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Background and Aim: Mild Traumatic Brain Injury (mTBI) mostly develops the symptoms that may
persist for over three months known as Post-Concussion Syndrome (PCS). However, the PCS potential
risk for mTBI victims is not well-identified. Here, we investigated the putative risk factors of PCS.
Methods and Materials/Patients: In a cross-sectional study, we collected (HIS) the demographic,
clinical, and radiological data using the hospital information system in 388 mTBI patients who
passed at least 3 months since the onset of their injury and referred to Poursina hospital from
March 2017 to December 2018. The patients were examined to diagnose PCS by a general
physician using the phone interview via the Rivermead Post-concussion Symptoms Questionnaire
(RPQ). The subjects were separated into groups with and without PCS. Data were analyzed by
parametric t-test, Chi-square test and multiple logistic regression.
Results: One-hundred ninety one out of 388 mTBI patients consented to complete the RPQ and
around 59% of cases experienced PCS. There was no significant difference in the demographic
variables and past medical history between groups. However, the previous psychological disease
was particularly associated with PCS (P>0.043). Length of hospitalization, functional outcome
during discharge, and post-resuscitation consciousness did not show any significant association
with PCS (P<0.05). Interestingly, initial abnormal brain scan, fronto-temporal lesion, and
accompanied hematoma (hemorrhages) were identified as risk factors of mTBI-induced PCS. The
risk of PCS was found to increase by 7.2 times in mTBI patients demonstrated as an abnormality
in their initial brain scans (P<0.001). A directly proportional relationship was found between the
occurrence of the syndrome and the fronto-temporal lesion (P<0.017). Accompanied hematoma
enhanced the risk of PCS by 2.6 times (P<0.04).
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Conclusion: This study emphasized the significance of early brain scan data for the prediction of
PCS and the necessity of proper follow-up care for the at-risk population. The reported data from
this study might be applied as an objective trajectory to measure PCS in those who simulated PCS
for the litigation
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Highlights
● Over half of mild traumatic brain injury patients had PCS.
● Pathology on brain scans at first 48 hours of admission predicted PCS.
● The fronto-temporal lesion was the second predictor of PCS.
● Accompanied hematoma had a predictive potential for PCS.
● The history of psychological disorder was more in the PCS group than the non-PCS group.
● Patients with and without PCS were not different in demographic characteristics.

Plain Language Summary
Mild Traumatic Brain Injury (mTBI) is more prevalent than other severities of brain injuries and is characterized by
the loss of consciousness for less than 30 min with a Glasgow Coma Scale (GCS) score from 13 to 15. Although the
initial brain scans may be normal in the patients with mTBI, the identifiable pathology might be detected in their
neuroimaging findings. Some patients experience persistent symptoms called Post-concussion Syndrome (PCS) that
may disappear soon after injury. Here, we aimed to investigate the potential risk of PCS in mTBI patients. For this purpose, we collected the personal record of demographic, clinical, and radiological data of 388 mTBI patients who had
been referred to Poursina hospital from March 2017 to December 2018 using the Hospital Information System (HIS).
Follow-up calls were appointed and done for patients with the diagnosis of PCS at least three months after the injury.
Rivermead Post-concussion Symptoms Questionnaire (RPQ) was filled in for the patients during the follow-up call.
The patients were then divided into 2 groups according to the presence or absence of PCS. After statistical analysis,
it has been found that none of the patients’ demographic and clinical variables, including age, gender, and functional
outcome during the discharge, accompanied traumatic injuries, and past medical history was associated with PCS.
However, there was a pronounced association between previous psychological disease and the risk of PCS. Another
finding from this study was that the initial abnormal brain scan was a profound risk factor for PCS development. Likewise, the fronto-temporal lesion and accompanied hematoma were identified as second and third predictors of PCS,
respectively. It seems that emergency professionals need to seriously consider early brain scans for the prognosis of
PCS and follow-up care of the population at risk. Therefore, neuroimaging can be used as an early objective measure
to help differentiating true PCS from malinjuries and may have medico-legal values.

T

1. Introduction

raumatic Brain Injury (TBI) causes a collection of socio-psycho-economic problems
in human societies. Trauma-induced brain
damage is the leading cause of death and
disability in people younger than 45 accounting for the
most active part of society [1]. It has been shown that
TBI leads to persisting neurobehavioral disorders and
minor TBI especially brings about cognitive and emotional sequels [2]. Mild TBI (mTBI) accounts for 90% of
traumatic brain injuries. An increasing prevalence of
mTBI in the world has been revealed to be accompanied
by significant socioeconomic sequels and considerable
morbidity [3-5]. Despite the absence of any abnormalities on traditional neuroradiologic examinations in the
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early phase of mTBI, a substantial number of patients
complain about post-traumatic neuropsychological dysfunction a few weeks later [6].
In the first weeks following mTBI, many patients suffer from post-concussion symptoms including physical symptoms (i.e. headaches, dizziness, blurred vision,
fatigue, and sleep disturbances), cognitive deficits (i.e.
poor memory, attention, and executive difficulties), and
behavioral/emotional symptoms (i.e. depression, irritability, anxiety disorders, emotional disability) [7]. These
symptoms will spontaneously diminish for most patients
[8], but for a subset of patients estimated between 5%–
43%, the symptoms last for over months and sometimes
even longer [9-14]. When a set of symptoms persists
for over three months, it is often referred to as Post-
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concussion Syndrome (PCS). The most applicable criteria
for the diagnosis of PCS are those that were specified in
the International Classification of Diseases (ICD-10) [15]
and the Diagnostic and Statistical Manual of Mental Disorders (DSM‐IV) [10]. A frequently used instrument to
assess the presence and severity of PCS is the Rivermead
Post-concussion Symptoms Questionnaire (RPQ) [16].
Sustained neuropsychiatric and neuropsychological
sequel such as persistent headaches, nausea, attention, and memory impairments as well as personality
changes and sleep disorders for more than 3 months
called PCS may be clinically identified. However, intracranial abnormalities in neuroimaging studies rarely reveal consistent brain changes to explain these problems
[17]. Nevertheless, evidence has indicated that subtle
white matter disruption detected by diffuse tensor imaging is associated with PCS in minor TBI [18]. Indeed,
the signs associated with mTBI are difficult to quantify
at hospitalization using routine lab neuropsychological
tests during the acute phase of injury. Nevertheless,
the quality of life in mTBI patients may be significantly
impaired following the discharge, suggesting that there
are some problems to be detected and resolved.
Generally, emergency physicians treating the patients
often make therapeutic decisions based on the prognosis obtained from clinical assessment during acute
phase [19]. It is obvious that identifying patients at the
risk of PCS development as well as timely decisions to
manage mTBI-induced subsequences and follow-up
care of patients at the risk of PCS are very critical for
optimizing outcomes of mTBI. Therefore, knowing the
demographic, clinical, and paraclinical parameters of
TBI patients is very essential for predicting TBI outcome
and detecting the population at risk of PCS. Hence, this
study aimed to investigate the risk factors of PCS in patients with mild TBI who referred to Poursina hospital in
Rasht, in the north of Iran.

2. Methods and Materials/Patients
A cross-sectional study was designed. All patients
with mTBI who had been referred to Poursina Hospital
in Rasht from March 2017 to December 2018 with at
least 3 months of their TBI onset entered in this study.
All of the demographic, clinical, and radiological data
for all TBI victims was collected through the Hospital
Information System (HIS). Clinical and TBI-related data
included post-resuscitation Glasgow Coma Scale (GCS)
score, cause of TBI, length of hospitalization, accompanied traumatic injuries, the functional outcome at discharge based on Glasgow Outcome Scale (GOS) score,

past medical history such as cancer, cardiovascular,
endocrine, orthopedic, neurological, blood, gastrointestinal and kidney diseases. The previous mental illness was specifically investigated as a distinct variable.
Radiological data consists of the information based on
the presence or absence of abnormality in brain CT and
structural MRI scans at maximum the first 48 hours after
head trauma. Specifically, plurality, type, and locus of
the brain lesions were interpreted using MRI scans by a
neuroradiologist unaware of the neurological outcomes
after brain trauma.
The findings were entered on a code sheet that specified the plurality of the brain lesion; anatomic location
including involved cerebral lobe(s) in the focal and multifocal lesions as well as injury type including a skull fracture and intracranial lesions such as pneumocephalus,
contusion, Intracerebral Hemorrhage (ICH), subarachnoid hemorrhage (SAH), subdural hematoma (SDH),
Epidural Hematoma (EDH) of each focal abnormal intensity and accompanied hematoma defined as a kind
of hematoma plus other hemorrhagic lesions or contusion or skull fracture or pneumocephalus or combination of some or all them. All patients who had passed 3
months or more with mild TBI were examined to detect
PCS. The development of PCS was determined via an interview with the patients by a general physician using
the phone to complete RPQ according to the patient’s
statements. A score of 12 or more on the RPQ questionnaire was considered as PCS [20]. Data analysis was
done by SPSS software version 22. The subjects were assigned to 2 groups with and without PCS. A parametric
t-test was carried out for the comparison of groups in
terms of quantitative variables. A Chi-square test was
utilized to compare the groups regarding the qualitative
variables. Multiple logistic regression was applied to determine the PCS predictors.

3. Results
The survey demonstrated that 388 people who had
been referred to Poursina hospital between March 2017
and December 2018 were mTBI. However, only 191 patients gave consent to complete the RPQ for the detection of PCS. It was found that 183 patients did not agree
to respond to the questions of RPQ, and 14 persons had
died before the investigator contacted the patient for
the determination of PCS using RPQ (Figure 1). Thus,
descriptive analysis was carried out for the total population of this study including 388 mTBI patients. The average age of mTBI victims was 43.28±22.15 years. Also, the
average length of hospitalization was 4.55±3.52 days.
About 39.9% of patients had a GCS score of 15. Based
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Table 1. Description and comparison of characteristics of mTBI patients according to PCS
No. (%)

Variables

P

Total N=388

With PCS N=113

Without PCS N=78

Age Mean±SD (y)

43.28±22.15

42.12±20.695

42.23±22.344

0.971

Duration of Hospitalization Mean±SD (d)

4.55±3.52

4.68±3.776

4.40±3.469

0.598

13

97 (25)

26 (59.1)

18 (40.9)

14

136 (35.1)

43 (62.3)

26 (37.7)

15

155 (39.9)

44 (56.3)

34 (43.6)

Female

70 (18)

23 (63.9)

13 (36.1)

Male

318 (82)

90 (58.1)

65 (41.9)

Accident

266 (68.6)

84 (64.1)

47 (35.9)

Falling down

92 (23.7)

20 (45.5)

24 (54.5)

Other

30 (7.7)

9 (56.2)

7 (43.8)

Normal

19 (4.9)

2 (18.2)

9 (81.8)

Abnormal

369 (95.1)

111 (61.7)

69 (38.3)

Positive

136 (34.5)

39 (59.1)

27 (40.9)

Negative

254 (65.5)

74 (59.2)

51 (40.8)

Positive

53 (13.65)

25 (78.12)

7 (21.87)

Negative

337 (86.85)

88 (55.34)

71 (44.65)

Positive

242 (64.4)

71 (59.2)

49 (40.8)

Negative

146 (37.6)

42 (59.2)

29 (40.8)

Moderate disability

29 (7.5)

6 (50)

6 (50)

Good recovery

359 (92.5)

107 (59.8)

72 (40.2)

GCS

Gender

Mechanism

Neuroimaging

PMD

PPD

nBTI

FO at discharge

Complete RPQ
PCS

Positive

113 (29.1)

Negative

78 (20.1)

Incomplete RPQ

183 (47.2)

Death

14 (3.6)

-

-

0.768

0.522

0.090

0.004

0.988

0.043

0.999

0.505

-

-

-

-

GCS: Glasgow coma scale; PMD: Past medical disease, PPD: Previous psychological/mental disorders, nBTI: non-brain traumatic injury; FO:
Functional outcome; PCS: Post-concussion syndrome, SD: Standard deviation.

on the results, GCS score 14 and 13 were observed in
35.1 % and 25% of subjects, respectively. Approximately, 82% of mTBI patients were male and 18% of them
were female. Our findings exhibited that road traffic accident was a more common mechanism of TBI (68.6%)
in the current investigation. According to the brain CT
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scan data, 95.1% of the brain CT scans had pathological lesions and the rest was normal. About 34.5% of patients had a variety of past medical diseases. On basis
of the GOS findings, 92.5% of patients recovered and
7.5% of them were discharged with moderate disability.
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Table 2. Comparison of frequency of lesion side, sites and types between patients with abnormal brain imaging with and without PCS

No. (%)
Variables

All Patients With Abnormal Brain Scan N=369

PCS Group With
Abnormal Brain Scan
N=111

Non-PCS Group With Abnormal Brain Scan N=69

Brain lesion type

P

0.025

Pneumocephalus

4 (1.08)

-

-

Skull fracture +Contusion

8 (2.16)

-

1 (1.44)

contusion

74 (20.05)

-

3 (4.34)

ICH

8 (2.16)

7 (6.30)

4 (5.79)

SAH

33 (8.94)

9 (8.1)

7 (10.14)

SDH

60 (16.26)

15 (13.51)

14 (20.28)

EDH

84 (22.76)

22 (19.81)

21 (30.43)

Accompanied hematoma

98 (26.55)

58 (52.25)

19 (27.53)

Brain lesion site

0.001

Frontal

136 (36.85)

41 (36.93)

22 (31.88)

Temporal

89 (24.11)

11 (9.9)

16 (23.18)

Parietal

44 (11.92)

1 (0.9)

12 (17.39)

Tempo-parietal

18 (4.87)

2 (1.8)

11 (15.94)

Fronto-parietal

21 (5.69)

5 (4.5)

1 (1.44)

Fronto-temporal

44 (11.92)

38 (34.23)

4 (5.79)

Fronto-tempo-parietal

17 (4.6)

13 (11.71)

3 (4.34)

Lesion plurality

0.032

Focal

271 (73.44)

58 (52.25)

50 (72.46)

Multifocal

98 (26.55)

53 (47.74)

19 (27.53)

Of 191 patients with mTBI who had completed the RPQ,
59.17% of people had PCS (Table 1).
As shown in Table 1, there was no significant difference
in the mean age (P>0.971) and the length of hospitalization (P<0.958) between mTBI patients with and without
PCS. An insignificant difference in the frequency of gender was seen between the groups with and without PCS
(P<0.522). Among patients with an abnormal brain scan,
about 61.7% of them had PCS. Nearly, 18.2% of those
with normal brain scan experienced PCS. The percentage of abnormal findings on the brain scans of the PCS
group was substantially higher than the non-PCS group

(P<0.004). There was no significant relationship between the appearance of PCS and past medical disease
(P<0.988). About 61.7% of patients with an abnormal
brain scan had PCS. Nearby 18.2% of those with normal
brain scans experienced PCS. The percentage of abnormal findings on the brain scans of the PCS group was
substantially higher than the non-PCS group (P<0.004).
There was no significant relationship between the appearance of PCS and past medical disease (P<0.988).
No significant difference was observed between the 2
groups with and without PCS in terms of post-resuscitation GCS scores (P<0.768) and functional outcome at
discharge on GOS (P<0.505) (Table 1).
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Table 3. The results of Multiple Logistic Regression to predict PCS appearance after mTBI

variables

Step 2

B

SE

df

P

OR

CI

Accompanied hematoma

1.035

1.59

1

0.04

2.68

0.82-5.61

Fronto-temporal lesion

1.224

1.165

1

0.017

4.15

1.1-7.06

Abnormal brain scan

1.890

0.708

1

0.001

7.239

1.43-11.59

SE: Standard Error; df: Degree freedom; OR: Odd ratio; CI: Confidence interval; PCS: Post-concussion Syndrome.

The results in Table 2 clarified the frontal lesions
(36.85%) as a more common brain lesion site in all patients with an abnormal brain scan. In this population,
accompanied hematoma (26.55%), EDH (22.76%), contusions (20.05%) were the most prevalent lesion types,
respectively. The patients with abnormal brain scan
having PCS demonstrated a significant difference in the
frequency of both brain lesions site (P<0.001) and type
(P<0.025) versus those without PCS. It was revealed that
accompanied hematoma (52.25%) and fronto-temporal
lesion (34.23%) in PCS patients were more than those in
non-PCS ones. The frontal lesion was the most prevalent
lesion site in both PCS and non-PCS groups, however, the
frequency of its manifestations on brain scans was relatively similar in both groups. There was a significant difference in lesion plurality between PCS and non-PCS groups
(P<0.032). Multifocal brain lesions mainly emerged on
the brain scan of mTBI patients with PCS (47.74%) compared with those without PCS (27.53%) (Table 2).
The age range of both mTBI patients with and without
PCS was 20-35 years (Figure 2). According to the results
of the multivariate logistic regression analysis, the existence of pathology on the early brain scan was the first
strong predictor of PCS. Abnormal findings on the initial
brain scans dramatically increased the risk of PCS occurrence by 7.2 times (P<0.001). Fronto-temporal lesion
and accompanied hematoma were second and third
potential factors which respectively anticipated the development of PCS. Substantially, the fronto-temporal lesion enhanced the risk of PCS by 4.1 times (P<0.017).
The risk of PCS development was elevated by 2.6 times
in those with a manifestation of multiple hematomas on
their initial brain scan (Table 3).

4. Discussion
The results of the present study signified that initial
brain scan data on admission was a potential strong
predictor of PCS development after mTBI. Likewise, the
demographic factors, clinical and TBI-related variables
such as non-brain traumatic injuries, duration of hospi-
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talization, past medical diseases, the functional outcome at
discharge, GCS score, and mechanism of head trauma were
not associated with PCS appearance. It seems that a negligible association of demographic and clinical variables with
PCS might be due to insufficient sample size in this study.
According to a previous study, the age range between
25-30 years old had more frequency in mTBI patients with
PCS [21]. We quantified the common age range in both PCS
and non-PCS groups between 20 to 35 years. Therefore, no
meaningful association was found between PCS and the
age range that might be due to more prevalence of this age
range in the total mTBI population. As a possible explanation, the discrepancy in the statistical significance of the
association between age and PCS in the current study and
prior study can be attributed to the diversity in the communities under study.
Another prior investigation in Iran reported similar findings
according to which most of mTBI patients’ age ranged from
21 to 30 years (22]. It seems that this age range is the active
population in our society who might considerably be at the
risk of mTBI. Our data regarding the poor relationship between gender and trauma mechanism with PCS was compatible with the results of previous studies [23, 24].
In the past, a study revealed that mTBI patients with a
pathological lesion on initial brain CT scan having PCS demonstrated significant differences in terms of GCS score. In
other words, the frequency of GCS scores of 13 and 14 in
mTBI patients with PCS was higher in the prior study [25].
However, we did not find any significant relationship between GCS score and PCS occurrence. A possibility to explain this discrepancy might be attributed to the difference
in comparable groups of previous studies and our project.
In the prior study, the comparison of GCS score was done
between PCS patients with and without brain abnormality,
while we compared the GCS score between mTBI patients
with and without PCS. In our study, all subjects with PCS except for 2 patients had an abnormal brain scan. Therefore,
this type of classification was useless in our study.
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Total number of patients with trauma
between March217-December 2018
N=1015

Patients after moderate
and severe TBI
N=627

Patients after mild TBI

Data collection via HIS

N=388
Patients after mild TBI
with incomplete RPQ
N=197

Patients after mild TBI with
complete RPQ
N=191

Patients with PCS

Patients without PCS

N=113

N=78

Figure 1. Algorithm of study from mTBI identification to PCS diagnosis

Figure1. Algorithm of study from mTBI identification to PCS diagnosis
Another finding of our study was that accompanied
In the current study, there was a significant relationship between PCS and past mental and mood disorders
non-brain traumatic injury in mTBI patients was not
the risk factor of PCS. Some researchers compared
which is compatible with a previous study [26]. It seems
that previous mental and psychological disorders may
PCS appearance between only mTBI patients and only
predispose mTBI patients to manifest the PCS signs.
orthotropic ones in the past [28]. The results of their
investigation clarified that PCS significantly was differBesides, it might be hypothesized that the prior mental
and psychological disorders disturb some neural circuits
ent between these 2 groups. The different scales and
which might be more susceptible to prolonged detrimethods for the determination of PCS between the
mental consequences induced by TBI [27]. Thus, worsprevious study and our work seem to be the reason for
ening impaired neural circuits due to delayed secondary
this discrepancy. We realized that functional outcomes
insults of mTBI over time may increase the developat discharge had no potential to predict PCS appearance
in mTBI patients. The evidence of a prior study has corment of psychological symptoms of PCS. Further studies
are required to prove this conclusion. Accordingly, reroborated our results in this regard [29].
cording the specification of past psychological diseases
An important finding of this study was that abnormal
in detail and follow-up neuroimaging are strongly recbrain scans especially multifocal hematoma in frontal
ommended to detect these issues in advance.
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Figure 2. The prevalence of age range in indicated groups
and temporal cerebral lobes increased the risk of develing various types of questionnaires and checklists, PCS
oping PCS after mTBI. In accordance with our results, a
subjective labeling may usually result from patient’s
significant association between PCS and pathological lesimulation for the reasons of litigation and legal claims.
sions on brain scans of mTBI patients has been reported
Thus, a definitive diagnosis of the PCS due to TBI can be
by some authors [23, 25, 30]. It seems that some biologiobtained by combining the initial brain scan data and
cal subsequences, including inflammation, ischemia, expatient’s responses to questionnaires evaluating PCS.
citotoxicity, apoptosis, and gliosis, in the central nervous
system may occur after mTBI leading to neural impair5. Conclusion
ment, neural network inefficiency, and a disturbance of
The current study represented the significance of
the neurotransmitter balance and participated in the
initial abnormal brain scan especially multifocal hemaphysical and mental problems reported by the patients
toma in the frontal and temporal cerebral lobes in the
with PCS [31]. The subtle neural abnormalities in minor
prediction of PCS post mTBI. Here, we found that preTBIs can mainly be found by advanced MRI techniques
vious psychological disease was associated with PCS.
[32-35]. These neurobiological events called secondary
However, no association was observed between PCS
insults may negatively influence the cognitive, affective,
occurrence with demographic data, TBI-related clinical
and emotional and sleep processing in the brain and
features, and past medical history. Therefore, followcontinue for days or even months after primary meup care for mTBI patients at the risk of PCS is strictly
chanical injury onset [31, 36, 37]. The secondary brain
recommended to prevent persistent post-concussion
damages gradually occur and become widespread, thus
symptoms. Furthermore, brain scan data appears to
it might be suggested that early therapeutic approaches
be useful as an objective measure for the detection of
may protect neural structure and function by keeping
mTBI-induced PCS.
from the progression of harmful neurobiological processes in the lesions and their surrounding tissue. FunEthical Considerations
damentally, frontal and temporal lobes are the vulnerable anatomic regions after TBI [38, 39].
Compliance with ethical guidelines
The damages of these cerebral lobes can impact the
All ethical principles are considered in this article. The
principle neural functions involved in executive funcparticipants were informed of the purpose of the retion, cognitive and emotional perception, learning, and
search and its implementation stages. They were also ashigh-level mental processing [36, 38] and bring about
sured about the confidentiality of their information and
cognitive and affective manifestations of PCS. Notably,
were free to leave the study whenever they wished, and if
multifocal lesions having at least one of the hematoma
desired, the research results would be available to them.
types appear to expand the deleterious neurobiologi-

cal processes and deteriorate brain function for a long
time, causing significant clinical post-concussion symptoms. Although subjective examination of PCS is applicable through recording the patient’s statements us-
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