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Take home message

We developed a prognostic score based on MR diffusion metrics measured in deep white matter between 7 and 35 days after onset, to assess one-year outcome in ICU patients with severe traumatic brain injury. The score identified one in two patients who eventually had an unfavorable outcome, and two-thirds of the patients who actually had a favorable outcome at one year after the injury. For both conditions, specificity was above 95%, a value compatible with a personalized decision-making process in ICU.
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For details regarding MRI-COMA, the Direction de la Recherche Clinique et de l'Innovation (DRCI), Assistance Publique Hôpitaux de Paris (Paris, France) can be contacted: secretariat-direction.drc@aphp.fr For CENTER-TBI, the list of sites, Ethical Committees, approval numbers and approval dates can be found on the website: https://www.center-tbi.eu/project/ethical-approval

Consent to participate
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Introduction

Coma has multiple etiologies among which traumatic brain injury (TBI) constitutes a major cause of death and disability for about 2.5 million people per year in Europe [START_REF] Maas | Collaborative European NeuroTrauma Effectiveness Research in Traumatic Brain Injury (CENTER-TBI): a prospective longitudinal observational study[END_REF]. Some patients make a complete recovery from coma, but others retain persistent neurologic deficit with possible permanent disorder of consciousness (DOC), namely minimally conscious or vegetative state [START_REF] Giacino | Disorders of consciousness after acquired brain injury: the state of the science[END_REF]. There is a worldwide urgent need for accurate prognostication of permanent DOC following TBI. Regardless of cultural or reimbursement issues, improved prognostic in the intensive care unit (ICU) would allow better titration of care, resource allocation and family support.

Prognostication of comatose patients with TBI in ICU remains challenging, particularly for those who do not regain consciousness by day 7 post-injury. Most of the existing prognosis tools such as the international mission for prognosis and analysis of clinical trials (IMPACT) prognosis calculator [START_REF] Steyerberg | Predicting outcome after traumatic brain injury: development and international validation of prognostic scores based on admission characteristics[END_REF] or the corticosteroid randomisation after significant head injury (CRASH) model [START_REF] Collaborators | Predicting outcome after traumatic brain injury: practical prognostic models based on large cohort of international patients[END_REF] include clinical (e.g. initial Glasgow coma scale [GCS], age, blood pressure) and computerized tomography (CT) predictors.

These widely validated models [START_REF] Steyerberg | Predicting outcome after traumatic brain injury: development and international validation of prognostic scores based on admission characteristics[END_REF]5] concern patients in ultra-early stages (within the first 72 hours following admission, within the first week at the latest) and predict 14-day mortality and/or 6-month outcome, often measured as the probability of survival, the Glasgow outcome scale (GOS) or the GOS extended (GOSE). Indeed, a significant proportion of comatose patients either die or awake during this early phase, thereby clarifying the immediate decision-making process.

However, reporting of late recovery of consciousness in recent studies has highlighted the risk of inappropriate early prognostication [START_REF] Estraneo | Late recovery after traumatic, anoxic, or hemorrhagic long-lasting vegetative state[END_REF][START_REF] Baricich | Recovery from vegetative state of patients with a severe brain injury: a 4-year real-practice prospective cohort study[END_REF]. In clinical practice, predicting patients' outcome well after 6 months and at least one year post injury is a key issue for patients who remain unresponsive after day 7.

In the absence of a validated DOC prognostication tool, ethical decisions related to withdrawal of lifesustaining treatments (WLST) depend on the service/hospital/country where the patient is treated. Reliable prognostication would limit between-center/between-country disparities in the decision-making process by providing objective shared information to professional caregivers and family.

During the past decade, multimodal magnetic resonance imaging (MRI)especially diffusion-tensor imaging (DTI) [START_REF] Basser | MR diffusion tensor spectroscopy and imaging[END_REF] has emerged as a promising prognostication modality [START_REF] Stevens | MRI for coma emergence and recovery[END_REF]. Studies have found consistent changes in regional diffusion measures (fractional anisotropy [FA] and mean diffusivity [MD]) that have high predictive values of long-term recovery of consciousness after TBI and cardiac arrest [START_REF] Sidaros | Diffusion tensor imaging during recovery from severe traumatic brain injury and relation to clinical outcome: a longitudinal study[END_REF][START_REF] Perlbarg | Relation between brain lesion location and clinical outcome in patients with severe traumatic brain injury: a diffusion tensor imaging study using voxel-based approaches[END_REF][START_REF] Newcombe | Mapping traumatic axonal injury using diffusion tensor imaging: correlations with functional outcome[END_REF]. FA is usually related to white matter fiber integrity, while MD rather pertains to the amount of water in the extracellular space [START_REF] O'donnell | An introduction to diffusion tensor image analysis[END_REF]. The objective of our study was to assess whether global measures of FA and MD within the deep white matter of the brain would capture severe brain alterations within the first five weeks following TBI and successfully identify patients with an eventual favorable 1-year outcome (FO, GOSE 4-8) [START_REF] Jennett | Assessment of outcome after severe brain damage[END_REF][START_REF] Wilson | Structured interviews for the Glasgow Outcome Scale and the extended Glasgow Outcome Scale: guidelines for their use[END_REF]) and patients with an unfavorable outcome (UFO, GOSE 1-3). Age at the time of the injury was incorporated in the prognostic model since older age is associated with a worsening outcome after severe TBI [START_REF] Hukkelhoven | Patient age and outcome following severe traumatic brain injury: an analysis of 5600 patients[END_REF] and diffusion metrics (in particular MD) vary with normal ageing [START_REF] Cox | Ageing and brain white matter structure in 3,513 UK Biobank participants[END_REF].

As obtaining DTI data from intubated patients is not accessible to all ICU, existing studies have involved rather small cohorts of about 100 patients at most [START_REF] Sidaros | Diffusion tensor imaging during recovery from severe traumatic brain injury and relation to clinical outcome: a longitudinal study[END_REF][START_REF] Galanaud | Assessment of white matter injury and outcome in severe brain trauma: a prospective multicenter cohort[END_REF] and predicting models have lacked validation on multicenter cohorts external to the training dataset. Here, the proposed model was validated on an external dataset comprising a subset of the European cohort MRI-COMA and a subset of the observational cohort CENTER-TBI [START_REF] Maas | Collaborative European NeuroTrauma Effectiveness Research in Traumatic Brain Injury (CENTER-TBI): a prospective longitudinal observational study[END_REF].

Methods

TRIPOD reporting guidelines were followed [START_REF] Collins | Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD): the TRIPOD statement[END_REF].

Study design

Two different prospective, multicenter cohorts of TBI patients only were used in this study. At least five healthy volunteers were recruited in each center for calibration purposes (Online Resource 4). The studies were approved by local ethics committees in each participating country. 

Inclusion and exclusion criteria

Patients eligible for inclusion were aged between 18 and 70 years at the time of the brain injury. In the MRI-COMA cohort specifically, only those patients unable to respond to simple orders unexplained by sedation for at least 7 days after the event were included. The main exclusion criteria were contraindication to MRI and pre-existing neurological disorders that would confound outcome assessments.

Inclusion and exclusion criteria for MRI-COMA and CENTER-TBI cohorts are listed in Online Resource 1.

Data acquisition

Demographic and clinical information including initial severity data (GCS) were collected prospectively. MRI acquisitions were performed between day 7 and day 35 after the event on 1.5T or 3T scanners from three manufacturers: GE Medical Systems (Milwaukee, WI), Siemens Medical Solutions (Erlangen, Germany), and Philips Medical Systems (Eindhoven, The Netherlands). In addition to a conventional 3D T1-weighted sequence, a diffusion-weighted imaging (DWI) sequence with a minimum of 

DWI data processing

All DWI data analysis steps are described in Online Resource 4. They include quality checking, computing and averaging FA and MD maps in deep white matter, and calibrating average values for each patient using measures from healthy volunteers to reduce between-center variability [START_REF] Pagani | Intercenter differences in diffusion tensor MRI acquisition[END_REF], leading to FA ̅̅̅̅ deep and MD ̅̅̅̅̅ deep values, respectively.

Patient outcome

The GOSE score was assessed at ICU discharge and between 6 months and one year post-injury. This latter value was considered as the outcome for the prediction model (denoted as "1-year GOSE"), as follows: 1) 1-year unfavorable outcome (UFO, GOSE from 1 to 3), corresponding to death, vegetative state, or lower severe disability; and 2) 1-year favorable outcome (FO, GOSE from 4 to 8), corresponding to upper severe disability to good recovery.

Repeated GOSE assessment during clinical routine follow-up (1 to 5 years post-injury) was available for a majority of patients in the MRI-COMA cohort. GOSE score was also collected at 2 years postinjury for CENTER-TBI patients who underwent repeated neuropsychological testing.

Prognostic score derivation

The predictive model was implemented using a supervised learning approach involving a support vector classifier (see Online Resource 5 for details). First, patients of the MRI-COMA-Train sub-cohort, used as the training dataset, were classified in two outcome categories UFO or FO: each patient was characterized by a prediction score CSCORE given his/her FA ̅̅̅̅ deep , MD ̅̅̅̅̅ deep and age values. We then defined optimal thresholds for CSCORE in order to enforce a strong specificity for FO (95%) and UFO (99%) prediction, while maximizing sensitivity for each outcome prediction. The choice of deriving decision rules with such a low false-positive rate in predicting UFO at the expense of sensitivity was driven by the need for highest confidence in the difficult decision-making process. This yielded two optimal CSCORE cut-off values CSCORE low and CSCORE high . Patients with CSCORE lower than CSCORE low were predicted to have a UFO with more than 99% specificity; patients with CSCORE higher than CSCORE high were predicted to have a FO with more than 95% specificity; patients with CSCORE between CSCORE low and CSCORE high were predicted neither UFO nor FO and remained in a so-called "gray zone".

The prediction model was subsequently validated by pooling the two cohorts MRI-COMA-Test and CENTER-TBI to a single external validation dataset. Validation was also assessed after excluding patients who underwent WLST.

Statistical analyses

Means and standard deviations were used for continuous variables (age, delay from primary injury to MRI exam, length of stay in ICU, FA ̅̅̅̅ deep and MD ̅̅̅̅̅ deep ); medians and interquartile ranges were used for GCS and GOSE. Group differences between training and validation datasets were assessed with unpaired two-sample T-tests, Fisher's exact test, Wilcoxon-Mann-Whitney U tests, and MANOVA (Pillai's trace statistic) where appropriate (p<0.05 considered as significant). All analyses were performed using R version 4.0.2 [START_REF] Core | R: A Language and Environment for Statistical Computing[END_REF].

Results

Patient cohorts

A total of 303 patients fulfilled the inclusion criteria. Among them, 60 had decompressive craniectomy (DC). Quality check failed in 18/60 (30.0%) patients with DC (due to misregistration of FA and MD maps), but only in 39/243 (16.0%) patients without DC. Following data quality check, 246 patients were finally included in the study: 190 from the MRI-COMA cohort (50 in the training dataset and 140 in the validation dataset, from 17 centers) and 56 patients from the CENTER-TBI cohort (in the validation dataset, from 12 centers) (Figure 1).

-Figure 1 about here -Baseline characteristics for the training and validation datasets are given in Tables 1 and2. No significant difference was found between both datasets in terms of age (T-test T=-1.28, p=0.20), gender (Fisher's exact test odds ratio=1.07, p=0.85), mean delay to MRI (T-test T=1.76, p=0.08), GCS (Wilcoxon W=4422, p=0.28), and GOSE score (Wilcoxon W=4361, p=0.22). Length of stay (LOS) in the ICU was significantly lower in the validation dataset than in the training dataset due to shorter LOS of CENTER-TBI patients (Table 2, T-test T=4.25, p<0.001). FA ̅̅̅̅ deep and MD ̅̅̅̅̅ deep values were significantly correlated (Spearman r = -0.46, p<0.001) but did not differ between datasets (MANOVA, Pillai's trace = 0.008, F=0.97, p=0.38).

-Table 1 about here --Table 2 about 

Classification performance

Regarding the training dataset, the prediction model achieved an area under the receiver operating characteristic (ROC) curve of 0.93, yielding 46.7% sensitivity for 100% specificity in predicting UFO (CSCORElow cut-off value: 0.19) and 55.0% sensitivity for 96.7% specificity in predicting FO (CSCOREhigh cut-off value: 0.65). On the validation dataset, the classifier achieved an area under the ROC curve of 0.89, with 49.0% sensitivity for 96.8% specificity in predicting UFO (71.9% accuracy) and 58.5% sensitivity for 97.1% specificity in predicting FO (78.6% accuracy). A complete list of performance metrics with 95% confidence intervals is provided in Online Resource 6. Figure 2 illustrates 1-year GOSE category compared with that predicted by the model. The lower CSCORE, the higher the proportion of actual UFO patients. Patients in the "red area" in Figure 2 (CSCORE less than CSCORE low , N=53) were predicted to have a UFO, patients in the "green area" (CSCORE higher than CSCORE high , N=58) were predicted to have a FO, and patients in the "gray zone" (N=85) did not meet either specificity criterion and were classified as neither UFO nor FO patients. Patients with red dots in Figure 2 (N=102) were actually assessed with UFO. Patients with green '+' (N=94) were assessed with FO; 3 patients (3.2%) were predicted to be UFO by the model while their GOSE was actually 4 one year after the injury, but no further follow-up data was available for these patients after one year (see Figure 9c in Online Resource 9).

-Figure 2 about here-The delay between the injury and the MRI session did not influence the performance of the model (Online Resource 7). Once validated after excluding the 50 patients who underwent WLST, the prediction model achieved 32.7% sensitivity for 96.8% specificity in predicting UFO and 58.5% sensitivity for 96.1% specificity in predicting FO.

Evolution of GOSE score after one year

-Figure 3 about here-Figure 3 shows the evolution of GOSE score for the patients for whom follow-up GOSE assessments were available after 1 year (data for all patients are available in Online Resource 9). Seventy patients were predicted to have a FO. Four were assessed with UFO, two of them died (Figure 3a) and two others were lost to follow-up. Sixty-six (94.3%) patients were assessed with FO, 33 were followed up (Figure 3a) and remained with FO.

One hundred and nine patients were classified in the "gray zone", i.e. predicted with neither UFO nor FO. Sixty-four (58.7%) were assessed UFO; 40 patients had follow-up available (Figure 3b): 10 remained with UFO, 4 patients improved from GOSE 3 to 4, 26 died. Forty-five (41.3%) patients were assessed FO; 19 patients were followed up (Figure 3b) and remained with FO.

Finally, sixty-seven patients were predicted to have a UFO. Three were assessed with FO (GOSE 4 at one year) but none of them had long-term follow-up data available (Online Resource 9, Figure 9c). Sixty-four (95.5%) were assessed with UFO; 56 patients had follow-up data available (Figure 3c): 3 patients remained with UFO, 51 patients died within the first year and 2 patients died later.

Discussion

The present study focused on severe TBI patients who did not recover consciousness by day 7. CSCORE is indeed aimed at addressing the prognosis of those patients who neither emerge from coma, neither die after day 7. Predicting long-term recovery in these patients raises major ethical and care issues. Early withdrawal of care eliminates the possibility of eventual recovery of consciousness while prolonged intervention increases the risk of permanent DOC or severe disability. Most prognosis tools designed to help clinical decision are devoted to predicting UFO. The score proposed in this paper was optimized to predict not only UFO with 99% specificity, but also FO with 95% specificity, thus facilitating informed clinical decision and counselling of families by providing quantitative information. CSCORE relies on the combination of patient age with two observer-independent metrics from diffusion-weighted MRI (FA ̅̅̅̅ deep and MD ̅̅̅̅̅ deep ), which quantify global deep white matter microstructural changes that are not visible on conventional structural MRI data (normal appearing white matter). A decrease in FA can be induced by different pathophysiological processes [START_REF] Budde | Toward accurate diagnosis of white matter pathology using diffusion tensor imaging[END_REF], including myelin damage occurring after TBI and axonal degeneration observed after ischemic anoxic brain injury. On the other hand, seemingly contradictory variations of MD in TBI patients have been reported, with increases suggesting vasogenic edema while decreases suggest cytotoxic edema [START_REF] Hutchinson | Diffusion MRI and the detection of alterations following traumatic brain injury[END_REF]. Besides, younger age and higher cognitive reserve have been associated with better cognitive recovery in adults with complicated mild-to-severe TBI [START_REF] Fraser | Cognitive reserve and age predict cognitive recovery after mild to severe traumatic brain injury[END_REF].

CSCORE was externally validated on a dataset independent of the training dataset but sharing similar characteristics in terms of age, mean delay to MRI, and mean metrics values. The overall predictive performance obtained by using external validation for 1-year UFO prediction (specificity/sensitivity: 96.8%/49.0%) and FO prediction (specificity/sensitivity: 97.1%/58.5%) is compatible with reliable and personalized clinical use. Since we enforced maximal specificity in predicting either FO or UFO, the proposed score differs from the few other methods predicting survival or GOSE at one year based either on clinical and CT data ( [START_REF] Signorini | Predicting survival using simple clinical variables: a case study in traumatic brain injury[END_REF] report an area under the ROC curve of 0.83) or on diffusion MRI. In the patients fulfilling the inclusion criteria of the present study, CSCORE also outperformed the conventional "IMPACT core+CT+lab" score, which yielded an area under the ROC curve of 0.64 only (Online Resource 8). Recently, a prediction score relying on quantitative EEG has reported a sensitivity of 100% in predicting poor outcome, but with a specificity of 75% only [START_REF] Haveman | Predicting outcome in patients with moderate to severe traumatic brain injury using electroencephalography[END_REF].

Inclusion criteria differed slightly between the two sub-cohorts of the validation dataset, with patients in CENTER-TBI sub-cohort being less severe than those in MRI-COMA sub-cohort in terms of initial GCS (Kruskal-Wallis test followed by post-hoc Bonferroni-corrected Dunn's test, p<0.001). However, including those patients with a better prognosis can be seen as a strength of our approach in that it demonstrates how CSCORE behaves in everyday life any type of patient. CSCORE achieved a global sensitivity close to 50%. Consequently, no informative value could be obtained for one out of every two patients since 43% of the patients in the validation dataset were classified in the "gray zone". In our view, this is not a weakness of the algorithm. On the contrary, this means that the model classifies 57% of the patients with a specificity higher than 95%, which is suitable for a future personalized medicine tool while the patient is still in the ICU and, in particular, as a support for WLST decision-making process. To our knowledge, in this population, no tool exists that is able to provide such performance. Regarding the patients in the "gray zone", as of today, our recommendation is to monitor their clinical evolution and, in absence of recovery, perform a second MRI 15 days apart.

The delay range between the injury and the MRI session chosen in this study may be considered as unusually large. Indeed, one could argue that a large delay might influence diffusion metrics for pathophysiological reasons, although we do not have at this stage serial data to assess that. However, such a large delay range is compatible with the average length of stay in ICU observed in severe TBI patients [START_REF] Lazaridis | Predictors of intensive care unit length of stay and intracranial pressure in severe traumatic brain injury[END_REF].

Follow-up results over several years further enabled to demonstrate the robustness of such a prognostic score. Indeed, nearly all the patients correctly predicted to be either UFO or FO maintained in the same outcome category over time, showing the benefit of CSCORE in informing clinical decision. Further investigation is needed to improve prognostication for patients in the so-called "gray zone". Alternative approaches might implement artificial intelligence techniques, involving analyzing specific regions of the brain and obtaining metrics from more advanced methods than DTI such as diffusional kurtosis imaging or neurite orientation dispersion and density imaging (NODDI) [START_REF] Jensen | MRI quantification of non-Gaussian water diffusion by kurtosis analysis[END_REF][START_REF] Zhang | NODDI: practical in vivo neurite orientation dispersion and density imaging of the human brain[END_REF]. Additional biomarkers such as genetic markers, quantitative EEG, repeated MRI and biology in case of persistent absence of response to simple orders might improve prediction [START_REF] Provencio | The Curing Coma Campaign: Framing Initial Scientific Challenges-Proceedings of the First Curing Coma Campaign Scientific Advisory Council Meeting[END_REF]. Further validation studies in a multimodal context remain necessary.

Early withdrawal of care remains the major determinant of in-hospital mortality and may be the basis for a self-fulfilling prophecy of poor outcome [START_REF] Izzy | Self-fulfilling prophecies through withdrawal of care: do they exist in traumatic brain injury, too?[END_REF]. In our study, investigators were not blinded to the morphological MRI and WLST practices were not standardized among centers, which could induce a bias in selecting patients for WLST. We therefore also reported classification results from the validation data after excluding patients who underwent WLST. As one might expect, sensitivity in predicting UFO decreased from 49.0% to 32.7% for a similar specificity of 96.8% while specificity in predicting FO decreased from 97.1% to 96.1% for a similar sensitivity of 58.5%. We however acknowledge that excluding WLST patients does not totally solve out this issue: the only real way of avoiding this bias would be to forbid WLST, which is impossible and unethical in clinical practice.

Several technical limitations may also slow down the spreading of this approach in clinical context. First, MRI scanner calibration currently requires data from a handful of controls undergoing exactly the same protocol as the patients, which is further complicated by the regular updates of MRI sequences and the difficulties associated with scanning healthy subjects using clinical equipment. Developing an MRI phantom suitable for calibrating DTI metrics would be a solution to bypass these difficulties but such devices are not routinely available yet [START_REF] De Souza | Phantoms for diffusion-weighted imaging and diffusion tensor imaging quality control: a review and new perspectives[END_REF]. Secondly, transportation and monitoring of ventilated patients to the MRI is complex and may requires immobilization by means of sedation with neuromuscular blocker. Finally, effort must be put into standardizing protocols in MRI centers and reinforcing adherence to good practice procedures to optimize the management of TBI patients. Further implementation of common data elements including DWI acquisition is necessary to harmonize data collection across TBI clinical studies [START_REF] Hicks | Progress in developing Common Data Elements for traumatic brain injury research: Version Two -The end of the beginning[END_REF].

Conclusion

We developed a prognostic score based on MR diffusion metrics measured in deep white matter between 7 and 35 days after onset, to assess one-year outcome in ICU patients with severe traumatic brain injury.

The score identified one in two patients who eventually had an unfavorable outcome, and two-thirds of the patients who actually had a favorable outcome at one year after the injury. For both conditions, specificity was above 95%, a value compatible with personalized decision-making process in ICU. We are confident in the added value of such a tool within the framework of a multimodal evaluation to facilitate management of prolonged comatose patients in ICU. 

  Prognostic value of global deep white matter DTI metrics for oneyear outcome prediction in ICU traumatic brain injury patients: an MRI-COMA and CENTER-TBI combined study Authors affiliations and coordinates Louis PUYBASSET, MD, PhD • APHP, Sorbonne Université, Hôpital Pitié-Salpêtrière, Neurosurgical Intensive Care Unit, Paris, France • Sorbonne Université, CNRS, INSERM, Laboratoire d'Imagerie Biomédicale (LIB), Paris, France • louis.puybasset@aphp.fr • (+33) 142162259 • 0000-0002-6849-1825 Vincent PERLBARG, PhD • BrainTale SAS, Paris, France • vincent.perlbarg@braintale.eu • (+33) 611655478 • 0000-0002-3438-2479 Jean UNRUG, MEng • APHP, Sorbonne Université, Hôpital Pitié-Salpêtrière, Neurosurgical Intensive Care Unit, Paris, France • Sorbonne Université, CNRS, INSERM, Laboratoire d'Imagerie Biomédicale (LIB), Paris, France • jeanunrug@gmail.com Didier CASSEREAU, PhD • Sorbonne Université, CNRS, INSERM, Laboratoire d'Imagerie Biomédicale (LIB), Paris, France • didier.cassereau@espci.fr • (+33) 144279223 • 0000-0003-2412-2144 Damien GALANAUD, MD, PhD • APHP, Sorbonne Université, Hôpital Pitié-Salpêtrière, Department of Neuroradiology, Paris, France • Sorbonne Université, CNRS, INSERM, Laboratoire d'Imagerie Biomédicale (LIB), Paris, France • damien.galanaud@aphp.fr • (+33) 142163501 • 0000-0002-9285-8121 Grégory TORKOMIAN, MEng • APHP, Sorbonne Université, Hôpital Pitié-Salpêtrière, Neurosurgical Intensive Care Unit, Paris, France • gregory.torkomian@aphp.fr • (+33) 142163423 • 0000-0003-0175-945X Valentine BATTISTI, PhD • APHP, Sorbonne Université, Hôpital Pitié-Salpêtrière, Neurosurgical Intensive Care Unit, Paris, France • valentine.battisti@aphp.fr • (+33) 142163701 • 0000-0003-3041-7141 Muriel LEFORT, MSc • Sorbonne Université, CNRS, INSERM, Laboratoire d'Imagerie Biomédicale (LIB), Paris, France • muriel.lefort@inserm.fr • (+33) 144279308 • 0000-0001-7820-3754 Lionel VELLY, MD, PhD • AP-HM, Aix Marseille University, Department of Anesthesiology and Critical Care Medicine, University Hospital Timone, Marseille, France • Aix Marseille University, CNRS, Institute of Neuroscience Timone, UMR7289, Marseille, France • LionelJean.VELLY@ap-hm.fr • (+33) 413429471 • 0000-0001-5009-1711 Vincent DEGOS, MD, PhD • APHP, Sorbonne Université, Hôpital Pitié-Salpêtrière, Department of Anesthesia, Critical Care and Peri-Operative Medicine, Paris, France. • Sorbonne Université, Clinical Research Group 29, Paris, France. • INSERM UMR 1141, Paris, France • vincent.degos@inserm.fr • (+33) 184827179 • 0000-0002-6540-5725 Giuseppe CITERIO, MD • University of Milano-Bicocca, Department of Medicine and Surgery, Monza, Italy • ASST-Monza, San Gerardo Hospital, Neurointensive care unit, Department of Emergency and Urgency, Monza, Italy • giuseppe.citerio@unimib.it • (+39) 349 0956697 • 0000-0002-5374-3161 Éléonore BAYEN, MD, PhD • APHP, Sorbonne Université, Hôpital Pitié-Salpêtrière, Rehabilitation Unit, Paris, France • Sorbonne Université, CNRS, INSERM, Laboratoire d'Imagerie Biomédicale (LIB), Paris, France • eleonore.bayen@aphp.fr • (+33) 142161101 • 0000-0002-0286-5521 Mélanie PELEGRINI-ISSAC, PhD • Sorbonne Université, CNRS, INSERM, Laboratoire d'Imagerie Biomédicale (LIB), Paris, France • melanie.pelegrini@inserm.fr • (+33) 144279309 • 0000-0003-3260-5795

  MRI-COMA cohort MRI-COMA (ClinicalTrials.gov identifier: NCT00577954) is a cohort study assessing outcome with multimodal MRI in comatose patients of various etiologies. Patients were enrolled in 17 ICUs in France, Belgium, and Italy. The cohort was split into two sub-cohorts: MRI-COMA-Train included patients enrolled between October 2006 and June 2014; MRI-COMA-Test included patients followed up in clinical routine between July 2014 and September 2020. Interim analyses have already been published for patients with cardiac arrest [20, 21]. CENTER-TBI cohort CENTER-TBI (ClinicalTrials.gov identifier: NCT02210221) is a cohort study aimed at better characterizing TBI as a disease in a European context, and at identifying effective clinical interventions for managing TBI [1]. Patients were enrolled in 60 ICUs in 22 countries in Europe and Israel between December 2014 and March 2020. Only patients admitted directly to the ICU ("ICU stratum") who undertook MR scans between day 7 and day 35 after the injury ("2-3 weeks stratum") were considered.

  29 gradient directions was acquired. Sequence parameters are given in Online Resource 3. The healthy volunteers underwent the same imaging protocol as the patients. For MRI-COMA trial, anonymized MR source images were transferred to the coordinating center. CENTER-TBI data were collected through the Quesgen e-CRF (Quesgen Systems Inc, USA) hosted on the INCF platform and extracted via the INCF Neurobot tool (INCF, Sweden). Version Center Core 2.1 of CENTER-TBI dataset was used in this study. Image data collection was facilitated and hosted on the Icometrix platform (Icometrix, Leuven).

  here -A total of 207 healthy controls were included. Age did not differ significantly between controls and patients in the training dataset (T-test T=-0.70, p=0.49) but differed in the validation dataset (T-test T = -2.38, p=0.02) due to the lower age of controls compared with patients. Mean age and gender for patients and controls in each center are detailed in Online Resource 2.
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Table 1 .

 1 Characteristics of patients in the training dataset. Lengths of stay in ICU are expressed in days. Data were unavailable for 3 patients.

	Univariate logistic regression

UFO: unfavorable outcome; FO: favorable outcome; CI: confidence interval; N: number; M: male; F: female; GOSE: Glasgow outcome scale extended; IQR: interquartile range; SD: standard deviation; LOS: length of stay; ICU: intensive care unit; GCS: Glasgow Coma scale. a Age is at the time of injury. Ages are expressed in years. b Delays are expressed in days after the injury.

c

Table 2 .

 2 Characteristics of patients in the validation dataset. Age is at the time of injury. Ages are expressed in years. Lengths of stay in ICU are expressed in days. Data were unavailable for 32 patients.

	All

UFO: unfavorable outcome; FO: favorable outcome; N: number; M: male; F: female; GOSE: Glasgow outcome scale extended; IQR: interquartile range; SD: standard deviation; LOS: length of stay; ICU: intensive care unit; GCS: Glasgow Coma scale. a b Delays are expressed in days after the injury.
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Abstract

Purpose: A reliable tool for outcome prognostication in severe traumatic brain injury (TBI) would improve intensive care unit (ICU) decision-making process by providing objective information to caregiv- 

Conclusion:

The model successfully identified, with a specificity compatible with a personalized decision-making process in ICU, one in two patients who had an unfavorable outcome at one year after the injury, and two-thirds of the patients who experienced a favorable outcome. 
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