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Prolonged injury symptoms and later visits to psychiatric care after
mild traumatic brain injury in school-age

Objective: To investigate demographic and pre-injury factors in Finnish school-aged
children admitted to pediatric neurology services after mild traumatic brain injury
(mTBI). The relation of these factors to prolonged injury symptoms and later visits into
psychiatric care was assessed.

Methods: Demographic information, pre-injury learning status, and neuropsychological
test results of 120 patients aged 7-16 years were retrospectively collected from the
hospital medical records. Data were compared with self- or parent-reported injury
symptoms at 1-3 months post injury and visits to psychiatric care during the study
period of seven years.

Results: According to medical records, 14.2% of the children with mTBI had a
diagnosed neurobehavioral or psychiatric condition pre-injury. Additionally, 53.3% of
the children had some neurobehavioral or psychiatric concerns or traits prior to the
injury. Over half (56.7%) of the children studied were symptomatic at 1-3 months
following the injury. Female gender and presence of prolonged symptoms were
predictive for later visit into psychiatric care.

Conclusions: Pre-injury neurobehavioral or psychiatric problems may predict
prolonged injury symptoms following pediatric mTBI. In this retrospective patient
series, prolonged symptoms and female gender seem to predict the need for later
psychiatric care. Monitoring the recovery of children with mTBI and pre-injury risk

factors is important for timely interventions.
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Introduction

Traumatic brain injury (TBI) is one of the leading causes of death and injury-related
disability among children and adolescents worldwide (1,2). Globally, the rate of
diagnosed TBIs is approximately 419:100 000 among children under 15 years of age
(3). However, major differences exist between developing and high-income countries.
According to a paper published in 2017, the incidence of pediatric TBI is increasing (4). In

Finland the cumulative incidence for pediatric TBIs during years 1998-2012 has been



reported to be 99/100 000, with boys being approximately 50 percent more likely to
sustain a TBI (5). When compared to other countries with corresponding population-
based data, the rate in Finland seems to be slightly higher than in e.g. Australia (91/
100 000) and the United States (73/100 000) (5).

It has been well established that majority of children suffering moderate or
severe TBI experience at least transient impairment in cognitive and/or behavioral
functioning (6, 7). Seventy to ninety percent of all hospital treated pediatric TBIs are
classified as mild, therefore making mTBI as one of the most common injury in
children and adolescents (8, 9). Despite its relatively high prevalence, even
comprehensive literature reviews have come to different conclusions on outcomes from
pediatric mTBI (9).

There is some agreement concerning the presence of acute physical,
cognitive and behavioral symptoms. The most often reported symptoms include
pain, nausea, dizziness, cognitive disturbances - such as poor attention and memory
problems - as well as behavioral and emotional dysfunction (10, 11). Instead,
controversy exists regarding the long-term cognitive and neurobehavioral outcome
(9, 10, 11, 12, 13). When measured with objective psychometric tests only, the
outcome following a single uncomplicated (= without brain imaging findings)
mTBI, has been reported to be quite good at a group level, showing few if any
impairments in neurocognitive outcomes compared to uninjured controls (14, 15).
However, the inconsistency between the results from standardized cognitive testing
and subjective symptom reporting has been well established (9, 10, 16). Recent
longitudinal studies utilizing more sensitive measures and a trauma control group
suggest that at least 5-20% of children with mTBI experience prolonged or

persistent symptoms following even a single uncomplicated mTBI (13, 17, 18).



According to recent narrative review (19), variation in post-concussion symptom
resolution seems to be higher in children and adolescents compared to adults.

Yeates and Taylor (10) concluded that prolonged symptoms following
pediatric mTBI probably reflect multifactorial background, such as pre-injury
learning capacity and psychologic functioning, family relationships, as well as
organic changes in brain function. Additionally, they stated that the predictors of
symptoms following mTBI vary as a function of time. Mc Nally et al. (20) showed
that non-injury factors including low cognitive capacity and existence of
psychological problems, female gender, younger age at injury, and poor family
functioning play a major role as predictors for prolonged symptoms following
pediatric mTBI.

According to Fay et al. (21) pre-injury cognitive ability is a significant
moderator of the outcome from pediatric mTBI. Dicker (22) stated that the rate of
pre-injury learning disabilities or otherwise poor academic performance in those
suffering of mTBI, could be as high as 50%. Studies on TBI outcome usually exclude
those patients, thereby omitting a considerable number of injured children. This
might give somewhat biased results, as learning and other types of
neurodevelopmental deficits are overrepresented in patients sustaining a pediatric
TBI (23).

There is a growing body of literature associating childhood mTBI and long-term
behavioral and psychiatric difficulties, even if according to a systematic review
performed by Emery et al. (24), there is only little evidence for persistence of
psychological or psychiatric problems beyond the acute and subacute phase following
pediatric mTBI. According to Scott et al. (25), childhood TBI is associated with

psychosocial problems in adulthood, with females with mTBI being at increased risk for



developing internalizing disorders, such as anxiety and depression. In a prospectively
studied cohort Max et al. (26) found that even as much as 31% of the children with
mTBI were experiencing psychiatric or neuropsychiatric symptoms at 24 months
following the injury. Furthermore Sariaslan et al. (27) showed that even a single mTBI
in childhood could be associated with several adverse long-term outcomes including
psychiatric visits and inpatient hospitalization. Child- and parent-reported health-related
quality of life (HRQOL) has been reported to be significantly worse in children with
prolonged or persistent postconcussive symptoms compared to their peers with other
kind of chronic medical conditions e.g. diabetes, cancer, obesity and psychiatric
illnesses (28), possibly exposing them thus to develop more serious psychiatric
symptoms. Paradoxically it has also been suggested that a person, whose cognition is
more intact, may experience more psychological distress compared to their more
severely injured peers following TBI. This might be due to their better insight into their
problems (25, 29, 30), suggesting that persons suffering from milder forms of TBI could
actually be at increased risk for developing psychiatric symptoms.

In this study, we wanted to explore demographic and pre-injury factors in
school-aged children with mTBI and their relation to prolonged injury symptoms
and later visits to psychiatric care. We hypothesized that:

(1) children with pre-injury learning difficulties or neuropsychiatric

symptoms would be more prone to injury-related symptoms and

(2) these traits would be positively related to the presence of injury-related

symptoms 1-3 months following mTBI, and

(3) children with prolonged injury symptoms would be at elevated risk for

having later visits to psychiatric care following an mTBI.



Methods
This study was conducted at the Department of Pediatric Neurology at Turku University
Hospital (TUH) Finland. Approval for the study was granted by the Ethics Committee

of The Hospital District of Southwest Finland and TUH.
Participants

The study sample comprised 120 children treated at TUH due to mTBI during the
years 2010-2016. The patients who had brain CT or MRI examination available, had
their TBI classified as mild, and who had undergone neuropsychological
examination within 3 months following injury, were included into the study. In order
to make the neuropsychological results more comparable within the study population
and the study group more homogenous, only patients aged 7-16 years at the time of
injury were included in this study. Eligibility criteria for mTBI included the Glasgow
Coma Score (GCS) (31) of no less than 13/15, loss of consciousness (LOC) of less than
30 minutes, and of post traumatic amnesia (PTA) no more than 24 hours. When the
GCS score was not entered in the patient database, it was estimated retrospectively
based on the documented clinical information

The data were collected retrospectively from the hospital records at least two
years post injury for every patient. We identified all new pediatric visits with any head
trauma at Turku University Hospital over the years 2010-2016 by a diagnosis-based
registry search. We wanted to find all pediatric patients with any head trauma, which is
why ICD-10 codes including: S06 (intracranial injuries), T90 (sequelae of intracranial
injuries), FO7 (personality and behavioral disorders due to brain disease, damage and
dysfunction), and FO4 (organic amnesic syndrome, not induced by alcohol and other
psychoactive substances) were used. Search covered visits at The Department of

Pediatrics and Adolescent Medicine, and Emergency Care at TUH. During this time



period, 1206 children had a diagnosis of any head trauma and subsequent brain imaging
linked to that event. The number of patients with the first hospital-treated head trauma
during the study period, who had a CT and/or MRI examination linked to the event, and
had sufficient information in the patient records about the initial management, was 804,
from which 41 patients were excluded due to reasons shown in Figure 1. Additionally,
the patients whose TBI classified as moderate or severe were excluded from the study
(n=32). Number of patients excluded due to age < 7 or >16 years at the time of injury,
was 316. Of the remaining 415 children, 120 (29%) were directed for
neuropsychological examination carried out within 1-3 months after the injury
according to the clinical judgement of the pediatric neurologist. The selection process is

presented in Figure 1. [Figure 1 near here]

Measures

Demographic data and injury characteristics were retrieved from the medical records.
Injury symptoms at 1-3 months following mTBI, as reported by the child or the parents
were retrospectively gathered from the patient files. The information was originally
registered in the context of semistructured interview carried out by a hospital
psychologist during the neuropsychological evaluation. Children or adolescents as well
as their parents were asked to describe emergence or worsening of symptoms (e.g
fatigue, impulsivity) following injury. The Full-Scale Intelligence Quotient score
(FSI1Q) from the Wechsler Intelligence scale for children, WISC IV (32) was used to
describe the child’s overall neurocognitive ability at 1-3 months following mTBI.

Data concerning pre-injury learning or behavioral difficulties were
retrospectively gathered from the medical records. Participants were grouped into three

subgroups according to their pre-injury neurodevelopmental and behavioral functioning



as follows: a) no pre-injury concerns or behavioral tendencies mentioned, b) pre-injury
concerns or behavioral tendencies mentioned in the medical records, but without a
diagnosed condition, and c) a diagnosed neurobehavioral or psychiatric illness prior to
mTBI. Additionally, the data concerning pre- and post-injury contact to psychiatric care
were collected from the medical records.

Data analyses

Statistical analyses and descriptive statistics were done using the SPSS software
(version 24.0, IBM Corp., Armonk, NY). Normality of continuous variables was
checked using histograms. Binary logistic regression analysis was conducted to predict
self- or parent-reported injury symptoms at 1-3 month following injury, as well as
visits to psychiatric care following injury. Gender, age, pre-injury learning and
behavior problems, and pre-injury visits to psychiatric care were used as predictors in
both multivariable logistic models. Additionally, symptoms at 1-3 month following
injury were used as a predictor for visits to psychiatric care. Results are expressed
using odds ratios (OR) with 95% confidence intervals (Cl). Data analyses were
completed using all available data (i.e., including all the cases available at each
occasion). P-values less than 0.05 were considered as statistically significant.

Results

Demographics

Children in the final study sample and those of 7-16 years old with mTBI diagnoses
and CT/MRI examination but no neuropsychological examination carried out, did not
differ according to gender (females 43.3% vs 41.9%, p=0.795), age (mean 11.9 v 12.2
years, p=0.298) or diagnoses before brain injury (24.2% vs 28.5%, p=0.366). The
demographic characteristics of the final sample are presented in Table 1. [Table 1. near

here]



External causes of brain injury

Falls accounted for most of the causes, with 29 (24.2%) being from height and 30
(20.5%) from ground-level. The number of traffic-related injuries was 38 (31.7%), of
which 23 (19.2%) were from being hit by a car as a pedestrian or bicyclist, and 15
(12.5%) were caused from being as a passenger in a car or as a driver of a motor
vehicle. (e.g. moped, tractor, snow-jet). Other causes for mTBI were sports-related
accidents and hitting the head onto a solid object.

Injury symptoms

Presence of at least one injury symptom was reported by 56.7% of the children or their
parents at 1-3 months following injury, based on the clinical interview carried out
during the neuropsychological evaluation performed by the hospital psychologist. The
most common symptom was fatigue, reported by 26.7 % of the children themselves or
their parents. The next common symptoms reported were headache or dizziness,
difficulties in emotional regulation, and memory problems.

Pre-injury learning and behavior

Children with pre-injury diagnosed learning or behavior disorder (14.2%) were
diagnosed for ADHD or Tourette’s syndrome (n=2), mental disability (n=3), or
learning/language development impairment (n=2). Nine of the children had a pre-injury
diagnosis of a psychiatric disorder (conduct disorder, anxiety disorder, reactive
attachment disorder). Learning or behavioral problems pre-injury were significantly
related to child- or parent-reported post concussive symptoms at 1-3 months (Table 2).
The overall intelligence score (FSIQ) was not a significant predictor for post-concussion
symptoms. Due to the significant amount of missing FSIQ values (N=9) and its high
negative correlation with pre-injury learning ability (r = -0.384, p< 0.001), it was left

out from the analyses. [Table 2. near here]



Visits to psychiatric care

Earlier contact to psychiatric care, female gender, and occurrence of self- or parent-
reported injury symptoms at 1-3 months following mTBI were significant predictors for
later contact to psychiatric care. Age at injury and pre-injury learning or behavioral
problems were not predictive for later visits to psychiatric care (Table 3.). [Table 3. near
here]

Discussion

This retrospective study of children with mTBI identified demographic and pre-injury
factors associated to prolonged injury symptoms as well as later visits to psychiatric
care in TUH. Information concerning psychiatric care in other facilities except for
TUH, was not available.

As we hypothesized, children with pre-injury learning or behavioral difficulties
were overrepresented in our data. Of the children studied, 14% had diagnosed
neurobehavioral or psychiatric illness before the injury. Even if we expected to find an
overrepresentation of learning and behavioral difficulties in our study sample, the
finding that approximately half (53.3 %) of the children showed some premorbid
concerns or behavioral traits mentioned in medical records, was surprising. Together
with diagnosed learning or behavioral disorders, the total number of these cases was
67.5% of the whole sample. Thus, only 32.5% of the children studied did not have any
premorbid concerns or tendencies mentioned in the clinical records. This finding could
be explained by the fact that children with neurobehavioral problems are more accident-
prone compared to normative population, and therefore over-represented among
children with mTBI. Another possibility is that children with lower premorbid cognitive

reserve due to e.g. neurological or psychiatric vulnerability, experience more or stronger
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symptoms, and are therefore guided into neuropsychological follow-up evaluation more
often. This kind of selection bias is possible as our sample has been retrospectively
gathered from clinical patient files.

As expected, the existence of pre-injury learning or behavioral difficulties
(either diagnosed condition or concern mentioned in medical records) was a significant
predictor of being symptomatic at 1-3 months following injury. This finding is in line
with the conclusions from a recent systematic review (33). A slight majority (56.7%) of
the children studied still reported being symptomatic at the time of the
neuropsychological evaluation at 1-3 months following mTBI. In contrast to e.g.
McNally’s and Eving-Cobbs’ work (20, 34), no gender difference in terms of prolonged
symptoms was found in our sample.

Our finding that 56.7% of children and adolescents experienced some symptoms
at 1-3 months following mTBI, is considerably higher compared to 13 % presented by
Barlow et al. (35). However, as our study group consisted of those patients who had
undergone neuropsychological evaluation based on clinical consideration, it is likely,
that the number of symptomatic children in this group is somewhat bigger compared to
all the children with mTBI treated in TUH during the study years. Unfortunately,
information of self- or parent-reported injury symptoms at 1-3 months following injury
was only available for those children who had undergone neuropsychological
examination, so the comparison between the groups could not be done.

By the date of data gathering, 24.2% of children studied had visited psychiatric
care following mTBI. This number is codirectional with 31% presented by Max et al.
(26). Female gender, being symptomatic according to self or parental report at 1-3
months, as well as pre-injury psychiatric contact, were significant predictors for later

visits into psychiatric care. The finding that prolonged injury symptoms were predictive
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of later psychiatric contact might suggest that residual symptoms from mTBI are left
misdiagnosed and been later interpreted as psychiatric problems. Another possible
explanation could be that children who experience prolonged post-concussive
symptoms may be at increased risk for developing secondary mental health problems
due to not being able to meet the requirements and expectations of their surroundings.
This phenomenon has already been described by Boll (29).

Consistently with previous studies, the most common cause of pediatric mTBI
was a fall with boys being overrepresented. The M:F ratio found in this study was
somewhat different from those found in two earlier Finnish population studies (5, 36). A
slightly higher proportion of girls represented in our study could be explained by the
fact reported by McNally et al. (20), that girls tend to be more sensitive in reporting
post-concussive symptoms compared to boys, and therefore may have a higher
probability to be guided into further examinations. As our sample was retrospectively
collected from medical records, this kind of bias is possible. As our data had originally
been gathered for clinical purposes, some variation existed regarding the data available
and the methods being used. The presence of post-concussive symptoms was evaluated
merely based on parent’s and children’s oral reports during the neuropsychological
examination. No standardized rating scales were used. Additionally, the data was
lacking information concerning the socioeconomic status of the children, which has
been reported to be a predictive factor in recovering from TBI (11,12). Because the data
had been generated during a daily clinical work, no systematic method for recording the
data was used, why there were also some missing data.

Conclusion
The present study suggests that there is a predictive relationship between pre-injury

learning or psychiatric problems and prolonged symptoms following pediatric mTBI,
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and that prolonged mTBI symptoms together with female gender predict later visit into
psychiatric care. As children with mTBI are overrepresented among the patients having
later visits into psychiatric care, these results imply a need for more careful monitoring
of possible residual injury symptoms, especially within those children who are known to
have risk factors for prolonged symptoms and are discharged from the hospital without
routine follow-up.

To validate these results, further research including an orthopedic control group
and examining the neuropsychological functioning prospectively and more precisely is
necessary. Additionally, a long-term follow-up of those with prolonged symptoms after
a pediatric mTBI is needed in order to examine eventual changes and consequences

over time.
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