DESCRIBED IN THORACIC TRAUMA:

Criteria for severity assessment and prehospital triage

[SFAR formalized expert recommendation Anaesth Crit Care Pain Med 36 (2017)-135-145][50]
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4.2. SOCIODEMOGRAPHIC DATA (TABLE 1)

4.2.1.CHARACTERISTICS OF POPULATION
As reported on Table 1, study population was mainly masculine (82%), with a median age

of 35 years (IQR, 27-55). Regarding preexisting cardiovascular risk factors: 6 patients (13%) were
carriers of treated hypertension, 2 (4%) had diabetes, 3 (7%) a treated dyslipidemia and 16 (36%)

an active smoking. In addition, 6 patients (13%) suffered from a chronic respiratory disease.

4.2.2. MECHANISM OF INJURY
Road traffic accidents (motor vehicle, motorcycle, bike and electric scooter accidents) were

the most common cause for blunt chest injury (84%), followed by falls from height (13%) and 1

prolongated compression (2%) as shown in Table 2.

Table 2. Mechanisms of injury

Data are shown as no.: number of patient (%). *statistical significance with p-value <0.05

4.2.3.INJURY PATTERN
As indicated in Table 3, rib fractures were the largest group of chest injuries in our cohort (96%)

with 27% of flail chest and 20% of sternal fracture. Other common thoracic injuries were
pneumothorax (71%), haemothorax (51%) and pulmonary contusion (80%). Three thoracic aortic

injuries (7%) were also observed in study patients.
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Table 3. Injury assessment

Data are shown as no.: number of patient (%). *statistical significance with p-value < 0.05
4.2.4.SEVERITY ASSESSMENT

In prehospital setting, incidence of neurological failure defined by Glasgow Coma Scale
<7 was 11%; respiratory failure defined by oxygen saturation <90% was 29%; and hemodynamic
failure as hypotension defined by systolic blood pressure <90mmHg was 24%. Median heart rate
was 83 beats per minute (IQR,75-110). 91% of patients were admitted for multiple trauma instead
of 9% for isolated chest injury. As shown in Figure 3, the most frequent associated extra-thoracic
injuries (AIS >1) were extremity fractures and skin injury in 62% and 71% of cases respectively,
followed by abdominal injuries (49%), vertebral injuries (47%) with one spinal cord injury (SCI),
then brain injuries (36%), face injuries (24%), and pelvic fracture (24%). Serum lactate level at
admission in ICU was 2.4 mmol/L (IQR,1.1-3.4). Overall PaO2/FI102 ratio was approximately 350
mmHg while it is lower in the ventilated group 260 mmHg (IQR,215-349). Concerning initial
management, 15 patients (33%) were intubated. Chest tube insertion was required in 40% of cases.
The use of norepinephrine, Massive Transfusion Protocol (MTP) or embolization were more

frequent in ventilated patient with respectively 40%, 16% and 7% of cases.
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Figure 3. Distribution of injuries (AIS >1) according to body region
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Data are shown as incidence with percentages (%)

4.3. EVALUATION OF THE PRIMARY ENDPOINT
4.3.1.PREVALENCE OF POST-TRAUMATIC MYOCARDIAL DYSFUNCTION

On Day 1, 39 patients were assessed by 2D STE (5 inconclusive data*).

The prevalence of PTMD was 67% (26/39; 95%CI 52-82%): 44% (17/39; 95%CI 28-59%)
left PTMD, 5% (2/39; 95%CI 0-12%) right PTMD and 18% (7/39; 95%CIl 6-30%) bilateral
PTMD as shown in Figure 4. Patients were thus categorized into two subgroups according to the
occurrence (PTMD group) or the absence of PTMD (no PTMD group). 2D STE data of two
subgroups are presented in Figure 5.

Figure 4. Occurrence of PTMD according to side
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(*normal strain on one side and absence of contralateral strain available)
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Figure 5. Crude values of strain on Dayl according to subgroup
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On left ventricle, prevalence of global systolic dysfunction was 24% (95%CI 10-38%),
while regional systolic dysfunction was 76% (61-91%). Inferolateral wall was the most frequent
(82%), followed by anterolateral wall (73%) and then inferior wall (61%). Afterwards,
mmvolvement of the anterior, inferoseptal and anteroseptal walls are observed in 42%, 30% and

30% of left PTMDs, respectively (Fig.6).

Figure 6A. Location of PTMD in left ventricle
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Data are shown as percentage (%). One patient could have several segments of left ventricle with an impaired contractility.
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Figure 6B. Topography of regional left ventricular systolic dysfunctions ("'bull’s eye")
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Data are shown as percentage (%). One patient could have several segments of left ventricle with an impaired contractility.

4.4. SECONDARY OUTCOMES
4.4.1.STUDY OF STRAIN CRUDE VALUES IN PTMD GROUP

Median left ventricular GLS in PTMD group was -15% (IQR, -16— -13%) on Day 1 whereas
median right ventricular free-wall LS was -13% (IQR, -16—-12%).

Figure 7. Crude values of strain on D1
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Strain values are represented as median with interquartile range, minimum
and maximum values.
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ABSOLUTE STRAIN VALUES

4.4.2 VARIABILITY OF STRAIN VALUES BETWEEN D1 AND D2 IN PTMD GROUP

On Day 2, all these patients conserved a PTMD with an increase in left ventricular GLS
value of 6% (IQR, -7- 18%) and a decrease in right ventricular free-wall LS value of 5%
(IQR, -16--30%).

Figure 8. Absolute and relative strain variations between D1 and D2
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Strain values are represented as absolute variation on the left side and relative variation on the right side, with interquartile range,

minimum and maximum values.

4.4.3. INFLUENCING FACTORS OF STRAIN VALUES OVER TIME
The course over time of strain values was studied using mixed models. Mixed effects

models confirmed a significant relationship between strain values and age (3, 0,05 (95% CI, 0,01—
0,09); P=0,02) with decreased values in elderly people. Furthermore, mixed models highlighted
the influence of overweight (B, 0,12 (95% CI, 0,07-0,17); P<0.0001) and thoracic epidural
analgesia use (B, -3,25 (95% CI, -5,38—1,12); P=0,003) on the reduction of strain values.

4.4.4 REMOTE ASSESSMENT OF MYOCARDIAL SYSTOLIC FUNCTION (D7)
On Day 7, a total of 33 patients have been assessed by 2D STE (1! lacking data*):

7 (21%) patients in PTMD group had recovered normal bilateral systolic function ("recovery").

Myocardial recovery was greater on the right ventricle than on the left side.

"Persistent" PTMD, left and/or right, was observed in 20 patients (61%): 15 patients (46%) on
the left side, 2 patients (6%) on the right side and 3 bilateral (9%).
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Figure 9. Myocardial systolic function on D7
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Data are represented by percentages. A total of 33 patients have been assessed (11 lacking data*).
*patients discharged to another unit or home before a third assessment by 2D STE
6 patients (18%) remained normal systolic function.

Figure 10. Overall strain values depending on side and assessment day
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4.45. COMPLICATIONS AND OUTCOME ACCORDING TO PTMD OCCURRENCE

Regarding management of study population, thoracic surgical procedures were performed
in 4 cases (10%), including 1 rib stabilization in patients with a ventilator-dependent flail chest as
well as 2 sternal fractures and 1 Thoracic Endovascular Aortic Repair (TEVAR) in a case of
traumatic isthmic rupture. Among PTMD group, the most frequently found complications were
organ failure (62%) with at first position respiratory failure (54%), then AKI (42%), coagulopathy
(35%) and pneumonia (31%). The use of norepinephrine was significantly higher in PTMD group
compared to the no PTMD group (P=0.01). Arrhythmias occurred in 50% of PTMD group
(majority of bradycardias (46%), PVC (39%) and atrial fibrillation (15%)).

Duration of vasopressor support and length of hospital stay were significantly associated
with PTMD group (P=0.02) and (P=0.05) respectively. Note that pulmonary edema and duration
of mechanical ventilation tend to be associated with PTMD. At one-month follow-up, secondary
hypertension was significantly higher in no PTMD group than PTMD group (P=0.05). Overall,
30-day mortality was 2.3%. The only death occurred in a context of massive pulmonary embolism

with cardiac arrest.

Figure 11. Complications during ICU stay and one-month follow-up
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Table 5. Follow-up and complications data in study population and according to PTMD occurrence

All patients | PTMD group No PTMD p-value
(N=39) (N=26) group (N=13)
Management of cardiothoracic injuries, no. (%)
Thoracic surgery 4 (10) 2(7.7) 2 (15.4) 0.59
Conservative treatment 35 (90) 24 (92.3) 11 (84.6) 0.59
Onset of arrhythmia, no. (%) 16 (41.0) 13 (50) 3(23.1) 0.11
Sinus bradycardia 8/16 (50) 6/13 (46.2) 2/3 (66.7) 1.00
Sinus tachycardia 1/16 (6.3) 1/13 (7.7) 0 (0) 1.00
Atrial fibrillation 2/16 (12.5) 2/13 (15.4) 0 (0) 1.00
Premature ventricular contraction 6/16 (37.5) 5/13 (38.5) 1/3 (33.3) 1.00
Ventricular tachycardia 1/16 (6.3) 1/13 (7.7) 0 (0) 1.00
Ventricular fibrillation 1/16 (6.3) 1/13 (7.7) 0(0) 1.00
Antiarrhythmic drug use, no. (%) 4/16 (25) 4/13(30.8) 0 (0) 0.53
External cardioversion. no. (%) 1/16 (6.3) 1/13 (3.9) 0 (0) 1.00
Organ failure, no. (%) 22 (56.4) 16 (61.5) 6 (46.1) 0.36
Acute kidney injury 16 (41) 11 (42.3) 5(38.5) 0.82
Respiratory failure 17 (43.6) 14 (53.9) 3(23.1) 0.07
Pneumonia, no. (%) 10 (25.6) 8 (30.8) 2 (15.49) 0.45
Pulmonary edema. no. (%) 6 (15.4) 6(23.1) 0 (0) 0.08
Acute liver failure 5(12.8) 5(19.2) 0 (0) 0.15
Coagulopathy 10 (25.6) 9 (34.6) 1(7.7) 0.12
Venous thromboembolism., no. (%) 9 (23.1) 8 (30.8) 1(7.7) 0.23
Onset of shock, no. (%) 16 (41) 13 (50) 3(23.1) 0.11
Hemorrhagic shock 8/16 (50) 7/13 (53.9) 1/3 (33.3) 1.00
Septic shock 8/16 (50) 6/13 (46.1) 2/3 (66.7) 1.00
Cardiogenic shock 0 (0) 0 (0) 0 (0) -
Obstructive shock 4/16 (25) 3/13 (23.1) 1/3 (33.3) 1.00
Neurogenic shock 2/16 (12.5) 1/13 (7.7) 1/3 (33.3) 0.35
SIRS 5/16 (33.3) 5/13 (38.5) 0(0) 0.52
ICU treatment options. no. (%)
Norepinephrine use 20 (51.3) 17 (65.4) 3(23.1) 0.01%*
Epinephrine use 2(5.1) 2(7.7) 0 (0) 0.54
Dobutamine use 0 (0) 0 (0) 0 (0) -
Inhaled nitric oxide use 1(2.6) 1(3.9) 0 (0) 1.00
Renal replacement therapy need 2(5.1) 2(7.7) 0 (0) 0.54

Data are shown as. no.: number of patient (%) *statistical significance with p-value < 0.05
Study population on Dayl includes 39 patients due to 5 inconclusive data*: 26 patients in the PTMD group and 13 patients in
the no PTMD group (*normal strain on one side and absence of contralateral strain available).

Abbreviations: PVC: Premature Ventricular Contraction, AKI : Acute Kidney Injury, VIE : Venous thromboembolism,

iNO: Inhaled nitric oxide, SIRS: Systemic Inflammatory Response Syndrome



Table 6. Univariate analysis of main outcomes :

Characteristics All patients | PTMD group No PTMD p-value
(N=39) (N=26) group (N=13)

Duration of mechanical ventilation, median (IQR) 0 (0-5) 1 (0-16) 0 (0) 0.06

Non invasive ventilation days, median (IQR) 2 (0-4) 2.5 (0-5) 0 (0-4) 0.41

Duration of vasopressor support. days, median (IQR) 1 (0-5) 2 (0-7) 0 (0-0) 0.02*

Length of ICU stay. days. median (IQR) 9 (6-23) 11.5 (7-23) 8 (6-10) 0.10

Length of hospital stay, days, median (IQR) 20 (8-34) 22 (10-40) 9 (7-21) 0.05*

Overall 30-day mortality, no (%) 1(2.7) 1(4.2) 0 (0) 1.00

Data are shown as no.: number of patient (%). *statistical significance with p-value < 0.05
Abbreviations: IQR: interquartile range, ICU: intensive care unit
Table 7. Late cardiovascular events at one-month follow-up
All patients | PTMD group No PTMD p-value
(N=36) (N=26) group (N=13)

Late cardiovascular events, no(%) 9 (25) 6 (26.1) 3(23.1) 1.00
Secondary hypertension 4/9 (44.4) 1/6 (16.7) 3/3 (100) 0.05*
Secondary arrhythmia 5/9 (55.6) 4/6 (66.7) 1/3 (33.3) 0.52
Delayed pericarditis 1/9 (11.1) 1/6 (16.7) 0 (0) 1.00
Cardiac tamponade 0 (0) 0 (0) 0 (0) -
Delayed pulmonary embolism 1/9 (11.1) 1/6 (16.7) 0 (0) 1.00
Acute myocardial infarction 0(0) 0(0) 0(0) -
Delayed cardiac arrest 0 (0) 0 (0) 0 (0) -

Data are shown as median (IQR) or no.: number of patient (%).

*statistical significance with p-value < 0.05
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5. DISCUSSION

In this study, we are interested in clinical application of myocardial strain measurement by
2D STE in a Level | Regional Trauma Center. To our knowledge, this is the first study on the
subject to date. The preliminary result report a prevalence on Day 1 of 67% post-traumatic
myocardial dysfunction (PTMD), from left and/or right ventricle. In these patients, left ventricular
GLS on Day 1 was -15% (IQR, -16—-13%) and right ventricular free-wall LS -13% (IQR, -16— -
12%). On Day 2, all patients conserved a PTMD, with an increase in left ventricular GLS value of
6% (IQR, -7— 18%) and a decrease in right ventricular free-wall LS value of 5% (IQR, -16—30%).
On Day 7, 20 patients (61%) presented a "persistent” PTMD: 15 (46%) on the left side, 2 (6%) on
the right side and 3 bilateral (9%). Mixed models highlighted the influence of age (B, 0,05 (95%
Cl, 0,01-0,09); P=0,02), overweight (B, 0,12 (95% CI, 0,07-0,17); P<0.0001) and thoracic
epidural analgesia use (B, -3,25 (95% Cl, -5,38—1,12); P=0,003) on the reduction of strain values.

The myocardial contusion (MC) is a nosological entity referring to a damage of cardiac
muscle, of which severity may grandly vary according to its size and location. Therefore, the
current term blunt cardiac injury (BCI) seems more relevant because it takes better into account
both intracardiac structural complications and post-traumatic myocardial injuries. This latter has a
wide spectrum of clinical presentations, ranging from asymptomatic to life-threatening conditions.
Many complications, mostly rhythmic disturbances, may arise most often within the first 24 hours.
Unfortunately, usual diagnostic tools (clinical, EKG, biological, echocardiographic or imaging
findings) alone cannot reliably diagnose a myocardial injury because of their lack of sensibility
and/or specificity [28]. Only autopsy allows to confirm this diagnosis. Anyway, diagnostic of
myocardial dysfunction would seem to be more relevant than diagnostic of myocardial contusion

in clinical practice. PTMD, subclinical or not, could be more indicative of clinical risk.

Global systolic function is commonly assessed by measuring LVEF (visual or modified
biplane Simpson's method), sub-aortic VTI, S waves or TAPSE while regional systolic function is
visually assessed by estimation of segmental wall motion abnormalities or asynchrony [52].
Although conventional 2D TTE technique allow diagnosis of systolic dysfunction, it is limited by
a significant inter-/intra-observer variability and may be faulty in critical ill patients due to patterns
of myocardial dysfunction that are not lesional but reactive (hyperkinesia and disturbances in
metabolic needs secondary to sepsis, variability in hemoglobin level and arterial oxygen saturation
depending on onset of hemorrhagic shock or ARDS...). For example recently, Joseph B et al. had
shown in a 8-year retrospective analysis that among 18 patients died (44%) as a result of massive

cardiac injury as reported in autopsy findings; only 9 patients had an abnormal 2D TTE [23].
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2D STE is arecent computerized ultrasound technique that has shown a robust performance
in the analysis of myocardial contractility [52]. It allows real-time assessment of segmental and
global myocardial contractility in an objective, reproducible and angle-independent manner. It is
widely recognized for having low inter-/intra-observer variability (5.4-8.6% and 4.9-7.3%,
respectively)[31]. This tool is well known to cardiologists since it has been used for around ten
years for monitoring hypertensive, valvular and ischemic heart disease [31-35-53-54]. For the left
ventricle, GLS has been studied extensively in the literature and is generally considered to be a
reliable tool to assess myocardial function, as much as cardiac MRI [55]. Right ventricle (RV)
free-wall LS is increasingly studied and had a stronger correlation with RV ejection fraction
(RVEF) calculated by MRI than conventional TTE indices [36-39-56-57]. The use of 2D STE in
medical intensive care is increasing as shown by latest publications on strain in septic shock,
ARDS or more recently in SARS-CoV-2 [33-35-37-57-74]. In medical setting, it has been proved
that a GLS value >-18% means abnormal left myocardial contractility [31-57-58]. In contrast, data
is limited on RV free-wall LS with values that may vary depending on vendor and software version
[40-41]. However, a free-wall LS value >-20% is defined as referring to impaired right myocardial
contractility [32-40-41-55-56].

Surprisingly, despite the strong development of 2D STE, until now no data were available
in the literature on blunt chest trauma (BCT) patients, known to be at high risk for cardiac injury.
Our series is therefore an exploratory study that offers innovative findings on this specific
population. Only one experimental study of BCT in rats had demonstrated significant decrease in
strain values of several myocardial segments after impact, with progression from segment to
segment [59]. Also, Zieleskiewicz L et al. had shown a subclinical regional myocardial dysfunction
detected by 2D STE in a case report of BCT [60]. Thus, 2D STE timely identification allows
clinician to rapidly quantify myocardial function. Therefore, it offers a better understanding of
cardiac function and its causal or compensatory role according to clinical conditions, in particular
in case of hemodynamic instability. We postulated that 2D STE would help clinician to identify
occult or subclinical patterns of PTMD. Thus, it can guide initial resuscitation efforts (particularly
in management of filling, overloading as well as rhythmic stability in case of subtle left
dysfunction), assess response to treatment, target early diagnostic tests, choose timing for surgery

at risk and provide important prognostic data.

As preliminary results, we thus found a high prevalence on Day 1 of 67% of PTMD: 44%
left PTMD, 5% right PTMD and 18% bilateral PTMD. Recently Gautam et al. previously
reported, using conventional 2D TTE and TDI in a series of BCT, that 77% patients suffered from

systolic dysfunction and 37% from diastolic dysfunction [62]. Moreover, it is admitted that
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hemodynamics consequences of MC in early phase are due to an ischemia-reperfusion
phenomenon generated by a transient decrease of coronary flow [18]. Subsequently, PTMD
severity may depend on the initial myocardial cell damage intensity as well as its location and
extent. Otherwise if we focus on left PTMD, the increase in GLS value of 6% on D2, referring to
an impairment of left systolic function, corresponds to a majority of regional dysfunctions (76%):
mainly the inferolateral, anterolateral and inferior walls in 82%, 73% and 61% of cases,
respectively. Specifically, Liedtke AJ et al. in an experimental model of MC demonstrated that
cardiac trauma can induce major changes in vasomotor tone and distribution of coronary vascular
system perfusion, resulting in various dysrhythmias and regional mechanical dysfunctions [19].
In addition, reduction in regional strain may also represent areas of inflammation or fibrosis, as
suggested by Collier P et al. [31]. Conversely, prevalence of global left systolic dysfunction was
24% in our study, possibly related to myocardial stunning following transient ischemia. The
mechanism of sustained systolic dysfunction in stunning is incompletely understood. It is known
that sub-epicardial and sub-endocardial myocardial blood flow normalizes quickly following
restoration of normal coronary flow, however normal myocardial metabolism takes time to
recover, up to 1 week [75]. The recovery of normal systolic function is variable and may be related
to the duration and severity of the ischemic insult. Abnormalities of diastolic function, whether
assessed by MRI 2D TTE or TDI could persist beyond systolic abnormalities [75].

For the right ventricle, its anatomical location behind the sternum makes it more vulnerable to
injury during thoracic trauma. RV dysfunction is usually the main cause of initial hemodynamic
instability, dependent on afterload often increased in chest trauma patients due to increased
pulmonary vascular resistance (especially in cases of ARDS complicating pulmonary
contusion)[18-63]. Thus, Diebel et al. have shown in an experimental model of MC a significant
decrease in mean arterial pressure and cardiac output mainly due to an alteration in compliance
and contractility of RV [62]. In our series, initial involvement of RV in bilateral PTMD could
explain the high rate of any PTMD on D1. Its early recovery on D2 with a decrease in free-wall
LS value of 5% and its almost complete normalization on D7 (only 6% of persistent right PTMD)
suggest a transient impairment in RV myocardial function.

The literature does not detail over time evolution of myocardial dysfunction in trauma setting, and
in an innovative way we observed 21% recoveries and 61% persistence at D7. 46% of "persistent™
PTMD involved LV, 6% RV and 9% both. In comparison De Geer et al. demonstrated that GLS
is frequently reduced in patients with septic shock, alone or in combination with an impaired
LVEF, and remains unchanged over time on D7 [35]. This might indicate that an abnormal strain

value could represent more subtle changes in the myocardium that persist even after normalization
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of systolic function conventional parameters, cardiac biomarkers, and clinical recovery. Further
studies are needed to investigate the significance, course, and long-term nature of a persistent

reduced value of strain.

Secondly, mixed models were used in order to find potential influencing factors of strain
values over time. Age (B, 0,05 (95% CI, 0,01-0,09); P=0,02), overweight (B, 0,12 (95% CL, 0,07—
0,17); P<0.0001) and thoracic epidural analgesia use (B, -3,25 (95% ClI, -5,38—1,12); P=0,003)
have been associated with reducing strain values. According to literature, 2D-strain has several
confounding factors in particular: age, weight, preload dependence, dialysis, mechanical
ventilation, systolic and mean blood pressure, SIRS [31-59-69-70]. Thus, myocardial injury must
be taken into account as well as systemic phenomenon which are particularly present in severe
trauma patients. These can be confounding factors that greatly influence strain values (i.e.
hypovolemia, infectious process, high pulmonary pressures, preload dependence). Indeed,
Yingchoncharoen T et al. had shown that changes in loading conditions could affect directly
longitudinal strain (LS) values which were reduced with increased afterload, whereas increased
preload increased LS values by the Frank Starling mechanism[58]. Focusing on cellular
mechanisms of PTMD, Kalbitz M et al. first described that BCT induce cardiac inflammation and
complement activation [65]. Then, the review of Weber et al. suggest that these cellular
mechanisms are multifactorial (including activation of complement system, local and systemic
inflammation, oxidative/nitrosative stress, apoptosis, modification of structural proteins, gap
junction alteration and changes in calcium handling), which clearly underlines the complexity of

post-traumatic myocardial dysfunction [66].

Myocardial contusion is reputed in the literature associated with a higher morbidity. In our
study, cardiological events were indeed numerous in PTMD group with arrhythmias occurred in
50% of cases (majority of sinus bradycardia (46%), PVC (39%) and atrial fibrillation (15%)), as
shown in current literature [23-61-67]. Furthermore, the most frequently found complications were
respiratory failure (54%), AKI (42%), coagulopathy (35%) and pneumonia (31%), which is
concordant with the literature on thoracic trauma [67-23]. No cardiogenic shock was observed in
study population showing that myocardial dysfunctions were often mild, but remained unknown
in most serious patients who were unfortunately excluded from the outset (AIS >5 or early death
<24 hours after admission). Despite the modest sample size, we found that trauma patient affected
by a PTMD had significantly higher morbidity (higher norepinephrine use, longer duration of

vasopressor support and length of hospital stay). Additionally, pulmonary edema and mechanical
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ventilation tend to be statistically associated with the PTMD group, which could be related to an

underlying LV failure.

Present study has obviously some limitations. First, these preliminary results are focused
on a small number of patients leading to a lack of statistical power. The final analysis will probably
provide more relevant data. Secondly, it is important to underline that our data collection is based
on a specific cohort of severe blunt chest trauma patients (median ISS 29; median AlS thorax 3;
84% of high-speed road accidents; 80% of pulmonary contusions for example..). Our results
cannot therefore be extrapolated on a less severe population (ISS < 9). Conversely, the most
serious patients (AIS >5 or who died at the scene of accident or early after admission) were not
considered, although they were perhaps those who have the most myocardial damage and most
hemodynamic instability leading to circulatory failure. Otherwise, with the SARS-CoV-2
pandemic occurring early in the study, our chest trauma population may have changed in terms of
frequency and severity. The association between PTMD and viral infection has not been studied
in our cohort while myocardial injury associated with SARS-Cov-2 has been described [74].
Thirdly, as this study is observational, we can only make assumptions about possible failures of
care system concerning patients with PTMD, no direct cause and effect relationship can be
established. Fourth, despite an interface and handling that has improved over years, 2D STE
requires training with learning curve. Since cine loops have been performed by clinicians at
bedside and analyzed offline by experienced physicians, blinded to the patient’s clinical condition,
there may be a training bias. Outliers have been removed from the strain analysis off-line and may
lead to classification bias. Fifth, perhaps the main limitation of the study, strain measurement was
often limited by patient’s echogenicity. Indeed, many patients were not included due to failure to
visualize heart (due to pneumothorax, subcutaneous emphysema or thoracic drainage present in
40% of patients) and lead to "inconclusive data". In our cohort on Day1, 96% of 2D-strains were
feasible on LV against 71% on RV [Appendix4]. The RV free-wall LS was often difficult to obtain
because it was disturbed by mechanical ventilation [36-58-71]. It should be noted that 2D-STE
and its analysis takes time and may be a limit to its use in routine practice at bedside. Sixth, our
study is based only on the study of systolic function and diastolic function was not considered in
cardiac assessment. Finally, the overall mortality in our cohort remains low at 2.3% but results
differ according to publications, ranging from 5.5% to 44% [23-24-67-72-73]. Thereby, we cannot
exclude a bias linked to “care bundles” delivered by a team in a Level | trauma center on patient
prognosis. A “care bundles” for blunt chest trauma consisting in early chest tube insertion (<48

hours); non-invasive ventilation; aggressive pain control (including epidural analgesia if needed),
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intensive respiratory physiotherapy and coordination of trauma care [67-71].Collectively, they are

proven to improve chest trauma patient outcomes and survival.

To conclude, in this interim analysis, the prevalence of post-traumatic systolic
myocardial dysfunctions detected by 2D STE was very high in our cohort of patients with severe
blunt chest trauma. This study highlights that myocardial strain would be an interesting diagnostic
tool for early detection of subclinical patterns of myocardial contusion associated with a worse
outcome. Further studies are necessary, possibly a prospective clinical trial, to prove the reliability
and clinical relevance of myocardial strain in trauma patients. A remote cardiological assessment

of these patients seems relevant to identify potential sequelae of cardiac dysfunction.
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Appendix 1. STRAINY TRAUMA protocol
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Appendix 2. Mechanism of injury (MOI) in our cohort

Mechanism of injury, no. (%)
Compression 29 (64.5) 11(73.3) 18 (60)
Direct chest impact 10 (22.2) 3(20) 5(16.7)
Vertical deceleration 6(13.3) 1(6.7) 7(23.3)

Appendix 3. Contingency tables between 2D-STE and 2D-TTE according to side

In an exploratory analysis, all repeated data (EKG, biochemical and echocardiographic) were

studied in order to compare diagnostic performances of usual diagnostic tools and 2D STE.

Strain was abnormal in 54% of exams vs 32% for biology. Irrespective of biological result,

systolic dysfunction was found in 54% with strain. 20% of exams were abnormal according to

biology and strain. 33% of exams lead to abnormal biology without any systolic dysfunction

(Table 4A). Kappa test was equal to 0, which means that the agreement is only due to chance.

Table 3A. Contingency table between 2D-STE and biology (Hs-TnT)

Abnormal strain
0 1 All population
Variable Modalities no. (%c) no. (%) no. (%)
Abnormal bio 0 34 (33.3) 35(34.3) 69 (67.6)
1 13 (12.7) 20 (19.6) 33 (324)
Total 47 (46) 55 (54) 102 (100)

Out of total 98 exams, strain was abnormal in 54% of exams vs 36% for EKG. Irrespective of any

EKG change, systolic dysfunction was found in 54% with strain. 22% of exams were abnormal

according to EKG changes and strain. 33% of exams lead to abnormal EKG without any systolic

dysfunction (Table 4B). Kappa test was also equal to 0.

Table 3B. Contingency table between 2D-STE and EKG

Abnormal strain
0 1 All population
Variable Modalities no. (%) no. (%) no. (%)
Abnormal EKG 0 32 (32.6) 31 (31.6) 63 (64.3)
1 13 (13.2) 22 (22.4) 35(35.7)
Total 45 (46) 53 (54) 98
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Finally, about conventional 2D TTE: LV systolic dysfunction was diagnose in 32% of exams based
on conventional 2D-TTE compared to 55% assessed with 2D-STE. RV systolic dysfunction was
diagnose 1n 25% of cases based on ejection fraction and cardiac index compared to 34% assessed

with 2D-STE (Table 4C). Kappa test was equal to 0.

Table 3C. Contingency table between 2D-STE and 2D-TTE according to side (all repeated values)

Abnormal left GLS Abnormal right free-wall LS
TOTAL 0 1 All pop. TOTAL 0 1 All pop.
Variable Modalities | no. (%) no. (%) no. (%l) Variable Modalities | no. (%) no. (%) no. (%l)
Abnormal 0 38 (33.9) 38(33.9) | 76 (67.9) Abnormal 0 47 (52.9) 20 (22.5) 67(75.3)
LVfunction RVfunction
1 12 (10.8) 24(214) | 36(32.1) 1 12 (13.5) 10(11.2) 22 (24.7)
Total 50 (44.6) 62(554) | 112 Total 59 (66.3) 30(33.7) 89

Table 3D. Contingency tables between 2D-STE and 2D-TTE according to side and day

Abnormal left GLS
D1 0 1 All population
Variable Modalities no. (%) no. (%) no. (%]I)
Abnormal LV function 0 9 (23.7) 13 (34.2) 22 (57.9)
1 6 (15.8) 10 (26.3) 16 (42.1)
Total 15 (39.5) 23 (60.5) 38
Abnormal free-wall LS
D1 0 1 All population
Variable Modalities | no. (%) no. (%) no. (%l)
Abnormal RV function 0 13 (43.3) 5(16.7) 18 (60)
1 9 (30) 3 (10) 12 (40)
Total 22 (73.3) 8 (26.7) 30
Abnormal left GLS
D2 0 1 All population
Variable Modalities | no. (%) no. (%) no. (%]I)
Abnormal LV function 0 15 (45.4) 12 (31.6) 27 (71.1)
1 2(5.3) 9 (23.9) 11 (28.9)
Total 17 (44.7) 21 (55.2) 38
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Abnormal free-wall LS
D2 0 1 All population
Variable Modalities | no. (%) no. (%) no. (%]I)
Abnormal RV function 0 12 (36.4) 11 (33.3) 23 (69.7)
1 5(15.2) 5(15.2) 10 (30.3)
Total 17 (51.6) 16 (48.5) 33
Abnormal left GLS
D7 0 1 All population
Variable Modalities | no. (%) no. (%) no. (%]I)
Abnormal LV function 0 12 (36.4) 13 (39.9) 25 (75.8)
1 3(9.1) 5(5.2) 8(24.2)
Total 15 (45.5) 18 (54.5) 33
Abnormal free-wall LS
D7 0 1 All population
Variable Modalities | no. (%) no. (%) no. (%]I)
Abnormal RV function 0 18 (72) 3(12) 21 (84)
1 2 (8) 2(8) 4(16)
Total 20 (80) 5 (20) 25
Appendix 4. Over time feasibility of 2D-STE in our cohort

100

Left Right
Day 1 42/44 (96%) 31/44 (711%)
Day 2 38/44 (86%) 33/44 (15%)
Day 7 33/33 (100%) 25/33 (16%)

Day1 Day2 Day7
80
| I I I
40
20
0
Left

Right
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Appendix 5. Recording procedure by 2D-STE

Procédure d’enregistrement « strain longitudinal global »

ETT standard - PARTIE 1

v
v
v

v
v

v

Enregistrer uniqguement la coupe 4 cavités en inversant la sonde d’écho (curseur vers Ie bas)

SITEMPS DEVANT VOUS — PARTIE 2
v
v
v

v
v
v

Etape 1 : Scoper le patient

Etape 2 - Sélectionner la sonde cardio + « Cardiaque_E (GE) »
Etape 3 - Enregistrer 'examen : Initiales patient - N1G (pour VG et J1) / N2G [pour VG e2J2) / N3G (pour VG et
17 ou jour sortie re3) (G = VG) + date de naissance

Etape 4 - Augmenter la durée des cycles d’enregistrements cardiaques (3-4 cycles)
Etape 5 - Réalisation ETT standard avec acquisition coupes apicales 4 cavités

puis 2 cavités puis 3 cavités + « STORE » 3 chaque coupe

Etape 6 - Effectuer un nouvel examen avec le VD : noter Initiales patient - N1D/N2D/
N3D (p=vD)

Etape 1 : Sélectionner |a coupe 3 cavités dans les images enregistrées VG
Etape 2 : Sélectionner & measure ¥ puis & AFl » dans menu déroulant
Etape 3 : Sélectionner « APLAX » (= coupe 3 cavités)

¥’ Etape 4 : Corriger le tracking automatique (sélectionner les contours de
I'endocarde) puis € approuver »

NS : i céfect s6g o paroi, possitiiite ge double cNGUEr SUr KNS des CroiX verte ot supprimer J'analse e
€& segment « cberrant »

- On obtient des courbes de strain segmentaire
2  Le logidel calcule strain longitudinal global {SG en % Q

Etape 5 : Sélectionner |a coupe 4 cavités et faire la méme démarche
Etape 6 : Sélectionner la coupe 2 cavités et faire la méme démarche
Etape 7 : Synthése par le logiciel...

—>0n obtient 3 courbes de strain
—>0n obtient une cartographie VG («Bull’s eyex)

= topographie des dysfonctions myocardiques

-2 Le logiciel calcule une moyenne du strain longitudinal globai (notée « GLPS

v

Etape 8 : Refaire la PARTIE 2 uniqguement pour |a coupe apicale 4 cavités du VD
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Appendix 6. Standardized echocardiographic report

Initiales | __|/]__| N*® Patient |__|__|

Etiquette patient

Feuille de recueil ETT standardisée :

n 12 17 ou lour sortie réa

FC (bpm)

PAM (mmHg)

Moradrénaline (mg/h)

Dobutamine (pgfke/min)

VM OUINON
5i owi, PEEP ([cmH20]

APD thoracique : OUIL/NON
ETT standard

Précharge dépendance* ? OUI/MON

Diamétre CCVG (mm)

DTDVG (mm)

SIV en diastole (mm}

FEVG autoEF (%)

ITV sous-acrtique (cm)

DC [Lfl'l"lii'l] [ Perarmacke o préciotie

Rapport VO,/VG < 1 ? OUI/NCON

TAPSE {(mm)

Onde 5 (cmjs)

IT_Vrmax (ms) wmmemssms

S Teralire
pamsemalke

Diamétre VCIl {mm)

Estimation PAPs (= 4 vmax'+roOD)

5G A3C (Long axis = LAX) (%)

SG A4C (%)

5G A2C (%)

GLPS_Avg VG (= moyenne 5G des 3
coupes) (%)

Strain paroi libre VD (%)

*NE : precharge dépendance chez patients de reanimation/Usc :
Lors d'une Epreuve de Lever de fambe Passive ou mini-fluid chalenge ou pause 818 expiratoire (minimum 15sec)

¥ ATV = 10%
¥ O AVCH = 12% fen VM)
¥ U AVCS = 36% (en VM)

Complications visibles & I'ETT : {cochez les cases, méme si complication retrouveée que sur 1 seule ETT)

Valvulopathie associée : 1 Oui O Non
Si oui, quel type 7 OrAo Olae ORM O 3OIT
Savérité 7 O Minime O Modérée O Sévére
Anévrisme VG - 1 Qui O Non

Thrombus intra-cardiaque : [ Qui J Non
Epanchement péricardique : [ Qui J Non
Taille : |_|_|mm Signes de tamponnade © 1 Qui [ Non



Appendix 7. Normative values

Left Ventricle Size and Function[JASE 2015.Recommendations for cardiac chamber quantification]

Male Female
Normal Mildly Moderately Severely Normal Mildly Moderately Severely
range abnormal abnormal abnormal range abnormal abnormal abnormal
LV dimension

LV diastolic diameter (cm) 42-58 5.9-6.3 6.4-6.8 >B6.8 3.8-5.2 5.3-5.6 5.7-6.1 >6.1
LV diastolic diameter/BSA (cmfm2) 22-3.0 3.1-3.3 3.4-3.6 >3.6 2.3-3.1 3.2-34 3.5-3.7 >3.7
LV systolic diameter (cm) 2540 4.1-4.3 4.4-4.5 >4.5 2.2-35 3.6-3.8 3.9-4.1 >4.1
LV systolic diameter/BSA (cmfrrrg) 1321 2.2-2.3 24-2.5 >2.5 1-3-21 2223 2.4-2.6 >2.6

Normal Ranges and Severity Cutoff Values for LV Wall Thickness and Mass Using Linear Method

Male Female
Normal Mildly Moderately Severely Nomal Mildly Moderately Severely
range abnormal abnormal abnormal range abnormal abnomal abnormal
LV mass by linear method
Septal wall thickness (cm) 0.6-1.0 1.1-1.3 1.4-1.6 >1.6 0.6-0.9 1.0-1.2 1.3-1.5 >1.5
Posterior wall thickness (cm) 0.6-1.0 1.1-13 1.4-1.6 >1.6 0.6-0.9 1.0-1.2 1.3-1.5 >1.5
LV mass (9) 88-224 225-258 259-292 >292 67-162 163-186 187-210 >210
LV mass/BSA (g/mz) 49-115 116-131 132-148 >148 43-95 96-108 109-121 >121
Table 4 Normal ranges and severity partition cutoff values for 2DE-derived LV EF and LA volume
Male Female
Normal Mildly Moderately Severely Normal Mildly Moderately Severely
range abnormal abnormal abnormal range abnormal abnormal abnormal
LV EF (%6) 52-72 41-51 30-40 <30 54-74 41-53 30-40 <30

Right Ventricle Size and Function[JASE 2010.Guidelines for the echocardiographic assessment of the

right heart]

Table 10 Normal values for parameters of RV function

Parameter Mean = SD Abnomality threshold
TAPSE (mm) 24 +35 <17
Pulsed Doppler S wave (cm/sec) 14.1+23 <95
Color Doppler S wave (cm/sec) 9.7 +1.85 <6.0
RV fractional area change (%) 49=+7 <35
RV free wall 2D strain® (%) —-29+45 >-20 (<20 in magnitude with the
negative sign)
RV 3D EF (%) 58 = 6.5 <45
Pulsed Doppler MPI 0.26 = 0.085 >0.43
Tissuz Doppler MPI 0.38 = 0.08 >0.54
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Appendix 8. Patient information and no-objection letter

NOTE D’'INFORMATION POUR LES PERSONNES MAJEURES

« Evaluation de la prévalence de la dysfonction myocardique et sa valeur pronostique, chez les
traumatisés sévéres atteints de |&sions thoraciques, mesurée par échographie 2D-sfrain®

Madame, Monsieur,

Mous allons réaliser une recherche intitulée - « Evaluation de la prévalence de la dysfonction myocardigue
et sa valeur pronostique, chez les traumatisés sévéres atteints de lésions thoraciques, mesurée par
échographie 2D-strain » coordonnée par le Docteur CHARBIT du CHU de Montpellier.

Pour cette recherche, nous allons avoir besoin de collecter des données issues de votre dossier médical.

Cette note d'information vous informe du but de cette recherche, de son déroulement, de ces objectifs et de
vos droits. 5i vous étes opposés & votre participation & cette recherche, vous devez nous le signaler par
courrier/téléphone/email. Dans le cas contraire, il 'y a aucune démarche & effectuer.

POURQUOI CETTE RECHERCHE ?

Vous [ou votre proche) avez eté hospitalisé dans le Département d’Anesthésie Réanimation (DAR A).

Pour Iz prise en charge de votre (son) traumatisme thoracigue, nous avans té amenés a rézliser des examens
pour faire le bilan de vos (ses) 1ésions. La contusion myocardique traumatique fait partie des lésions profondes
possibles. La littérature médicale décrit une prévalence de & a 24% selan la sensibilité des outils utilisés pour la
dizagnostiquer. En pratique clinique, le diagnostic repose surtout sur une somme d'arguments basée sur
I'examen clinique, I"'électrocardiogramme, I"échographie cardiague trans-thoracique et les bilans sanguins. Le
but étant de déceler le plus précocement possible un trouble de la fonction cardiague qui doit &tre traité en
urgence.

La mesure du strain myocardigue (2D-strain) est une mesure échographique incontournable depuis quelgues
années pour déceler les dysfonctions cardiaques. Pourtant, il n'a jamais éte étudié dans le contexte traumatique.
Mous souhaitons ainsi démontrer que le 2D-strain échographigue d’un traumatisme thoracique est un outil
fiable pour diagnostiquer précocement les dysfonctions myocardiques post-traumatiques a la phase initiale de
prise en charge. Ainsi, sans changer la prise en charge habituelle des patients traumatisés thoracigues, nous
souhaiterions étudier les images obtenues lors de nos échographies de routine et évaluer la performance du
strain myocardigue.

QUEL EST L"OBJECTIF DE CETTE RECHERCHE ?

L"objectif principal de I'étude est d'évaluer la prévalence (le pourcentage) de la dysfonction myocardigque post-
traumatique (DMPT) chez les traumatisés sévéres avec atteinte thoracigque au cours de leur s&jour en
réanimation, mesurée a I'aide de I'échographie 2D-strain.

COMMENT VA SE DEROULER CETTE RECHERCHE ?

Cette étude observationnelle, non interventionnelle et sans risque, n'iMpose aucun examen complémentaire.
Il s’agit d’ analyser les images échographigues que nous avons prises dans le cadre du suivi habituel du service.
La mesure du strain consiste en une simple analyse supplémentaire des images sans aucune conseguence
climigue. En effet, ces mesures sont effectuées a posteriori et « en aveugle » a partir des images initiales, C'est-
a-dire sans lien avec votre (1a) prise en charge (de votre proche).

Cette recherche ne vise donc pas & modifier votre (sa) prise en charge. Il n’y aura pas de consultation ou
d’examen supplémentaire, ni de modification du traitement prescrit par votre médecin,

G PEUT PARTICIPER 7
Cette étude est proposee @ tous les patients de 18 a4 74 ans admis dans le service avec traumatisme
thoracique fermeé.

Note o information [ Non opposition MAIELR - Version 3 du 2000373021 Page 1sur3
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Vous disposez d'un droit d'opposition, sans conséguence sur la suite du traitement ni de la qualité des soins gui
vous seront fournis. De plus, votre participation a cette recherche est volontaire et vous pourrez I'interrompre
a tout moment sans justification.

QUELS SONT LES BEMEFICES ATTENDUS ?

Aucun bénéfice individuel immédiat n'est attendu pour les participants a la recherche.
Cette recherche vise a faire progresser les connaissances dans le but d'améliorer, dans I'avenir. les
thérapeutiques ou les soins apportés aux personnes atteints de cette pathologie.

ASPECTS REGLEMEMNTAIRES ET LEGISLATIFS

Cette recherche a obtenu un avis favorable de I'Institut Review Board (IRB) du CHU de Montpellier (IRB-
MTP_2020_07_202000542) en date du [16/07/2020).

Cette recherche est en conformité avec la loi Informatique et Libertés 3 la méthodologie de référence MR-004
relative aux traitements de donnes a caractéres personnel mis en ceuvre dans le cadre des recherches dans le
domaine de la santé (Conformité au Réglement Général sur la Protection des données).

QUELS 50ONT VO5 DROITS ¢

Si vous ne vous opposez pas a cette recherche, nous allons recueillir dans votre dossier médical les données
suivantes -

* les données issues des bilans sanguins - ionogramme sanguin, bilan cardiague [CPK, myoglobine,
troponing, Nt-pro BNP), numération formule sanguine, bilan de coagulation, gaz du sang artériel etf/ou
veineux, lactate

* |es données cliniques - pression artérielle (systolique, diastolique, moyenng), fréquence cardiagque,
saturation périphérigue en oxygéne

* |es données wventilatoires - frégquence respiratoire, volume courant, ventilation minute, fraction
inspiratoire en oxygéne, fraction expiratoire en CO2

* |es données échographiques cardiagues : dimensions des cavités cardiagues, fonction ventriculaire
gauche et droite, strain

Les personnes destinataires des données nécessaires a la finalité de cette recherche sont les investigateurs et la
méthodologiste (Dr BRINGUIER).

Le recueil se fera par un personnel de santé tenu au secret professionnel et sous la responsabilité du médecin
s'occupant de votre traitement.

Dans le cadre de cette recherche, un traitement informatigue de vos données personnelles va étre mis en ceuvre
pour permettre d'analyser les résultats de |a recherche au regard de I"objectif de cette dernigre qui vous a &té
présenté. Ces données seront identifiées par un code anonyme : numéro de patient et initiales.

Ces donnéss seront stockées sur une base de données de type Excel avec mot de passe sécurisé sur le senveur
securisé du CHU de Montpellier, sous la responsabilité du Dr BRINGUIER et du Dr CHARBIT, et pour une durée
de deux ans aprés la publication des résultats.

Conformément aux dispositions de la loi relative a I'informatigque, aux fichiers et aux libertés (loin® 78-17 du 6
janvier 1978 relative a I'informatique, aux fichiers et aux libertés modifiée par 12 loi n® 2018-493 du 20 juin 2018
relative @ la protection des données personnelles) et au réglement général sur la protection des données
(réglement UE 2016/679), vous disposer d'un droit d'accés, de rectification, d’effacement ou de limitation des
informations collectées vous concernant dans le cadre de ce traitement.

Dans certains cas, vous pouvez également refuser la collecte de vos données et vous opposer 4 C8 gue certains
types de traitements des données soient reéalisés. Vous disposezr également d'un droit d'opposition & la
transmission des données couvertes par le secret professionnel susceptibles d’étre utilisées dans le cadre de
cette recherche et d'étre traitées.

Vous pouvez également accéder directement ou par l'intermédiaire du médecin de votre choix 3 I'ensemble de
vos données médicales en application des dispositions de article L1111-7 du code de la santé publigue.

Note o information / Non opposition MAJEUR - Yersion 3 du 20/03/3021 Page 2sur3
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Vous pourrez retirer a tout moment votre accord concernant la collecte de vos données dans le cadre de ce
traitement. Le cas echéant, conformément a I"article L.1122-1-1 du Code de la 5anté Publique, les données vous
concernant qui auront été recueillies préalablement a votre accord pourront ne pas étre effacées et pourront
continuer a étre traitées dans les conditions prévues par la recherche.

Enfin, vous pouvez demander a ce que les informations personnelles colligées vous soient fournies, @ vous ou a
un tiers, sous un format numeérigue [droit de portabilité).

Vos droits cités ci-dessus s'exercent auprés du meédecin qui vous suit dans le cadre de la recherche et qui connait
votre identite.

5i vous avez d'autres questions au sujet du recueil, de I'utilisation de vos informations personnelles ou des droits
associes a ces informations, vous pouvez contacter le Deélégué a la Protection des Données du CHU de
Montpellier (mail : dpo@chu-montpeliier.fr) ou le médecin investigateur de la recherche (Dr CHARBIT).

Si malgré les mesures mises en place, vous estimez que vos droits ne sont pas respectds, vous pouvez déposer
une plainte auprés de I'autorité de surveillance de la protection des données compéatente en France, |3
Commission Mationale de I'informatique et des Libertés (CNIL).

5i le responsable de traitement souhaite effectuer un traitement ultérieur des données & caractére personnel
vous concernant pour une finalité autre que celle pour laquelle vos données & caractére personnel ont été
collectées, vous serez informé(e) au préalable quant a cette autre finalité, a la durée de conservation de vos
données, et toute autre information pertinente permettant de garantir un traitement équitable et transparent.

Sivous le désirez, les résultats globaux de ce travail vous seront communigqués a sa conclusion par le médecin
en charge de votre suivi.

Aucune donnée ne permettra vous identification dans les rapports ou publications scientifiques issus de cette
recherche.

A QUI DEVEZ-WOUS WOUS ADRESSER EM CAS DE QUESTIONS OU DE PROBLEMES ?
Pour tout renseignement concernant cette recherche, vous pouvez contacter par mail/courrier/téléphone -

Vios contacts dans le cadre de la recherche
Dr CHARBIT lonathan

Mail : j-charbit@chu-montpellier
Tel: 0467 33 82 56

Coordonnées du médecin référent du patient

[A compléter]

Soyez assuré(es) que votre participation nous est extrémement précieuse. Nous vous remercions par avance
de I'aide que vous apportez ainsi a la recherche.

Mote d'information / Non opposition MAIEUR - ¥ersion 3 du 20003,/ 2021 Page 3sur3
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Appendix 9. Institutional Review Board (I.R.B.) approval

Institutional Review Board (I.R.B.)

IRB Secretary
Phaone : 04.67.33.98.33 /04.67.33.08.12

IRB Accreditation number : 198711

President :
MOLINARI Nicolas

Vice President -
JUNG Boris
PANARO Fabrizio

Members :
AMEDRO Pascal
AYRIGNAC Xavier
CHIRIAC Anca
GODREUL Syivain
LEMAITRE Laurent
MILLET Ingnd
OLIE Emiie

DRI Officials

Data Protection Officer

MONTPELLIER UNIVERSITY HOSPITAL
191, Avenue du Doyen Gaston GIRAUD
34295 MONTPELLIER CEDEX 5

MONTPELLIER UNIVERSITY HOSPITAL

Research organized and practiced on the human being for the development of biological or medical
knowledge Known as research involving the human person’ as defined in Article L. 1121-1 of the Public Health
Codearé to be reviewed Dy a committee Protection of Persons (CPP) and can not be reviewed by the IRB.

Project Title -
Evahmmdebpevabredebc&sﬁrmnmcadweqymmmdmles
traumatisés seéveres atteints de lésions thoraciques mesurée par échographie 2D-strain

IRB ID : 202000542

Applicant :
- Responsable de I'étude :
M. LE DOCTEUR CHAREIT JONATHAN (-charm@chu-monipelier &)
- Contact pour le droit d information des patients -
M. LE DOCTEUR CHAREIT JONATHAN (-cham@chu-monipeiier &)

Organizational Affiliation -
- UNIVERSITY HOSPITAL CENTER OF MONTPELLIEER

Opinion of the IRB -

APPROVED
Documents sent to the summary of the IRB for the evaluation :
- Synopsis : 30/0672020
- Comments -

Approval Number assigned by the IRB : IRB-MTP_2020_07_202000542

Date - 1600772020

m%mmmmmwmuum“mmma



Appendix 10. CNIL (Commission Nationale Informatique & Libertés) approval

CNIL.

1 PMace de Fontenoy - 75334 PARIS Cedex 07
LO183732222.F.01 52732200
www.cnil fr

Monsieur LE LUDEC Thomas
CENTRE HOSPITALIER UNIVERSITAIRE

DECLARATION DE CONFORMITE A 191 AVENUE DU DOYEN GASTON GIRAUD

UNE METHODOLOGIE DE 34295 MONTPELLIER
REFERENCE

Numeéro de déclaratior
2204141v 0
du 07 aolt 2018

RECEPISSE

ALRE IMPERATIVEMENT

La celvrance de c2 récépissé affesis que vOuS avez fransmis 3 13 CNIL un dossler de déciaration formedlement complst. Vous pouvez désormals metire en ceuvre volre
ratement de données 3 caractére personnel.

La CNIL peut 3 tout moment vérifiar, par courmes, par |a vole d'un contrdie sur place ou en ligne, que ce frailament respacie 'ansembie des disposiions de 13 lol du & janvier
1976 modfiée en 2004. Afin d"éfre conforme 3 13 Jol, vous 2tes t2nu de respacter tout au long de votre fratement les obligations prévues et notamment :

1) La cefniton et le respect de I3 fnalié ou tratement,

2) La pertinence das donneas rakees,

3) La consenaton pendant une durée limitée des donnéss,

4) La sécurne et 13 confdentiaite des données,

S5) Le respect des drolts des Intéressés : Information sur lewr drolt daccés, de recifcation et d'oppositon.

Pour plus de 0etalls surles cbigations Prévies par I3 Jof « informatique ef Iberss », consultez ke ste Intamet de i3 CNIL - www.cnll

_] organisme déclarant

Nom : CENTRE HOSPITALIER UNIVERSITAIRE N° SIREN ou SIRET :
| 263400160
Service : DIRECTION GENERALE :
- Code NAF ou APE :
Adresse : 191 AVENUE DU DOYEN GASTON GIRAUD  8610Z
Code postal : 34205 | Tél.: 04 87 3393 02
Ville : MONTPELLIER | Fax.: 467336773

| ] Traitement déclaré

Finalité - MR4 - Recherches n'impliquant pas la personne humaine, études et évaluations dans le domaine de la

santé

Transferts dinformations hors de I'Union européenne : Non

Fait a Paris, le 07 acat 2018

Par délégation de la commission

Isabelle FALQUE PIERROTIN
Presidente
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Appendix 11. ClinicalTrials.gov Protocol Registration and Results System (PRS) Receipt

ClinicalTrials.gov PRS

Protecel Registration and Resulis Syriem

ClinicalTrials.gov Protocol Registration and Results System (PRS) Receipt

Release Date: February 9, 2021

ClinicalTrials.gov ID: NCT04748003

Study ldentification

Unigque Protocol 10:
Brief Tite:

Official Titde:

Secondary IDs:

Study Status
Record erification:
Cwerall Status:
Study Start:
Primary Completion:

Study Completion:

Sponsor/Collaborators
Sponsor;

Responsible Party:

Collaborators:

Owersight
U.S. FDA-regulated Drug:
U.5. FDA-regulated Device:
LS. FDA INDYIDE:

Human Subjects Review:

RECHMPL20_0380

Acute Myocardial Dysfunction and Chest Trauma - The Strainy Trauma Study
( Strainy trauma )

Assesament of Prevalence and Prognostic Value of Acute Myocardial
Dysfunction in Severe Trauma Patients With Chest Trauma Using 2D-sfrain
Ultrasound: A Prospective Observational Study

February 2021

Mot yet recruiting

February 28, 2021 [Anticipated]
February 28, 2021 [Anticipated]
February 28, 2021 [Anticipated]

University Hospital, Montpellier
Sponsor

Mo
Mo
Mo

Board Status: Approved
Approval Mumber: IRB-MTP_2020_07_202000542
Board Mame: IRB de Montpellier
Board Affiliation: UH Montpeliier - IRB
Phone: 4 67 33 98 33
Email: cler-irkx@ chu-montpellier.fr
Addresa:

CHU de Montpellier - Hapital La Colombiére - Pavillon 32
39 avenue Charles Flahault - 34295 Montpellier Cedex 5
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Data Monitoring:
FOA Regulated Intervention:

Study Description
Brief Summary:

Dretailed Description:

Conditions

Conditionsa:

Keywords:

Study Design
Study Type:
Observational Study Model:
Time Perspective:
Bicspecimen Retention:
Biospecimen Description:
Enraliment:

Mumber of Groups/Cohorts:

Groups and Interventions

Mo
Mo

This study aims to investigate whether the identification of acute myocardial
dysfunction by 20-strain transthoracic sonography in the first week following
trauma would allow to better diagnose occult and severe patterns of myocardial
contusion, in order to identify a subpopulation at higher risk of complications.

The measurement of myocardial strain (2D-strain) by transthoracic sonography
is a robust tool to assess the myocardial function.

We strongly suppose that the 2D-strain would allow to better identify subclinical
MC in chest trauma, as well as the severe patterns that are associated with
more organs dysfunctions and a worst outcome.

Thoracic trauma is the cause of significant morkidity and accounts for 25% of
trauma-related deaths.

The myocardial contusion (MC) is a distinet injury, which has a prevalence
increasing with the seventy of the trauma. The diagnostic tool iz a major factor
to vary the prevalence of MC (i.e. clinical exam, biology, electrocardiogram),
with the highest values for autopsy series, until 24% of patients. |t does not exist
therefore of gold standard for the diagnosis of MC in clinical practice leading

to a modest knowledge of this nosclogical entity. In clinical practice, froponin
plasma level determines the diagnostic.

Otherwize, the measurement of myocardial strain (20-2train} by transthoracic
echocardiography (TTE) is a robust tool to assess the myocardial function. This
ultrasound analysis allows an cbjective and topographical quantification of an
acute myocardial dysfunction, be it giobal or segmental. 2D-strain has been
thus has been validated for the diagnosis of myocardial dysfunction in medical
setting. Its use in trauma setting has never been reported.

Severe Trauma Patients With Blunt Chest Trauma

Observational
Cohort
Prospective
Mone Retained

150 [Anticipated]
1
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Outcome Measures

Primary Cutcome Measure:

1. Oeccurrence of an a segmental or global acute myocardial dysfunction
Using transthoracic echocardiography to assess the myocardial function

[Time Frame: In the first week following trauma]

Eligibility

Study Population:

Sampling Method:

Minimum Age:

Maximum Age:

Sex:

Gender Based:

Accepts Healthy Volunteers:
Criteria:

Contacts/Locations

Central Contact Person:

Central Contact Backup:
Study Officiala:

Locationa:

Severe trauma patients with blunt chest trauma
Mon-Probability Sample

18 Years

74 Years

All

Mo
Inclusion Criteria:

* gavere rauma patients with klunt chest trauma

* {AlS Thorax score = 1)

* admitted in our trauma intensive care unit

* and included within the 24 first hours following traurma

Excluzgion Criteria:

* Imminent death

* Recovered cardiocirculatory amest following trauma

* Critical patient - AlS score 25 on 1 lesion, requiring ECLS (extracorporeal
life support) or REBOA (resuscitative endovascular balloon occlusion of
the aorta)

* Refractory hypovolaemia

* Arrhythmia, atrial filrillation

* Congenital heart disease, ischemic cardionyopathy, moderate or severe
pre-existing valvular heart disease, pulmonary arerial hypentension (PAH)

* Yalve prosthesis or pacemaker

* Insufiicient quality of ulrascund image to allow cormect assessment of 20-
strain

* Pregnant woman and underage patients

Jonathan CHARBIT, MD:
Telephone: 467338256 Ext. 33
Email: j-charbit@chu-montpellier.fr

Jonathan CHARBIT, MO
Study Principal Investigator
University Hospital, Montpellier

France
UHMOMTPELLIER
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8. HIPPOCRATIC OATH

SERMENT

> En présence des Maitres de cette école, de mes chers condisciples et
devant [effigie " Hippocrate, je promets et je jure, au nom de [‘Etre
supréme, d étre fidele aux lois de ["honneur et de la probité dans [exercice
de la médecine.

> Je donnerai mes soins gratuits a ['indigent et n’exigerai jamais un salaire
au-dessus de mon travail.

» Admis (e) dans Uintérieur des maisons, mes yeux ne verront pas ce qui s’y
passe, ma langue taira les secrets qui me seront confiés, et mon état ne
servira pas da corrompre les meeurs, ni d favoriser le crime.

> Respectueux_ (se) et reconnaissant (e) envers mes Maitres, je rendrai a
leurs enfants ['instruction que j ai recue de leurs peres.

» Que les hommes m’accordent leur estime si je suis fidéle a mes promesses.
Que je sois couvert (e) d opprobre et méprisé (e) de mes confréres si 'y
mangque.
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10. RESUME

Introduction : La contusion myocardique (CM) est une des lésions retrouvées chez les traumatisés
thoraciques, mais ses caractéristiques et sa prévalence demeurent incertaines. Le strain, issu de
I’échographie 2D par Speckle Tracking (2D STE), permet de quantifier des anomalies de la fonction
myocardique non détectées par les examens conventionnels. Néanmoins son utilisation en traumatologie
n'a jamais été étudiée auparavant. L’objectif de 1’étude est de déterminer la prévalence a J1 de la dysfonction

myocardique post-traumatique (DMPT) par 2D STE chez des patients avec traumatisme thoracique fermé.

Matériels et méthodes : Etude observationnelle prospective monocentrique d’une cohorte de patients
traumatisés thoraciques, agés de 18 a 74 ans (i.e. score AlIS Thorax > 1), admis au centre régional de
traumatologie de Montpellier. Les électrocardiogrammes, biomarqueurs cardiaques et parameétres
échographiques (conventionnels et 2D STE) ont été enregistrés a J1, J2 et J7. Par définition, la présence
d’une DMPT a J1 était définie par : strain longitudinal global (SLG) >-18% pour le ventricule gauche et/ou

strain longitudinal de la paroi libre (SL) >-20% pour le ventricule droit.

Résultats : Lors de I’analyse intermédiaire a 6 mois (15 mai au 15 octobre 2021), sur 105 patients
traumatisés thoraciques admis 44 ont été inclus. La prévalence de la DMPT a J1 était de 67 % (IC a 95 %
52-82 %) dont 44 % (IC a 95 % 28-59 %) avec une DMPT gauche, 5 % (IC a 95 % 0-12 %) DMPT droite
et 18 % (95%IC 6-30%) DMPT bilatérale.

Conclusion : Dans cette analyse intermédiaire, la prévalence de DMPT détecté par 2D STE était trés élevée
au sein de notre cohorte de patients traumatisés séveres. Ceci suggére que I’utilisation du strain dans un
contexte de traumatologie permettrait de détecter précocement des formes infracliniques de contusion

myocardique associées a une morbidité plus élevée.

Mots clés : Speckle-tracking Echocardiography, traumatisme thoracique fermé, traumatisme thoracique,

contusion myocardique, soins intensifs, global longitudinal strain, imagerie de déformation.
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