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Abstract
Purpose Mild traumatic brain injury (mTBI) usually leads to the appearance of post-concussion symptoms (PCS) which 
may resolve after a short time. In this study, the mental and physical aspects of quality of life (QoL) were evaluated 6 months 
after mTBI, and the association of demographic and injury-related factors, post-injury primary executive function and PCS 
types with the long-term QoL status was investigated.
Methods 123 eligible mTBI patients of initial sampling participated in follow-up phase of this longitudinal study. The 
demographic, clinical, and para-clinical data of patients were recorded. Paraclinical data comprised brain lesion volume, 
type and location determined by CT scan. The executive function and primary PCS were examined during the discharge 
using the verbal fluency task and a checklist, respectively. QoL was measured via SF-36 questionnaire. The collected data 
were entered into SPSS 22, and analyzed using appropriate statistical tests.
Results Youngers aged between 18 and 35 years and women had a lower QoL score than others. Primary somatic and cogni-
tive PCS together were associated with poor QoL. There was no significant difference in QoL and executive function scores 
between the normal and abnormal brain CT groups. However, among people with abnormal CT, those having multifocal 
lesions including at least an intracranial hemorrhage type such as intra parenchymal hemorrhage or extra-axial bleeding 
together with other intracranial lesions or skull fracture demonstrated less QoL score in SF-36. A significant correlation was 
discovered between the scores of the executive function and QoL in mental dimensions of SF-36.
Conclusions This study emphasizes on the clinical significance of early executive function and PCS examination in mTBI 
population, as well as optimal management of the victims regardless of the initial brain CT findings, especially in high-risk 
populations.
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Introduction

In general, mild traumatic brain injury (mTBI) comprises 
about 80% of the all traumatic brain lesions [1]. In the Ira-
nian population, the mTBI prevalence is very high [2, 3], and 
often leads to unpleasant clinical manifestations that nega-
tively affects various aspects of individual and social health 

[4]. Mild TBI is considered a complicated pathophysiologic 
condition which occurs after head trauma [5]. Some peo-
ple with mTBI suffer from a series of physical, cognitive, 
affective, and behavioral problems called post-concussion 
symptoms (PCS). Often, these symptoms resolve spontane-
ously within a month [6]. A bulk of evidence suggest that 
in about 30% of mTBI patients, PCS remains for a period 
of several months or even years, in which case it is called 
post-concussion syndrome or persisting PCS [7]. Studies 
have shown that approximately 22% of mTBI patients are 
not fully functional until one year after the injury [8]. The 
presence of somatic, cognitive, and emotional symptoms 
in mTBI patients, usually referred to as persistent PCS, 
intensely undermines the desired quality of life (QoL) [4, 
9], and it imposes a huge economic burden on every society, 
either directly or indirectly, by reducing the productivity of 
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the patients [10]. The question is whether various types of 
primary PCS are also associated with future QoL in mTBI 
patients. The results of the studies also signify minor differ-
ences between mild and major TBI patients in terms of QoL 
aspects [11], suggesting that poor QoL in TBI populations 
is independent of injury severity. It is worth noting that the 
dissociation of neuronal connections caused by secondary 
neural insults, the most important pathophysiological mech-
anism of persistent neuropsychological disturbances, even 
occurs in mild lesions [12]. Likewise, it has been shown that 
executive functions including processes of attention, work-
ing memory, cognitive monitoring, judgment, anticipatory 
processing, decision making, and planning for goal-directed 
behaviors are among the most important elements of the 
mental high-level cognitive processing, and very vulnerable 
to TBI [13, 14]. Executive function deficit can even occur 
as a result of mild TBI [15-17]. Evidence has shown that 
executive function is critical in integrating, evaluating, and 
organizing cognitive, affective, and social information about 
the environmental stimuli and events. The executive func-
tions are mediated through the activities of the dorsolateral 
and ventromedial frontal-subcortical neural networks. Dam-
age to these neural circuits disrupts the cognitive, affective, 
and social–communicational behaviors [18], and reduces the 
individuals’ participation and independency in everyday life 
[19]. Therefore, people with impaired executive function 
show low motivation and flexibility in thinking and behav-
ior. Besides, they suffer from poor attention, concentration, 
memory and problem solving skills, impulsivity, and mood 
disorders which challenge their performance in different 
social situations. Considering the special role of executive 
function in normal daily activities, this study compared the 
early executive function and long-term QoL scores between 
two groups of mTBI patients with and without normal find-
ings in brain scans. Also, the correlation between the score 
of executive function and various aspects of health-related 
QoL measured by SF-36 questionnaire was investigated. 
Furthermore, the association of the existence of the initial 
PCS and its types, demographic variables, TBI location and 
plurality as well as TBI type including skull fractures and 
intracranial lesions such as intracortical (ICH), epidural 
(EDH), subdural (SDH), subarachnoid (SAH) hemorrhages, 
contusion, and pneumocephalus with long-term QoL status 
remains to be well elucidated. Another goal of this study was 
to examine these ambiguities.

Materials and methods

In a longitudinal study, 147 patients diagnosed with mTBI 
according to ICD-10 criteria [5], in the age range of 
18–65 years, who were admitted to the Emergency Depart-
ment of Poursina Hospital, Rasht, Iran from June 2010 to 

December 2011, were entered into the study with written 
consent. There was 19.5% drop-out of initial sampling. 
Twenty-four peoples discontinued this research because of 
unwillingness. Finally, 123 patients took part in follow-up 
study. All participants were adult with primary TBI owing to 
road traffic accident, who experienced loss of consciousness 
(LOC) lasting less than 30 min, within less than 24 h of post-
traumatic amnesia (PTA), Glasgow coma scale (GCS) score 
of 13–15 within 30 min after the LOC [20]. In addition to 
mTBI patients with abnormal findings in their brain scans, 
those with skull fracture or different intracranial lesions such 
as contusion, pneumocephalus, ICH, SDH, EDH and SAH in 
the neuroimaging findings within the first 24 h after TBI, as 
long as did not require neurosurgical intervention, were also 
included in the study. Patients were included in the study 
if they showed neuropsychological dysfunction and tempo-
rary and minor focal neurological changes in sensation and 
movement, they had at least three of the acute symptoms of 
concussion such as headache, vomiting, nausea, diplopia, 
dizziness, confusion, lethargy, and disorientation at the time 
of admission, and also had functional outcome consistent 
with Glasgow Outcome Scale (GOS) of 4 or 5 [20] during 
the discharge. The exclusion criteria were as follow: having 
a history of TBI, non-traumatic cognitive, neuropsychologi-
cal, motor-physical dysfunction, being drug abusers, having 
neurological, psychiatric, or orthopedic diseases, and motor 
problems during or before the lesion, having the serious 
traumatic injury of other organs in addition to mTBI, or a 
history of taking antipsychotic, antidepressant, and antiepi-
leptic drugs 6 months before the onset of TBI, or those with 
malignant diseases, mental retardation and sensory-motor 
disabilities. Also, the patients with GCS score of less than 
13, or deteriorating in neurological symptoms after admis-
sion and receiving medical interventions, were not included 
in the study. Demographic, clinical and paraclinical charac-
teristics of patients were recorded in an individual question-
naire. Here, we mean formal education as classroom-based 
education provided by a trained teacher according to educa-
tional programming of the education ministry in Iran. Brain 
and skull anomalies including intracranial lesions and skull 
fracture were determined using CT scan within the first 24 h 
after the TBI occurrence, and reported by a neuroradiolo-
gist who was unaware of the patients’ neuropsychological 
and neurological outcomes. The classification of traumatic 
brain lesions based on the anatomical location, morphology, 
and plurality was performed as previously explained [21]. 
In multifocal lesions, one of the areas involved was frontal 
lobe. At the time of discharge from the emergency unit or 
from the hospital the executive function was evaluated using 
the verbal fluency task as previously described [22], by a 
speech and language pathologist. Briefly, administer asks 
the patient to name all word beginning with a particular let-
ter (phonological subtest) as well as belonging to a specific 
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category such as animals/fruits/vegetables (semantic subtest) 
within 60 s. To score the verbal fluency, each correct word 
produced by the patient is considered as a score. To calculate 
the executive function, the total number of the words that the 
patient can to generate is counted up and transformed into 
the percentage. Also, according to a checklist, the existence 
of the self-reported PCS was detected during the discharge. 
This checklist included the most common somatic, cogni-
tive, and affective symptoms. Somatic symptoms included 
headache, sleep disruptions, fatigue, dizziness, nausea, vis-
ual disturbance, photophobia, and phonophobia. Cognitive 
symptoms included attention deficits, memory problems, 
slow processing speed, difficulty in multitasking, increased 
distractibility, losing the brain of thought, and feeling foggy, 
and affective symptoms such as increased irritability, emo-
tional lability, anxiety, and depression [23]. Patients, who 
subjectively reported at least three symptoms according to 
ICD-10 criteria for PCS during the discharge, were defined 
as positive PCS, and those without any experience of these 
symptoms were considered as negative PCS. Health-related 
QoL was evaluated 6 months after the occurrence of the 
TBI through filling out the Persian version of the SF-36 
questionnaire by telephone interview with the patient. This 
questionnaire contains 36 questions about the physical and 
mental dimensions of QoL including physical functioning, 
role-physical, role-emotional, vitality, emotional well-being 
(mental health), social functioning, bodily pain and general 
health. SF-36 is scored between 0 and 100. The higher 
scores signify more satisfaction. There is a report based 
on the acceptable validity and reliability of this question-
naire in Iranian population [24]. After entering the collected 
data into SPSS 22, the independent sample t test, one-way 
ANOVA and post-hoc tests were used to compare the SF-36 
score between independent variables. Normal distribution 
was determined using Kolmogorov Simonov test. Two-tailed 
hypothesis tests were used and the significance level was 
considered ≤ 0.05.

Results

Descriptive findings

According to findings, the mean scores of health-related 
QoL in SF-36 questionnaire and executive function score 
in verbal fluency task for all participants of this study were 
56.49 ± 7.9 and 51.74 ± 10.1, respectively. Furthermore, 
the mean age of all patients was 37.2 ± 9.12 years, the 
average number of years of formal education for the total 
patients was 8.1 ± 1.84 years. The mean time from the TBI 
onset up to the discharge from the emergency unit/hospital 
was also 3.18 ± 0.61 days. As shown in Table 1, the highest 

percentage of mTBI patients of in this study belonged to 
category of 18–35 years of age, and about 72% of the 
total populations were male. About 66% of the patients 
were from the emergency department. About 33% of all 
patients were discharged from the hospital. In total, 103 
patients (73.83%) showed PCS at the time of discharge, 
and most of the mTBI patients (34.14%) had somatic and 
cognitive symptoms simultaneously. Nearly 24% of the 
patients had somatic and emotional symptoms together, 
and about 18% of the cases had only somatic symptoms, 
the rest did not report PCS during the discharge. Moreover, 
In 30 patients (24.39%) no lesion was observed in the brain 
scans (Table 1).

Table 1  Frequency of demographic and clinical variables in all mTBI 
patients and comparison of long-term QOL scores among groups cat-
egorized according to these variables

TBI traumatic brain injury, QOL quality of life, SD standard devia-
tion, NS not significant

Variables All mTBI 
patients 
(n = 123)

QOL score in SF-36 P value
Mean ± SD

Age at injury (years), 
n (%)

0.03

 18–35 68 (55.28) 37.2 ± 6.12
 36–50 29 (23.57) 62.1 ± 5.84
 51–65 26 (21.13) 70.19 ± 6.81

Formal academic 
education (years), 
n (%)

NS

 < 6 47 (38.21) 47.6 ± 5.2
 6–12 63 (51.21) 58.89 ± 5.38
 > 12 13 (10.56) 61.72 ± 5.82 0.01

Gender, n (%)
 Male 89 (72.35) 74.65 ± 6.11
 Female 34 (27.64) 39.18 ± 5.03

Place of discharge, 
n (%)

NS

 Hospital 41 (33.33) 52.03 ± 5.14
 Emergency depart-

ment
82 (66.66) 61.8 ± 5.9

 Initial positive PCS, 
n (%)

 Somatic 23 (18.69) 86.1 ± 6.32 0.001
 Somatic + cognitive 42 (34.14) 25.53 ± 5.1
 Somatic + affective 30 (24.39) 35.44 ± 5.03
 Cognitive + affective 8 (6.5) 37.06 ± 5.12
 None (negative 

PCS)
20 (16.26) 98.94 ± 6.91

CT scan findings, 
n (%)

 Normal 30 (24.39) 67.28 ± 5.81 NS
 Abnormal 93 (75.6) 61.49 ± 5.52
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The findings of intergroup comparisons of quality 
of life

Likewise, according to Table 1, there was a significant differ-
ence in SF-36 score among age groups (P < 0.03). Younger 
patients between 18–35 years old had a substantially poorer 
QoL (42.6 ± 7.21) in comparison with other age categories. 
There was a significant difference between the gender groups 
in terms of the long-term QoL status (P < 0.01). Indeed, a 
higher score of QoL in SF-36 was obtained in men compared 
to women. However, there was no significant difference in 
SF-36 score among the categorized groups regarding the 
status of formal academic education and the discharge place 
(P > 0.05). In addition, pairwise comparison using post-hoc 
analysis indicated that there was a significant difference 
between the group without PCS and all groups with PCS 
except for somatic PCS group in terms of the SF-36 score 
at 6 months after trauma (P < 0.001). Moreover, all patients 
without PCS or those with only somatic PCS demonstrated 
a higher score of SF-36 denoting a better QoL. However, 
the lower score of QoL in SF-36 was seen in patients who 
simultaneously experienced somatic and cognitive PCS. Fur-
thermore, there was no significant difference in SF-36 score 
between the two groups with normal and abnormal brain CT 
scan (P > 0.05). More details are given in Table 1.

The results of comparison between the groups 
with normal and abnormal CT findings in terms 
of executive function

Figure 1 delineated that there was no significant difference 
in the mean executive function score between the two groups 
with (54.03 ± 9.74) and without (48.88 ± 9.61) normal find-
ings in the brain CT scan (P > 0.05).

The results of comparison between the groups 
according to lesion site and type 
regarding the quality of life

Based on the data illustrated in Table 2, it was revealed that 
among 93 patients with brain abnormalities in their CT scan, 
accompanied hematoma including an intracranial hematoma 
such SDH, ICH, SAH, EDH combined to skull fracture or 
contusion or pneumocephalus or other intracranial hemor-
rhages (27.95%) and skull fractures (26.88%) were more 
common than other types of brain lesions. In total patients 
with abnormal CT findings, multifocal (27.95%) and frontal 
(25.8%) lesions were more frequent than other affected brain 
sites. A significant difference in SF-36 score was observed 
among the grouped patients based on the brain lesion type 
(P < 0. 005).The mean QoL score in patients with skull frac-
ture was higher than other brain lesion types while less score 
of SF-36 assigned to the accompanied hematoma group. A 
significant difference in SF-36 score was observed among 
the groups categorized according to brain lesion site (P < 0. 
004). In other words, patients having multifocal lesions 
indicated lower SF-36 score in comparison with other brain 
lesion sites. Additionally, mTBI patients having occipital 
and parietal lesions reported better QoL.

The results of comparison between various TBI sites 
in terms of intracranial lesion volume

Interestingly, data showed that there was a significant dif-
ference in intracranial lesion volume among groups catego-
rized according to brain lesion site (P < 0.03). Based on the 
Table 3, intracranial lesion volume was more in multifocal 
(6.2 ± 1.14) and frontal (5.7 ± 1.06) injuries.

Table2  Frequency of TBI 
sites and types in patients with 
abnormal CT and comparison 
of long-term QOL score among 
them

TBI traumatic brain injury, QOL quality of life, CT computed tomography

Variables All mTBI patients with abnor-
mal CT (n = 93)

QOL score in SF-36
Mean ± SD

P value

Brain lesion type, n (%) 0 .005
 Hematoma 13)13.97) 44.61 ± 5.02
 Contusion 12(12.9) 57.09 ± 5.35
 Pneumocephalus 17(18.27) 60.23 ± 5.72
 Accompanied hematoma 26 (27.95) 23.48 ± 5.08
 Skull fracture 25(26.88) 92.33 ± 6.85

Brain lesion site, n (%) 0.004
 Frontal 24(25.8) 41.58 ± 5.17
 Temporal 15(16.12) 58.72 ± 5.34
 Parietal 13(19.35) 83.45 ± 6.15
 Occipital 15(10.75) 88.51 ± 6.7
 Multifocal 26(27.95) 27.69 ± 5.14
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The results of correlation between the scores 
of executive function and quality of life aspects

According to the Spearman test results in Table  4, the 
executive function score was positively correlated with the 
mental subscales of the SF-36 questionnaire including the 
emotional role (P < 0.018), vitality (P < 0.013), social func-
tioning (P < 0.01), mental health (P < 0.001), and general 
health (P < 0.014).

Discussion

The study found that life satisfaction at 6 months after TBI 
was associated with the patients’ age. According to current 
findings, younger people are at risk of poor QoL experience. 
Based on a previous study, the likelihood of PCS occurrence, 
was higher in young adults three months after the initial 
visit [25]. It seems that people who are in age range of high 
level of daily activity and more engaged in social activities, 
workplace, and education suffer from the disabilities and 
unpleasant effects induced by mTBI more than other age 
ranges, because these dysfunctions prevent the person from 
returning to work, continuing education, or being efficient 
and adequate in daily life activities. As a result, they will 
be less satisfied with the physical and mental consequences 

after mTBI. The results of previous studies have shown that 
primary headaches on admission to the emergency depart-
ment or during hospitalization, which are the common 
somatic symptoms, increase the likelihood of PCS appearing 
three months after TBI occurrence [25]. However, our study 
found that the presence of somatic symptoms accompanied 
by cognitive symptoms at the discharge of mTBI patients 
strongly corresponds to the patients’ long-term poor QoL. 
These results are consistent with a previous report which 
demonstrated that the early PCS somatic and cognitive 
symptoms are able to predict QoL [9].

It is worth noting that somatic, cognitive, and emotional 
symptoms interact with each other to exacerbate them-
selves, as it is mentioned if pain occurs with early cogni-
tive problems, it may intensify the persistent secondary 
cognitive problems [26] which itself undermines successful 
performance in profession, education, and occupation, and 
makes the QoL undesirable especially in mental aspects [4]. 
Another valuable finding of our study was that the execu-
tive function score during the discharge was correlated to 
the QoL score especially in mental dimensions and general 
health. Although it has already been shown that poor per-
formance in a neuropsychological task battery during early 
phases of TBI can determine the latter cognitive, psychoso-
cial, and emotional defects after mTBI [27, 28], Thus far, 
the significance of performing executive function task for 
prognosis of the long-term QoL status in mTBI population 
has not been reported. It seems that the patients’ poor execu-
tive function in the early stages of TBI, and their awareness 
of these deficits and the resulted consequences in the funda-
mental cognitive performances of daily life such as planning, 
thinking, judgment, decision making and problem solving 
lead to a reduction in the communication function [29], and 
their participation in society, workplace and the educational 
centers [19], and predispose them to poor QoL in mental 
dimensions. Here, based on the CT scan manifestations, 
no difference was found in mean score of QoL in SF-36 
between individuals with normal and abnormal CT findings. 
Our study also suggested that people with brain lesions and 
those without any apparent lesion in their brain scans had 
almost the same performances during the verbal fluency 
task which evaluates the executive function. Given the cor-
relation between early executive function score and SF-36 
score, this correlation may justify the lack of any significant 
difference in SF-36 score between patients with normal and 
abnormal CT findings. This means that the initial CT find-
ings of brain structure normality lack the prognostic value 
the patients’ long-term QoL status, but not the results of the 
executive function task during the early phase of mTBI. A 
study on patients with mTBI proposed that the brain abnor-
malities found on the CT scan had no predictive potential for 
persistent cognitive deficits [30]. It seems that, to determine 
the prognosis of cognitive and emotional-psychological 

Table3  Data of intracranial lesion volume in mild TBI patients with 
abnormal CT scan according to brain lesion site

Brain lesion site Lesion volume for site(cc) P value

Mean ± SD Range

 Frontal 5.7 ± 1.06 0–7.3 0.03
 Temporal 4.1 ± 0.97 0–6.8
 Parietal 2.8 ± 0.84 0–3.5
 Occipital 2.3 ± 0.8 0–3.1
 Multifocal 6.2 ± 1.14 0–8.4

Table4  The results of the correlation analysis between QOL dimen-
sions of SF-36 questionnaire and executive function

Executive function P value

Physical functioning 0.153 0.235
Role: physical 0.202 0.172
Role: emotional 0.411 0.018
Vitality 0.532 0.013
Emotional well-being (mental 

health)
0.603 0.001

Social functioning 0.587 0.01
Bodily pain 0.194 0.269
General health 0.468 0.014
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functions in patients, their QoL status long after mTBI 
should be further relied upon the results of the neuropsy-
chological task battery undertaken in the emergency depart-
ment. These neuropsychological assessments performed by 
a set of tests in the emergency unit expanded the focus of 
the emergency care from the looking for rare abnormal brain 
CT findings in this population to the approach embracing the 
determination of neuropsychological symptoms of patients.

Such an approach has the ability not only to rule in or 
rule out the cognitive deficits [26, 28], but also the ability 
to predict persistent PCS [25, 31, 32]. Due to the lack of 
certain standard guidelines for evaluation and management 
of mTBI patients whose lesion is likely to be stable during 
the acute phase in the emergency department, it is estimated 
that between 50 and 90% of these people cannot be identi-
fied in the emergency unit [33]. Since these people do not 
receive psychoeducational services and routine follow-up 
care [34, 35], they are likely to face persisting PCS [36] and 
the high risk of the complicated recovery [35]. According 
to the results of the previous studies and the current study, 
accurate assessments based on the neuropsychological func-
tions of mTBI patients are essential to identify the patients 
at risk of the persisting mTBI, and establish clear guidelines 
for discharge and education instructions, and post-discharge 
care services whether from the emergency department or 
the hospital. Subsequent studies focus on finding the answer 
to the question of how long and to which patients of the 
mTBI population, the follow-up care is appropriate. It is 
important to note that, based on our results, patients who 
presented multifocal lesion symptoms including the hemor-
rhagic lesions and another lesion type co-occurred in the 
frontal lobe and other brain areas reported a poorer satisfac-
tion of health-related life at the six-month post TBI. The 
role of the frontal lobe and its associated neurological path-
ways in setting up the executive, behavioral and affective 
functions, and in the human activity voluntary control is not 
overlooked. Recently, the heterogeneity of the frontal lobe 
TBI consequences led to the presentation of a frontal frac-
tionation model for TBI, based on which, this lobe’s differ-
ent dysfunction patterns including abulia, dysexecutive, and 
behavioral syndromes, each associated with an area of the 
frontal lobe, are distinguished in patients [37]. The neural 
tract imaging studies using diffusion tensor imaging (DTI) 
demonstrated the role of the connections between the area 
regulating the frontal lobe executive function, and the sub-
cortex areas in the incidence of executive function impair-
ments even in the mild traumatic brain injuries [12, 38]. 
Therefore, it is assumed that regardless of the injury severity, 
the presence of diffuse and multifocal lesions, which neces-
sarily has involved the frontal lobe, is more associated with 
a higher risk of the executing dysfunction rather than the 
focal lesions of the frontal lobe, and thus increases the likeli-
hood of long-term poor QoL. This study demonstrated that 

the patients’ performance was not different in the executive 
function tasks between subjects with normal and abnormal 
brain CT finding. A piece of evidence has indicated that CT 
is not able to detect microscopic lesions of the white-matter 
neural pathways [21, 22]. There is a possibility that the neu-
ral tracts microscopic lesions are underestimated in individu-
als with normal CT (39, 40) who had weak performance in 
executive function task. These unidentifiable lesions in the 
CT may spread over time and lead to poor QoL. This may 
be a possible explanation for the unexpected result based 
on that people with normal brain CT did not have a better 
score in SF-36 relative to those with abnormal brain CT. 
Therefore, it is suggested that the validity of the results of 
the executive function tasks and the neuropsychological test 
battery for screening mTBI victims at the risk of poor future 
QoL should be studied in next researches, using advanced 
techniques of magnetic resonance imaging (MRI).

Conclusion

The present study showed that the presence of primary 
somatic and cognitive PCS together plays an important 
role in the development of poor QoL at 6 months after TBI. 
This study provides a result based on a positive correlation 
between executive function score and individual scores of 
QoL in mental aspects of SF-36. In addition, younger and 
female subjects with multifocal lesions, including hem-
orrhages with other lesions in the frontal lobe and other 
brain areas, experienced poor QoL 6 months after the acci-
dent. The results of this study showed that the presence 
of normal findings in CT scan is not necessarily related to 
the desired QoL in the future. Regardless of whether peo-
ple discharge from the emergency department or the hos-
pital, the QoL is associated with the neuropsychological 
consequences of mTBI particularly during the discharge. 
Obviously, proper treatment and management of the early 
neuropsychological deficits caused by the mTBI are very 
important in optimizing QoL of these patients. It is pro-
posed that future studies emphasize on comprehensive 
assessments of the various aspects of neuropsychological 
performances of mTBI patients when admitted to emer-
gency department or hospital.
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