
 

Membres du jury 

Monsieur le Professeur SAVARY Dominique | Président 

Monsieur le Professeur AUBE Christophe | Directeur 

Monsieur le Professeur LASOCKI Sigismond | Membre 

Monsieur le Docteur BOISHARDY Thomas | Membre 

  

  

Soutenue publiquement le : 

29 septembre 2022 

2021-2022 
 

THÈSE  

pour le 

DIPLÔME D’ÉTAT DE DOCTEUR EN MÉDECINE 

Qualification en Radiologie et Imagerie Médicale 

 

SELECTIVE COMPUTED 
TOMOGRAPHY IN TRAUMA 

(SELECT-IT) 
 

Evaluation d’une stratégie de tomodensitométrie ciblée chez le 
polytraumatisé 

 

MEUNIER Alice 
Née le 16 novembre 1994 à Rouen (Seine-Maritime) 

  
  
 

 Sous la direction de Monsieur le Professeur AUBE Christophe 
 



  

  



  

 

 

ENGAGEMENT 
DE NON PLAGIAT 

 
Je, soussignée Alice MEUNIER 
déclare être pleinement consciente que le plagiat de documents ou d’une  
partie d’un document publiée sur toutes formes de support, y compris l’internet,  
constitue une violation des droits d’auteur ainsi qu’une fraude caractérisée.  
En conséquence, je m’engage à citer toutes les sources que j’ai utilisées  

pour écrire ce rapport ou mémoire. 
 
 
signé par l'étudiante le 29/08/2022 

 



LISTE DES ENSEIGNANTS DE LA FACULTÉ DE SANTÉ 

D’ANGERS 
 

 

Doyen de la Faculté : Pr Nicolas Lerolle 

Vice-Doyen de la Faculté et directeur du département de pharmacie : 
 Pr Frédéric Lagarce 

Directeur du département de médecine : Pr Cédric Annweiler 

PROFESSEURS DES UNIVERSITÉS 

ABRAHAM Pierre Physiologie Médecine 
ANNWEILER Cédric Gériatrie et biologie du vieillissement Médecine 

ASFAR Pierre Réanimation  Médecine 
AUBE Christophe Radiologie et imagerie médicale Médecine 

AUGUSTO Jean-François Néphrologie Médecine 

BAUFRETON Christophe Chirurgie thoracique et cardiovasculaire Médecine 
BELLANGER William Médecine Générale Médecine 

BENOIT Jean-Pierre Pharmacotechnie Pharmacie 
BIGOT Pierre Urologie Médecine 

BONNEAU Dominique Génétique Médecine 
BOUCHARA Jean-Philippe Parasitologie et mycologie Médecine 

BOUET Pierre-Emmanuel Gynécologie-obstétrique Médecine 
BOUVARD Béatrice Rhumatologie Médecine 

BOURSIER Jérôme Gastroentérologie ; hépatologie Médecine 
BRIET Marie Pharmacologie Médecine 

CALES Paul Gastroentérologie ; hépatologie Médecine 
CAMPONE Mario Cancérologie ; radiothérapie Médecine 

CAROLI-BOSC François-
Xavier 

Gastroentérologie ; hépatologie Médecine 

CONNAN Laurent Médecine générale Médecine 

COPIN Marie-Christine Anatomie et cytologie pathologiques Médecine 
COUTANT Régis Pédiatrie Médecine 

CUSTAUD Marc-Antoine Physiologie Médecine 
DE CASABIANCA 

Catherine 

Médecine Générale Médecine 

DESCAMPS Philippe Gynécologie-obstétrique Médecine 

D’ESCATHA Alexis Médecine et santé au travail Médecine 
DINOMAIS Mickaël Médecine physique et de réadaptation Médecine 

DIQUET Bertrand Pharmacologie Médecine 
DUBEE Vincent Maladies Infectieuses et Tropicales Médecine 

DUCANCELLE Alexandra Bactériologie-virologie ; hygiène 
hospitalière 

Médecine 

DUVAL Olivier Chimie thérapeutique Pharmacie 
DUVERGER Philippe Pédopsychiatrie Médecine 

EVEILLARD Mathieu Bactériologie-virologie Pharmacie 

FAURE Sébastien Pharmacologie physiologie Pharmacie 



  

FOURNIER Henri-

Dominique 

Anatomie Médecine 

FURBER Alain Cardiologie Médecine 

GAGNADOUX Frédéric Pneumologie Médecine 
GOHIER Bénédicte Psychiatrie d'adultes Médecine 

GUARDIOLA Philippe Hématologie ; transfusion Médecine 

GUILET David Chimie analytique Pharmacie 
GUITTON Christophe Médecine intensive-réanimation Médecine 

HAMY Antoine Chirurgie générale Médecine 
HENNI Samir Médecine Vasculaire Médecine 

HUNAULT-BERGER 
Mathilde 

Hématologie ; transfusion Médecine 

IFRAH Norbert Hématologie ; transfusion Médecine 
JEANNIN Pascale Immunologie Médecine 

KEMPF Marie Bactériologie-virologie ; hygiène 
hospitalière 

Médecine 

LACCOURREYE Laurent Oto-rhino-laryngologie Médecine 
LAGARCE Frédéric Biopharmacie Pharmacie 

LARCHER Gérald Biochimie et biologie moléculaires Pharmacie 
LASOCKI Sigismond Anesthésiologie-réanimation Médecine 

LEGENDRE Guillaume Gynécologie-obstétrique Médecine 

LEGRAND Erick Rhumatologie Médecine 
LERMITE Emilie Chirurgie générale Médecine 

LEROLLE Nicolas Réanimation  Médecine 
LUNEL-FABIANI Françoise Bactériologie-virologie ; hygiène 

hospitalière 

Médecine 

MARCHAIS Véronique Bactériologie-virologie Pharmacie 

MARTIN Ludovic Dermato-vénéréologie Médecine 
MAY-PANLOUP Pascale  Biologie et médecine du développement 

et de la 
reproduction 

Médecine 

MENEI Philippe Neurochirurgie Médecine 
MERCAT Alain Réanimation Médecine 

PAPON Nicolas Parasitologie et mycologie médicale Pharmacie 
PASSIRANI Catherine Chimie générale Pharmacie 

PELLIER Isabelle Pédiatrie Médecine 

PETIT Audrey Médecine et Santé au Travail Médecine 
PICQUET Jean Chirurgie vasculaire ; médecine 

vasculaire 

Médecine 

PODEVIN Guillaume Chirurgie infantile Médecine 

PROCACCIO Vincent Génétique Médecine 
PRUNIER Delphine Biochimie et Biologie Moléculaire Médecine 

PRUNIER Fabrice Cardiologie Médecine 
REYNIER Pascal Biochimie et biologie moléculaire Médecine 

RICHARD Isabelle Médecine physique et de réadaptation Médecine 
RICHOMME Pascal Pharmacognosie Pharmacie 

RODIEN Patrice Endocrinologie, diabète et maladies 
métaboliques 

Médecine 



  

ROQUELAURE Yves Médecine et santé au travail Médecine 

ROUGE-MAILLART 
Clotilde 

Médecine légale et droit de la santé Médecine 

ROUSSEAU Audrey Anatomie et cytologie pathologiques Médecine 
ROUSSEAU Pascal Chirurgie plastique, reconstructrice et 

esthétique 

Médecine 

ROUSSELET Marie-
Christine 

Anatomie et cytologie pathologiques Médecine 

ROY Pierre-Marie Médecine d’urgence Médecine 
SAULNIER Patrick Biophysique et Biostatistiques Pharmacie 

SERAPHIN Denis Chimie organique Pharmacie 
SCHMIDT Aline Hématologie ; transfusion Médecine 

TRZEPIZUR Wojciech Pneumologie Médecine 
UGO Valérie Hématologie ; transfusion Médecine 

URBAN Thierry Pneumologie Médecine 
VAN BOGAERT Patrick Pédiatrie Médecine 

VENARA Aurélien Chirurgie viscérale et digestive Médecine 
VENIER-JULIENNE Marie-

Claire 

Pharmacotechnie Pharmacie 

VERNY Christophe Neurologie Médecine 

WILLOTEAUX Serge Radiologie et imagerie médicale Médecine 

   

 

 

MAÎTRES DE CONFÉRENCES 

ANGOULVANT Cécile Médecine Générale Médecine 

BAGLIN Isabelle Chimie thérapeutique Pharmacie 
BASTIAT Guillaume Biophysique et Biostatistiques Pharmacie 

BEAUVILLAIN Céline Immunologie Médecine 
BEGUE Cyril Médecine générale Médecine 

BELIZNA Cristina Médecine interne Médecine 

BELONCLE François Réanimation Médecine 
BENOIT Jacqueline Pharmacologie Pharmacie 

BESSAGUET Flavien Physiologie Pharmacologie Pharmacie 
BIERE Loïc Cardiologie Médecine 

BLANCHET Odile Hématologie ; transfusion Médecine 
BOISARD Séverine Chimie analytique Pharmacie 

BRIET Claire Endocrinologie, Diabète et maladies 
métaboliques 

Médecine 

BRIS Céline  Biochimie et biologie moléculaire Pharmacie 
CAPITAIN Olivier Cancérologie ; radiothérapie Médecine 

CASSEREAU Julien Neurologie Médecine 
CHEVALIER Sylvie Biologie cellulaire Médecine 

CLERE Nicolas Pharmacologie / physiologie Pharmacie 



  

COLIN Estelle Génétique Médecine 

DERBRE Séverine Pharmacognosie Pharmacie 
DESHAYES Caroline Bactériologie virologie Pharmacie 

FERRE Marc Biologie moléculaire Médecine 
FORTRAT Jacques-Olivier Physiologie Médecine 

GUELFF Jessica Médecine Générale Médecine 

HAMEL Jean-François Biostatistiques, informatique médicale Médicale 
HELESBEUX Jean-Jacques Chimie organique Pharmacie 

HERIVAUX Anaïs Biotechnologie Pharmacie 
HINDRE François Biophysique  Médecine 

JOUSSET-THULLIER Nathalie Médecine légale et droit de la santé Médecine 
JUDALET-ILLAND Ghislaine Médecine générale Médecine 

KHIATI Salim Biochimie et biologie moléculaire Médecine 
KUN-DARBOIS Daniel Chirurgie maxillo-faciale et 

stomatologie 

Médecine 

LACOEUILLE Franck Radiopharmacie Pharmacie 

LANDREAU Anne Botanique/ Mycologie Pharmacie 
LEBDAI Souhil Urologie Médecine 

LEGEAY Samuel Pharmacocinétique Pharmacie 
LEMEE Jean-Michel Neurochirurgie Médecine 

LE RAY-RICHOMME Anne-

Marie 

Pharmacognosie Pharmacie 

LEPELTIER Elise Chimie générale Pharmacie 

LETOURNEL Franck Biologie cellulaire Médecine 
LIBOUBAN Hélène Histologie Médecine 

LUQUE PAZ Damien Hématologie biologique Médecine 
MABILLEAU Guillaume Histologie, embryologie et 

cytogénétique 

Médecine 

MALLET Sabine Chimie Analytique  Pharmacie 

MAROT Agnès Parasitologie et mycologie médicale Pharmacie 
MESLIER Nicole Physiologie Médecine 

MIOT Charline Immunologie Médecine 
MOUILLIE Jean-Marc Philosophie Médecine 

NAIL BILLAUD Sandrine Immunologie Pharmacie 
PAILHORIES Hélène Bactériologie-virologie Médecine 

PAPON Xavier Anatomie Médecine 

PASCO-PAPON Anne Radiologie et imagerie médicale Médecine 
PECH Brigitte Pharmacotechnie Pharmacie 

PENCHAUD Anne-Laurence Sociologie Médecine 
PIHET Marc Parasitologie et mycologie Médecine 

POIROUX Laurent Sciences infirmières Médecine 
PY Thibaut Médecine Générale Médecine 

RAMOND-ROQUIN Aline Médecine Générale Médecine 
RINEAU Emmanuel Anesthésiologie réanimation Médecine 

RIOU Jérémie  Biostatistiques Pharmacie 
RIQUIN Elise Pédopsychiatrie ; addictologie Médecine 

ROGER Emilie Pharmacotechnie Pharmacie 
SAVARY Camille Pharmacologie-Toxicologie Pharmacie 



  

SCHMITT Françoise Chirurgie infantile Médecine 

SCHINKOWITZ Andréas Pharmacognosie Pharmacie 
SPIESSER-ROBELET 

Laurence 

Pharmacie Clinique et Education 

Thérapeutique 

Pharmacie 

TESSIER-CAZENEUVE 

Christine 

Médecine Générale Médecine 

TEXIER-LEGENDRE Gaëlle Médecine Générale Médecine 
VIAULT Guillaume  Chimie organique Pharmacie 

 

AUTRES ENSEIGNANTS 

PRCE   

AUTRET Erwan Anglais Médecine 

BARBEROUSSE Michel Informatique Médecine 

BRUNOIS-DEBU Isabelle Anglais Pharmacie 

FISBACH Martine Anglais Médecine 

O’SULLIVAN Kayleigh Anglais Médecine 

   

PAST   

CAVAILLON Pascal Pharmacie Industrielle Pharmacie 

DILÉ Nathalie Officine Pharmacie 

MOAL Frédéric Pharmacie clinique Pharmacie 

PAPIN-PUREN Claire Officine Pharmacie 

SAVARY Dominique Médecine d’urgence Médecine 

   

ATER   

Arrivée prévue nov 2021 Immunologie Pharmacie 

   

   

PLP   

CHIKH Yamina Economie-gestion Médecine 

   

AHU   

CORVAISIER Mathieu Pharmacie Clinique Pharmacie 

IFRAH Amélie Droit de la Santé Pharmacie 

LEBRETON Vincent Pharmacotechnie Pharmacie 

   

 
 

 
   

   
   

   

   



  

   

   
   

   
   

   

   



  

 

R
E
M

E
R

C
I
E
M

E
N

T
S

 Je remercie chaleureusement toutes les personnes qui m’ont aidé pendant l’élaboration de ma thèse et 
notamment mon directeur Monsieur le Professeur Christophe Aube pour son intérêt et son soutien durant 
la rédaction de ma thèse. 

 
Je remercie également tous les membres du jury d’avoir accepté d’assister à la présentation de ce travail, 
Monsieur le Professeur Sigismond Lasocki et Monsieur le Docteur Thomas Boishardy. 
 
Merci à mon président du jury, Monsieur le Professeur Dominique Savary, de me faire l’honneur d’évaluer 
mon travail. 

 
Je remercie tout particulièrement : 
 
Mes parents, pour votre bienveillance et votre soutien sans faille, je ne serais pas là ou j’en suis sans vous. 
Je vous aime. 
 
Lucas, mon frère, pour de nombreux souvenirs d’enfance, de rires et chamailleries. Je suis fière de toi, 

même si je ne le montre pas assez. 
 

Mes grands-parents, Bon papa et Bonne maman, les êtres les plus purs et généreux que je connaisse. 
Merci d’avoir construit notre si belle famille. 
 
Léa, la sœur que je n’ai pas eue, j’espère que l’on pourra créer de nombreux nouveaux souvenirs 
ensembles. 

 
Adèle, ma meilleure amie, mon cœur jumeau, la plus belle rencontre de mon enfance. J’espère qu’on 
conservera cette amitié, de près ou de loin, pour la vie. 
 
Agnès et Apolline, merci pour nos bêtises ensembles qui resteront gravées. 
 

Marion et Morgane, mon trio de choc, à nos pures vacances, nos discussions infinies et nos nombreux fou-
rires. Heureusement que je vous ai dans ma vie. 
 
Aliosha, ma blonde préférée, merci pour ton grain de folie. 
 
Les Eleframboises, mon groupe d’amis de l’externat, Tiffany, Momo, Marie, Florian, Flore, Clément, 

Mélanie, Mathilde, Marianne. Vous avez su m’apporter confiance et écoute.  

 
Bertille, ma co-interne préférée et amie, sans toi l’internat aurait été beaucoup moins drôle.  
Marie & Léa, merci pour nos petits verres hebdomadaires : on va se le faire ce tour de Montgolfière ! 
 
Mes co-internes de radiologie et mes chefs, merci pour vos attentions et encouragements qui m’ont 
accompagnée tout au long de ces années. Clin d’œil à Inès et Sarah, mes découvertes tardives. 
 

Manon, mon rayon de soleil du Mans, merci d’avoir été présente dans les bons et les mauvais moments. 
 
Le groupe de Rouen Intelligence, merci pour nos vacances et week-end inoubliables. J’ai trouvé en vous 
de véritables amis. 
 
Valérie, Régine, Hubert, et Margot qui sont devenus comme ma propre famille. Merci pour votre gentillesse. 

 
Romain, mon pilier. Merci d’être à mes côtés au quotidien.  
Je suis fière de ce que l’on a déjà accompli et j’ai hâte de voir ce que la vie nous réserve ensemble. 

 
 
 

Merci à toutes et à tous. 

 



  

Liste des abréviations 

AI Artificial Intelligence 

AUC Area Under Curve 

CI Confidence Interval 

CNIL International Comission of Liberties 

CRF Case Report Form 

CT Computed Tomography 

DLP Dose Lenght Product 

GCS Glasgow Coma Scale 

INVS National Institute for Public Health Surveillance 

IRSN Institute for Radioprotection and Nuclear Safety 

MGAP Mechanism Glasgow Age and Arterial Pressure Score 

NPV Negative Predictive Value 

OR Odd-Ratio 

PPV Positive Predictive Value 

RISC Revised Injurity Severity Classification 

ROC Receiver Operating Characteristic 

SBP Systolic Blood Pressure 

SE Sensitivity 

SP Specificity 

SPO2 Peripheral Capillary Oxygen Saturation 

T-RTS Triage-Revised Trauma Score 

TRENAU Trauma System du Réseau Nord Alpin des Urgences 

TRISS Trauma Revised Injury Severity Score 

WBCT Whole Body Computed Tomography 

  

  

  

  

  

  

  

  

  

 

 



  

Plan 

ABBREVIATIONS LIST 

ABSTRACT 

1. INTRODUCTION 

2. MATERIAL AND METHODS 

2.1. Study Design  

2.2. Data collection 

2.3. Outcomes  

2.4. Statistical Analysis  

3. RESULTS 

3.1. Population characteristics 

3.2. Primary outcome 

3.3. Secondary outcomes 

3.4. Dosimetry study 

4. DISCUSSION 

5. CONCLUSION 

6. REFERENCES 

LIST OF TABLE 

TABLE OF CONTENTS 

ANNEXES 

  



1 

SELECTIVE COMPUTED TOMOGRAPHY IN TRAUMA 

(SELECT-IT) 

Evaluation d’une stratégie de tomodensitométrie ciblée chez le 

polytraumatisé 

 

Auteurs : 

 

Alice MEUNIER a 

Anita PAISANT a, b 

Thomas BOISHARDY c 

Nina FAVENNEC c 

Christophe AUBE a,b 

 

Affiliations : 

a. Département de radiologie, Centre hospitalier universitaire d’Angers 49933 Angers, France 

b. Laboratoire HIFIH, EA 3859, université Angers, 49045 Angers, France 

c. Département de Médecine d'Urgence, Centre hospitalier universitaire d'Angers, Angers, 

France 

 

 

 

 

 



2 

ABSTRACT 

Aim 

To evaluate whether a CT scan targeted by anatomical area, guided by the clinical examination, 

did not miss lesion in patients with grade C polytrauma. 

Material and methods 

In a prospective, observational, bicentric cohort study involving all patients with severe 

trauma, grade C, we used a case report form, fill in by the physician, indicating witch 

anatomical area CT he would have prescribed to explore if the whole body computed 

tomography (WBCT) was not performed. Number of unsuspected injuries, additional injuries 

on second reading, and radiation exposure, were recorded. 

Results 

84 unsuspected lesions in 49 patients were found on WBCT. 22 injuries unsuspected (7%) 

were judged significant. Sensitivity and specificity of targeted CT based on clinical examination 

were respectively 0.51 and 0.22. “High kinetic” criteria is a protective factor of unsuspected 

injuries, while older age and “Fall from height > 6 meters” criteria are factors associated with 

a risk of unsuspected injuries. The second reading found additional injuries in 29/306 patients. 

Median dose of radiation was 2453 mGy.cm, while estimated predictive median dose of 

targeted CT, based on the IRSN record, was 1232 mGy.cm.  

Conclusion 

In grade C polytrauma patients, targeted CT based on clinical examination miss too much 

significant lesions to be proposed in daily practice. This underlines the need to develop injury 

prediction scores specifically for this group of patients. 

 

Keywords : polytrauma, grade C, whole-body-CT, emergency, radiation 
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1. INTRODUCTION 

A polytrauma patient is define as a victim of a violent trauma that may have caused multiple injuries, 

threatening the vital or functional prognosis. Polytrauma is the sixth leading cause of death worldwide. 

Among those under 35 years of age, it is the leading cause of death and disability (1). 

This may even increase in the future, since the World Health Organization (WHO) projected a 28% 

increase in global deaths due to injury between 2004 and 2030 (2). 

 

The Vittel criteria are severity criteria used to triage trauma patients. They include several groups with 

detailed criteria inside each: physiological variables, kinetic elements, anatomical injuries, pre-hospital 

resuscitation elements, patient's background. A single criterion is sufficient to characterize the trauma 

as severe. For these patients a systematic whole-body CT (WBCT) is recommended to perform lesion 

assessment, looking for asymptomatic traumatic lesions, since the publication of Huber-Wagner that 

showed a 13 to 25% decrease in mortality (3). But these severe trauma patients can be categorized 

into 3 grades according to TRENAU: grade A, B and C (4). Grade C trauma patients are clinically stable 

patients with no clinical impairment predisposing them to rapid deterioration, but with at least 1 Vittel 

criterion present. For these patients the usefulness of a WBCT is debated, in addition when the 

subjective criteria « high kinetic » is the only positive Vittel criterion.  

In the literature, WBCT has shown benefit for patients with severe trauma but these studies mixed all 

3 grades. If the benefice in grade A (unstable) or B (stabilized) patients are demonstrated (3), currently 

no study has shown a benefit of WBCT in the selected grade C population. The REACT-2 study in 2016 

(5) highlighted the need to better target patients requiring WBCT, but only focused on grades A and B.  

Therefore this strategy of routine WBCT in grades C remains debated.  

The performance of a systematic WBCT in severe trauma patients has consequences: a significant 

irradiation (6), more over in young population, allergic and renal risks related to contrast agents, 

congestion of emergency and imaging departments responsible for a delay in the management of some 

patients. A retrospective monocentric study in 2019 (7) showed that performing WBCT in asymptomatic 

patients with a road traffic accident, classified as grade C only on the presence of a criterion from the 
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"kinetic element" group, never changed their management. But this one was retrospective and on a 

small population. 

Our prospective study is necessary to confirm these results, before a large-scale study to be able to 

modify practices with a sufficient level of proof. Therefore the objective of our study was to evaluate 

whether a CT scan directed by the clinical examination, targeted by anatomical area, and not 

systematically a WBCT did not miss lesion in patients with grade C polytrauma. 
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2. MATERIAL AND METHODS 

2.1. Study design 

A prospective, observational, bicentric cohort study (University hospital of Angers (center 1) and 

hospital of Le Mans (center 2)) was carried out, between September 2020 and May 2022. 

The ethical committee of the hospital of Angers (registration no 2020/03) and the international 

commission of liberties (CNIL) (registration no ar20-0071vo) approved the design of the study. 

All patients included in this study provided oral non-opposition. 

 

Inclusion and exclusion criteria 

Patients who underwent a WBCT scan for grade C major trauma during the study period were included. 

Trauma patients with one of the following characteristics were excluded:   

Grade A:  

-systolic blood pressure <90 mm Hg 

-pre hospital transfusion 

-respiratory distress or mechanical ventilation difficulties with SpO2 < 90% 

or Grade B: 

-stabilized respiratory distress with SpO2 > 90% 

-corrected low blood pressure 

-head trauma with GCS lower or equal 12 or GCS motor < 5 

-head, neck, thorax or abdomen penetrating trauma  

-costal flap 

-amputation 

-suspicion of pelvic fracture, or spinal cord trauma 

All minor patients, pregnant women, patient presenting oral opposition were excluded. 
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Emergency management  

Polytrauma patients were managed in line with the Vittel Algorithm, at the surgical resuscitation room 

or emergency department.  

 

For each patient, the physician in charge of the patient completed a case report form (Appendix) 

indicating witch anatomical area CT he would have prescribed to explore if the WBCT was not 

performed. It was directed by clinical examination. 

Possible targeted CT was divided into four separate anatomical areas: CT of the head, CT of the rachis, 

CT of the thorax, CT of the abdomen, or no CT. 

 

All patients were scanned from vertex to lesser trochanters, including a non-contrast scan of the head 

and neck and a contrast-enhanced scan of the chest, abdomen and pelvis.  

The protocol included a non-contrast CT of the head, non-contrast CT of the abdomen and the pelvis, 

then after iodine contrast (350G/L) injection (1.5mL/Kg) at the rate of 3mL/s an arterial phase of 

cervical-thoracic-abdomen, and a portal veinous phase of abdomen pelvis.  Alternatively, non contrast 

CT acquisition of the abdomen and pelvis was not completed in 102/306 cases. 

 

In Center 1: Scans were initially performed using a Optima CT 660 (General Electric, Milwaukee, Wi) 

(06/09/2010) until it was replaced by a Somatom Xcite (Siemens, Erlangen, Germany) (21/03/2022). 

In center 2: Scans were performed using a Optima 128 (General Electric, Milwaukee, Wi) (02/2015) 

and GE Optima 660 (General Electric, Milwaukee, Wi) (02/2015). 

 

2.2. Data collection 

Data collected from emergency department included patient demographics (gender, age), kinetic 

inclusion criteria, area of the targeted CT. 
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WBCT were first analyzed on site (initial reading), then a second centralized reading was performed by 

a 5 years senior resident in radiology after a specific training (second reading). In case of doubt senior 

physician with 5 years experience in emergency radiology read the WBCT and the consensus reading 

was take in account. 

 

The WBCT scan findings for each patient were divided into the defined four anatomical area regions 

and abnormalities within each anatomical area recorded. 

 

Radiation exposure data from the CT scans were also recorded (DLP in mGy.cm). 

An estimation of radiation exposure from possible targeted CT was realized, based on the Institute for 

Radioprotection and Nuclear Safety (IRSN) and the National Institute for Public Health Surveillance 

(InVS) dosimetric mean values (8). 

To calculate an estimation of the predictive dose of CT targeted we used the mean PDL, based on IRSN 

record by act, of head with and without contrast : 1013 mGy.cm, the rachis without contrast : 907 

mGy.cm, the thorax with contrast : 475 mGy.cm and abdomen pelvis with and without contrast : 1146 

mGy.cm. 

If the possible targeted CT include rachis in addition with thorax/abdomen, the dose of thorax/abdomen 

only was retained, because in practice the rachis would be studied on these acquisitions only. But if the 

rachis was requested alone we retained only rachis estimation dosimetry. 

If the possible targeted CT include all area, the dose of the WBCT was recorded. 

 

2.3. Outcomes 

Primary outcomes: The injuries that would not have been found by the possible targeted CT performed 

following clinician prescription were noted for each patient. Those injuries were called ‘‘unsuspected 

injuries’’. For each unsuspected injury, we assessed its severity rating as:   

-requiring therapeutic intervention (surgery, orthopedic treatment…) 

-requiring hospitalization for monitoring 
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-homecoming with follow up (imaging or physician) 

-home coming with no follow up 

Peripheral fractures were not retained as significant lesion because it does not systematically required 

a CT if suspected. Diagnosis could be done by X-Ray. 

 

The second outcome was the mismatch between the emergency physician suspicion (prescription) and 

findings on the CTscan. Mismatch was define as the finding of unsuspected injuries on WBCT or/and 

the lack of injurie found on targeted CT. 

 

The third outcome was presence of missing abnormalities on the first radiologist interpretation, found 

on the second reading (additional injuries). This analysis were secondary done according to his organ 

speciality (visceral radiologist, neuro radiologist, etc.) 

 

The fourth outcome was the comparison between WBCT irradiation and potential targeted CT estimated 

irradiation. 

 

2.4 Statistical Anlaysis 

Statistical analysis was performed with R software (version 3.5.1, www.R-project.org, Vienna, Austria). 

Subjects’ characteristics were reported as number and percentage for qualitative variables and as the 

mean ± standard deviation or median [interquartile range (IQR)], as appropriate, for continuous 

variables. Data were compared by using Fisher’s exact test for categorical variables and the Mann-

Whitney U test or Kruskal-Wallis test for continuous variables. 

 

Diagnostic performance is assessed using sensitivity, specificity, positive and negative predictive value, 

taking whole body CT as a reference. All these indicators are presented with their confidence intervals. 
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3. RESULTS 

Table 1. Population characteristics 

  n % 

Gender Women 104 34 

 Men 202 66 

Vittel crieria present for 

grade C 

Fall from height >6 meters 13 4.2 

 Ejection from the vehicle 31 10.1 

 Death or serious trauma in the same vehicle 0 0 

 High kinetic : high speed, deceleration, rollovers, deformation of 

the passenger compartment 

212 69.3 

 Combination of criteria 50 16.4 

Total of CT requested Head 140 45.8 

 Rachis 172 56.2 

 Thorax 88 28.8 

 Abdomino-pelvic 101 33.0 

Targeted CT requested by 

area 

Head only 33  

 Rachis only 29  

 Thorax only 11  

 Abdomen only 12  

 Head + Rachis 52  

 Head + Thorax 2  

 Head + Abdomen 6  

 Rachis + Thorax 10  

 Rachis + Abdomen 18  

 Thorax + Abdomen 12  

 Head + Rachis + Thorax 12  

 Head + Thorax + Abdomen 2  

 Head + Rachis + Abdomen 12  

 Rachis + Thorax + Abdomen 18  

 WBCT 21  

Lesions found on initial 

interpretation 

Head 31  

 Rachis 31  

 Thorax  72  

 Abdomino-pelvic 33  

Second reading Head 35  

 Rachis 35  

 Thorax 94  

 Abdomino-pelvic 37  

Incidentaloma Presence 92 30.1 

Radiologist speciality None (Resident) 35 11.4 

 Osteo-articular 44 14.4 

 Pediatric 67 21.9 

 Digestive 94 30.7 

 Neurology 14 4.6 

 Generalist/Teleradiologist 44 14.4 

 Thoracic 8 2.6 
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3. 1. Population characteristics 

During this period, 688 polytrauma patient underwent a WBCT (all TRENAU grade). 

306 patients, grade C, were included, 104 women (34%) and 202 men (66%) (Table 1). 

The median age was 30 years old (Q1-Q3: 21,47). 

Majority of the patients were included in severe trauma grade C on the only criteria « Kinetic » (69,3%). 

 

Table 2. Unsuspected lesions: Number of new findings on WBCT comparatively to targeted CT 

prescribed 

 Number of lesions 

Head 8 

Thorax 55 

Rachis 8 

Abdomino-pelvic 13 

Total 84 

 

3.2. Primary outcome 

According to the initial intent of the CT targeted prescription by physician, only 21 WBCT would have 

been performed, 140 head CT, 172 rachis CT, 88 thorax CT, 101 abdomino-pelvic CT. In 56 cases, no 

CT would have been performed (Table 1). 

 

84 unsuspected injuries were found (Table 2). These were: lung contusion (n=18), costal fracture 

(n=11), vertebral fracture (n=8), pneumothorax (n=6), pneumatocele (n=4), meningeal hemorrhage 

(n=3), pelvic fracture (n=4), nose fracture (n=3), orbit fracture (n=2), sternal fracture (n=2), 

hematoma muscle (n=2), pneumomédiastin (n=1), hemothorax (n=1), hepatic fracture (n=2), adrenal 

hematoma (n=1), splenic laceration (n=1), superior mesenteric artery dissection (n=1). Patients could 

have different injuries in the same area. 

Peripheral fractures were : femoral or humeral fracture (n=4), clavicle fracture (n=6), scapula fracture 

(n=4). 
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Among this 84 unsuspected lesions, in 49 patients, we retained 22 significant injuries, in 22/306 

patients (7%): 5 requiring therapeutic intervention (pelvic surgery, orbit surgery, bronchial fibroscopy, 

spinal corset), 13 requiring hospitalization for monitoring, 4 homecoming with follow-up imaging. Other 

unsuspected lesions were not requiring any intervention, monitoring or follow-up. 

Sensitivity and specificity of targeted CT based on clinical examination were respectively 0.51 (IC 95% 

0.41 – 0.62) and 0.22 (IC 95% 0.16 – 28). PPV was 0.25 (IC 95% 0.21 – 0.28), NPV was 0.48 (IC 

95% 0.40 – 0.56) 

Among this 22 patients having significant unsuspected injuries, 14 had an abnormality on clinical 

examination, which according to the physician, did not require a CT. 

 

Regarding the criteria that may be associated with unsuspected lesions, the univariate analysis found 

that the Vittel criteria “Fall from height > 6 meters” is associated with an increased risk of unsuspected 

injurie : OR 6.9 (IC95% 1.9 – 26.2, p<0.001). The risk of unsuspected injurie is lower in the population 

with “High kinetic” vittel criteria, with and OR 0.32 (IC95% 0.16 – 0.63, p<0.0006). No significant 

difference according to the criteria “Ejection from the vehicle” or “Combination of criteria” was found.  

There is no significant difference according to the gender of the patient but older patients have a higher 

risk to have unsuspected lesions (p=0.037). 

 

3.3. Secondary outcomes : 

Table 3. Number of mismatches (unsuspected injuries on WBCT or/and no injurie found on targeted 

CT asked with) 

 Number % 

Head 121 39.5 

Thorax 86 28.1 

Rachis 155 50.7 

Abdomino-pelvic 90 29.4 

Total 244 79.7 

 

There are an important number of mismatches between the emergency physician suspicion 

(prescription) and findings on the CTscan (n=244, 79.7%). These mismatch are distributed as follow: 
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head (n=121 (39.5%)), rachis (n=155(50.7%)), thorax (n=86(28.1%)), abdomino-pelvic 

(n=90(29.4%)). This number is mainly related to wrongly suspected lesions (160/306 patients) and 

not to unsuspected lesions (49/306 patients) (Table 3). 

 

Table 4. Number of new findings on second reading vs initial reading 

 N 

Head 4 

Rachis 4 

Thorax 22 

Abdomino-pelvic 4 

Total 34 

 

There is a slight difference between initial and second interpretation (n=34) among 29/306 patients 

(9,5%)). (Table 4) 

 

The additional injuries found on second reading were distributed as follow : head (n=4), rachis (n=4), 

thorax (n=22), abdomen-pelvis (n=4). 

Detail was: costal fracture (n=7), pneumothorax (n=4), vertebral fracture (n=4), lung contusion (n=3), 

clavicle fracture (n=1), sternal fracture (n=3), scapula fracture (n=2), hepatic fracture (n=2), 

acromioclavicular disjunction (n=2), nose fracture (n=1), skull fracture (n=2), orbit fracture (n=1), 

splenic laceration (n=1), hemoperitoneum (n=1). 

Additional injuries were send to the attending physician, and therapeutic modifications are not known. 

 

Table 5. Number of additional injuries according to the organ speciality of the initial radiologist 

 Additional injuries % 

Resident 5 0.14 

Osteo-articular 1 0.02 

Pediatric 8 0.12 

Digestive 14 0.13 

Neurology 3 0.07 

Generalist/Teleradiologist 3 0.05 

Thoracic 0 0.00 
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Whatever the variable studied, the specialities for which the lowest proportion of discordance is 

observed are radiologists osteo-articular, generalist, thoracic. 

 

3. 4. Dosimetry study 

The mean dose of radiation dose was 2694 mGy.cm and the median was 2453 mGy.cm (Q1-Q3: 2206 

- 2997). 

In our study the dosimetry recorded remained below the national recommended thresholds by IRSN 

(Institut de Radioprotection et de Sureté Nucléaire).  

The estimated predictive mean dose of targeted CT, based on the IRSN record, was 1342 mGy.cm and 

the median was 1232 mGy.cm. Therefore the dose could be reduce of 1352 mg.cm by patient with a 

targeted CT strategy based on clinical examination. 
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4. DISCUSSION 

Our study was the first to focus on the grade C polytrauma and shows that a targeted CT strategy 

based on clinical examination would not be safe.  Indeed, 22 significant lesions found on WBCT that 

modified the therapeutic management were not suspected. This corresponds to 7% (22/306) of patients 

for whom performing a targeted CT scan leads to a possible loss of chance. 

 

Our study is therefore in agreement with the numerous studies showing the benefit of WBCT in severe 

polytrauma patients (3), (9) :  showing overall mortality rate was significantly lower for WBCT versus 

selective scanning (16,9% vs 20,3%) (9), and relative reduction in mortality based on TRISS was 25% 

(14–37) versus 13% (4–23) based on RISC score (3) even they were not targeted on grade C patients. 

 

Shannon et al. (10) assessed the compatibility of the final WBCT diagnosis with the clinical suspicions 

of trauma team leaders. Four percent (24/588) presented injuries on the WBCT that were not clinically 

suspected by the trauma leader. Besides, unsuspected injuries were severe (such as cervical injury, 

bilateral lung contusion, occult pneumothorax, brain contusion) in 18 of those 24 patients (18/588, 

3%) which could cause failure of treatment and increase the morbidity. 

In our study, the number of unsuspected injuries is higher (7%, 22/306). Nevertheless it was not 

overestimated, because we did not consider as significant the injuries that did not require 

hospitalization or therapeutic intervention, mainly pulmonary contusion and costal fracture. 

 

Thus, our study results are not in favor of a reduction of the number of WBCT based on a good clinical 

examination (11) . But, it is in agreement with the study of Belabbas et al (7) who found that the Vittel 

criterion "High kinetic" could be ignored in patients with grade C. In our study, it is a criterion retained 

by univariate analysis as associated with a lower risk to find unsuspected lesions (OR 0.32 (IC95% 

0.16 – 0.63). 

There are efforts to develop WBCT decision rules in multi-trauma patients.  
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Multiple pre-hospital scores exist to predict mortality after trauma, such as the Triage-Revised Trauma 

Score (T-RTS) or the Mechanism, Glasgow, Age and Arterial pressure (MGAP) score (12). Studies 

suggest that these scores could be of interest to identify patients who should benefit of a WBCT versus 

a targeted CT.  

 

Davies et al. suggested a model to detect significant injuries as a decision rule for WBCT. This model 

included the following criteria : clinical signs in more than one body region, Glasgow Coma Score 

(GCS) < 14, presence of hemodynamic abnormality (SBP < 100 mmHg, or heart rate > 100 bpm), 

presence of respiratory abnormality (respiratory rate > 24 breaths/min, or pSO2 < 93%), and 

mechanism of the injury. The accuracy or the area under the curve (AUC) of the receiver operating 

characteristic (ROC) of this model was reported as 0.82, with the sensitivity and specificity values of 

79% and 71%, respectively (13). 

 

Similarly, Hsiao et al. conducted a retrospective diagnostic decision rule study to detect multi-region 

injury with WBCT. The independent predictors of a multi-region injury were as follows: male sex, GCS 

<9, mechanism of the injury (fall > 5 m, and being a cyclist) (14). 

In another study, Babaud et al. evaluated the utility of the Vittel criteria to detect the need for a WBCT, 

which was used to define a patient with severe trauma. The independent factors they reported were 

GCS >13, the presence of penetrating trauma, and resuscitation with more than 1000 mL of colloids 

(15). 

Finally none of these score allowed a reasonable number of missing lesions, especially significative 

lesion, to be used in daily practice. 

But all of these scores have been evaluated in indiferenciated stade of polytrauma patients. As adequate 

triage of severe trauma patients is one of the key issues for trauma care, and WBCT is not discussed 

for grade A and B poly trauma patients, scores should be developed specifically for grade C poly trauma 

patients, and maybe only with the Vittel criteria “High kinetic”. 
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However, the number of WBCT scans performed in grade C polytrauma patients remains very high. 

This high level of irradiation must not be ignored. CT is the primary source of non therapeutic medical 

radiation exposure. Indeed, WBCT exposes the patient to a dose of ionizing radiation > 20 mSv (16). 

Trauma patients are generally young (the median age was 30 years in our study) and may be 

particularly susceptible to the risk of CT radiation. (17). Brenner et al. examined the radiation-related 

cancer mortality risk with single or WBCT, and found an estimated lifetime attributable cancer mortality 

risk of 1/1250 (0.08%) for radiation doses of 10–20 mSv if a single WBCT is performed in a 45-year-

old adult (18), and 1/683 (0.15%) for mean radiation dose of 31.8mSv in the study of Davies et al. 

(13) 

 

Based on the stochastic theory, we should be more careful to reduce the number of scans performed 

and select those in which they are truly beneficial. 

We could reduce the irradiation by adapting the CT protocol: abdominopelvic acquisition without 

contrast injection when performing a WBCT is not recommended anymore (19). Using the newer 

iterative reconstruction technologies has helped reduce noise in images generated with lower doses 

(20). New reconstruction algorithms based on AI technologie should amplify this reduction of dose. 

 

Value of the double reading has been established (21). Its benefit must be balanced by the considerable 

number of working hours a systematic double-reading system requires. The increasing number of WBCT 

poses a problem in terms of scanner occupancy and medical time for interpretation because of the 

importance of the volume to be analyzed (examination time between 20 and 30 minutes, and average 

interpretation time 20.5 minutes in the study by Babaud et al. (15)). 

Factors of missed injuries in WBCT are more than 2 injured body parts, age older than 30 years and 

initial clinical severity (22). Those markers could easily be identified on patients with multiple traumas 

to warrant a double reading. 
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Studies seem promising for Artificial Intelligence (AI). Indeed, AI and clinicians had comparable 

reported diagnostic performance in fracture detection. (23) 

In the future, it could help achieve a better sensitivity for detection in polytrauma, used in consensus 

with the human reading. 

 

Missed injuries according to the radiologist's specialty seem to be difficult to interpret because of the 

low number of radiologists in each specialty. 

 

Our study has some limitations. The most important is that the inclusions were discontinue due to 

limited time in surgery, resuscitation room or emergency department depending on the attendance of 

the emergency department. That could create a bias in selection of the patients. Clinical practice always 

takes precedence over studies. The second reading was performed by a 5 years resident (senior 

resident) and not a senior. But this senior resident has followed a specific training in WBCT 

interpretation and was assisted by a senior radiologist.  

 

5. CONCLUSION 

Our study shows that, in grade C poly trauma patients, targeted CT based on clinical examination miss 

too much significant lesions to be proposed in daily practice. This underlines the need to develop injury 

prediction scores specifically for this group of patients. 
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MEUNIER Alice 

Evaluation d’une stratégie de tomodensitométrie ciblée chez le polytraumatisé. 
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 Objectif 

Evaluer si une stratégie de tomodensitométrie ciblée par région anatomique, basée sur l’examen clinique, est 
sécuritaire chez les polytraumatisés de grade C. 
 
Matériel et méthodes 
Cette étude de cohorte prospective, observationelle, bicentrique a inclus tous les patients polytraumatisés graves, 
de grade C, entre septembre 2020 et mai 2022. Le médecin responsable indiquait dans un questionnaire la 
tomodensitométrie ciblée qu’il aurait prescrit si le scanner corps entier (SCE) n’était pas réalisé. Le nombre de 

lésions non suspectées, de lesions additionelles découvertes sur la 2ème lecture et les doses d’irradiation ont été 
recueillies. 
 
Résultats 
84 lésions non suspectées chez 49 patients ont été découvertes. 22 lésions non suspectées (7%) ont été jugées 
significatives. La sensibilité et spécificité de la tomodensitométrie ciblée basée sur l’examen clinique étaient 

respectivement de 0.51 et 0.22. Le critère “Haute cinétique” était associé à un moindre risque de lésion non 
suspectée, alors que l’âge élevé et le critère “Chute de >6 m” étaient associés à un risque plus élévé. La seconde 
lecture a trouvé des lesions additionelles chez 29/306 patients. La dose médiane d’irradiation des SCE était de 

2453 mGy.com alors que la dose médiane prédictive estimée des tomodensitométries ciblées, basée sur les 
données de l’IRSN, était de 1232mGy.cm. 
 
Conclusion 

Chez les polytraumatisés de grade C, la tomodensitométrie ciblée basée sur l’examen clinique manquerait trop de 
lésions pour être proposée en pratique clinique. Ceci met en évidence la nécessité de développer des scores 
prédictifs de lésions chez ces patients. 
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 Aim 
To evaluate whether a CT scan targeted by anatomical area, guided by the clinical examination, did not miss lesion 

in patients with grade C polytrauma. 
 
Material and methods 
In a prospective, observational, bicentric cohort study involving all patients with severe trauma, grade C, we used 
a case report form, fill in by the physician, indicating witch anatomical area CT he would have prescribed to explore 

if the whole body CT (WBCT) was not performed. Number of unsuspected injuries, additional injuries on second 
reading, and radiation exposure, were recorded. 
 
Results 
84 unsuspected lesions in 49 patients were found on WBCT. 22 injuries unsuspected (7%) were judged significant. 
Sensitivity and specificity of targeted CT based on clinical examination were respectively 0.51 and 0.22. “High 

kinetic” criteria is a protective factor of unsuspected injuries, while older age and “Fall from height > 6 meters” 
criteria are factors associated with a risk of unsuspected injuries. The second reading found additional injuries in 
29/306 patients. Median dose of radiation was 2453 mGy.cm, while estimated predictive median dose of targeted 
CT, based on the IRSN record, was 1232 mGy.cm.  
 
Conclusion 
In grade C poly trauma patients, targeted CT based on clinical examination miss too much significant lesions to be 

proposed in daily practice. This underlines the need to develop injury prediction scores specifically for this group 
of patients. 
 
 
 
 

 

 
 

 

 


