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initiated, increasing the chances of full recovery. Many studies have been published on prognostic factors,
but are not of a high level of evidence and certainty. A number of factors have been proposed and predictive
models have been constructed that, although attractive, have not yet been externally validated.
Objectives. — A review of literature (systematic search of PubMed and Google Scholar) assembled rele-
: . S vant available information about prognostic factors for unfavorable outcome after mTBI. We discuss the
Mild traumatic brain injury . . s . . . . .

: consistency of these findings, and the possibility and difficulty of using these factors in a daily practice.
Prognostic factor . ” N
Outcome Results. - It appears that the strongest and most consistent predictors are the number, severity and
duration of symptoms present in the first few days after the trauma.

© 2020 Elsevier Masson SAS. All rights reserved.

Keywords:

RESUME

Mots clés : Une évolution défavorable survient chez 15 a 20 % des patients victime d’un traumatisme cranio cérébral
Traumatisme cranio-cérébral léger léger. L'identification précoce des patients présentant un risque élevé d’évolution défavorable est cruciale
Facteur pronostique pour une prise en charge adaptée, augmentant les chances de guérison compléte. De nombreuses études
Evolution ont été publiées sur les facteurs pronostiques mais ne présentent pas un niveau élevé de preuve et de
certitude. Un certain nombre de facteurs ont été proposés et des modéles prédictifs ont été construits
qui, bien qu'attrayants, n’ont pas encore été validés de maniére externe.
Objectives. — Dans cette revue de la littérature (recherche systématique de PubMed et de Google Scholar),
nous avons essayé de rassembler les informations pertinentes disponibles sur les facteurs pronostiques de
I’évolution défavorable. Nous discutons leur cohérence, la possibilité mais aussi de la difficulté d’utiliser
ces données dans une pratique quotidienne.
Résultats. - 1l semble que les prédicteurs les plus puissants et les plus cohérents soient le nombre, la
gravité et la durée des symptémes présents au cours des premiers jours suivant le traumatisme.
© 2020 Elsevier Masson SAS. Tous droits réservés.

1. Introduction

Symptoms that appear after mTBI tend to decrease within

10 days of trauma and usually disappear within 3 months. A

. “miserable minority”, to use Wood’'s expression [1], which is
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these persistent symptoms can affect the future of patients in each
dimension of life and can have serious consequences in terms of
public health costs [10,11].

Many studies have highlighted the relevance of early man-
agement of mTBI to prevent these poor outcomes [12-14]. It is
therefore important to have tools to identify patients at risk of poor
outcome at an early stage, in order to offer them appropriate care.

It is important to highlight the problem of the relevance and
inhomogeneity of these studies: several problems make it difficult
to generalize the conclusions of each. To mention only the most
important ones: the problem of defining mTBI itself, the lack of a
common definition of poor progression, and the tools used for mon-
itoring and classifying patients. An essential element of all these
studies is that the majority of patients with mTBI never consult
and this necessarily biases any statistical conclusion.

There is a debate about the origin of these symptoms: are they
due to brain damage or are they related to individual psycho-
logical factors? Over the past decade, several studies have been
published on this issue. These studies showed that risk factors can
be related to individual characteristics, personal, medical or psy-
chosocial history, the characteristics of the accident itself, and the
environmental context (family, occupational, etc.) [15,16]. To bet-
ter understand this phenomenon, we can draw inspiration from
“biopsychosocial” models.

The biopsychosocial model was first formulated by the psychi-
atrist George Engel [17]. In the biopsychosocial model, illness is
viewed as the result of interaction between a multitude of causal
factors, operating at different levels in different phases of the
disease process. In the biopsychosocial model it is customary to
describe the determinants of the disease process in terms of predis-
posing (pretraumatic), precipitating (traumatic) and perpetuating
factors

The onset and persistence of this symptomatology should there-
fore be considered as the result of a complex interaction between
a person (physical and medical factor) at a given time in their life
(environmental and psychological factors) and the accidental event
(factors related to the accident).

Based on a review of literature, we tried to assemble available
information about prognostic factors for unfavorable outcome after
mTBL

2. Material and methods

A review of literature was performed using following search-
terms on PubMed and Google Scholar: mild traumatic brain injury,
prognostic factor, outcome. Only English articles published in peer
reviewed journals, focusing on prognostic factors after mTBI and
based on a series of at least 100 patients, for the period 1975-2010,
were considered. Following these criteria, 40 articles were ana-
lyzed.

3. Results

For clarity of presentation, we segregated the prognostic factors
into two categories: pre-existing and those related to the accident.

3.1. Pre-existing factors

3.1.1. Gender
Many studies mentioned female gender as a factor for poor prog-
nosis [6,18,19], without confirming it as an independent factor.

3.1.2. Age
The literature is ambiguous and relatively difficult to interpret
with regard to the contribution of the “age” factor to recovery rate.
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Symptoms observed in young children (under eight years of age)
appear to persist for a shorter period of time than in older children
(adolescents). The sports literature reports that adolescent athletes
appear to be particularly vulnerable to persistent symptoms com-
pared to adult athletes, a phenomenon that may be related to the
fact that a young adolescent’s brain is less developed and has fewer
reserves to deal with trauma [20,21]. Although evidence is still
incomplete, some studies indicate that young girls, particularly ath-
letes, generally have more symptoms than their male colleagues
and that these symptoms persist longer [16,20,21]. A number of
publications suggest that advanced age (>65 years) i 1egative
factor [22-24]. Two more recent studies attempting to uevelop pre-
dictive systems also found age to be an important prognostic factor
[25,26].

There were several case series or descriptive studies that sug-
gested that elderly people have poorer recovery after mTBI [22-24].
Unfortunately, none of these studies reported information that
could distinguish disabilities due to the head injury versus other
injuries.

3.1.3. Educational level

Several studies reported educational level to be a reliable pre-
dictor of incomplete recovery (6, 25, 26). It appears that higher
education contributes positively to complete recovery after mTBI.

3.1.4. Personal psychological, societal considerations and
comorbidities

Prospective studies also revealed that pre-injury mental health
problems and previous mTBI significantly increase the risk of per-
sistent symptoms in both adults and children beyond three months
after the initial trauma [16,26-28]. In these publications, men-
tal health problems were defined by psychiatric or psychological
symptoms necessitating treatment by a psychologist or psychia-
trist or use of psychotropic medication, without further details. In a
recent prospective study of 910 patients, van der Naalt et al. showed
that “Emotional distress experienced early after injury, in combi-
nation with a maladaptive coping style and demographic variables
(pre-injury mental health problems and education) were signifi-
cant factors for incomplete recovery.” [26]

In children in particular, family socio-economic status is
reported to be amoderating factor in recovery from mTBI, while his-
tory of hyperactivity and learning disabilities complicate recovery
of activities, but are not associated with more persistent symptoms
over time [28,29].

Higher levels of parental stress were consistently associated
with greater PCS (post-concussion syndrome) across both acute
and late post-injury periods [30]. This may suggest either that
parental stress leads to greater endorsement of PCS by parents,
or alternatively that environmental stress somehow influences the
development or expression of PCS within the child [31,32].

In a paper based on an exhaustive literature review published
by the World Health Organization collaboration center task force
on mild traumatic brain injury in 2004, one of the most powerful
factors was the existence of litigation or compensation issues [13].
Studies that examined the relationship between litigation and/or
compensation issues and slower recovery after mTBI consistently
reported an association between the two. For example, a meta-
analysis of 17 studies found that financial compensation was a
strong risk factor for long-term disability, symptoms and objective
findings after mTBI [36]. Subsequently, Paniak et al. [37,38] found
that compensation-seeking strongly predicted delayed return to
work, more long-term symptoms and greater symptom severity,
independently of mTBI severity.

Comorbid somatic conditions (history of previous head injury
and neurological problems) were also found to be more common
in PCS cases in the study by Ponsford [6] and, in another study,
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pre-existing physical limitations and history of brain illness were
independent predictors of poor outcome after mild head injury
[33].

3.1.5. Alcohol consumption

It is clear that alcohol is an important risk factor for the occur-
rence of injury. However, the role of alcohol as a predictor of poor
prognosis is an under-studied area, and no conclusions can be
drawn as to its importance. Only one study specifically examined
this question in a systematic manner, and concluded that blood
alcohol level testing was performed too selectively to be able to
accurately determine the relationship between blood alcohol con-
centration and outcome at discharge [34]. Alcoholism is likely to
be associated with markers of poor outcome, even in the absence
of injury. However, a high blood alcohol level at presentation to
the emergency department after a head injury appears to be a
marker for a history of problem drinking [35]. Clearly, the ques-
tion of whether alcohol use is a determining factor in outcome after
MTBI deserves further study [13].

3.1.6. Genetic factors

There is limited preliminary evidence from one study [46] that,
in the presence of a positive APOE &4 allele, mTBI may lead to slight
long-term decreases in certain cognitive functions, comparing pre-
and post-mTBI scores. However, these findings need to be repli-
cated, because individuals with positive or negative APOE &4 allele
were not shown to be impaired compared with controls, and the
clinical importance of the cognitive changes was questionable [46].

3.2. Factors related to the accident

No association was found between loss of consciousness and
increased persistent deficits in cognitive functioning after mTBIL.
Concerning post-traumatic amnesia (PTA), the literature is more
ambiguous: several authors found that PTA duration did not pre-
dict long-term PCS, while others reported that acute symptoms had
strong predictive value for the development of PCS. [39-41] Sur-
prisingly, Van der Naalt et al. [26] found that a duration of less than
1 h was associated with worse outcome.

There is some evidence from a phase I study that there is a lower
rate of good recovery as assessed by the GOS (Glasgow outcome
scale) when mTBI is complicated by a focal brain lesion and/or
depressed skull fracture than when such complications are not
present [27,42,43] In a recent review of the literature, Studerus-
Germann et al. pointed out that “from the evaluated diagnostic
approaches to predict PTS after mild traumatic brain injury, DTI
(Diffusion tensor imaging), SWI (Susceptibility weighted imaging),
MRS (MR spectroscopy) and fMRI (functional MRI) (resting-state
condition) seem to have adequate sensitivity and specificity as
predictive diagnostic tools according to the current literature”.
However they advocated larger clinical trials to validate prognostic
applicability and practicability in daily clinical practice [44]. Sev-
eral studies reported that mTBI with an etiology of assault was
associated with worse outcome [18,38].

There is little evidence about the role of biological markers in
predicting the extent or persistence of cognitive impairment after
mTBI. Limited evidence suggests no association between S100B or
S100A1B proteins and subsequent cognitive function [45]. There-
fore, despite the frequent presence of this protein in the early stages
of mTBI, it may not have value as a marker for prolonged cognitive
dysfunction in that population.

The role of severe associated injuries in recovery from mTBI
has not been well studied. One series of patients hospitalized for
mTBI with severe associated injuries suggested poor outcome (only
62% had good outcome at 4-5 years post-injury). However, it was
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unclear whether these residual disabilities were attributable to the
head injury [47].

4. Predictive models

We retrieved four publications that focused on the development
of a prediction model for outcome after mTBI [25,26,48,49].

The study by Stulemeijer et al. [48] comprised 201 patients and
identified absence of premorbid physical problems, low number
and severity of symptoms and post-traumatic stress early after
injury as predictors of good recovery. A score chart for the early pre-
diction of low post-concussional symptoms (favorable outcome) 6
months after mTBI was proposed (AUC 0-73) (Table 1).

The study by Jacobs et al. [25] reported a consecutive series of
patients over a period of 8 years (2,784 patients). Outcome was
assessed at 6 months post-trauma using the Glasgow Outcome
Scale- Extended (GOSE), dichotomized into unfavorable (GOSE
score 1-6) and favorable (GOSE score 7-8). The predictive value of
several variables was determined using multivariate binary logis-
tic regression analysis. Age, extracranial injury and day-of-injury
alcohol intoxication proved to be the strongest outcome predictors.
The presence of facial fractures and the number of hemorrhagic
contusions emerged as predictors of CT abnormalities. The authors
proposed two schemes with equal predictive value: one based on
a modified Injury Severity Score (ISS), alcohol intoxication and age,
and one that also included CT abnormalities and proved superior to
one based on CT abnormalities alone. The “clinical” models demon-
strated the highest predictive values. Combination of clinical and CT
variables (“combination” models) did not improve the performance
of the “clinical” models (Table 2).

Cnossen et al., based on a series of 277 mTBI patients, developed
a prediction model for the RPQ total scale. Thy found that years of
education, pre-injury psychiatric disorder and prior TBI were the
strongest predictors of 6-month post-concussive symptoms. Base-
line demographic and clinical variables were predictive of 6-month
post-concussive symptoms following mTBI, but explained less than
one-fifth of the total variance in outcome. The authors concluded
that model refinement with larger datasets, more granular vari-
ables and objective biomarkers is needed before implementation
in clinical practice [50].

Lingsma et al. [49] aimed to externally validate all available
studies and found that existing prognostic models for mTBI were
unsatisfactory, with risk of model overfit, and suggested that larger
cohorts of patients with more specific predictors for outcome were
required.

Caplain et al. [51] assessed the value of a comprehensive neu-
ropsychological complaints and quality of life evaluation to identify
early prognostic factors for mTBI patients, and to establish short
clinical assessment tools applicable during the early stage of mTBI
for patients liable to develop PCS. They performed a multicen-
ter open prospective longitudinal study that included 72 mTBI
patients and 42 healthy volunteers matched for age, gender and
socioeconomic status. mTBI patients were evaluated 8-21 days
and 6 months after injury, with full neurological and psycholog-
ical examination and brain MRI. At 6 months’ follow-up, patients
were categorized into two subgroups according to the Diagnos-
tic and Statistical Manual of Mental Disorders (DSM-IV) as having
either favorable or unfavorable evolution (UE), corresponding to
the presence of major or mild neurocognitive disorder due to trau-
matic brain injury. Univariate and multivariate logistical regression
analysis demonstrated the importance of patient complaints, qual-
ity of life and cognition in the outcome of mTBI patients, but only
6/23 UE patients were detected early via the multivariate logistic
regression model. Using several variables from each of these three
categories of variables, they built a model that assigned a score
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Table 1
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Stulemeijer et al. Score chart for the early prediction of low post-concussional symptoms 6 months after mild traumatic brain injury.

Premorbid physical comorbidities

-1

Severe post-concussional symptoms within weeks after injury

-1

Severe post-traumatic stress within weeks after injury -2

Total score

Score Observed probabilities Predicted probabilities® Predicted probabilities after bootstrap®
0 0.96 0.95 0.90

-1 0.77 0.80 0.90

-2 0.47 0.50 0.60

>3 0.21 0.15 0.35

If a predictor is scored positively, the given weight needs to be filled in. Subsequently, the scores are added to calculate the “total score”. Using the score chart, the chance
(%) of good recovery for an individual patient can be determined based on this total score.
2 Predicted probabilities of low post-concussional symptoms 6 months after injury based on the multivariate logistic regression analysis (AUC=0.82).

b Predicted probabilities after shrinkage and correction for optimism (AUC=0.73).

Table 2
Jacobs and al. Rules for Predicting Unfavorable Outcome at 6 Months After mTBI.

A. Clinical variables
B. CT characteristics
C. Combined

A=-2.8+0.017xage+0.30xAISH +0.070x1SSe—0.80xalcohol intoxication
B=-1.3+0.58 x number of hemorrhagic contusions +0.52 x presence of facial fracture
C=-2.2+0.018 x age +0.065x1SSe +0.65 x number of hemorrhagic contusions—0.75 x alcohol intoxication

Age in years; ISSe, and AISH in points; alcohol intoxication and presence of facial fracture: 1 present, 0 absent. To calculate the probability of unfavorable outcome the value
of A, B, or C is inserted in the formula: 1=(1+e B or ©), mTBI, mild traumatic brain injury; CT, Computed tomography; AISH, Abbreviated Injury Scale Head score; ISSe,

Injury Severity Scale- Extracranial score.

to each patient for risk of UE. Statistical analyses showed this last
model to be reliable and sensitive, allowing early identification of
patients at risk of developing PCS, with 95.7% sensitivity and 77.6%
specificity.

The difficulty in using this model is that it is based on the results
of neuropsychological tests and assessments that are difficult to
obtain in emergency departments.

Van der Naalt [26] reported a consecutive series of 910 patients
2 weeks after head injury. 764 of these patients (84%) had post-
traumatic complaints and 414 (45%) showed emotional distress. At
6 months after injury, outcome data were available for 671 patients;
complete recovery (GOSE =8) was observed in 373 (56%) patients
and incomplete recovery (GOSE < 7) in 298 (44%). Logistic regres-
sion analyses identified several predictors for 6-month outcome,
including education and age, with significantly greater value for
indicators of emotional distress and coping obtained at 2 weeks
(area under the curve [AUC]=0-79, optimism 0-02; Nagelkerke
R2=0-32, optimism 0-05) than only emergency department predic-
tors at time of admission (AUC=0-72, optimism 0-03; Nagelkerke
R2=0-19, optimism 0-05). Based on these variables, the authors
proposed a nomogram to estimate the probability of complete
recovery at 6 months.

5. Discussion

The present literature review identified several prognostic fac-
tors for unfavorable outcome after mTBI(Table 3).Individual factors
such as age, gender, neuropsychiatric history emerged, but their
value in daily clinical practice is uncertain. The identification of
risk factors might be especially useful for clinical practice when
combined in a prognostic model predicting patients at risk of poor
outcome. The value of having models that combine predictive fac-
tors to predict individual patient outcome is obvious. These models,
although fairly well constructed, are based on single-center series,
have not yet obtained external validation and must therefore be
considered with uncertainty.

It appears that the strongest and most consistent predictors of
poor prognosis are the number, severity and duration of symptoms
present in the first few days following mTBI [21,28,52,53]. To this
end, post-concussion symptom tools and grids make it possible to

Table 3
Summary of prognostic factors for unfavorable outcome after mTBI.

Pre-existing factors
Age
Gender
Education level
Neuropsychological history and medical comorbidities
Previous mTBI
Factors related to the accident
Litigation or compensation issues
Assault
GCS
PTA?
Focal brain lesion
Post-trauma period
High score on the Post-Concussion Symptom Scale OR Rivermead
Post-Concussion Symptoms Questionnaire
Nausea, memory problem, dizziness

“quantify” the relative severity of the initial symptoms and com-
pare them to certain norms in order to judge the risk incurred by the
patient. Two of the most frequently used tools in this context are the
Rivermead Post-Concussion Symptoms Questionnaire (RPQ) [54]
and the Post-Concussion Symptom Scale (PCSS) [55].

The RPQ lists 16 symptoms commonly experienced follow-
ing mTBI. Using a scale ranging from O (no longer a problem) to
4 (severe problem), patients identify symptoms that have been
more of a problem over the previous 24 hours than they were pre-
morbidly. These items’ scores are summed to yield a total score
out of 64. The RPQ has been shown to be a valid measure of PCS,
with high reliability, and has been widely used in PCS research.
Thompson et al. [56], employing receiver-operating characteristics
curve analysis, suggested a total score of > 16 as the optimal cut-off
point for PCS, with 97% sensitivity and 87% specificity. It should be
noted that this study still needs to be replicated in order to establish
generalizability.

The PCSSS is a 97-item PCS checklist composed of common neu-
ropsychological complaints, such as “noise sensitivity” and “trouble
remembering things”, with distractor items. Drawing on symp-
toms related to cognitive, emotional, and somatic disorders, items
are consistent with DSM-IV-TR PCS criteria. Symptom severity is
graded on a 5-point Likert scale, with “A” being never descriptive
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of the patient, and “E” being always descriptive of the patient; scale
points between “A” and “E” are not specifically defined. “A” to “E”
responses were converted to a score of 1-5, and scores of 3 or more
were categorized as endorsement of that particular symptom. This
measure has been used in several PCS studies.

6. Conclusion

It has become clear over the years that the persistence of post-
mTBI symptomatology is the result of complex interaction between
pre-existing factors (related to the person and/or their environ-
ment), accident typology and perpetuating factors. Many studies
have been published on prognostic factors but are not of a high level
of certainty. A number of factors have been proposed and predic-
tive models have been constructed that, although attractive, have
not yet been externally validated. It appears that the strongest and
most consistent predictors are the number, severity and duration of
symptoms present in the first few days after the trauma. It is there-
fore essential to have and use tools that allow accurate recording
of these symptoms and, above all, to monitor their progression.
Patients with poor scores according to these tools require special
attention and appropriate multidisciplinary management.

Disclosure of interest
The authors declare that they have no competing interest.

References

[1] Wood RL. Understanding the “miserable minority”: a diasthesis-stress
paradigm for post-concussional syndrome. Brain Inj 2004;18:1135-53,
http://dx.doi.org/10.1080/02699050410001675906.

[2] Rutherford WH. Sequelae of concussion caused by minor head injuries. Lancet
Lond Engl 1977;1:1-4, http://dx.doi.org/10.1016/s0140-6736(77)91649-x.

[3] Dikmen S, McLean A, Temkin N. Neuropsychological and psychosocial conse-
quences of minor head injury. ] Neurol Neurosurg Psychiatry 1986;49:1227-32,
http://dx.doi.org/10.1136/jnnp.49.11.1227.

[4] Levin HS, Mattis S, Ruff RM, Eisenberg HM, Marshall LF, Tabaddor K, et al.
Neurobehavioral outcome following minor head injury: a three-center study.
J Neurosurg 1987;66:234-43, http://dx.doi.org/10.3171/jns.1987.66.2.0234.

[5] Mittenberg W, Strauman S. Diagnosis of mild head injury and the postconcus-
sion syndrome. ] Head Trauma Rehabil 2000;15:783-91.

[6] Ponsford ], Willmott C, Rothwell A, Cameron P, Kelly AM, Nelms R, et al. Fac-

tors influencing outcome following mild traumatic brain injury in adults. J Int

Neuropsychol Soc JINS 2000;6:568-79.

Ponsford ], Willmott C, Rothwell A, Cameron P, Kelly A-M, Nelms

R, et al. Impact of early intervention on outcome following mild

head injury in adults. J Neurol Neurosurg Psychiatry 2002;73:330-2,

http://dx.doi.org/10.1136/jnnp.73.3.330.

Boake C, McCauley SR, Levin HS, Contant CF, Song ]X, Brown SA,

et al. Limited agreement between criteria-based diagnoses of post-

concussional syndrome. ] Neuropsychiatry Clin Neurosci 2004;16:493-9,
http://dx.doi.org/10.1176/jnp.16.4.493.
[9] Iverson GL. Outcome from mild traumatic brain injury. Curr Opin Psychiatry
2005;18:301-17, http://dx.doi.org/10.1097/01.yc0.0000165601.29047.ae.

[10] Drake Al Gray N, Yoder S, Pramuka M, Llewellyn M. Factors predicting return
to work following mild traumatic brain injury: a discriminant analysis. ] Head
Trauma Rehabil 2000;15:1103-12.

[11] Kristman VL, Coté P, Yang X, Hogg-Johnson S, Vidmar M, Rezai M. Health
care utilization of workers’ compensation claimants associated with mild
traumatic brain injury: a historical population-based cohort study of work-
ers injured in 1997-1998. Arch Phys Med Rehabil 2014;95:5295-302,
http://dx.doi.org/10.1016/j.apmr.2013.08.296.

[12] Paniak C, Toller-Lobe G, Durand A, Nagy J. A randomized trial of two treatments
for mild traumatic brain injury. Brain Inj 1998;12:1011-23.

[13] Carroll Lj, Cassidy JD, Peloso PM, Borg ], von Holst H, Holm L, et al. Prognosis
for mild traumatic brain injury: results of the WHO Collaborating Centre Task
Force on Mild Traumatic Brain Injury. ] Rehabil Med 2004:84-105.

[14] Caplain S, Chenuc G, Blancho S, Marque S, Aghakhani N. Efficacy of Psy-
choeducation and Cognitive Rehabilitation After Mild Traumatic Brain Injury
for Preventing Post-concussional Syndrome in Individuals With High Risk
of Poor Prognosis: A Randomized Clinical Trial. Front Neurol 2019;10:929,
http://dx.doi.org/10.3389/fneur.2019.00929.

[15] Zemek R, Barrowman N, Freedman SB, Gravel ], Gagnon I, McGahern C,
et al. Clinical Risk Score for Persistent Postconcussion Symptoms Among
Children With Acute Concussion in the ED. JAMA 2016;315:1014-25,
http://dx.doi.org/10.1001/jama.2016.1203.

17

[8

Neurochirurgie 67 (2021) 259-264

[16] Silverberg ND, Gardner AJ, Brubacher JR, Panenka W], Li JJ, Iverson GL. System-
atic review of multivariable prognostic models for mild traumatic brain injury.
J Neurotrauma 2015;32:517-26, http://dx.doi.org/10.1089/neu.2014.3600.

[17] Engel GL. The need for a new medical model: a challenge for biomedicine.
Science 1977;196:129-36, http://dx.doi.org/10.1126/science.847460.

[18] Stein MB, Ursano R], Campbell-Sills L, Colpe LJ, Fullerton CS, Heeringa
SG, et al. Prognostic Indicators of Persistent Post-Concussive Symptoms
after Deployment-Related Mild Traumatic Brain Injury: A Prospective Lon-
gitudinal Study in U.S, Army Soldiers. ] Neurotrauma 2016;33:2125-32,
http://dx.doi.org/10.1089/neu.2015.4320.

[19] Booker ], Sinha S, Choudhari K, Dawson ], Singh R. Description of the pre-
dictors of persistent post-concussion symptoms and disability after mild
traumatic brain injury: the SHEFBIT cohort. Br ] Neurosurg 2019;33:367-75,
http://dx.doi.org/10.1080/02688697.2019.1598542.

[20] Davis GA, Anderson V, Babl FE, Gioia GA, Giza CC, Meehan W, et al.
What is the difference in concussion management in children as com-
pared with adults? A systematic review. Br ] Sports Med 2017;51:949-57,
http://dx.doi.org/10.1136/bjsports-2016-097415.

[21] Harmon KG, Drezner J, Gammons M, Guskiewicz K, Halstead M, Herring S,
et al. American Medical Society for Sports Medicine position statement: con-
cussion in sport. Clin J Sport Med Off ] Can Acad Sport Med 2013;23:1-18,
http://dx.doi.org/10.1097/JSM.0b013e3.18275f93.

[22] Amacher AL, Bybee DE. Toleration of head injury by the elderly. Neurosurgery
1987;20:954-8, http://dx.doi.org/10.1227/00006123-198706000-00023.

[23] Pentland B, Jones PA, Roy CW, Miller JD. Head injury in the elderly. Age Ageing
1986;15:193-202, http://dx.doi.org/10.1093/ageing/15.4.193.

[24] Ritchie PD, Cameron PA, Ugoni AM, Kaye AH. A study of the functional out-
come and mortality in elderly patients with head injuries. ] Clin Neurosci
2000;7:301-4, http://dx.doi.org/10.1054/jocn.1999.0198.

[25] Jacobs B, Beems T, Stulemeijer M, van Vugt AB, van der Vliet TM, Borm GF, et al.
Outcome prediction in mild traumatic brain injury: age and clinical variables
are stronger predictors than CT abnormalities. ] Neurotrauma 2010;27:655-68,
http://dx.doi.org/10.1089/neu.2009.1059.

[26] van der Naalt J, Timmerman ME, de Koning ME, van der Horn HJ, Scheenen ME,
Jacobs B, et al. Early predictors of outcome after mild traumatic brain injury
(UPFRONT): an observational cohort study. Lancet Neurol 2017;16:532-40,
http://dx.doi.org/10.1016/S1474-4422(17)30117-5.

[27] Levin HS, Diaz-Arrastia RR. Diagnosis, prognosis, and clinical manage-
ment of mild traumatic brain injury. Lancet Neurol 2015;14:506-17,
http://dx.doi.org/10.1016/S1474-4422(15)00002-2.

[28] McCrory P, Meeuwisse W, Dvofak ], Aubry M, Bailes ], Broglio S, et al. Consensus
statement on concussion in sport-the 5th international conference on concus-
sion in sport held in Berlin October 2016. Br ] Sports Med 2017;51:838-47,
http://dx.doi.org/10.1136/bjsports-2017-097699.

[29] McCrory P, Meeuwisse WH, Aubry M, Cantu B, Dvorak ], Echemendia R], et al.
Consensus statement on concussion in sport: the 4th International Confer-
ence on Concussion in Sport held in Zurich, November 2012. Br J Sports Med
2013;47:250-8, http://dx.doi.org/10.1136/bjsports-2013-092313.

[30] Bernard CO, Ponsford JA, McKinlay A, McKenzie D, Krieser D. Pre-
dictors of post-concussive symptoms in young children: injury versus
non-injury related factors. J Int Neuropsychol Soc JINS 2016;22:793-803,
http://dx.doi.org/10.1017/S1355617716000709.

[31] Ganesalingam K, Yeates KO, Ginn MS, Taylor HG, Dietrich A, Nuss K, et al.
Family burden and parental distress following mild traumatic brain injury in
children and its relationship to post-concussive symptoms. ] Pediatr Psychol
2008;33:621-9, http://dx.doi.org/10.1093/jpepsy/jsm133.

[32] Yeates KO, Taylor HG, Walz NC, Stancin T, Wade SL. The family
environment as a moderator of psychosocial outcomes following trau-
matic brain injury in young children. Neuropsychology 2010;24:345-56,
http://dx.doi.org/10.1037/a0018387.

[33] Thornhill S, Teasdale GM, Murray GD, McEwen ], Roy CW, Penny KI. Disability in
young people and adults one year after head injury: prospective cohort study.
BM] 2000;320:1631-5, http://dx.doi.org/10.1136/bm;j.320.7250.1631.

[34] Kraus JF, Morgenstern H, Fife D, Conroy C, Nourjah P. Blood alcohol tests, preva-
lence of involvement, and outcomes following brain injury. Am J Public Health
1989;79:294-9, http://dx.doi.org/10.2105/ajph.79.3.294.

[35] Dikmen SS, Machamer JE, Donovan DM, Winn HR, Temkin NR. Alcohol use
before and after traumatic head injury. Ann Emerg Med 1995;26:167-76,
http://dx.doi.org/10.1016/s0196-0644(95)70147-8.

[36] Binder LM, Rohling ML. Money matters: a meta-analytic review of the effects
of financial incentives on recovery after closed-head injury. Am ] Psychiatry
1996;153:7-10, http://dx.doi.org/10.1176/ajp.153.1.7.

[37] Paniak C,Reynolds S, Toller-Lobe G, Melnyk A, Nagy ], Schmidt D. A longitudinal
study of the relationship between financial compensation and symptoms after
treated mild traumatic brain injury. ] Clin Exp Neuropsychol 2002;24:187-93,
http://dx.doi.org/10.1076/jcen.24.2.187.999.

[38] Paniak C, Reynolds S, Phillips K, Toller-Lobe G, Melnyk A, Nagy J. Patient com-
plaints within 1 month of mild traumatic brain injury: a controlled study. Arch
Clin Neuropsychol Off ] Natl Acad Neuropsychol 2002;17:319-34.

[39] McCrory PR, Ariens T, Berkovic SF. The nature and duration of acute concussive
symptoms in Australian football. Clin J Sport Med Off ] Can Acad Sport Med
2000;10:235-8, http://dx.doi.org/10.1097/00042752-200010000-00002.

[40] Lovell MR, Iverson GL, Collins MW, McKeag D, Maroon ]JC. Does loss
of consciousness predict neuropsychological decrements after concus-
sion? Clin J Sport Med Off J Can Acad Sport Med 1999;9:193-8,
http://dx.doi.org/10.1097/00042752-199910000-00002.

263


dx.doi.org/10.1080/02699050410001675906
dx.doi.org/10.1016/s0140-6736(77)91649-x
dx.doi.org/10.1136/jnnp.49.11.1227
dx.doi.org/10.3171/jns.1987.66.2.0234
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0305
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0310
dx.doi.org/10.1136/jnnp.73.3.330
dx.doi.org/10.1176/jnp.16.4.493
dx.doi.org/10.1097/01.yco.0000165601.29047.ae
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0330
dx.doi.org/10.1016/j.apmr.2013.08.296
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0340
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0345
dx.doi.org/10.3389/fneur.2019.00929
dx.doi.org/10.1001/jama.2016.1203
dx.doi.org/10.1089/neu.2014.3600
dx.doi.org/10.1126/science.847460
dx.doi.org/10.1089/neu.2015.4320
dx.doi.org/10.1080/02688697.2019.1598542
dx.doi.org/10.1136/bjsports-2016-097415
dx.doi.org/10.1097/JSM.0b013e3.18275f93
dx.doi.org/10.1227/00006123-198706000-00023
dx.doi.org/10.1093/ageing/15.4.193
dx.doi.org/10.1054/jocn.1999.0198
dx.doi.org/10.1089/neu.2009.1059
dx.doi.org/10.1016/S1474-4422(17)30117-5
dx.doi.org/10.1016/S1474-4422(15)00002-2
dx.doi.org/10.1136/bjsports-2017-097699
dx.doi.org/10.1136/bjsports-2013-092313
dx.doi.org/10.1017/S1355617716000709
dx.doi.org/10.1093/jpepsy/jsm133
dx.doi.org/10.1037/a0018387
dx.doi.org/10.1136/bmj.320.7250.1631
dx.doi.org/10.2105/ajph.79.3.294
dx.doi.org/10.1016/s0196-0644(95)70147-8
dx.doi.org/10.1176/ajp.153.1.7
dx.doi.org/10.1076/jcen.24.2.187.999
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0470
dx.doi.org/10.1097/00042752-200010000-00002
dx.doi.org/10.1097/00042752-199910000-00002
01002313
Texte surligné 

01002313
Texte surligné 


Y. Ducos, N. Aghakhani

[41] Iverson GL, Lovell MR, Smith SS. Does briefloss of consciousness affect cognitive
functioning after mild head injury? Arch Clin Neuropsychol Off 2000;15:643-8.

[42] Williams DH, Levin HS, Eisenberg HM. Mild head injury
classification. Neurosurgery 1990;27:422-8, http://dx.doi.org/
10.1097/00006123-199009000-00014.

[43] Carroll LJ, Cassidy JD, Cancelliere C, Coté P, Hincapié CA, Kristman VL, et al.
Systematic review of the prognosis after mild traumatic brain injury in adults:
cognitive, psychiatric, and mortality outcomes: results of the International Col-
laboration on Mild Traumatic Brain Injury Prognosis. Arch Phys Med Rehabil
2014;95:5152-73, http://dx.doi.org/10.1016/j.apmr.2013.08.300.

[44] Studerus-Germann AM, Thiran J-P, Daducci A, Gautschi OP. Diagnostic
approaches to predict persistent post-traumatic symptoms after mild trau-
matic brain injury - a literature review. Int J Neurosci 2016;126:289-98,
http://dx.doi.org/10.3109/00207454.2015.1033620.

[45] de Boussard CN, Lundin A, Karlstedt D, Edman G, Bartfai A, Borg J. S100
and cognitive impairment after mild traumatic brain injury. ] Rehabil Med
2005;37:53-7, http://dx.doi.org/10.1080/16501970410015587.

[46] Sundstrom A, Marklund P, Nilsson L-G, Cruts M, Adolfsson R, Van Broeck-
hoven C, et al. APOE influences on neuropsychological function after
mild head injury: within-person comparisons. Neurology 2004;62:1963-6,
http://dx.doi.org/10.1212/01.wnl.0000129268.83927.a8.

[47] Dunn LT, Patterson M, Boot DA. Head injury in the severely injured:
long-term follow-up in 157 patients. Br J Neurosurg 2000;14:219-24,
http://dx.doi.org/10.1080/026886900408397.

[48] Stulemeijer M, van der Werf S, Borm GF, Vos PE. Early prediction of favourable
recovery 6 months after mild traumatic brain injury. ] Neurol Neurosurg Psy-
chiatry 2008;79:936-42, http://dx.doi.org/10.1136/jnnp.2007.131250.

[49] Lingsma HF, Yue JK, Maas AIR, Steyerberg EW, Manley GT. TRACK-TBI Inves-
tigators. Outcome prediction after mild and complicated mild traumatic

Neurochirurgie 67 (2021) 259-264

brain injury: external validation of existing models and identification of new
predictors using the TRACK-TBI pilot study. ] Neurotrauma 2015;32:83-94,
http://dx.doi.org/10.1089/neu.2014.3384.

[50] Cnossen MC, Winkler EA, Yue JK, Okonkwo DO, Valadka A, Steyerberg EW,
et al. Development of a prediction model for post-concussive symptoms fol-
lowing mild traumatic brain injury: a Track-Tbi pilot study. ] Neurotrauma
2017, http://dx.doi.org/10.1089/neu.2016.4819.

[51] Caplain S, Blancho S, Marque S, Montreuil M, Aghakhani N. Early detec-
tion of poor outcome after mild traumatic brain injury: predictive factors
using a multidimensional approach a pilot study. Front Neurol 2017;8:666,
http://dx.doi.org/10.3389/fneur.2017.00666.

[52] Hiploylee C, Dufort PA, Davis HS, Wennberg RA, Tartaglia MC, Mikulis D, et al.
Longitudinal study of postconcussion syndrome: not everyone recovers. ] Neu-
rotrauma 2017;34:1511-23, http://dx.doi.org/10.1089/neu.2016.4677.

[53] Committee on sports-related concussions in youth, board on children, youth,
and families, institute of medicine, national research council. sports-related
concussions in youth: improving the science. In: Changing the Culture. Wash-
ington (DC): National Academies Press (US); 2014.

[54] King NS, Crawford S, Wenden FJ, Moss NE, Wade DT. The rivermead post
concussion symptoms questionnaire: a measure of symptoms commonly
experienced after head injury and its reliability. ] Neurol 1995;242:587-92,
http://dx.doi.org/10.1007/bf00868811.

[55] Sady MD, Vaughan CG, Gioia GA. Psychometric characteristics of the post-
concussion symptom inventory in children and adolescents. Arch Clin
Neuropsychol Off 2014;29:348-63, http://dx.doi.org/10.1093/arclin/acu014.

[56] Thompson C, Davies P, Herrmann L, Summers M, Potter S. Approaches to estab-
lishing validated cut-off scores on the Rivermead Post Concussion Symptoms
Questionnaire (RPQ). Brain Inj 2016;30:770.

264


http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0485
dx.doi.org/10.1097/00006123-199009000-00014
dx.doi.org/10.1097/00006123-199009000-00014
dx.doi.org/10.1016/j.apmr.2013.08.300
dx.doi.org/10.3109/00207454.2015.1033620
dx.doi.org/10.1080/16501970410015587
dx.doi.org/10.1212/01.wnl.0000129268.83927.a8
dx.doi.org/10.1080/026886900408397
dx.doi.org/10.1136/jnnp.2007.131250
dx.doi.org/10.1089/neu.2014.3384
dx.doi.org/10.1089/neu.2016.4819
dx.doi.org/10.3389/fneur.2017.00666
dx.doi.org/10.1089/neu.2016.4677
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0545
dx.doi.org/10.1007/bf00868811
dx.doi.org/10.1093/arclin/acu014
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560
http://refhub.elsevier.com/S0028-3770(20)30343-X/sbref0560

	Prognostic factors for unfavorable outcome after mild traumatic brain injury. A review of literature
	1 Introduction
	2 Material and methods
	3 Results
	3.1 Pre-existing factors
	3.1.1 Gender
	3.1.2 Age
	3.1.3 Educational level
	3.1.4 Personal psychological, societal considerations and comorbidities
	3.1.5 Alcohol consumption
	3.1.6 Genetic factors

	3.2 Factors related to the accident

	4 Predictive models
	5 Discussion
	6 Conclusion
	Disclosure of interest
	References


