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Background: The terrorist attack at Westminster Bridge on March 22nd, 2017 impacted on French high school students on a school trip in London. This terrorist attack was claimed by the Islamic State. The aim of the study was to assess the mental health consequences of the attack on the French adolescents who were directly exposed (criteria A for Post-Traumatic Stress Disorder, PTSD). This involved three dimensions, namely: (1) clinical; (2) epidemiological; and (3) prevention and therapeutic.

Material and Method: The investigation was the first observational step of AVAL (Adolescents Victimes de l'Attentat de Londres) study, a cohort monitoring project and it was then a monocentric, cross sectional, non interventional survey, at only one-year post-trauma. The study was carried out utilizing self- and clinician-administered questionnaires. Volunteers from the medico-psychological emergency unit provided support for these victims during the study protocol.

Results: From the target population (n = 53), 39 adolescents (73.6%) agreed to participate, with a median age 16.9 years. 12 months after the attack, 25.6% of teenagers suffered from current PTSD (p < 0.0001). Those with, vs. without, PTSD showed several significant differences: (1) heightened levels of major depressive episodes (p = 0.0266) and suicidality (p = 0.0164); (2) increased substance use, including tobacco (p = 0.0284) and cannabis (p = 0.0449); and (3) impaired functioning in school (p = 0.0203), social (p < 0.0001) and family (p < 0.0001) settings. Sixty four percentage of directly exposed teenagers also had a current psychiatric disorder other than PTSD.

Discussion: The heightened levels of PTSD, psychiatric disorders, and substance use at 12 months highlight the importance of early intervention in adolescents exposed to terrorist-linked potentially traumatic events.

Keywords: terrorism, Post-Traumatic Stress Disorder, adolescent psychiatry, teenagers (adolescence), trauma


BACKGROUND

On March 22nd, 2017, a terrorist attack occurred in the district of Westminster in London, United Kingdom. The Islamic State claimed responsibility for this attack, which was the first in a series of five attacks in the UK in 2017, four of which occurred in London.

The March 2017 terrorist attack resulted in 6 fatalities (including the attacker), with 50 being injured, including 3 French high school students who were part of a larger party on a school trip. These French teenagers were present on Westminster Bridge, when the terrorist's car sped along the bridge and pavement, hitting pedestrians indiscriminately. These adolescents constitute the target population of this study. All of these teenagers were repatriated to France the following day, except for the three injured ones. The medico-psychological emergency unit was deployed to their school in order to provide psychosocial support for the children and their families. This attack had a large media coverage in the UK, but the French victim's high school protected them from media exposure.

Exposure to a traumatic event in childhood or adolescence can have a variety of consequences, ranging from relatively mild to serious, including long-term repercussions (1). Age seems a relevant modulator of the psychological consequences of trauma exposure, with regressive behaviors more prevalent in children aged 5 years and under, whilst school and attention disorders being more evident in children aged 6–11 years. Adolescents, aged 12–18 years, seem to have similar responses to adults (2, 3). A systematic review (4) of epidemiological studies among child and adolescent survivors of disasters between 1987–2011, showed a Post-Traumatic Stress Disorder (PTSD) rate, according to DSM IV (5), ranging from 1–60%, with depression being the second most commonly observed psychiatric diagnosis. Much of the variance in the emergence of PTSD arises from diverse nature of the experienced traumas, which included earthquakes, tsunamis, hurricanes and floods, as well as attacks. The importance of the nature of the trauma is highlighted by data in trauma-experiencing adults (6), which emphasizes the importance of intentional vs. non-intentional, usually human-induced vs. natural. This review showed the median prevalence of PTSD in the intentional trauma category to increase from 11.8% at 1-month post-trauma to 23.3% at 12 months, in contrast to the decrease over time following a natural trauma. A WHO systematic review and meta-analysis of 96 studies (7), with a robust methodology, estimated the age-standardized prevalence for PTSD to be elevated in conflict-affected populations (15.3% [9.9–23.5]).

As well as variance arising from age and disaster origin, the psychological disorders arising from trauma can be diverse (2, 3, 8, 9), including depression, anxiety, and somatic disorders, as well as substance abuse (10–12). Several risk and protective factors of PTSD, including pre-, peri- and post-traumatic factors, have also been identified. A meta-analysis (13) focusing on children and adolescents, aged 6–18 years, across 64 studies, revealed “subjective peri-trauma factors” (peri-traumatic distress and dissociation, perceived life threat) and “post event factors” (low social support, comorbid psychological problem, poor family functioning) to be relevant modulators of PTSD development.

This study aimed to investigate the mental health impact at one-year post-trauma arising from the terrorist attack that occurred in London on March 22nd, 2017 in a group of directly exposed French teenagers. The study looked at a number of factors, including: (1) clinical, namely the prevalence of PTSD and other psychological/psychiatric disorders, as well as changes in social, family and school functioning; (2) epidemiological, whereby risk factors were identified for the development of PTSD or other disorders and define the adolescents who received care, one year after the event; (3) preventive and therapeutic implications.



MATERIALS AND METHODS


Design of the Study

The investigation was the first observational step of AVAL (Adolescents Victimes de l'Attentat de Londres) study, a cohort monitoring project. So, it was a first description of a series of investigations of a follow up of 53 French school teenagers, directly exposed to the terrorist attack in London on March 22nd, 2017 and then a prospective, monocentric, cross-sectional, non-interventional study, supported by a health cooperation group “Groupement de Cooperation Sanitaire HospiBrest”, which included the civilian university hospital and the military hospital of the city of Brest in France. The study took place ~1 year after the traumatic event, with recruitment occurring between March 14th, 2018 and April 13th, 2018. The design of the AVAL study has been detailed previously (14) and the evaluation consisted of both self-assessment questionnaires and clinician administered questionnaires, with research of exhaustiveness in the recruitment of participants, by going to students in their school. The security of the assessment was sought with the continuous presence of volunteers from the departmental medico-psychological emergency unit and only a single investigator for the clinician -administered questionnaires, with the supervision of two senior doctors.



Inclusion Criteria

All study participants were teenagers, schooled in a French high school (near the city of Brest), and were directly exposed to the terrorist attack on Westminster Bridge in London, on March 22nd, 2017. Their direct exposure satisfied criterion A for PTSD in DSM 5 (15).



Exclusion Criteria

School teenagers with no direct sensory exposure to the trauma were excluded, including the three high school students physically injured and high school students absent from the place of the attack. Teachers, accompanying adults and family/friends were also excluded. Preventive information, about trauma and therapy options, were given to all those directly or indirectly linked to the event but satisfying exclusion criteria.



Clinical Data

The clinical evaluation was divided into two parts, each ~1 h long, comprising of self-administered questionnaires and clinician-administered questionnaires. The difficulty of event recall during such data collection was eased by the constant presence of volunteers from the departmental medico-psychological emergency unit.


Self-Administered Questionnaires

The self-administered questionnaires were used to collect socio-demographic information, risk and protective factors, as well as self-perceived consequences on school, social and family functioning and attendance at the trauma clinic. The self-questionnaire booklet therefore included (13): (1) socio demographics questions (age, sex, grade in school, social-economic level of parents or legal guardians, ethnic origin), (2) Life Event Checklist for DSM-5(LEC-5) (16), a list of difficult life events prior to the attack and (3) Adolescents Life-Change Events (ALCES) (17), in order to explore the potential risk factors for PTSD; (4) Sheehan Disability Scale (SDC) (18, 19), to measure the impact of psychiatric conditions on daily life, (5) Social Provision Scale-Short form (20), to assess the declared and perceived quality of social support received by the subject, (6) School and family resources close-ended questions and (7) School performances close-ended questions, to assess aspects of wider functioning; (8) Post-traumatic stress disorder Check-List for DSM-5 (PCL-5) (21) and Peritraumatic Distress Inventory(PDI) (22) to identify PTSD symptoms and peritraumatic emotional distress reactions.

The PCL is long-established questionnaire (23), used as a screening and diagnostic tool, that measures PTSD severity as well as prevalence in some studies (24). PCL has recently been revised and adapted to satisfy DSM-5 criteria, with high reliability and validity between PCL and PCL-5 (25). Consequently, PCL-5 was utilized in the current investigation, including the recommended PTSD diagnostic cut-off (21, 24). This allowed the division of the study participants into two groups (with or without PTSD), thereby allowing an evaluation of PTSD prevalence in this study population.



Clinician-Administered Questionnaires

Clinical and epidemiological data collected by the self-administered questionnaires were supplemented by: (1) The creation of a genogram over 3 generations to explore the history of personal and family mental illness; (2) The Mini International Neuro-psychiatric Interview for children and adolescents (M.I.N.I Kid 7.0.2), to investigate a broad range of psychiatric disorders (26); (3) Closed-ended question pertaining to the use of psychoactive substances, especially cannabis, tobacco, and alcohol use; (4) World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) to assess functional impairment (5); (5) Details of psychological and medical care following the attack to explore the healthcare pathways followed by the participants, including the type of care received.




Ethical Concerns

The study was carried out in accordance with ethical principles for medical research involving humans (WMA, Declaration of Helsinki). The ethical research committee, the West IV Comité de Protection des Personnes (Nantes, France), approved the protocol version 1.0 of 26.12.2017 and its annexes 1 to 2, on February 13, 2018 (IdRCB n°2017- A03646-47; ClinicalTrials.gov Identifier: NCT03493243). All data were collected anonymously. After the receipt of appropriate information, all participants (and their legal guardians, for minors) freely signed a non-opposition form.

David V. Sheehan, as “copyright holder” of all versions of “MINI International Neuropsychiatric Interview for Children and Adolescents- M.I.N.I. Kid 7.0.2 (version 8/8/16)” authorized Nathalie Coulon, MD PhD at CHU Brest (France) and her team, as care providers, to use this interview under conditions that have been met.



Statistical Analysis

For continuous variables, descriptive statistics included number of missing data, mean, standard deviation, median, quartile, minimum and maximum. For qualitative variables, frequency and percentage were used.

At the time of the study, one-year post-trauma, we compared participants with, vs. without, PTSD according to PCL-5 cut-off (primary endpoint), as well as teenagers who did, vs. did not, consult beyond the first week after the attack. The comparisons between participants were performed using comparison of means (Student test or Wilcoxon test) or frequencies (Chi-Square test or Fisher's exact test).

The concordance of the PTSD diagnosis was also sought by comparing the results of the PCL-5 and Mini-Kid via a calculation of Cohen's Kappa.

All analyses were carried out using SAS version 9.4 statistical software.




RESULTS


Population

Table 1 shows the socio-demographic characteristics of the AVAL population, with the PCL-5 used to determine those with, vs. without PTSD. Of the target population (n = 53), 39 participants (73.6%) agreed to take part in this first observational step of what is expected to become the AVAL cohort study. The study population comprised 15 boys and 24 girls (sex ratio 1/1.6), with a median age of 16.9 years (16.0–18.0), all of French nationality, enrolled in a high school course at the time of the clinical evaluation.


Table 1. Socio-demographic characteristics of the AVAL Population.
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Among the participants, 25.6% (n = 10) had a PCL-5 total score >32 and were therefore diagnosed with PTSD, 12 months after the attack. Socio-demographic characteristics (Table 1) were not statistically different between sample with (n = 10), vs. without (n = 29), PTSD.



Clinical Impact

Table 2 shows the PCL-5 scores and their comparison for participants with, vs. without, PTSD. Those with PTSD had increased PCL-5 scores in total scale score (42.78 ± 8.12 vs. 14.11 ± 10.34, p < 0.0001) and the DSM5's four-factors: intrusion symptoms (12.10 ± 2.60 vs. 3.82 ± 3.58, p = 0.0001), avoidance symptoms (4.70 ± 2.31 vs. 1.93 ± 2.19, p = 0.0054), negative alterations in cognition and mood (12.10 ± 2.60 vs. 3.31 ± 3.62, p = 0.0003) and hyperarousal (13.90 ± 3.00 vs. 4.93 ± 3.44, p < 0.0001). PCL-5 provided an estimated PTSD prevalence of 25.6% (n = 10), whilst the PTSD prevalence was 28.2% (n = 11; 60 vs. 17.2%, p = 0.0167) with the MINI-kid. A moderate concordance of the diagnosis was observed between the two scales (κ 0.41 [0.09; 0.73]).


Table 2. Clinic of the AVAL population, Post traumatic symptomatology and comorbidity.
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Table 2 also shows comparisons of those with, vs. without, PTSD across an array of psychiatric conditions, as determined by the MINI-kid. Although 74.4% (n = 29) of the participants did not meet PTSD criteria 1 year after the attack, 64.1% (n = 25) met criteria for a current, non-PTSD, psychiatric disorder. However, the comparison of with, vs. without, PTSD at one year post-attack showed those with PTSD to have a significantly increased prevalence of: (1) psychiatric comorbidities, namely major depressive episode (70 vs. 27.6%, p = 0.0266), suicidality (50 vs. 10.3%, p = 0.0164), mood disorder with psychotic features in lifetime (30 vs. 3.4%, p = 0.0449), panic disorder (50 vs. 3.4%, p = 0.0023); and (2) changes in the consumption of toxic substances, namely tobacco (30 vs. 3.4%, p = 0.0284) and cannabis (20 vs. 3.4%, p = 0.0449), but not alcohol.



Impaired Functioning

Table 3 shows those with, vs. without, PTSD at 1 year post-attack to have impaired functioning across all measured domains, namely: school (significant impact in 50 vs. 13.8%; p = 0.0203), social life (significant impact in 40 vs. 0%, p < 0.0001) and family life (significant impact in 40 vs. 0%, p < 0.0001). Other indicators of impaired functioning in the PTSD group are also evident, including: (1) an increase in sensitivity to stressful events in the year after the attack (ALCES, hight stress in 70 vs 24.1%, p = 0.0409), (2) truancy for medical motives (44.4 vs 10.3%, p = 0.0407) and 3) a rise in the number of days with total incapacity of work in SDC (0.90 ± 1.29 vs. 0.10 ± 0.41, p = 0.0154), covering the week before assessment, and in Whodas 2.0 (4.50 ± 8.97 vs. 0.34 ± 1.86, p = 0.0070), covering the 30 days prior to assessment, or partial incapacity of work, both in SDC (2.63 ± 1.51 vs. 1.10 ± 2.09, p = 0.0110) and in Whodas 2.0 (18.90 ± 13.36 vs. 6.62 ± 11.78, p = 0.0134).


Table 3. School, social and family functioning in AVAL population.
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Epidemiology

Table 4 shows factors significantly influencing PTSD development in this study. Pre-traumatic risk factors in those with, vs. without, PTSD were identified, including: (1) a previous history of trauma exposure, especially having witnessed a physical assault (60 vs 6.9%, p = 0.0014), or being concerned with a history of sexual assault (30 vs 3.4%, p = 0.0449); (2) personal or family history of mental disorder: personal history of depressive disorders (70 vs 27.6%, p = 0.0266), anxiety disorders (60 vs. 20.7%, p = 0.0427), psychiatric or psychological follow-up (80 vs. 37.9%, p = 0.0310); family history of: mental disorder (80 vs. 27.6%, p = 0.0073), depressive disorders (50 vs. 13.8%, p = 0.0151) or alcohol related disorders (40 vs. 6.9%, p = 0.0145). Post-traumatic risk factors in those adolescents who developed PTSD were personal, including psychiatric comorbidities, as shown in Table 2, and environmental such as a poor family support (30 vs 0%, p = 0.0131) or a poor school support (80 vs. 41.4%, p = 0.0211).


Table 4. Epidemiology, pre and post-traumatic risk factors, associated with development of PTSD.
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Healthcare Pathways

Within 7 days following the attack (Table 3), 100% (n = 10) of adolescents who developed PTSD at one-year post-attack, received medical or psychological care through the medico-psychological emergency unit. Furthermore, at one one-year post-attack, 70% (n = 7) of the participants who met PTSD criteria, were also receiving current medical and/or psychological care (70 vs 24.1%, p = 0.0191), with 60% receiving non drug therapy, such as relaxation, Eye Movement Desensitization and Reprocessing (EMDR), and/or hypnosis (60 vs 20.7%, p = 0.0427).

Table 5 summarizes the comparison between teenagers who did (n = 20), vs. did not (n = 19), consult beyond 1 week after the attack. Only the prevalence of impaired concentration (80 vs. 47.4%, p = 0.0337), days of reduced effectiveness (2.21 ± 2.25 vs. 0.61± 1.50, p = 0.0161) and personal history of anxiety disorders (65 vs. 31.6%, p = 0.0369), were more prevalent in the followed up sample, with no statistically significant differences evident regarding gender (female 65 vs. 57.9%, p = 0.6485), prior history of traumatic exposure (65 vs. 36.8%, p = 0.0787), prior history of depressive disorders (50 vs. 26.3%, p = 0.1286) or self-perceived significant impact of the attack on their education (30 vs. 15.8%, p = 0.4506), their social life (20 vs 0%, p = 0.1060) or their family life (20 vs 0%, p = 0.1060).


Table 5. Care for teenagers who did or did not consult beyond 1 week, after the attack.
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DISCUSSION


Main Findings

Twelve months after being directly exposed to the terrorist attack perpetrated in London on March 22nd, 2017, 25.6% of the teenagers in our sample met DSM-5 criteria for PTSD. Concurrent to PTSD, elevations in psychiatric comorbidities, changes in consumption of toxic substances, and impaired functioning in all areas of their life were also evident. Other than PTSD, 64.1% of the participants also expressed a current psychiatric disorder. Apart from an increased prevalence of impaired concentration, days of reduced effectiveness and personal history of anxiety disorders, in the sample which had received mental health care, there were no statistically significant differences did, vs. did not, consult beyond 1 week after the attack.

Notably, few studies have investigated a similar target population (adolescents aged 16 years and directly exposed to a terrorist attack) or with the same experimental protocol (intentional and man-made event; clinical assessment at 1 year). The PTSD prevalence of 25.6% in our study (with 25.6% satisfying criteria for intrusive, avoidance and hyperarousal symptoms and 23.1% satisfying criteria for negative alterations in cognition and mood) is consistent with the overall literature in this area, including in children, adolescents (4) and adults (6, 7). A large sample of Norwegian high school (27) students were assessed following the Oslo terror attack on July 22nd, 2011 (n = 10,220; mean age 16.9 years; 53% of girls), although only 1.8% of this sample were on site. Consequently, PTSD prevalence varied according to exposure level, with only 0.8% of all respondents reporting substantial distress on the reexperiencing item (DSM IV), 4.9% on the avoidance item, 1.1% on the hyperarousal item and 0.4% on all three areas, approximately 7 months after the event. Following the World Trade Center Attack, a sample of 817 adolescents, aged 13–18 years, was drawn from a Jewish high school, although these young people were not directly exposed to the attack. Consequently, at 1 year after the attack, only 2.3% seemed to meet PTSD criteria (28). Among adults involved in the terror attacks in January 2015 in Paris (civilian, n = 190, median age 41), 31% of directly threatened participants met PTSD criteria at 6 months (29).

Other psychological disorders were also evident at 1 year in our target population, which is also in accordance with the literature (2, 3, 8, 9). A systematic review (30) suggested the risk of major depressive episode, in adults directly exposed to a terrorist attack, ranged from 20 to 30% in the first months after its occurrence. Chemtob et al. (31) also found an association between exposure to terrorism and PTSD, suicidal ideation and functional impairment in a sample of 2,094 Israeli adolescents, aged 12 to 18 years. At 1 year following the World Trade Center attack, adolescents with PTSD showed an increased risk for suicidal ideation (28) and after 18 months, increased substance use was associated with impaired school performance (11). In the Paris, 2015 attacks, within the 58 directly threatened civilians (29), 19% had depression, 38% anxiety disorder and 19% increased suicide risk, at 6 months after the attacks. Given the high prevalence of 38.5% of participants with PTSD having a depressive episode and 20.5% having suicidal ideation in our target population, it may be important to note that data collection occurred around the first anniversary date on the event. Consequently, data collection occurred at an emotionally heightened time-point, although the attacks in London were more discreetly commemorated in France, in contrast to the widely commemorated Paris, 2015 attacks.

Epidemiologically, the risk factors for PTSD in our population were generally in agreement with the wider literature. In a meta-analysis, Brewin et al. (32) classified risk factors according to the strength of their predictive effects in three categories. (1) Some factors, such as gender, did not appear in all studies, although a consistent pattern for women to be at higher risk for PTSD than men was evident. In our study, both groups (with and without PTSD), included more girls but the groups did not statistically differ on gender. (2) Other factors, such as previous trauma, predicted PTSD more consistently, with variations at least partly being explained by the methodology used. In our work, having witnessed a physical assault was statistically significant in predicting the development of PTSD. (3) Factors such as personal or family psychiatric history, childhood abuse, had a more uniform predictive effect, and the significant effects of these factors were also present in our results. In our study, depressive disorders were again noted here, as a risk factor for PTSD such as personal or familial history of mental disorders.

However, several studies have enhanced the stronger influence of peri- and post-traumatic factors, than pre-traumatic factors (13, 32–34), on PTSD risk. Trickey et al. (13) added the impact of superior subjective experience to the objective elements, even if as in the situation studied, strong objective elements were present such as the severity of the events and the level of exposure (the car just stopped a few meters away from the participants). As to the importance of post-trauma factors, it is notable that in our study, low social support was significantly associated with PTSD risk at 1 year. This is similar to the meta-analysis by Trickey et al. (13), which focussed on children and adolescents, as well as with data on the first responders at 12 months after Paris terror attacks (34) in November 2015, or in a systematic review (35) about consequences of 9/11 on children's and young adult's mental health. About adolescents, in this last review of Rousseau et al. (35), low family support as parental unavailability to discuss the events or parent-adolescent conflict was highlighted. By way of qualifying social support as a predictor, in addition, with a comparison of two meta-analysis (32, 33), social support appeared a stronger predictor when the event had happened at least 3 years before the moment of the study.

According to our results, it is also worth mentioning these PTSD risk factors did not overlap with the effects of predictive factors as to whether follow up did, vs. did not, occur beyond 1 week.

As a consequence of France's experience of wars, disasters, and terrorist attacks, medico-psychological units have been deployed since July 1995, providing initial and longer-term support (36, 37). Such immediate and longer-term support was provided for the attacks in Paris 2015 (29, 36) and in Nice 2016, where more than 30,000 people were present, including babies, children and adolescents (38, 39). The Nice attack, with a young population impacted (39) (in the early care phase, 365 children and adolescents were registered at the pediatric medico-psychological emergency unit with 25.5% <6 years old, 44.7% 6–11, and 29.8% 12–17 years old) and experience of Lenval University Children's Hospital, is relevant to our work. It was indeed observed a great number of families (39) spontaneously converged to Children's Hospital in search of psychological or medical help, as in our work where all teenagers with PTSD 1 year after the attack received post-immediate care and 70% were still being followed up at the time of our study. The Nice study (39), like ours, highlighted and encouraged the follow-up of adolescents, especially if they are vulnerable, in a standardized manner, to ensure the screening and treatment of all young people.

Cohort studies conducted following other terrorist attacks, such as 9/11, the Madrid, 2004 car bombings, the 2011 Oslo/Utoya massacre and Paris, 2015, showed participation rates ranging from 40 to 70% in the first wave, and 50 to 75% in the second wave (40, 41). Although these attacks vary considerably in their details, the participation rates are similar, and may be improved in younger people via the utilization of social media, peers, and educational environments, as noted by Vuillermoz et al. following the Paris, 2015 attacks (41). The higher level (73.6 %) of participation in the current study could be explained by various details: (1) the small size of the total target population which allowed us to identify each teenager present in the event; (2) links with the network set up at the local level (high-school, academy and diocese, partners of justice, medico-psychological emergency unit, care, and political bodies); (3) awareness of all the partners in order to deploy a prevention and care message, when the research was launched, in an information meeting in the high school; (4) personalized phone call if necessary; and (5) creation of a specific email address, allowing participants to engage in discussions, including with family and high-school staff. Such a simple provision may be especially important for an adolescent population. Moreover, beyond the research dimension, raising awareness in the network about adolescents after the attack, involving parents, professors, but also political actors, seemed essential to us to build this social link, which is recognized as positive in the prognosis (13, 34, 35). Our idea was already to open the discussion so that young people in difficulty do not remain isolated. On several occasions, contact details of professionals to support these teenagers were sent and some were then able to benefit from an adapted and specialized follow up. Regarding adolescent psychopathology, in fact, taking the first step is sometimes necessary to initiate care.

Furthermore, about care and therapeutics, a whole new literature is appearing: for example, current research focuses on the treatment with ketamine of major depressive episodes, suicidal ideation (42–44) and chronic PTSD (45, 46) in adult populations. Common pathophysiological factors could indeed be involved in the complexity of PTSD, but also in the depressive episode, suicidality (42). In France in addition, suicide is the second leading cause of death for young people aged 15 to 24 (47). Nevertheless, ketamine is beginning to be explored in pediatrics in acute pain (48), but studies will be continued and questioned for PTSD and suicidality in children, teenagers. The therapeutic work also remains non negligible and Bianchini et al. (49) showed a significantly decreased in PTSD symptomatology and psychological distress severity with Cognitive Behavior Therapy in 39 young subjects, followed and evaluated 1 year after l'Aquila Earthquake.



Strengths and Limitations

One of the great strengths of the study was the scarcity of the population studied within the literature (teenagers directly exposed to a terrorist attack) and the search for exhaustiveness in the recruitment of participants. To our knowledge, only one cohort in Europe has been conducted to assess impact of a terrorist attack on a directly exposed adolescent population (2011 Norway attacks) and the rate participation of our study was one of the best, due to a precise configuration, detailed previously. Another strength of our work was the protocol built with self-administered and clinician-administered questionnaires, derived from the literature and previous cohorts following terrorist attacks. A few tools (LEC-5, ALCES, Sheehan Disability Scale, Social Provisions Scale-Short Form, PCL-5, MINI-kid 7.0.2, WHODAS 2.0) were structured and validated, allowing for validated international comparisons across traumas. Moreover, to limit biases, all clinician-administered questionnaires were completed by a single investigator, with the supervision of two senior doctors. The protocol was specifically built, in a short time, to give to the target population messages of prevention and to orient, if necessary, toward therapeutic spaces, whilst also allowing for systematic investigation to occur.

Despite these strengths, several limitations should be noted. First, the entire target population was comprised of only 53 students, this small sample size being a clear limitation, although the participation rate was remarkable. Second, the study took place 1 year after the attack, due to the time required to create the protocol and obtain its authorization. As data collection ended up matching with the first anniversary of the attack, symptoms of PTSD, depression and anxiety may have been exacerbated. Third, the study design was cross-sectional, observational and descriptive. The associations of PTSD and each pre-, peri- and post-traumatic factor were not derived via a multivariate model. Consequently, the results did not include estimates of odds ratio (OR) and their 95% confidence interval limits. Fourth, social support was an important protective factor for PTSD development, and the study only gathered the testimony of study participants at one moment in time. It would be interesting to complete this observation on the on a longitudinal model to assess the teenagers' evolution. To supplement by the observation of the subjects who were indirectly exposed to the trauma (family, relatives, friends, etc…) could at last increase knowledge about trauma in adolescents.



Implications

This work has the particularity of studying an extremely specific population, namely adolescents directly exposed to a terrorist attack. The study provides a protocol for the integration of rapidly responding care with systematic research that builds on previous literature, whilst providing pointers for improvements in the mental healthcare of this adolescent population. The emergence of other psychiatric conditions in those with PTSD at one-year post-trauma, including mood disorders and substance use/abuse, highlights the importance of early intervention. Future research will contribute to improve such intervention.
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