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1. LIST OF ABBREVIATIONS 

2D STE: Two-Dimensional Speckle-Tracking Echocardiography  

2D TTE: Two-Dimensional TransThoracic Echocardiography  

A4C, 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 

CI: 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 II 

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 Française 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 Day1 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%CI 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 (= ½ mass × speed²) 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 I 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 (D0; 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 II 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 

(CI)(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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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; CI <2.2L/min/m² [43-44]. Preload dependence 

was defined as "persistent" if ΔVTI >15% during a Passive Leg Raise (PLR) or ΔIVC >12% 

distensibility (in mechanical ventilation) or ΔIVC>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 enrollment were expressed as number (%) for qualitative 

variables, mean ± standard deviation (SD) for continuous normally distributed variables and 

median (interquartile range(IQR), 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 (β) of each significant variable was presented with the corresponding 95% confidence 

interval (95%CI). 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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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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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/FIO2 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 

  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%CI 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 

  PTMD are represented by percentages (%).  

  39 patients were assessed on D1 because of 5 inconclusive data*   

  (*normal strain on one side and absence of contralateral strain available) 
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4.4.5.  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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5. DISCUSSION 

 In this study, we are interested in clinical application of myocardial strain measurement by 

2D STE in a Level I 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 (β, 0,05 (95% 

CI, 0,01–0,09); P=0,02), overweight (β, 0,12 (95% CI, 0,07–0,17); P<0.0001) and thoracic 

epidural analgesia use (β, -3,25 (95% CI, -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 a recent 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 (β, 0,05 (95% CI, 0,01–0,09); P=0,02), overweight (β, 0,12 (95% CI, 0,07–

0,17); P<0.0001) and thoracic epidural analgesia use (β, -3,25 (95% CI, -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 AIS 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 I 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 5. Recording procedure by 2D-STE 

 

 

 



70 

 

Appendix 6. Standardized echocardiographic report 
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Appendix 7. Normative values 

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

 

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

   

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

right heart]  
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Appendix 8. Patient information and no-objection letter   
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Appendix 11. ClinicalTrials.gov Protocol Registration and Results System (PRS) Receipt  
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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 

l’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 l’étude est de déterminer la prévalence à 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, âgés de 18 à 74 ans (i.e. score AIS Thorax ≥ 1), admis au centre régional de 

traumatologie de Montpellier. Les électrocardiogrammes, biomarqueurs cardiaques et paramètres 

échographiques (conventionnels et 2D STE) ont été enregistrés à J1, J2 et J7. Par définition, la présence 

d’une DMPT à 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 l’analyse intermédiaire à 6 mois (15 mai au 15 octobre 2021), sur 105 patients 

traumatisés thoraciques admis 44 ont été inclus. La prévalence de la DMPT à J1 était de 67 % (IC à 95 % 

52‒82 %) dont 44 % (IC à 95 % 28‒59 %) avec une DMPT gauche, 5 % (IC à 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 très élevée 

au sein de notre cohorte de patients traumatisés sévères. Ceci suggère que l’utilisation du strain dans un 

contexte de traumatologie permettrait de détecter précocement des formes infracliniques de contusion 

myocardique associées à une morbidité plus élevée. 

 

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

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

 

  




