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Abstract 

 

Objective: to explore memory functioning 7-years after severe pediatric TBI, associated factors, 

and relationships with other outcomes. 

Method: Children aged 0–15 years (n=65), consecutively admitted over a 3-year period in a 

single trauma center, who survived after severe non-inflicted TBI, were included in a prospective 

longitudinal study. Memory assessments were performed 7-years post-injury using the Children’s 

Memory Scale (CMS) or the Wechsler Memory Scale (WMS IV), according to age. The General 

Memory Score (GMS-7) was the primary outcome. 

Results: Thirty-seven patients were available for assessment at 7-years post-injury. Mean GMS-7 

was in the low average range (M=84.9, SD=12.1). Lower GMS-7 was significantly associated 

with markers of higher injury severity, such as length of coma. One-year post-injury functional 

and disability outcomes explained 74% of the variance of GMS-7. Concurrent intellectual ability 

and type of ongoing education correlated strongly with GMS-7. Age at injury and parental 

education were not associated with memory outcome. 

Conclusions: Memory functioning is variable but often strongly impaired several years after 

severe pediatric TBI, and is mostly related to injury severity, functional outcomes measured 1-

year post-injury, and concomitant cognitive and educational outcomes. GMS-7 was lower at 7-

years than one-year post-injury, supporting the importance of long term follow-up. 

 

Keywords: severe traumatic brain injury, memory, longitudinal cohort study, child, adolescent, 

long term follow-up. 
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Memory functioning 7 years after severe Childhood Traumatic Brain Injury:  

Results of the Traumatisme Grave de l’Enfant (TGE) study 

 

Traumatic brain injury (TBI) is a leading cause of mortality and long-standing disability in 

children and a substantial contributor to the health resource burden [1]. TBI is conceptualized as 

a chronic health condition, which can have lifelong and dynamic effects on health and well-being 

[2,3].  Annual worldwide incidence of childhood TBI varies greatly by country, with most 

reporting 47 to 280 per 100,000 children, and maximum figures estimated at 691 per 100 000, 

with 3-15% of severe injuries [4,5]. 

Severe pediatric TBI, defined by a Pediatric Glasgow Coma Scale (Peds-GCS) score ≤ 8 [6], is 

associated with long-standing neurological, neuropsychological and behavioral impairments, such 

as sensory-motor deficits, including hemiparesis and cerebellar dysfunction [7], and deficits in 

language, visual-spatial skills, processing speed, memory, attention, working memory, executive 

functioning and behavior regulation [8–13]. Those deficits are associated with impaired 

educational achievement [12,14–17], reduced participation, and  impaired quality of life in the 

long term [18–21]. 

Memory, defined as the persistence of learned information over time allowing its appropriate 

subsequent reuse, is a complex and dynamic process, divided into four stages: encoding, storage, 

consolidation and recall. Each stage is involved in the visual and verbal modalities, and interacts 

with other cognitive functions, such as intellectual ability, attention, and executive functions 

[11,16], and can be explored by immediate and delayed memory tasks. Memory develops 

throughout childhood and adolescence and is essential for new learning and academic 

achievement. A sequential process for the development of memory has been described, from 

procedural and implicit memory to episodic and explicit memory [22]. In accordance with this, 
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Lah and colleagues [23] reported both implicit and explicit memory deficits after severe TBI 

occurring before 6 years of age, but preserved implicit memory in children who sustained severe 

TBI during late childhood. 

Severe TBI has been found to be responsible for lower performance in immediate and delayed 

verbal episodic memory [8,23,24], working memory and attention/concentration [11,13,25,26] 

and episodic autobiographical memory [27]. Visual memory may be more resistant to severe TBI 

than verbal memory [8,28]. Long-term information retrieval seems to be more severely impaired, 

although all components of memory can be impacted (i.e. encoding, storage, consolidation, and 

retrieval) [9]. Memory complaints in daily life are extremely frequent after TBI and patients often 

report accelerated long-term forgetting, which may occur when any of the components of the 

brain networks involved in long-term memory formation, or their interaction, is disrupted [27–

33]. Those observations are supported by imaging studies, where hippocampal structure 

(especially hippocampal head volume) was found to be significantly correlated to injury severity, 

and to memory performance in the sub-acute phase of injury (6 weeks post-injury) [29]. 

Memory deficits after severe pediatric TBI interact with multiple other factors, such as language 

deficits, behavior problems, and other cognitive impairments [11,34,35]. 

Several factors are associated with worse memory outcomes following pediatric TBI, including 

TBI severity [8,36,37], younger age at injury in some studies [25,38], but not all (see [28] for a 

review), and older age at assessment [39]. Outcomes may also depend on an interaction between 

age at injury and severity, as the disease process that occurs following a pediatric TBI interacts 

with the trajectory of normal brain development [8,40,41]. Time since injury appears to be an 

important factor in cognitive and memory outcome after pediatric TBI, but its effect is probably 

nonlinear, because a possible initial improvement may not persist in the long-term. Previous 

studies have reported that some recovery occurs during the first year post-injury, but reaches a 
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plateau after that time, with deficits still apparent at 2- to 4-years post-injury [40,42]. In the long-

term, a meta-analysis by Dunning and colleagues [43] showed that longer time since injury was 

associated with greater decrements in verbal short-term memory and verbal working memory 

skills in child and adult survivors of moderate to severe TBI; these aspects of memory do not 

recover over time and instead, individuals might show increased rates of cognitive decline. The 

latter observation seems congruent with the idea that the effects of a brain injury during 

development may not become evident immediately after injury, but may appear later in 

longitudinal studies observing trajectories of development over time [28]. Other factors reported 

to be associated with worse memory functioning following childhood TBI include lower pre-

injury level of education, presence of pre-injury learning difficulties, lower pre-injury level of 

child’s social abilities and lower socio-economic family background [37,44–46]. Finally, other 

authors suggested that lack of exposure to learning opportunities, or lack of medical 

treatments/procedures (including rehabilitation) are associated with negative cognitive outcomes 

[8,44].  

In a previous report of the TGE (Traumatisme Grave de l’Enfant, i.e. Severe Childhood Trauma) 

cohort (see description below), we presented memory outcomes over the first 2-years post-injury 

[12]. Memory impairment at 3-months post-injury was severe (mean one standard deviation 

below expected values), and improved significantly during the first two years post-injury. 

Attention/concentration and verbal memory were significantly more impaired than visual 

memory. Memory outcome was associated with parental education and markers of initial TBI 

severity, and correlated with other outcomes, such as intellectual ability, overall functional 

outcome, and type of post-injury education [12]. Further, prospective memory (e.g. “I can’t 

remember what I have to do”) was found to be significantly impaired in the same cohort 7-years 
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post-injury using ecological experimental tasks [47], confirming findings of other investigations 

[48–50]. 

The primary aim of the present study was to explore memory functioning 7 years after severe 

pediatric TBI in the TGE prospective longitudinal cohort, and to examine whether the initial 

memory improvement at 3-, 12- and 24-months post severe TBI, reported in Viot et al. [12], 

persists in the long-term. We hypothesized that time since injury (3, 12, 24 months, and 7-years) 

after severe childhood TBI might be significantly associated with memory performance, with 

possible lower performance in the long term. The second aim was the exploration of associations 

of long-term memory performance with demographic and medical/severity factors, early 

assessment (1-year post-injury) of functional, cognitive and disability outcomes, and other 

concurrent outcomes 7-years post-injury: intellectual ability, educational status, overall disability, 

and self- and proxy questionnaire-reported executive functioning, behavior, quality of life, and 

fatigue. We hypothesized that greater injury severity, low parental education, poorer pre-injury 

functioning, younger age at injury, poorer 1-year post injury cognitive outcome, and some 7-

years post-injury concurrent outcomes (lower educational status and IQ) would be significantly 

associated with 7-years post-injury memory performance. 

METHODS 

The present work is part of a larger prospective longitudinal study (TGE cohort), aiming at 

determining overall and specific outcomes following severe childhood TBI [10,12,19,47,51–54]. 

The TGE study initiated at the Paris 5 University Hospital Necker-Enfants-Malades and the 

follow-up was conducted in the Rehabilitation Department for Children with Acquired 

Neurological Injury in the Saint Maurice Hospitals. 

  



8 

 

Patients 

Participants were children aged < 16 years consecutively admitted between January 2005 and 

December 2008 to the pediatric neurosurgical intensive care unit (ICU) of the Necker-Enfants-

Malades Hospital within the first 6 hours following severe accidental TBI. Eighty-one children 

were included at the acute stage of TBI, defined as Glasgow Coma Scale (GCS) score ≤ 8 [6] at 

admission and/or an Injury Severity Score (ISS) > 16 [55]. Causes of TBI were motor vehicle 

accidents and falls. Children with no vital signs upon admission, non-accidental head injury and a 

previous history of diagnosed neurological, psychiatric or learning disorders were not included. 

Sixteen patients died during the acute period, leaving 65 (80%) children available for follow-up. 

All children received treatment according to international guidelines for the management of 

severe TBI in the pediatric neurosurgical ICU of a regional pediatric trauma center [56], and a 

large majority (83%) required/received multidisciplinary rehabilitation after acute care. 

At 7-years post-injury, 26 of the 65 survivors were lost to follow-up or did not wish to 

participate, leaving 39 patients (60%), aged 7-22 years, available for assessment. There was no 

significant difference among participants (n=39) and non-participants (n=26) regarding parental 

education, age at injury, markers of initial injury severity, or any of the 3, 12, or 24-months post-

injury general and specific outcomes. Two patients did not complete the memory assessment, due 

to major fatigue and behavioral issues. Therefore, the analysis sample consisted of 37 participants 

who had available 7-years post-injury memory assessment data. 

Follow-up after the acute stage of TBI through 7-years post-injury comprised comprehensive 

medical and neuropsychological assessments, performed by trained professionals at 3-months, 

and 1-, 2- and 7-years post-injury in the pediatric rehabilitation unit of the Saint-Maurice 

Hospitals. The neuropsychological assessments consisted of standardized tests and questionnaires 

evaluating intellectual ability, executive functioning and memory performance. 
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In order to analyze evolution of memory over time, we considered the memory assessments 

performed at 3-, 12- and 24-monts post-injury, in addition to the 7-years assessments. Overall, a 

subsample of 22 patients (59% out of 37) had undergone complete memory assessments at all 

four time-points (3-, 12-, 24-months and 7-post injury). Children who had available data on all 

the four time-points (n=22) were significantly older at injury and at assessment than children who 

did not had available data on all the four assessments (n=15). This age difference was mainly 

related to children who were younger than the age (5 years) required to complete the memory 

assessment at 3- or 12- or 24-months post-injury (n=12), together with those who did not have 

available data on at least one of the assessments performed at 3- or 12- or 24-months post-injury 

(n=3). There were no significant differences between these groups regarding socio-demographic 

characteristics, parental education, pre-injury history, markers of initial injury severity and 

specific outcomes of interest (memory performance and intellectual ability 7-years post-injury). 

Figure 1 shows the flowchart of participants who underwent age-appropriate memory 

assessments at each time point. 

The study was approved by the ethics committee and all parents (or young adults with TBI, at the 

7-years follow-up) gave their informed written consent at all stages of the study. 

[INSERT FIGURE 1 HERE] 

Measures 

Pre-injury history, age at injury, and socio-demographic characteristics 7-years post-injury 

We recorded the child’s pre-injury educational history (e.g., if the child stayed back one year or 

had difficulty and/or extra help at school) and age at injury. We also collected information 

regarding the socio-demographic characteristics of the family 7-years post-injury, namely 

parental education level (medium/high: at least one parent graduated from high school vs. low: 

none of the parents reached high school graduation), family situation (child living with both 
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biological parents vs. mono-parental of non-marital families) and family size (number of children 

in the household). 

Initial injury severity 

Initial injury severity was determined using three standard measures, namely the Pediatric 

Glasgow Coma Scale (GCS) score [6]; the Pediatric Trauma Score (PTS) [57], and the Injury 

Severity Score (ISS) [55]. Within this sample of children who all underwent severe TBI, who 

were all intubated and ventilated, length of coma (in days), was used as a quantitative marker of 

injury severity. To resolve eventual fluctuations of the GCS score, we used the minimal GCS 

score observed over the first 24 hours. 

Injury-related characteristics 

We also collected the following medical data during the acute phase in the intensive care unit: 

intracranial pressure, minimal brain perfusion pressure, collapses, occurrence of immediate 

and/or early seizures, and presence of a penetrating skull fracture. 

Outcome measures collected during follow-up 1-year post-TBI 

Overall level of disability: Glasgow Outcome Scale modified for children (GOS-Peds; [58]). 

Motor deficits: Neurological assessment allowed collecting information relative to the presence 

or absence of (1) motor deficit (e.g., hemiplegia or hemiparesis) and/or (2) signs of cerebellar 

dysfunction (ataxia and / or coordination disorders). We defined presence of motor deficits as the 

presence of at least one of the above. 

Post-injury type of education: We defined type of education in two categories: mainstream 

education in general classrooms without adaptation, help or grade retention vs. specialized 

education, or general education with adaptation and/or help and/or grade retention. 

Functional outcome: The Pediatric Injury Functional Outcome Scale (PIFOS [59]) was 

completed by a trained health care provider during a structured interview with parents. This scale 



11 

 

assesses functional outcome in relation to pre-injury levels of functioning across six domains 

(motor, daily living, communication skills, social-emotional, cognition/academic functioning, and 

physical changes). Ratings of each of the 26 items follow a four-point Likert scale (0, no change 

from pre-injury levels; 2 to 4, increasing need for support and significant functional limitations), 

higher PIFOS scores indicating greater difficulties (range of total raw scores [0–104]). 

Intellectual functioning:  Full-Scale Intellectual Quotient (FSIQ) and its component indices was 

assessed using the age-appropriate French versions of the Wechsler Intelligence Scale for 

Children (WISC-III [60]) and Wechsler Preschool and Primary Scale of Intelligence (WPPSI-III 

[61]).  

Memory: General memory 1-year post-injury was assessed using the Children’s Memory Scale 

(CMS [62,63]) for children aged between 5 years and <16 years. 

Outcome measures collected 7-years post-TBI 

Clinician-rated measures 

Overall disability: The GOS-Extended [58] and the GOS-Extended Pediatric version [64] were 

used to assess overall disability in a more refined way. These validated structured interviews 

assess TBI outcome in children, adolescents and adults. The outcome scores were ranked 

according to eight categories: 1=Upper Good Recovery, 2=Lower Good Recovery, 3=Upper 

Moderate Disability, 4=Lower Moderate Disability, 5=Upper Severe Disability, 6=Lower Severe 

Disability, 7=Vegetative State and 8=Death. 

Motor deficits: as at 1-year post-injury 

Ongoing education: as at 1-year post-injury. 
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Performance-based outcomes 7-years post-injury 

Main outcome: memory assessment 

Memory was assessed in children aged between 5 years and <16, using the Children’s Memory 

Scale (CMS [62]), and the French version of the Wechsler Memory Scale Fourth-Edition (WMS-

IV [65]) for those aged 16 years and above [12]. 

The CMS provides eight standardized index scores [mean score 100 (SD=15)]. Only five scores 

were used in the present study: Verbal Immediate and Delayed Memory, Visual Immediate and 

Delayed Memory and a General Memory Score (GMS). The GMS is based on the sum of the 

standardized scores obtained in the four Immediate and Delayed conditions of the Verbal and 

Visual memory index scores. Each of the four memory index scores are based on the sum of the 

standard scores from four subtests, two verbal (“Stories”, “Word pairs”), and two visual (“Dot 

location”, and “Faces”), both in their immediate and delayed conditions. 

- “Stories”: the child is required to listen to a short story, and to recall it with as many details as 

possible, immediately and at 25–35 min, and then answer questions about it; 

- “Word pairs”: after a learning phase, a list of matched words is presented orally to the child. In 

the immediate recall, the child is then asked to recall the second word of the pair after the first 

word of the pair is presented. In the delayed recall, the child is asked to recall as many of the 

word pairs that were presented previously, and to recognize the word pairs previously learned 

among a new list of word pairs; 

- “Dot location”: After a learning trial, the child is asked to recall the position of blue chips 

inside a predawn grid in an immediate and a delayed recall; 

- “Faces”: the child is asked to recognize a series of faces previously presented to her in an 

immediate and a delayed recognition condition. 
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The CMS has robust psychometric properties, such as good internal consistency (Cronbach alpha 

= 0.88 to 0.93), good inter-rater reliability (0.98 or above) and good discriminant validity. 

However, test-retest allows gains of up to 1 SD when assessment is repeated. 

The Wechsler Memory Scale (for those aged 16 years or above) provides five index scores [mean 

score 100 (SD=15)], different from those of the CMS (Immediate Memory, Delayed Memory, 

Visual Working Memory, Auditory Memory, and Visual Memory). However, the WMS-IV, as 

well as the CMS, includes two verbal subtests (Logical Memory and Verbal Paired Associates), 

and two visual subtests (Designs and Visual Reproduction) allowing assessment of immediate 

and delayed verbal and visual memory. 

- “Logical Memory I and II”:  Two short stories (4-5 lines) were presented orally to 

participants, who were then asked to recall as many details about the story immediately after 

hearing it (I Immediate recall), or after a 30-35 minutes interval (II Delayed recall). Participants 

were also asked yes/no questions about the story content to test recognition. 

- “Verbal Paired Associates I and II”:  A list of 10 or 14 pairs of words (four trials of the same 

list presented in different order) was orally presented to participants. They were then asked to 

recall the corresponding word after the examiner read the first word of each pair immediately 

after the presentation of each list (I Immediate recall), or after a 20-30 minutes delay (II Delayed 

recall). Participants were also read a list of pairs of words and asked to identify if each pair 

belonged to the previous lists or if it corresponded to a new word pair. 

- “Designs I and II”: A grid with 4–8 designs on a page was presented to participants, who 

were then asked to select the designs from a set of cards and to place the cards in a grid in the 

same place as showed initially (I Immediate recall). Subsequently, participants were requested to 

recreate the pages shown in the immediate condition with the cards and grid (II Delayed 
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condition). Participants were also asked to select from a series of grids the two designs that were 

correct and in the same place with respect to the immediate condition. 

- “Visual Reproduction I and II”: A series of five designs was shown to the participants (one at 

a time), who were then asked to draw the design from memory immediately after its presentation 

(I Immediate recall), or in a delayed condition (II Delayed recall). Participants were also 

requested to choose the original designs of the immediate condition from six designs presented 

on a page. 

In order to allow comparison of general memory scores across the sample, we calculated the 

same four index scores as for the CMS, as well as a General Memory Score (GMS). We 

calculated a Verbal Immediate Memory partial score by summing and averaging the standard 

scores of the Logical Memory I and Verbal Paired Associates I subtests, and a Verbal Delayed 

Memory based on the Delayed recall conditions of the same subtests. Similarly, we computed a 

Visual Immediate and Delayed Memory index score based on the Immediate and Delayed 

conditions of the Designs and Visual Reproduction subtests, respectively. The GMS 

corresponded to the averaged sum of all the four index scores. The computation of this score was 

justified by two criteria: 1) similar general mean scores between the CMS and the WMS; and 2) 

good internal consistency according to the Cronbach alpha of the WMS Cronbach (alpha=.90), 

given the strong correlations observed between the four index scores (Pearson r>.70). 

From the 37 participants who underwent memory assessments 7-years post-injury, 20 were 

assessed with the CMS (<16 years), and 17 with the WMS-IV (≥16 years). From these 37 

participants, a subsample of 22 participants had also performed memory assessments at 3-, 12- 

and 24-monts post-injury, in addition to the 7-years assessments. All the participants of this 

subsample were assessed with the CMS at 3-, 12- and 24-monts post-injury. At 7 years-post 

injury, six participants were assessed with the CMS (<16 years) and 16 with the WMS-IV. There 
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were no differences in the general memory scores at 3-, 12- and 24-monts post-injury, as well as 

at 7 years-post injury, between participants assessed with the CMS or the WMS 7-years post-

injury. 

Intellectual ability was measured through age-appropriate French versions of the Wechsler 

Intelligence scales, namely the Wechsler Intelligence Scale for Children up to 15 years (WISC-

IV [66]) and the Wechsler Adult Intelligence Scale IV (WAIS-IV [67]) for those aged 16 or 

above. Those scales provided four domain indices (Verbal Comprehension Index, Perceptual 

Reasoning Index, Working Memory Index, Processing Speed Index), and a Full-Scale Intellectual 

Quotient (FSIQ), (mean 100; SD=15). 

Questionnaire-based outcomes 7-years post-injury 

 

Executive functioning: We used the French versions of the Behavior Rating Inventory of 

Executive Functions (BRIEF [68,69]). Age-appropriate self- (age 18 years or above) and parent-

report (all ages) forms allowed calculating two composite indices and a total index score 

(Behavior Regulation Index, Metacognitive Index and Global Executive Composite, 

respectively). Higher T-scores (mean [SD] = 50 [10]) indicate worse executive functioning (more 

complaints). 

Behavior: We used self- and parent-reports versions of the Achenbach’s questionnaires, namely 

the Children’s Behavior Checklist (ages 4–18 years), Youth Self-Report (ages 11–18 years), 

Adult Behavior Checklist, and Adult Self-report (ages > 18 years) [70,71]. We computed three 

summary index scores (Internalizing problems, Externalizing problems and Total problems). 

Higher age standardized T-scores (Mean = 50, SD = 10) indicate more behavior problems. 

Health-Related Quality of Life (HRQoL): We used the Pediatric Quality of Life Inventory 

(PedsQL) for children (age 2–17 years) [72] and young adults (age 18–25 years) [73]. Age 

appropriate versions of French-validated self- and parent/proxy report forms (23 items) allowed 
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us to compute a total HRQoL Score, with lower scores (range: 0 to 100) indicating lower 

HRQoL. 

Fatigue: We used the Pediatric Quality of Life Inventory (PedsQL) Multidimensional Fatigue 

Scale (MFS) [74,75]. Self- and parent-report forms of this 18-item inventory were used to assess 

symptom-specific fatigue in children (ages 2-17 years) and young adults (ages 18-25 years). We 

computed a total score expressed in a 0- to 100-point scale, with lower scores indicating higher 

fatigue levels. 

Family Assessment device (FAD): This self-report questionnaire assesses family functioning over 

six domains (Problem Solving, Communication, Roles, Affective Responsiveness, Affective 

Involvement, and Behavioral Control), and previous research has reported usefulness of the FAD 

as a measure of family functioning in clinical and non-clinical samples [76,77]. In the present 

study, parents completed the 12-item short form of the French version and rated each item on a 

four-point scale ranging from 1 (strongly agree) to 4 (strongly disagree). The total score is the 

quotient between the sum of the items’ ratings and the total number of items, after reversing the 

negatively worded items. Scores range from 1 to 4 and higher scores indicate worse family 

functioning. 

Data analysis 

We used the descriptive statistics procedures from the SAS ® software version 9 (Statistical 

Analysis Software, Cary, NC) to examine socio-demographic, injury severity and post-injury 

characteristics 1- and 7-years after severe TBI. In order to test the hypothesis that time since 

injury (3, 12, 24 months, and 7-years) after severe childhood TBI might be significantly 

associated with memory performance 7-years post-injury, we examined the evolution of the 

general memory score from 3 months to 7-years post-injury was using repeated measures 

ANOVA.  
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To examine the hypothesis that injury severity, low parental education, pre-injury functioning, 1-

year post injury cognitive outcome, and some 7-years post-injury concurrent outcomes 

(educational status, IQ) would be significantly associated with memory performance 7-years 

post-injury, we used t-tests, ANOVA, and Pearson correlations, and regression analyses (GLM 

procedure of SAS). Statistical significance was set at the p<0.05 level. 

RESULTS 

Description of the study sample 

Demographic and injury severity data (Table 1) 

Table 1 describes the socio-demographic information and the initial injury characteristics for the 

study participants (n=37; 62% males). About half of the participants were from a medium-high 

parental education background and five children had required help at school or had stayed back 

one year before their injury (14%). Mean age at injury was 7 years (ranging from 3 months to 14 

years). Mean length of coma was 6.5 days (ranging from 1 to 22 days). At the 7-years post-injury 

time-point, mean age at assessment was 15 years (ranging from 7 to 22 years), and 13 patients 

(35%) had reached adult age (≥18 years).  

Overall outcomes at 1-year and 7-years post-injury (Table 1) 

From 1-year to 7-years post-injury the proportion of patients with severe disability (32% and 

19%, respectively), and motor impairment (35% and 22%) decreased. Mean overall intellectual 

ability (FSIQ) was lower than expected (i.e. 100, p<.0001) at both time points (88.9 and 86.4), 

with very high variability (range 40 -129 at 7-years post-injury). At 7-years post-injury, 17 (47%) 

children scored < 85, and 4 (11%) were in the disability range (<70) for FSIQ. 

[INSERT TABLE 1 HERE] 
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Memory assessment at 7-years post-TBI (Table 2) 

Table 2 presents the mean scores for the five memory indices, according to the age group and the 

scale used to assess memory 7-years post-injury [CMS for the younger age group (n=20) and 

WMS-IV for the older age group (n=17)]).  There were no significant differences in the general 

memory score (GMS) according to the age group (t(35)=.01, p=.99). However, verbal memory 

scores tended to be lower than visual memory scores with the CMS (in the younger participants), 

and the opposite pattern was observed with the WMS-IV (in the older participants). The visual 

delayed memory score was significantly lower in the older age group (WMS-IV) than in the 

younger group (CMS) (t(35)=5.05, p<.001). In the subsequent analyses, we thus considered 

exclusively the general memory score. 

[INSERT TABLE 2 HERE] 

Evolution of memory over time 

Twenty-two participants (65%) had available CMS scores at 3-months, 1-year, 2- and 7-years 

post-injury (i.e. were old enough (at least 5 years) to be assessed at 3-months post-injury).  

There was an overall tendency of GMS to increase between 3- and 12-months (F(1,21)=10.19, 

p=.0044) and 12- and 24-months (F(1,21)=4.34, p=.049), with a significant decline between 24-

months and 7-years post-injury (F(1,21)=36.9, p<.0001) (Figure 2a). 

Individual scores showed that GMS increased between 3 and 12 months post-injury for a 

majority of participants. Evolution of GMS was more variable from 12 to 24 months post-injury. 

Variability of the scores was high at 24 months. GMS decreased between 24 months and 7-years 

post-injury for a large majority of participants, especially when GMS at 24 months was high. At 

7-years post-injury, no participant obtained a high GMS (i.e. ≥120), and the mean GMS was very 

similar to the measures performed 3 months post-injury (Figure 2b). Actually, GMS at 7-years 

post-injury did not differ significantly from the score measured at 3-months post-injury 
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(F(1,21)=1.01, p=0.32). These analyses were also performed after excluding the four participants 

exhibiting FSIQ scores in the disability range (<70), and results remained unchanged. 

[INSERT FIGURE 2 a & b HERE] 

Associations of the general memory score at 7-years post-injury with socio-demographic 

factors, injury characteristics, and early (1-year post-injury) outcomes (Table 3). 

Associations of GMS with socio-demographic or pre-injury factors (gender, parental education, 

family situation and size, or presence of pre-injury school difficulties) and with injury-related 

characteristics other than severity (intracranial hypertension, brain hypo-perfusion, collapses, 

seizures, penetrating skull fracture) did not reach significance. The mean general memory score 

of the five patients who presented pre-injury school difficulties was lower than in the rest of the 

group (n=32), but this difference failed to reach statistical significance (M=77.3, SD=16.8 vs. 

M=85.4, SD=13.5, p=.24). As seen in Table 3, low GMS was associated with increased TBI 

severity (specifically lower Injury Severity Score and higher length of coma), as well as with 1-

year post-injury outcomes, namely: increased overall disability according to the GOS (Figure 

3), poorer functional outcome (PIFOS), lower intellectual ability (FSIQ) and poorer general 

memory score (GMS). 

A regression analyses showed that 1-year post-injury outcomes (GOS, FSIQ, motor deficits, 

PIFOS, and general memory score) explained 74% of the variance of 7-years post-injury general 

memory score, with overall disability (GOS-Peds) as the strongest predictor (Table 4). Inclusion 

of initial severity indices (length of coma, ISS) did not significantly increase the amount of 

variance explained. 

[INSERT TABLE 4 HERE] 
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Associations of the general memory score at 7-years post-injury with concurrent outcomes 

(Tables 5 and 6) 

The GMS 7-years post-injury was significantly associated with ongoing type of education 

(Mean(SD)=88.48(14.68) and 78.75(11.29) for Mainstream without adaptation or delay versus 

Specialized-adapted-delayed education, respectively), and with all the Wechsler scales indices 

(FSIQ, VIQ, PIQ, WMI and PSI).  

Regarding the concurrent questionnaire-based measures, lower GMS 7-years post-injury was 

associated with increased parental reports of externalizing problems, and increased self-reported 

complaints of executive functioning. There were no other significant associations between 

general memory and the remaining questionnaires assessing HRQoL (PedsQL), Fatigue (MFS), 

and family functioning (FAD). 

DISCUSSION 

This study aimed to assess memory seven years after severe childhood TBI, and to determine 

demographic, medical and severity factors associated with memory performance and recovery 

over time. We report memory outcomes in a relatively large sample of children who underwent 

comprehensive extended medical and neuropsychological follow-up after severe TBI. Overall, 

results indicate relatively severe outcomes (although we observed high variability in the 

outcomes), with decreased intellectual ability, and relatively high proportions of children 

requiring school adaptations, extra help, or special education. Among factors influencing 

outcome, memory function was mostly associated with markers of injury severity, and it was 

associated with other post-injury outcomes such as intellectual ability, level of disability and 

educational outcome. 

Our results confirm the hypothesis that time since injury after severe childhood TBI was 

significantly associated with 7-years post-injury memory performance. Mean memory 
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performance was low at 3 months post-injury, showed a significant improvement during the first 

year, a marginal improvement during the second year, and a strong decline between 2- to 7-years 

post-injury, reaching about the same level as at 3 months post-injury (around one standard 

deviation below expected values). The overall pattern of our results is congruent with the 

conclusions presented in the meta-analysis of Dunning et al. (2016), in which greater decrements 

in working memory skills were associated with longer time post-injury, despite initial 

improvement. This decline on the long-term might be associated with a decreased rate of memory 

progression in children with TBI compared with typically developing children, due to difficulties 

developing or acquiring new skills. Ultimately, failure in reaching the appropriate cognitive 

building blocks might result in impairments and difficulties that extend beyond those seen at the 

time of injury and suggest a pattern of emerging deficits rather than a recovery over time. 

Furthermore, previous research [12] has advanced the argument that the improvement observed 

between 3-, 12 and 24- months post-injury could be partly related to test-retest effects (estimated 

up to 1SD according to the CMS manual), which might have cease to contribute to memory 

performance 7-years post-injury due to the longer delay between assessments. Applied to our 

results, we hypothesize that the absence of the test-retest effect coupled with the lack of progress 

at the expected rate probably might have contributed to the magnitude of this overall trajectory 

In the present study, the discrepancy between verbal and visual memory was scale-dependent, 

with better visual memory using the CMS, contrasting with better verbal memory using the 

WMS-IV. The difference was particularly strong for visual delayed memory, where 47% of the 

participants obtained scores < -2SD with the WSM-IV, versus 10% with the CMS. A possible 

explanation for this pattern of results is that the “visual memory” subtests are very different in the 

two scales: dot localization and face recognition for CMS, design memory-localization and figure 

reproduction for WMS-IV. The visual memory subtests in the WMS are particularly complex, 
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requiring active recall, and they have little in common with the face recognition task proposed in 

the CMS. Following TBI, recognition is often more preserved, while active recall tends to be 

more impaired. This could explain why visual memory tended to be higher in patients assessed 

with the CMS, when compared to those assessed with the WMS, who were asked to provide 

active recall of relatively complex figures. On the other hand, the lower verbal memory scores 

observed in the CMS could be related to the complexity and difficulty of the “Stories” subtest 

(when compared to that of the WMS), as noticed by clinicians who use them regularly. However, 

the general memory score was similar between the CMS and the WMS-IV, which allowed 

pooling the observations. This important issue of outcome measurement should be considered in 

the development of future assessments of memory function, especially in pediatric populations 

followed longitudinally. Memory assessment could be enhanced by the development of more 

appropriate and consistent scales according to larger age ranges, which should comprise subtests 

assessing comparable memory constructs in order to allow comparisons across several age spans. 

Our results also confirmed to some extent our hypothesis regarding the factors related to the 

memory outcomes 7-years post-injury. The general memory score was mostly influenced by 

initial TBI severity measures (i.e. ISS and length of coma), similar to findings of other studies 

[13,25,45,78], and consistent with the results of the initial follow-up of the same cohort over 24 

months [12]. The strong and persistent effect of injury severity measures, probably reflecting the 

presence of diffuse brain injury, on cognitive skills including memory function has repeatedly 

been reported (see [8,28], for literature reviews). This injury severity effect is still present 7-years 

post-injury, even though all patients are in the severe spectrum of injury, as also previously 

reported for anterograde and autobiographical memory [24,27], verbal memory and visual 

memory [8] or prospective memory [47]. The other initial injury characteristics were not 
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associated with memory outcomes at 7-years post-injury, similarly to findings in the initial 

follow-up of the TGE cohort [12]. 

None of the demographic or pre-injury factors (e.g., age at injury, pre-injury difficulties at 

school) were related to 7-years memory outcome. This is somewhat surprising, as pre-injury 

functioning has been reported to predict subsequent outcomes following childhood TBI [79,80], 

despite the tendency observed in children who reported pre-injury difficulties for exhibiting 

lower general memory scores than those that did not reported pre-injury difficulties. These non-

significant findings could be related to decreased statistical power, given the reduced sample size, 

or alternatively to the use of a very global marker of pre-injury functioning in this study. 

Furthermore, the criterion “having stayed back at school or having required help at school” could 

only be rated for school-aged children, and also depended on the school environment and 

interactions between parents and school staff. A standardized measure of everyday pre-injury 

functioning would have been more relevant. In this study, age at injury was not associated with 7-

years memory function, consistently with results reported at 3, 12, and 24 months post-injury in 

the same cohort [12]. A negative effect of younger age at injury on memory outcomes has been 

reported [8], but not in all studies (see for example [53,78]). A literature review [28] reported a 

lack of association between age at injury and recovery of memory function over time, and 

suggested that the effects of age at injury could be masked by a preponderant effect of time since 

injury and TBI severity. Indeed, we found a strong effect of time since injury on memory 

recovery, with worse general memory scores at 7-years post-injury than at 1-year post-injury. 

This is concordant with other findings reported for verbal and visual memory, and working 

memory [8,25,43], who found larger deficits related to a longer time post-injury, suggesting 

decline of memory functioning over time. 
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Regarding other family/environmental factors in this study, we used the level of parental 

education as a proxy for socio-economic status, along with other family factors (e.g., family size) 

and a measure of family functioning (FAD questionnaire). Parental education was marginally 

associated with memory outcome at 1-year post-injury [12], but no longer at the 7-year follow-

up, similarly to findings on prospective memory functioning in the same cohort at the same time-

point [47], or with  a study on autobiographical memory [81]. Further, we found no significant 

association of family functioning with 7-year memory function. Environmental and family 

factors could have less effect on memory function than on the development of other cognitive 

functions (e.g., general knowledge, verbal reasoning, extent of vocabulary), however other 

reports highlight the role of pre-injury functioning and social disadvantage on memory outcomes 

[45]. Factors related to healthcare systems and rehabilitation after severe TBI may interfere with 

family/environmental factors on long-term cognitive outcomes (in France, regardless of socio-

economic status, children have access to care and rehabilitation when needed). 

Importantly, this study highlighted associations of memory function with other previous and 

concurrent TBI outcomes. First, the General Memory Score was strongly correlated with 

concurrent intellectual ability indices, confirming that memory and other more general cognitive 

skills are closely interdependent, as reported in previous studies [45,81]. Scores included in 

intellectual ability measurement include verbal and visual-spatial skills but also processing speed 

and working memory skills, which are indicators of how efficiently children can take in, process 

and manage information. These skills are necessary for efficient information encoding, storage 

and retrieval. Moreover, it has been demonstrated that long term cognitive outcomes (including 

memory) were best predicted by post-acute cognitive functioning in moderate to severe TBI [46]. 

A relatively new finding includes the importance of broad markers of overall disability and 

functional impairment measured 1-year post-injury, in predicting long-term memory outcome. 
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Indeed, the general memory score measured 7-years post-injury was highly correlated to a 

number of 1-year post-injury outcomes, including the general memory score and intellectual 

ability, which is expected in the context of severe brain injury. Broader measures of disability and 

functional impairment (GOS-Peds and PIFOS) were also highly correlated to 7-year memory 

outcome, and the results of the regression analysis indicated that together, those markers 

explained 74% of the variance of the 7-year memory score, with the GOS-Peds being the most 

predictive. The GOS-Peds is a broad measure of disability that considers motor and cognitive 

deficits and their repercussions on everyday life and the need for in- and/or outpatient 

rehabilitation. As reported by Neumane et al. [54] in an earlier follow-up of the TGE cohort, the 

overall disability and functional impairment of the patients in the TGE cohort were relatively 

severe at 1-year post-injury, with 30% of the children still attending a specialized rehabilitation 

setting, and 9% who had been referred to a special education institute. Functional outcome and 

disability were highly correlated to each other, and were also both highly correlated to markers of 

injury severity, on one hand, and to a number of clinician-measured outcomes (motor deficit, 

intellectual ability, educational outcome), and to standardized parent-reports of executive 

functioning and behavior on the other hand. Results of our study suggest that the status of the 

child at 1-year post-severe TBI is a very strong predictor of outcome several years later. 

Thus, intensive rehabilitation programs should be provided to all children who present severe 

functional status at discharge from intensive care, followed by systematic long-term follow-up 

after discharge from rehabilitation. This follow-up should probably be monitored more closely 

for those who still present significant disability and functional impairments at 1-year post-injury.  

Overall disability and functional status at 1-year post-injury seem to reflect more severe brain 

injury and greater vulnerability/higher risk for unfavorable outcome and could be used to 

adequately implement resources. This is crucial, as overall outcome 7-years post-injury indicates 
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persistence of moderate to severe disability in almost half of the participants, and memory 

outcome was also highly correlated with overall intellectual ability, as well as educational 

outcome. 

Regarding educational outcomes 7-years post-injury, 43% of the participants had required 

special help in the classroom, had stayed back, or had been referred to special education post-

injury. At 1-year post-injury, this proportion was 38% [54], indicating that this figure did not 

improve over time, confirming persistent effects of severe childhood TBI on education and new 

learning. In the early phase of follow-up, type of education was significantly associated with the 

general memory score measured at the same time-point [12], and our results indicate that this 

association was still present at the 7-year follow-up. Those results confirm deleterious effects of 

severe TBI on subsequent learning skills and academic achievement [14,15,17,82]. Obviously, 

academic achievement is strongly influenced by cognitive functioning (e.g., memory, executive 

functioning, working memory, processing speed and general intellectual ability), as those skills 

are necessary to efficient intake of meaningful information in the classroom [11,14,16]. Our 

results  suggest that persistence of memory deficits reduced the amount of information and skills 

that should have been be acquired, which in turn lead to similar or even increasing difficulty in 

new skills understanding and mastering [81]. 

This study has a number of limitations. First, our findings must be considered cautiously given 

the small sample size, which decreased statistical power and might have prevented assessment of 

associations of some variables with memory function, such as pre-injury school difficulties, age 

at injury and parental education. Although a matched control group was included in the 7-year 

follow-up study (see for example [10,12,19,51,52]), this group did not perform the memory 

assessments, in order to reduce the burden of assessment length, and, thus, we opted not to 

include in the present analyses. Therefore, we relied on the robustness of the age- and gender- 
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standardized norms of the memory assessment battery. However, as discussed above, the subtests 

used for assessment of visual and verbal memory, and the computation of composite scores differ 

significantly between the CMS and the WMS-IV, which only allowed us to compute and use a 

General Memory Score for the whole group and the longitudinal analyses. This general measure 

was, however, reliable (high internal consistency), which allowed its use for subsequent analyses, 

enabling us to draw conclusions on the evolution of general memory performance over time, but 

hindered more detailed analysis on the evolution and the factors associated with the memory 

subdomains. This highlights the importance of considering methodological issues in the 

assessment of outcomes, especially in studies following pediatric populations across several age 

spans.  

Overall, the large age range at injury (3 months to 15 years) in this study made it challenging, at 

each stage of the study, to include tests that could apply to the whole sample. However, this large 

variability in age at injury is also a strength of the study, allowing assessment of the effects of age 

at injury on various outcomes. 

Another limitation was the number of participants who did not participate to the 7-year follow-up 

assessment. However, a 60% retention rate at 7 years is relatively high, especially taking into 

account that one third of the group had reached adult age. The fact that no difference was found 

between participants and non-participants for any of the demographic factors, injury severity 

measures, and 3-, 12-, and 24-month outcomes (including memory scores), allows to reasonably 

assume that the sample assessed was representative of the whole sample. 

Also, this study was designed to measure a number of outcomes post-severe TBI. Most children 

received individually tailored rehabilitation interventions (intensive in- or out-patient care) in the 

initial phase post-injury, and during subsequent follow-up, according to their needs. Some of 
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those interventions were aimed at improving memory, but the study design did not allow 

assessing the specific impact of such interventions on subsequent memory functioning. 

Finally, brain imaging was performed for clinical purposes but was not systematically analyzed 

and integrated in the database, which did not allow analysis of relationships between memory 

performance, and brain lesions characteristics. Such analyses would have been very useful to 

support current researches about neural circuits of memory [29,38,83,84]. 

Clinical implications 

Our findings underline the importance of developing instruments that can be compared across 

several age spans (standardization from 5 to 18 years). Long-term outcomes can be worse than 

expected when only considering 2-year memory outcomes which might be dependent on test-

retest effects. Hence, long-term follow-up beyond 2-years post-injury should be considered for 

children who sustained severe TBI. Persistence of cognitive impairments, impaired functional 

status and moderate to severe disability levels 1-year post-injury level could signposted as a red 

flag, suggesting higher risk of long-term impairment, requiring closer monitoring of follow-up. 

This, in turn, should lead to implementing tailored individualized interventions when needed. 

Conclusions 

Overall, we report significant, albeit highly variable memory impairment following severe 

childhood TBI. Despite apparent improvement over the first 2-years post-injury [12], significant 

impairment is still present at 7 years (with levels very similar to the initial 3-month post-injury 

assessment). Main factors associated with long-term memory outcomes include mostly markers 

of initial TBI severity, while none of the demographic, pre-injury status or environmental factors 

was significantly associated with memory. One important new finding is the prediction of the 7-

years memory function level by a number of 1-year post-injury outcomes, including relatively 

obvious outcomes, such as memory function and intellectual ability (reflecting overall 
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neuropsychological impairments), but also more global measures of disability and functional 

impairments (GOS-Peds and PIFOS). As reported previously and as expected, memory function 

was still related with the type of education several years post-injury, suggesting ongoing 

consequences on new learning of cognitive deficits, including memory function. Children who 

sustained severe TBI should be monitored over time (until transition to adult services) and 

undergo comprehensive, repeated neuropsychological assessments, including memory evaluation, 

in order to assess strengths and weaknesses and to plan adequate and timely rehabilitation 

interventions and school adaptations.   
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Table 1. Sociodemographic characteristics, pre-injury education, injury severity and injury-related 

outcomes 1- and 7- years after severe childhood Traumatic Brain Injury. 

 Severe TBI  

(n = 37) 

Sociodemographic characteristics at the 7-year follow-up  

Age (years): Mean (SD) [Range] 15.42 (4.44) [7.42 - 22.7] 

Time since injury (years): Mean (SD) [Range] 7.82 (.86) [5.92 - 9.33] 

Gender (male): n (%) 23 (62) 

Parental education (at least one parent graduated from high school) 19 (51) 

Family situation (non-marital or single parent) 12 (32) 

Family size (> 2 children in the household) 28 (76) 

Pre-injury education  

Assisted and/or Delayed 5 (14) 

Initial Injury Severity  

Age at injury (years) 7.61 (4.55) [.25 - 14.67] 

Lowest Glasgow Coma Scale Score 5.92 (1.66) [3 - 8] 

Pediatric Trauma Score 3.87 (2.28) [-1 - +9] 

Injury Severity Score 27.57 (10.07) [4 - 50] 

Length of coma (days) 6.49 (4.96) [1 - 22] 

Injury-related characteristics  

Intracranial Hypertension (yes) 10 (29) 

Brain hypo perfusion (yes) 29 (83) 

Collapses (yes) 6 (16) 

Seizures (yes) 3 (8) 

Penetrating skull fracture (yes) 7 (19) 

1-year post-injury outcomes  

Overall disability (GOS Peds)  

Good Recovery  5 (14) 

Moderate Disability 20 (54) 

Severe Disability 12 (32) 

Motor deficits (yes) 13 (35) 

Ongoing education  

Not attending (children < 3 years) 4 (11) 

Mainstream 14 (38) 

Specialized/mainstream with adaptations 19 (51)  

Functional outcome (PIFOS score, n=31) 27.61 (16.81) [4 - 73] 

Intellectual ability (FSIQ - Wechsler scales, n=35) 88.91 (18.54) [48 - 136] 

General memory (CMS - Wechsler scales, n=24) 96.54 (21.54) [66 - 136] 

7-years post-injury outcomes  

Overall disability (GOS-E/GOS-E Peds)  

Good Recovery  21 (57) 

Moderate Disability 9 (24) 

Severe Disability 7 (19) 

Motor deficits (yes) 8 (22) 

Ongoing education  

Mainstream 21 (57) 

Specialized/mainstream with adaptations 16 (43)  

Intellectual ability (FSIQ - Wechsler scales, n=36) 86.39 (18.00) [40 - 129] 

TBI: Traumatic Brain Injury; SD: Standard Deviation; GOS Peds: Pediatric Glasgow Outcome Scale; PIFOS: 

Pediatric Injury Functional Outcome; FSIQ: Full Scale Intellectual Quotient; CMS: Children’s Memory Scale; GOS-

E/GOS-E Peds: Glasgow Outcome Scale-Extended/Glasgow Outcome Scale-Extended, Pediatric version.
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Table 2. Memory domains performance 7-years after severe childhood Traumatic Brain Injury (n=37). 

 

Children’s Memory Scale (CMS) 

(ages < 16 years) 

 Wechsler Memory Scale (WMS)-IV 

(ages ≥ 16 years) 

   

 N M SD Min Max <1SD <2SD  N M SD Min Max <1SD <2SD  t p 

                   

General Memory 20 84.30 16.43 50 119 50% 15%  17 85.01 10.85 67 104.75 59% 18%  -.15 .879 

Visual Immediate Memory 20 91.05 14.15 63 113 40% 10%  17 79.65 20.49 40 110 53% 29%  1.99 .054 

Visual Delayed Memory 20 93.35 13.61 59 113 20% 10%  17 70.12 14.35 45 100 88% 47%  5.05 <.0001 

Verbal Immediate Memory 20 83.70 20.36 50 130 55% 20%  17 90.53 23.61 40 135 29% 18%  -.95 .351 

Verbal Delayed Memory 20 83.90 20.58 50 130 60% 25%  17 92.26 18.79 45 125 18% 6%  -1.28 .209 

At 7-years post-injury, patients were assessed according to age with the CMS (age<16 years) or the WMS-IV (age>16 years). WMS-IV: Wechsler Memory Scale 4th 

edition; M: Mean; SD: Standard Deviation; Min: Minimum; Max: Maximum. 
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Table 3. Associations of the general memory score 7- years after severe childhood Traumatic 

Brain Injury with injury severity and 1-year post-injury outcomes  

 General memory 7-years post severe TBI 

 n Statistic p 

Initial Injury Severity    

Age at injury 37 r = -.08 .642 

Lowest Glasgow Coma Scale Score 37 r = -.13 .428 

Pediatric Trauma Score 37 r = .09 .604 

Injury Severity Score 37 r = -.33 .041 

Length of coma (days) 37 r = -.43 .009 

1-year post-injury outcomes    

Overall disability (GOS Peds) 37 F(2,36)=9.63 .0005 

Motor deficits (yes) 37 t(35) = 1.13 .266 

Functional outcome (PIFOS) 31 r = -.64 .0001 

Intellectual ability (FSIQ) 35 r = .67 <.0001 

General memory (CMS) 24 r = .68 .0003 

r: Pearson correlation coefficient; F: Generalized Linear Model; t: Student’s t-test; GOS Peds: Glasgow Outcome 

Scale, Pediatric version; PIFOS: Pediatric Injury Functional Outcome; FSIQ: Full Scale Intellectual Quotient; CMS: 

Children’s Memory Scale. 
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Table 4. Regression analyses of the general memory score 7-years post-injury from the outcomes 

assessed 1-year post-TBI. 

 General Memory 7-years post severe TBI 

 r2 β s(β) F p 

1-year post-injury outcomes 0.74     

Overall disability (GOS Peds)  -13.57 3.62 -3.75 0.002 

Motor deficits (yes)  6.87 4.22 1.63 0.121 

Functional outcome (PIFOS)  0.20 0.17 0.18 0.255 

Intellectual ability (FSIQ)  0.22 0.10 2.17 0.043 

General memory (CMS)  0.18 0.09 2.04 0.056 

GOS Peds: Glasgow Outcome Scale, Pediatric version; PIFOS: Pediatric Injury Functional Outcome; FSIQ: Full 

Scale Intellectual Quotient; CMS: Children’s Memory Scale. 
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Table 5. Associations of the general memory score 7- years after severe childhood Traumatic 

Brain Injury with concurrent “objective” outcomes. 

 General memory 7-years post severe TBI 

 n Statistic p 

7-years post-injury outcomes    

Clinician-rated measures    

Overall disability (GOS-E/GOS-E Peds) 37 F(2,36)=1.66 .205 

Motor deficits (yes) 37 t(35) = .15 .883 

Performance-based measures    

Ongoing education 37 t(35)=2.2 .035 

Wechsler scales    

Full Scale Intellectual Quotient  36 r = .71 <.0001 

Verbal Intellectual Quotient 37 r = .62 <.0001 

Performance Intellectual Quotient 37 r = .57 .0003 

Working Memory Index 37 r = .64 <.0001 

Processing Speed Index 36 r = .57 .0003 

F: Generalized Linear Model; t: Student’s t-test; r: Pearson correlation coefficient; GOS-E/GOS-E Peds: Glasgow 

Outcome Scale-Extended/Glasgow Outcome Scale-Extended, Pediatric version. 
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Table 6. Associations of the general memory score 7- years after severe childhood Traumatic 

Brain Injury with concurrent questionnaire-based measures. 

 General memory 7-years post severe TBI 

 n Statistic p 

Questionnaire-based measures    

Parent-reports    

Executive Functions (BRIEF)    

Behavioral Regulation Index 30 r = - .20 .292 

Metacognition Index 30 r = - .22 .239 

Global Executive Composite 30 r = - .23 .229 

Behavior (CBCL/ABCL)    

Internalizing problems  32 r = - .09 .639 

Externalizing problems 32 r = - .42 .018 

Total problems 32 r = - .31 .080 

Health-Related Quality of Life (PedsQL)    

Total score 24 r = .08 .712 

Fatigue (MFS)    

Total score  24 r = - .04 .853 

Family functioning (FAD)    

Total score  33 r = - .06 .737 

Self-reports    

Executive Functions (BRIEF)    

Behavioral Regulation Index 11 r = - .51 .108 

Metacognition Index 11 r = - .67 .026 

Global Executive Composite 11 r = - .70 .016 

Behavior (Y/ASR)    

Internalizing problems  23 r = - .36 .097 

Externalizing problems 23 r = - .29 .179 

Total problems 23 r = - .37 .083 

Health-Related Quality of Life (PedsQL)    

Total score  33 r = .17 .348 

Fatigue (MFS)     

Total score  33 r = .11 .556 

r: Pearson correlation coefficient; BRIEF: Behavior Rating Inventory of Executive Function; CBCL: Child Behavior 

Checklist; ABCL: Adult Behavior Checklist; PedsQL: Pediatric Quality of Life inventory; MFS: Multidimensional 

Fatigue Scale; FAD: Family Assessment Device; Y/ASR: Youth/Adult Self Report. 
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Parents of eligible children consent for a 24-months observational study  

N = 81 

 

 

 

 

 

Baseline assessment  

N= 65 

 

 

 

 

Parents of eligible children consent for a 7-years post-injury follow-up 

N= 39 

 

 

 

 

Analysis sample  

N = 37 

Children with memory assessments 7-years post-injury 

 

 

 

 

 
 

Analysis sub-sample  

N = 22 

Children with memory assessments at all-time points  

(3-, 12-, 24-months and 7-years post-injury) 

 

 

 

Figure 1. Flowchart: Evolution of the sample of patients included in the study (adapted from Viot et 

al., 2019). 

 

 

 

  

Lost:  

• Deceased (16) 

 

• Lost to follow-up or refusal to participate 7-years post-injury (n=26) 

• Impossibility to complete the memory assessment (n=2) 

•  

• Children under 5 years at assessment at 3 or 12 or 24 months  (n=12) 

• Missing data on memory assessments at 3 or 12 or 24 months (n=3) 

•  
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Figure 2a. Evolution of the General memory mean scores at 3-, 12-, 24-months and 7-years after 

Traumatic Brain Injury. 2b. Evolution of the General memory mean scores at 3-, 12-, 24-months 

and 7-years after severe pediatric Traumatic Brain Injury, by subject (n = 22).  
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Figure 3. Distribution of the general memory scores 7-years post-injury according to overall 

level of disability 1-year post-injury assessed by the Glasgow Outcome Scale-Pediatric version 

(GOS-Peds). Mean expected memory score expected in the general population = 100 (SD=15). x 

= Mean; Horizontal line = Median; Vertical line = Range. 
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