Cedric Gil-Jardine 
  
MD Stéphanie Hoareau 
  
MD Guillaume Valdenaire 
  
MSc Benjamin Contrand 
  
MD PhD Louis-Rachid Rachid Salmi 
  
MD Françoise Masson 
  
MD MSc Eric Tellier 
  
Regis Ribereau-Gayon 
  
MD Philippe Revel 
  
Emmanuel Lagarde 
  
MD MSc Cédric Gil-Jardiné 
  
MD Régis Ribéreau-Gayon 
  
Stress and lasting symptoms following injury: Results from a 4-month cohort of trauma patients recruited at the emergency department

Keywords: Emergency department, injury, stress, post-concussion syndrome, post-traumatic stress disorder

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Tens of millions of people worldwide suffer from minor injuries and many of these individuals are admitted to an emergency department (ED) [1]. Each year, this represents approximately 5 million ED admissions in France and nearly 40 million across Europe [START_REF] Eurosafe | Injuries in the European Union, Report on injury statistics 2008-2010[END_REF].

More than 90% of patients who present at an ER for a minor injury will be discharged within a few hours and do not require hospitalization [START_REF] Eurosafe | Injuries in the European Union, Report on injury statistics 2008-2010[END_REF]. However, recent research suggests that up to 20% of such patients will suffer from non-specific chronic conditions for the subsequent several months [START_REF] Davis | Self-perception in mild traumatic brain injury[END_REF][START_REF] De Leon | Baseline predictors of fatigue 1 year after mild head injury[END_REF][START_REF] Friedland | Function after motor vehicle accidents: a prospective study of mild head injury and posttraumatic stress[END_REF][START_REF] Mclean | Health status, not head injury, predicts concussion symptoms after minor injury[END_REF][START_REF] Stovner | Headache after concussion[END_REF]. These conditions can include symptoms such as headache, concentration difficulties, memory loss, intolerance of stress, change in personality, and irritability [START_REF] Laborey | Specificity of postconcussion symptoms at 3 months after mild traumatic brain injury: results from a comparative cohort study[END_REF], which, in combination, often lead to significant impairments in quality of life, fewer social and family activities, and delayed return to work or to school. If the available results are representative of an entire population, then up to 1 million people in France alone have been affected by this significant and unrecognized public health burden.

In particular, these symptoms co-occur in the context of mild traumatic brain injury (MTBI), which has been identified as post-concussion syndrome (PCS) [9]. However, several studies have suggested that the symptoms encompassed by this syndrome are not specific to MTBI and may manifest as a consequence of any type of traumatic event [START_REF] Lagarde | Association of symptoms following mild traumatic brain injury with posttraumatic stress disorder vs. postconcussion syndrome[END_REF]. Another striking characteristic of these symptoms is that they appear to be more frequent when the traumatic event was stressful. For example, several of these symptoms (e.g., sleeping disorders, irritability, and trouble concentrating) are also listed as components of the hyperarousal and numbing dimensions of post-traumatic stress disorder (PTSD) in the Diagnostic and Statistical Manual of Mental Disorders, Fifth edition (DSM-V)[DSM-V; 10]. Moreover, in addition to the stress associated with the MTBI event itself, patients may experience stressful events during their ED stay. For example, a recent study of 474 patients found that the evaluation of a potentially life-threatening cardiac event in the ED is associated with subsequent post-traumatic stress symptoms [START_REF] Chang | Perceived clinicianpatient communication in the emergency department and subsequent post-traumatic stress symptoms in patients evaluated for acute coronary syndrome[END_REF]. However, data supporting the effects of nonspecific stress-related consequences remain scarce. Thus, the present longitudinal observational study of patients who were admitted to the ED of Bordeaux University Hospital for a minor injury was conducted to determine the correlates of symptoms that persisted at 4 months after the ED visit and, in particular, to evaluate the associations of these symptoms with self-reported stress levels at ED admission and discharge.

Methods

Study design and settings

This prospective observational study evaluated patients who presented at the ED of Bordeaux University Hospital, which serves both rural and urban areas that include a total of 1.4 million inhabitants, for a minor injury over 3 weeks from February 24 th to March 15 th , 2015.

Clinicians interviewed patients who had recently been admitted for a minor trauma prior to their medical examination and recorded the general health conditions and current stress levels of each patient. At the end of the ED stay, the same physician interviewed the patient again.

Approximately 4 months after the ED stay, a physician contacted each participant by phone to assess the occurrence of symptoms that are listed as components of PCS according to the definitions of the International Classification of Diseases, 10th Revision (ICD-10) [START_REF]Troubles mentaux et troubles du comportement : descriptions cliniques et directives pour le diagnostic[END_REF], Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition Text Revision (DSM-IV-TR) [9], and Rivermead Post-concussion Symptoms Questionnaire [START_REF] King | The Rivermead Post Concussion Symptoms Questionnaire: a measure of symptoms commonly experienced after head injury and its reliability[END_REF] as well as symptoms listed as part of PTSD according to the DSM-IV-TR.

Participants

The present study included all patients ≥ 18 years of age who were able to answer the interviewer (Glasgow Coma Score = 15 when interviewed) and had been admitted in the first 24 hours after an injury. Patients who required medical attention in the operating room or the critical care unit were excluded.

Data collected

Using a numerical scale ranging from 0-10, all participants were asked to describe their stress levels, expectation for recovery, and whether they felt overwhelmed by the events at the ED both at admission and at discharge. In the admission questionnaire, the participants were also asked to rate their overall health condition just prior to the event and in the previous 1 year using a 5-point Likert scale. The participants were also asked whether they had experienced any concentration problems, sleeping disorders, loss of energy, or need for anxiolytics in the past 12 months. These four items were selected because they are predictive of symptoms listed as components of post-concussion-like symptoms (PCLS) [START_REF] Laborey | Specificity of postconcussion symptoms at 3 months after mild traumatic brain injury: results from a comparative cohort study[END_REF]. Upon discharge, the participants were also asked to rate their level of satisfaction with the ED care they were provided.

The third quartile of the self-reported stress scale distribution was used to define the 'stressed' population at each stage of the study (admission and discharge). Subsequently, these two variables were used to classify further the participants into three categories: those who were never stressed, those who were stressed at admission only, and those who were stressed at discharge irrespective of their stress status at admission. Several attempts were made to contact all participants by phone 4 months after ED admission using the phone number provided by the patient to assess the following nine symptoms based on the DSM-IV-TR definition for PCLS [9]: headache, dizziness, personality change, sleeping disorders, tiredness, irritability, depression, anxiety, and lack of spontaneity. PCLS was defined as the presence of at least three of these symptoms and the same definition was applied to all participants, including those with non-head injuries. Thus, the term 'PCLS' will be applied hereafter to patients even when the injury was not a head injury.

The following 14 symptoms included in the DSM-IV-TR definition for PTSD were also selected for assessment [9]: intrusion symptoms (reliving the event through upsetting thoughts, nightmares, or flashbacks and/or having very strong mental and physical reactions when reminded of the event), avoidance (avoiding activities, thoughts, feelings, or conversations that remind the person of the event; feeling numb to one's surroundings; and/or being unable to remember details of the event), negative alterations in cognition and mood (loss of interest in important activities, feeling alone, being unable to have normal emotions, or feeling that there is nothing to look forward to in the future), alterations in arousal and reactivity (feeling that one can never relax and must be on guard all the time to protect oneself, trouble sleeping, feeling irritable, overreacting when startled, angry outbursts, or trouble concentrating), and functional significance and exclusion. A diagnosis of PTSD required that one or more symptoms from each of these categories be present for at least 1 month and that the symptom or symptoms seriously interfered with leading a normal life.

Statistical analysis

Univariate analyses were performed to evaluate the associations between PCLS and the risk factors using Student's t-tests for continuous variables and Chi-square tests for categorical variables. Variables with a p-value < 0.20 were selected for the multivariate logistic analysis. Subsequently, all significant variables (p < 0.05) and confounders (variation of β > 20%) were selected using a manual step-by-step backwards selection process and then the odds ratios (OR) and 95% confidence intervals (95% CI) were estimated. Then, interactions between independent variables that were kept in the final model were tested. Additionally, sensitivity analyses were performed by changing the cut-off for the stress definition and stratifying the analysis according to location of the injured body part. All data were analyzed using SAS Software (v9.4, SAS Institute Inc©; North Carolina, USA)

Results

Of the 296 ED patients who provided self-assessments of stress at both admission and discharge, 103 could not be contacted at 4 months and, therefore, the present study included a total of 193 patients. Patients who were lost to follow-up did not differ from the patients who were contacted in terms of sex, age, injury location, stress levels, or health condition. The only significant difference between these two groups was in terms of satisfaction such that patients lost to follow-up were more likely to be unsatisfied (p = 0.03).

The third quartile of the stress scale distribution provided a threshold of '4' as a definition for the status of 'stressed' for the present study. Accordingly, 28.0% and 17.6% of ED patients were stressed at admission and discharge, respectively. Additionally, 25.9% and 19.2% of patients reported being overwhelmed by events at admission and discharge, respectively. These two variables were highly associated with self-reported stress levels beyond the first quartile threshold (p < 0.001 at admission and at discharge).

Overall, 24.5% of the participants had PCLS at 4 months. The proportions of PCLS and PTSD are presented according to patient characteristics (Tables 1 and2), ED stay experience, and stress levels (Table 3 for questions asked during ED stay and Table 4 for questions asked at 4 months). A multivariate analysis (Table 5) revealed an association between PCLS and stress at discharge from the ED (OR: 2.85, 95% CI: 1.10 -7.40). Additionally, patients who expected a good chance of recovery and reported no loss of energy in the past 12 months were significantly more likely to report PCLS 4 months later. The impact of stress level at discharge on the risk of PTSD was the only correlate, albeit a very strong correlate, of PTSD (OR: 32.58, 95% CI: 3.65-290.90). A sensitivity analysis (Table 6) did not reveal any significant variations in these estimates when potential confounders, including sex, age, selfestimated chance of recovery, body part of the injury, injury type, and stress at admission, were introduced to the models.

Discussion

Main findings

The present longitudinal observational study evaluated patients who presented to the ED for a minor injury and were then contacted 4 months later for a self-assessment of their health status. The present results showed that the risks of PCLS and PTSD at 4 months post-injury increased with the level of stress at discharge but not at admission.

Strengths and weaknesses

To the best of our knowledge, this study is the first to investigate the impact of self-reported stress throughout one's stay at the ED on symptoms related to PCLS and PTSD at 4 months post-injury. Based on the typical attendance statistics of the ED at Bordeaux University Hospital, approximately 75% of eligible patients were included in this study. However, this should be considered a rough estimate because it was not possible to collect data from all potentially eligible patients due to the complex patient-flow times and spatial environment. Of the recruited patients, 35% were lost to follow-up but exhibited the same characteristics as the patients who were contacted 4 months later, except for satisfaction regarding their stay at the ED. However, it is unlikely that this difference biased the present results as there was no association between self-reported stress levels and satisfaction.

Although several tools have been designed and validated for the assessment of chronic cumulative stress, no such instruments for measuring acute stress at a given timepoint are currently available. The Stanford Acute Reaction Stress Questionnaire (SARSQ) [START_REF] Cardeña | Psychometric properties of the Stanford Acute Stress Reaction Questionnaire (SASRQ): a valid and reliable measure of acute stress[END_REF] is one of the few instruments that is focused on acute stress but this measure must be administered 3-5 days after the event and, therefore, could not be used in the present study. A previous study has validated the use of a 5-point Likert scale for this purpose [START_REF] Hampel | Perceived stress, coping, and adjustment in adolescents[END_REF] but it was assumed for the present study that this number of levels would be insufficient to identify variations in stress over such a short period of time. Consequently, the patients were asked to describe their current level of stress using a 10-point numerical scale at both admission and discharge. The difference in the number of levels on the scale is likely not to have influenced the validity of this tool. In fact, there was a strong and consistent association between this measure and responses regarding whether the patients felt overwhelmed by the current events.

Recent studies, including one that assessed 1361 injury patients, have suggested that PCLS may not be specific to MTBI [START_REF] Lagarde | Association of symptoms following mild traumatic brain injury with posttraumatic stress disorder vs. postconcussion syndrome[END_REF]. However, even though the present authors believe that this syndrome should be renamed with no reference to the location of the injured body part, the DSM-IV-TR definition of PCLS was used in the present study so as to be consistent with previous studies. The self-reported stress levels of the ED patients were likely to have depended on several factors, including injury severity, the mental health and anxiety levels of each patient, ED affluence (stress contamination between patients), context of care delivery, duration of stay, and quality of attention provided by caregivers. Although several of these factors were accounted for in the present analyses (e.g., mental vulnerability and injury severity), it was not possible to isolate all, if any, of the components of the stress triggers that may have influenced the potential long-term consequences of the participants.

Interpretation

The present study identified strong associations between self-reported stress at discharge and PCLS and PTSD at 4 months post-injury, which is interesting because these findings indicate that the early management of stress may prevent, at least in part, a very significant component of the public health burden. A multivariate analysis also revealed that loss of energy and treatment for anxiety in the year prior to ED admittance were associated with PCLS. This finding suggests that people with anxiety and mood disorders may have an increased risk of long-lasting post-traumatic symptoms, which has been previously observed in cases of military-related MTBI [START_REF] Lange | Factors influencing postconcussion and posttraumatic stress symptom reporting following militaryrelated concurrent polytrauma and traumatic brain injury[END_REF] and in trauma patients admitted to the ED [START_REF] Meares | The prospective course of postconcussion syndrome: the role of mild traumatic brain injury[END_REF]. The prevalence of PCLS in the present study was similar to that reported in previous MTBI studies [START_REF] Laborey | Specificity of postconcussion symptoms at 3 months after mild traumatic brain injury: results from a comparative cohort study[END_REF][START_REF] Lagarde | Association of symptoms following mild traumatic brain injury with posttraumatic stress disorder vs. postconcussion syndrome[END_REF][START_REF] Meares | The prospective course of postconcussion syndrome: the role of mild traumatic brain injury[END_REF][START_REF] Savola | Early predictors of post-concussion symptoms in patients with mild head injury[END_REF][START_REF] Alexander | Mild traumatic brain injury: pathophysiology, natural history, and clinical management[END_REF][START_REF] Bohnen | Post-traumatic and emotional symptoms in different subgroups of patients with mild head injury[END_REF][START_REF] Evans | The postconcussion syndrome and the sequelae of mild head injury[END_REF]. This indicates that these symptoms, which are described in the DSM-IV-TR as PCLS [9], are likely to be related to all injury events, as previously suggested by several authors [START_REF] Lagarde | Association of symptoms following mild traumatic brain injury with posttraumatic stress disorder vs. postconcussion syndrome[END_REF][START_REF] Fear | Symptoms of post-concussional syndrome are non-specifically related to mild traumatic brain injury in UK Armed Forces personnel on return from deployment in Iraq: an analysis of self-reported data[END_REF][START_REF] Cooper | Association between combat stress and post-concussive symptom reporting in OEF/OIF service members with mild traumatic brain injuries[END_REF], as well as other stressful non-injury medical events.

The screening of individuals who are most at-risk for PCLS using tools such as the Whittaker prediction model [START_REF] Whittaker | Illness perceptions and outcome in mild head injury: a longitudinal study[END_REF] or lists of simple symptoms [START_REF] Babcock | Predicting postconcussion syndrome after mild traumatic brain injury in children and adolescents who present to the emergency department[END_REF][START_REF] Ganti | Who gets postconcussion syndrome? An emergency department-based prospective analysis[END_REF] has been proposed for brain injury patients. The present results suggest that this proposal could be extended to non-head injury patients and that self-assessed stress levels should be included in the scoring systems of screening tools. However, the actual predictive performance of these tools and symptoms remains to be tested. The present results also suggest that stress during an ED stay may play a causal role in the risks of PCLS and PTSD. However, further studies will be necessary to determine whether addressing stress levels in the early stages after an event could impact long-term health. Interventions proposed for the prevention of PTSD [START_REF] Haagen | The efficacy of recommended treatments for veterans with PTSD: A metaregression analysis[END_REF][START_REF] Van Den Berg | Prolonged exposure vs eye movement desensitization and reprocessing vs waiting list for posttraumatic stress disorder in patients with a psychotic disorder: a randomized clinical trial[END_REF][START_REF] Greenberg | Latest developments in post-traumatic stress disorder: diagnosis and treatment[END_REF], such as eye movement desensitization and reprocessing (EMDR) and cortisol treatments, should be tested as ED-based early prevention tools. Based on the present findings, our research group conducted a pilot study that successfully assessed the impact of an early EMDR session on PCLS after an ED visit [START_REF] Gil-Jardiné | Emergency room intervention to prevent post concussion-like symptoms and post-traumatic stress disorder. A pilot randomized controlled study of a brief eye movement desensitization and reprocessing intervention versus reassurance or usual care[END_REF] and designed a larger bicentric randomized controlled trial that has recently ended [START_REF] Gil-Jardiné | Prevention of post-concussion-like symptoms in patients presenting at the emergency room, early single eye movement desensitization, and reprocessing intervention versus usual care: study protocol for a two-center randomized controlled trial[END_REF]. Screening tools that can aid in the selection of candidates for these interventions can be designed based on the available results of prospective cohorts of injured patients, such as the cohort built for the present study.

Conclusions

Minor injuries constitute the basis of a significant number of ED visits. The present study found that the risks of PCLS and PTSD at 4 months post-injury increased with the level of self-reported stress at discharge but not at admission. These results suggest that early interventions in the ED have the potential to improve the quality of life of patients who may be at a high risk of PCLS and PTSD several months later. The next step will be to identify the best interventions for lowering stress and arousal levels in the ED and then conduct a randomized controlled trial to evaluate the feasibility and efficacy of these interventions on symptoms at 4 months after the injury. 

Table 3 .

 3 Patient ED experiences and PTSD and PCLS at 4 months.

		N	PTSD (%)	p value	PCLS (%)	P value
	Self-estimated chances of recovery at admission	< 0.05		< 10 -2
	≥ 9 142	2.8		19.0
	< 9	49	10.2		38.8
	Self-estimated chances of recovery at discharge	NS		NS
	≥ 9 149	4.0		22.2
	< 9	42	9.5		30.9
	Overwhelmed by events as reported at admission	< 10 -2		< 10 -2
	< 4 142	1.4		19.0
	≥ 4	48	14.5		39.6
	Overwhelmed by events as reported at discharge	< 10 -4		< 10 -3
	< 4 155	0.7		18.7
	≥ 4	37	21.6		47.4
	Stress at admission			< 10 -2		< 10 -2
	< 4 138	1.5		18.1
	≥ 4	54	13.0		37.0
	Stress at discharge			< 10 -4		< 10 -4
	< 4 159	1.3		18.9
	≥ 4	34	23.5		50.0
	Time since admission			NS		NS
	< 100 min	57	7.0		28.1
	100 to 149 min	49	6.1		20.4
	150 to 199 min	34	0.0		17.6
	200 min	53	5.7		28.3
	Satisfied by ED stay			NS*		NS*
	No	23	8.7		21.7
	Yes 170	4.7		24.7

Table 4 .

 4 Questions asked at 4 months and PTSD and PCLS at 4 months.

		N	PTSD (%)	p value	PCLS (%)	P value
	4-month variables				
	Is there anything that you can't do anymore because of the symptoms following your accident?	< 10 -4		< 10 -4
	No 123	1.6		16.3
	Yes	37	21.6		70.3
	No symptoms	33	0.0		0.0
	Work stoppage			NS		NS
	No	95	4.2		22.1
	Yes	78	6.4		29.5
	No occupation	20	5.0		15.0
	Health condition as compared to before the event	< 10 -2		NS
	Much better	21	0.0		14.3
	Better	30	6.7		26.7
	Almost identical	98	2.0		19.4
	Worse	36	8.3		33.3
	Much worse	8	37.5		50.0
	Satisfied by ED stay			NS		NS
	No	34	11.8		29.4
	Yes 159	3.7		23.3

Table 5 .

 5 Multivariate logistic models of the predictors of PTSD and PCLS at 4 months.

		PTSD*	PCLS*
	OR	95% CI	OR 95% CI

Table 6 .

 6 Multivariate analysis of the factors associated with PTSD and PCLS: Results from a logistic regression adjusted for potential confounders and the sensitivity analysis.Model 1: adjusted for sex and self-estimated chances of recovery at admission Model 2: adjusted for age and self-estimated chances of recovery at admission Model 3: adjusted for body part and self-estimated chances of recovery at admission Model 4: adjusted for injury type and self-estimated chances of recovery at admission Model 5: adjusted for stress at admission and self-estimated chances of recovery at admission

		PTSD	PCLS
	OR	95% CI	OR 95% CI
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