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Mild cognitive impairment in mild brain injury (MBI) patients: An event related potential (ERP) and
neuropsychology study.
Faruque Reza1, Tahamina Begum2
Abstract:
Objectives: To evaluate auditory cognitive function in mild brain injury (MBI) patients, which is important
to determine for rehabilitation and improve quality of their life. Methods: Participants (n=19/group) were
divided into group 1 (G1-control), group 2 (G2/1st test-MBI/within 7 days of road traffic accident-RTA)
and group 3 (G3/2nd test-MBI/2-6 months after RTA). Event related potentials (ERPs) were conducted
using a 128-sensor net; participants counted silently rare target tone stimuli and ignored standard tones.
Several neuropsychology tests like Verbal fluency test (PAS), Wisconsin Card Sorting Test (WCST),
Rey Auditory Verbal and Learning Test (RAVLTIM, RAVLTDR and RAVLTTS) and Beck Depression
Inventory (BDI) were subsequently administered. Results: Sensory (P50, N100) and cognitive (P300)
ERP components were analysed from ERP waveforms. There were no significant group differences in
amplitudes or latencies for all components across sites except P300 component amplitudes at T6 location.
P50, N100 and P300 ERP components exhibited non-significantly increased amplitudes in G2 and G3
compared with G1 at all sites; non-significantly shorter latencies were identified at various sites. At several
locations, G3 evoked non-significantly increased amplitudes and longer latencies with shorter latencies to
other sites compared with G2 in all components. The MBI (G3) group exhibited significantly increased
WCST, RAVLTIM and RAVLTDR scores compared with G1. Conclusion: These findings indicate MBI
patients may have mild auditory, cognitive and executive dysfunctions with good auditory memory. MBI
was associated with mild depression.
Keywords: Event related potential, Cognition, Neuropsychology tests, Executive function, Auditory
stimuli, Mild brain injury.
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Introduction
Traumatic brain injury (TBI) is a leading cause of
death and long term disability in young individuals1,
2
with cognitive, emotional and social dysfunctions3,
4
; 20% of cases comprise moderate to severe brain
injury, and 80% of cases comprise mild brain injury
(MBI) [2]. It is well documented that moderate to severe
brain injury patients have cognitive dysfunction;
however, controversy remains regarding cognitive
impairment in MBI patients. Cognitive impairment
comprises issues with learning, memory, attention,
concentration, speed of processing, and complex
information processing5. MBI involves slower
information processing with impaired attention6.
1.
2.

Furthermore, there are emotional disturbances with
personality changes in MBI patients 7. Impaired
working memory and executive function8, and
impaired learning and memory 5 have been reported
in MBI patients, which result in poor quality of life.
Executive functions are explained as an ability that
is critical to guide someone’s thought and everyday’s
actions of life.  It is difficult to define the executive
functions9, and also difficult to determine.  Moreover
verbal fluency and set-shifting are the important
parts of executive function10.
Cognitive dysfunction should be examined
following brain injury11 using brain wave
recording with event related potential (ERP) and
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neuropsychological assessments to improve the
quality of life of MBI patients. Electrophysiological
measures, such as ERP, comprise a promising, noninvasive and inexpensive method to investigate
the functional integrity of neuronal activity in the
brain. ERPs combined with neuropsychological
tests represent a unique diagnostic approach to
identify cognitive dysfunction in MBI patients 12.
ERP has several components, including auditory
perception components (P50, N100) and a cognitive
component (P300); thus, auditory stimulation and
other components are available during visual and
somatosensory stimulations for individual analysis.
Auditory attention measurement is a primary step in
the assessment of executive function [13]. Auditory
P50 and N100 early components are referred to as
‘sensory’ components because they reflect physical
parameters 14, and the late P300 component reflects
the cognitive component sensitive to the patient’s
mental state 14, 15. The P50 ERP component (first
positive pick) is related to auditory maturation, which
reflects auditory attention16. The N100 component
(negative pick) is preceded by P50 17, 18 and primarily
comprises the pre-attentive component; it is involved
in perception 19, arousal 20 and selective attention [21].
The P300 ERP component is the next major positive
peak following the N100 and results from auditory
stimulation 22. The use of the P300 component is an
important component in the diagnosis of cognitive
dysfunction. Its latency and amplitude are thought to
quantify the speed of information processing. There
are documents that the socio-economic status also
may affect the cognitive functions. Higher education
can lead to the higher cognitive function, reflected
in the P300, N170 and N200 ERP components 23, 24.
Finally, higher education can ensure higher level of
occupation and elevated income25, 26. However, the
results of ERP and neuropsychological assessments
vary in MBI patients.
MBI patients are rarely managed in the hospital. Most
patients are discharged with symptomatic treatment
without further follow up because they appear
well. MBI patients have mild residual cognitive
impairments that may become obvious only in
challenging and demanding situations. Moreover,
a significant number of patients with MBI remain
unemployed at 2 years post-injury [27]. A thorough
physical and neuropsychological examination is
necessary to identify cognitive dysfunction in MBI
patients to improve their quality of life. Therefore,
in this study, we aimed to determine the amplitudes
and latencies of ERP components evoked by auditory
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stimulation via an auditory oddball paradigm and
to use various neuropsychological tests to assess
cognitive dysfunctions of MBI patients to ensure a
correct diagnosis, which may ultimately facilitate
further treatment/rehabilitation and improve their
quality of life.
Methodology
Ethical Approval: The study was approved by
the Human Ethics committee of Universiti Sains
Malaysia (USM) (USMKK/PPP/JEPeM (232.3[9]).
Study procedure
This is a prospective study. This study was done
between January 2012 and December 2013. Age
and education matched subjects were recruited and
organised into three groups (Table 1). Group 1 (G1)
(n=19) comprised control healthy subjects; group 2
(G2/1st test-MBI) (n=19) comprised participants with
MBI who underwent an ERP test within 7 days of
a road traffic accident (RTA); and group 3 (G3/2nd
test-MBI) (n=19) included the same patients who
were tested with both ERP and neuropsychology
tests 2-6 months after a RTA. Sample size was
calculated by one statistician using power and
sample size (PS) software [23, 24]. G1 was recruited
by online advertisements, and G2 was selected by
neurosurgeons in the Neurosurgery Department in the
Hospital Universiti Sains Malaysia (HUSM) based
on the recruitment criteria of MBI. All participants
from all groups were Malaysian and signed a
written informed consent form prior to enrolment.
We excluded the persons from both groups who
have secondary gain issues, history of intellectual
disability and learning disability. Neuropsychology
tests were performed by an expert neuropsychologist,
and all procedures were conducted in the MEG/ERP
laboratory at HUSM within two years (2012-2013).
The demographic data of all groups are shown in
Table 1.
Table 1: Demographic data of the control (G1)
and mild brain injury (MBI) patient groups.
Control
MBI group
group
(n = 19)
(n = 19)

Characteristics
Age(years)

Mean+SD

28.98+ 9.32 31.11+8.28

Gender

Male,
Female

16, 3

11, 8

Education

Mean+SD

11.32± 1.4

11.05±2.04

Dominancy

Left,
Right

1, 18

3, 16

ERP study
A128-electrode sensor net was used for data acquisition
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in the ERP experiment. Auditory stimulation was
presented using E-prime v 2.0 software (Psychology
Software Tools, Inc., Sharpsburg, Pennsylvania,
USA) [23, 24]. All participants were seated in a dimly
lit and sound treated room with head phones. For
the auditory stimulation, we used an ‘auditory
oddball’ paradigm. In this paradigm, the subjects
were instructed to silently count rarely presented
low frequency (20%) and high pitched (2000 Hz)
sounds. The delivery of the tone duration was 100
ms with a rise/fall time of 10 ms. The band pass
filter was 0.1-50 Hz, and the stimulus rate was 0.5
Hz. The electrode impedances were 10-50 KΩ. The
amplitudes and latencies of the P50, N100 and P300
ERP components were measured for both the control
and MBI groups.
Neuropsychology study
The Verbal fluency test (PAS), Wisconsin Card
Sorting Test (WCST) [28], was done to assess the parts
of executive functions. PAS was a verbally-based
test that was done in English and all participants
could follow the instruction as the alphabets of
their language were English. Rey Auditory Verbal
and Learning Test: immediate or interference recall
(RAVLT IM), delayed recall (RAVLT DR) and
total score (RAVLT TS) [29] were done to assess
auditory attention and memory tests and Beck
Depression Inventory (BDI) [30] that was a self report
questionnaire was administered for ‘depression test’.
The neuropsychology assessment in the G1 and G3
groups were done. There was no assessment for
G2 because this group was in the acute stage after
a RTA. Therefore we could not do any particular
baseline for MBI group. We compared the scores of
all neuropsychological testing among control and
MBI groups where scores of control group were
determined as baseline.
Data analysis.
The mean differences between the target and standard
stimuli for the amplitudes and latencies of the P50,
N100 and P300 ERP components were collected
using Net-Station software 5.2 (Electrical Geodesics,
Inc., Eugene, OR, USA) [23, 24]. We subsequently
determined the significance level among the groups
across electrode positions using Statistical Package
for Social Sciences (SPSS) version 22.0 [23, 24]. One
way analysis of variance (ANOVA) was used for this
purpose. The significance level was set at p<0.05.
The neuropsychology test scores for the control and
2nd test-MBI were compared using non-parametric,
independent t-tests with SPSS-22 software.

Results
Figure 1 shows the grand average waveform of
the ERP components at six different electrode
sites (T3, T4, T5, T6, Cz and Pz). Because our
paradigm comprised auditory stimulation, we
selected temporal electrodes (T3, T4, T5, and T6)
and midline electrodes (Cz and Pz), which reflect
auditory perception and attention, respectively. We
used the mean differences between the target and
standard stimuli for the values of the amplitudes and
latencies of all ERP components among the groups
(Tables 2, 3, and 4). The amplitudes and latencies of
the P50 ERP components of the three groups at the
various electrode sites are shown in Table 2. There
were no significant differences in the amplitudes or
latencies of the P50 component (Table 2) or the N100
component (Table 3) among the groups across the
various areas.
At all sites, the amplitudes of the P50 ERP
component were non-significantly increased in
both G2 and G3 compared with G1. G2 exhibited
non-significantly increased amplitudes of the P50
component at four electrode sites (T4, T5, Cz,
and Pz), and the other two electrodes (T3 and T6)
exhibited non-significantly increased amplitudes in
G3. This trend was not identified in the P50 latency.
In this case, non-significantly shorter latencies of the
P50 component were identified in various electrode
positions across the groups: G1 (T3, T4, and T5), G2
(Cz) and G3 (T6 and Pz) (Table 2). Non-significantly
longer latencies of P50 were identified in G3 at T3,
T4, and T5 compared with the other two groups. In a
comparison of G2 and G3, the tendency of the longer
latency remained present in G3 (Table 2). The latency
of the N100 component was different. However, in
general, non-significantly increased amplitudes of
the N100 component were identified in G2 and G3
compared with G1 at all sites (Table 3). G2 evoked
non-significantly increased amplitudes of N100 at the
most electrode sites (T3, T6, Cz, and Pz) compared
with G3. Non-significantly lower amplitudes of the
N100 component were identified in G3 (T6 and Pz)
compared with the other two groups; this finding was
not demonstrated in the P50 component. Regarding
the N100 component latency, non-significantly
shorter latencies were evoked at various sites across
the groups: G1 (T6), G2 (T3, Cz, and Pz) and G3 (T4
and T5) (Table 3). Non-significantly shorter latencies
were identified at equal electrode sites in G2 (T3, Cz,
and Pz) and G3 (T4, T5, and T6) (Table 3).
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Table 2: Amplitudes and latencies of the P50 ERP component at T3, T4, T5, T6, Cz and Pz locations
in G1, G2 and G3 groups. Values represent mean differences between the target and standard stimuli.
P50 ERP Amplitude in µV (mean ± SD)
Electrode
Sites

Control (G1)

1st test-MBI (G2)

2nd test-MBI
(G3)

df

F-value

P-value

T3

1.40 ± 0.64

1.61 ± 1.72

1.64 ± 1.17

2,54

0.286

NS

T4

1.13 ± 0.62

1.67 ± 1.29

1.36 ± 1.03

2,54

1.63

NS

T5

1.67 ± 0.99

1.93 ± 2.76

1.68 ± 1.34

2,54

0.136

NS

T6

1.44 ± 0.78

1.62 ± 1.38

1.98 ± 1.97

2,54

0.832

NS

Cz

1.18 ± 0.70

1.60 ± 1.60

1.34 ± 0.96

2,54

0.806

NS

Pz

1.38 ± 0.91

2.01 ± 3.17

1.92 ± 1.55

2,54

0.653

NS

P50 ERP Latency in ms (mean ± SD)
Electrode
Sites

Control (G1)

1st test-MBI (G2)

2nd test-MBI (G3)

df

F-value

P-value

T3

43.20 ± 22.24

47.40 ± 26.19

53.82 ± 25.26

2,54

1.109

NS

T4

42.72 ± 24.97

45.20 ± 22.14

47.27 ± 25.20

2,54

0.208

NS

T5

43.68 ± 21.45

50.00 ± 23.91

51.64 ± 24.03

2,54

0.786

NS

T6

49.44 ± 23.09

51.60 ± 24.14

43.09 ± 22.29

2,54

0.785

NS

Cz

53.44 ± 25.24

47.00 ± 23.96

48.91 ± 26.01

2,54

0.398

NS

Pz

43.04 ± 24.17

51.00 ± 25.06

40.91 ± 22.01

2,54

1.044

NS
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Table 3: Amplitudes and latencies of the N100 ERP component at T3, T4, T5, T6, Cz and Pz locations
in G1, G2 and G3 groups. Values represent mean differences between the target and standard stimuli.
N100 ERP Amplitude in µV (mean ± SD)
Electrode
Sites

Control (G1)

1st test-MBI (G2)

2nd test-MBI (G3)

df

F-value

P-value

T3

1.09 ± 0.86

2.06 ± 2.15

1.84 ± 1.23

2,54

2.76

NS

T4

1.21 ± 1.10

1.40 ± 1.12

1.52 ± 1.19

2,54

0.44

NS

T5

1.19 ± 1.35

1.88 ± 3.62

1.98 ± 1.91

2,54

0.76

NS

T6

1.64 ± 1.57

1.95 ± 1.72

1.47 ± 1.87

2,54

0.43

NS

Cz

1.35 ± 0.77

1.76 ± 2.27

1.60 ± 1.31

2,54

0.41

NS

Pz

1.64 ± 1.26

2.20 ± 3.48

1.45 ± 1.68

2,54

0.62

NS

N100 ERP Latency in ms (mean ± SD)
Electrode
Sites

Control (G1)

1st test-MBI (G2)

2nd test-MBI (G3)

df

F-value

P-value

T3

111.84 ± 24.45

108.60 ± 29.46

116.91 ± 25.66

2,54

0.532

NS

T4

120.64 ± 25.94

126.20 ± 21.58

111.64 ± 26.10

2,54

1.864

NS

T5

113.76 ± 25.43

113.20 ± 27.93

112.00 ± 21.02

2,54

0.03

NS

T6

113.76 ± 26.05

125.00 ± 22.32

114.91 ± 24.69

2,54

1.346

NS

Cz

117.76 ± 24.27

112.00 ± 27.38

116.18 ± 23.21

2,54

0.309

NS

Pz

120.48 ± 26.34

113.20 ± 26.57

115.27 ± 21.62

2,54

0.519

NS

Five of six areas (T3, T4, T5, Cz, and Pz) exhibited
non-significantly increased P300 amplitudes in
both G2 and G3 compared with G1, in which G2
exhibited increased P300 amplitudes compared
with G3. A significantly increased amplitude of the
P300 component was identified in G2 at the T6 area
compared with G1, in which the group effect was
high [F(2,54) =3.9, P=0.02] (Table 4). At the T6 area,
the amplitude of P300 in G3 was increased compared
with G1; however, the difference was not significant.
Equivalent sites exhibited non-significantly increased

amplitudes in G2 (T3, T5, and T6) and G3 (T4, Cz
and Pz) (Table 4). Regarding the P300 latency, nonsignificantly shorter latencies were identified at
various electrode sites in G1 (T5, T6, and Cz), G2
(T3, T4, and Pz) and G3 (no electrodes) (Table 4).
In a comparison of G2 and G3, an equal number of
areas exhibited non-significantly shorter (G2: T3,
T4, and T5; G3: T6, Cz, and Pz) and longer (G2: T6,
Cz, and Pz; G3: T3, T4, and T5) latencies of the P300
ERP component (Table 4).

Table 4: Amplitudes and latencies of the P300 ERP component at T3, T4, T5, T6, Cz and Pz locations
in G1, G2 and G3. Values represent mean differences between the target and standard stimuli.
P300 ERP Amplitude in µV (mean ± SD)
Electrode
Sites

Control (G1)

1st test-MBI (G2)

2nd test-MBI
(G3)

df

F-value

P-value

T3

2.42 ± 2.69

5.26 ± 8.17

4.09 ± 2.15

2,54

0.878

NS

T4

2.92 ± 3.09

4.62 ± 7.25

4.66 ± 4.74

2,54

2.882

NS

T5

4.01 ± 2.79

7.57 ± 8.37

5.09 ± 2.59

2,54

2.923

NS

T6

3.58 ± 2.78 (*: G1-G2)

8.05 ± 8.20

5.36 ± 4.12

2,54

3.9

0.02

Cz

3.51 ± 3.12

3.64 ± 2.47

5.05 ± 3.62

2,54

1.676

NS

Pz

5.49 ± 3.20

6.28 ± 5.92

7.28 ± 5.47

2,54

0.774

NS
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P300 ERP Latency in ms (mean ± SD)
Electrode
Sites

Control (G1)

1st test-MBI (G2)

2nd test-MBI (G3)

df

F-value

P-value

T3

586.56 ± 139.36

540.80 ± 151.11

593.45 ± 137.39

2,54

0.845

NS

T4

555.36 ± 138.85

533.60 ± 198.89

555.09 ± 153.42

2,54

0.123

NS

T5

546.08 ± 127.98

556.40 ± 165.61

569.64 ± 153.09

2,54

0.262

NS

T6

514.88 ± 134.03

553.40 ± 171.92

536.91± 136.83

2,54

0.389

NS

Cz

394.88 ± 119.91

497.00 ± 186.08

457.09 ± 138.39

2,54

2.734

NS

Pz

541.60 ± 127.48

494.20 ± 139.83

477.82 ± 129.84

2,54

1.489

NS

)LJXUH%DUJUDSKRIWKHQHXURSV\FKRORJ\WHVWUHVXOWVLQ
* FRQWURO DQG* QGWHVW0%, SDWLHQWV,±V\PERO
LQGLFDWHVHUURUEDUVZLWKVWDQGDUGHUURU

Table 5: Results of the neuropsychological tests in
the control (G1) and MBI (G3) groups.
Tests

Control
(G1)

MBI (G3)

P
value

PAS

30.84 ±
12.63

24.79 ± 11.47

NS

WCST

1.32 ± 1.25

2.26 ± 1.15

0.02

RAVLTTS

41.21 ±
12.70

43.58 ± 13.75

NS

RAVLTIM

7.37 ± 1.95

9.58 ± 3.42

0.03

RAVLTDR

5.47 ± 3.55

8.89 ± 4.42

0.02

BDI

8.84 ± 8.46

9.05 ± 10.76

NS

Figure 2 showed a bar graph that compares the
neuropsychology tests between the control (G1)
and 2nd test-MBI (G3) groups. G2 (within 7 days
of RTA) was not administered neuropsychological
assessments because the MBI patients were assumed
to be uncomfortable because of symptoms, such as
nausea, dizziness, and body ache, at the time. The
test scores are shown in Table 5. To assess executive
function, the PAS and WCST were performed.
In G3, the average (P=0.10) PAS score was nonsignificantly decreased (24.79±11.47) compared
with G1 (30.84±12.63); however, the average
562

WCST score was significantly increased (P=0.02)
in G3 (2.26±1.15) compared with G1 (1.32±1.25)
(Table 5). Regarding the auditory memory tests
(RAVLT), G3 had significantly increased scores on
the RAVLTIM (9.58±3.42) (P=0.03) and RAVLTDR
(8.89±4.42) (P=0.02) compared with G1 (7.37±1.95
and 5.47±3.55, respectively); the increased score on
the RAVLTTS in G3 (43.58±13.75) compared with
G1 (41.21±12.70) was not significantly different
(P=0.67). Furthermore, G3 had a non-significantly
(P=0.84) increased score on the depression test
(BDI) (Table 5).
Discussion
The mean differences in the amplitudes and latencies
of the P50, N100 and P300 ERP components
were measured in the control (G1), 1st test-MBI
(within 7 days of a RTA) (G2) and 2nd test-MBI
(2-6 months after a RTA) (G3) groups to assess
auditory perception and cognitive function in MBI
patients. Non-significantly increased amplitudes
at the P50, N100 and P300 (and significant at T6)
ERP components were identified at all electrodes
in the MBI groups (G2 and G3) compared with
the control group (G1). Non-significantly shorter
latencies were identified at various electrode sites
in all components. In a comparison of G2 and G3,
G3 evoked non-significantly increased amplitudes
and shorter latencies at several (2-3) sites compared
with G2 in all components (Tables 2, 3, and 4). The
neuropsychological tests indicated non-significantly
decreased scores on the PAS, significantly increased
scores on the WCST, RAVLTIR and RAVLTDR, and
non-significantly increased scores on the RAVLTTS
in G3 compared with G1. G3 also exhibited
slightly more depressive symptoms compared with
G1; however, the difference was not statistically
significant (Table 5).
The earliest ERP component at P50 has rarely been
investigated using an auditory stimulation paradigm.
Previous research has demonstrated that the auditory
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P50 does not typically change with various factors,
such as age 31 or attention 32. However, recent,
extensive research has changed this idea. Attention is
a component of cognitive function that may change
the amplitude and latency of the P50 ERP component.
Increased amplitude of P50 compared with the control
indicated mild cognitive impairment 33, 34. Increased
amplitude of P50 is present in normal aging; however,
if this amplitude is increased compared with normal
aging, it indicates cognitive dysfunction35. Therefore,
large P50 amplitude indicates a high risk for the
development of Alzheimer’s disease or dementia,
and mild cognitive impairment is common in this
patient group. However, the P50 amplitude tends to
be smaller in patients with Alzheimer’s disease or
dementia.35 An increased amplitude and prolonged
latency of P50 have been identified in mild cognitive
impairment patients36. Our results strongly support
the findings of Golob (2000, 2002, 2007) 33, 35, 36
and Frodl (2002)34 because we identified increased
amplitudes of the P50 component at all electrodes
and a longer latency of P50 at some electrodes
in both G2 and G3 compared with G1 (Table 2).
Although a shorter latency of P50 was also identified
in our research, the increased amplitudes and longer
latency of P50 strongly indicate that MBI patients
had mild dysfunction in auditory perception because
P50 measures sensory perception. In the acute stage
after a RTA (within 7 days) (G2), the MBI patients
had more dysfunction as evidenced by the highest
amplitudes and longest latency among the three
groups. At 2-6 months after a RTA, the same group
(G3) recovered their dysfunction as compared to
G2 as evidenced by lower amplitudes and shorter
latencies in some electrodes compared with the acute
stage but not based of neuropsychological data.
The N100 ERP component has also been investigated
during auditory tasks. Increased N100 auditory
amplitude has been identified in patients with mild
cognitive impairments 36, 37. A small decrease in the
N100 amplitude has also been reported in patients
with Alzheimer’s disease who have mild cognitive
dysfunction 38, as well as patients with social phobia
39
. Similar to the P50 ERP component, N100 is also
considered a perception component. We identified
non-significantly increased amplitudes of the N100
component in both G2 and G3 at all sites compared
with G1, in which G2 evoked increased amplitudes
of the N100 components at maximum sites compared
with G3. However, longer latencies were identified at
equivalent sites in G2 and G3 (Table 3). Considering
the previously discussed research and based on the

findings of the N100 component, MBI is associated
with mild dysfunction in auditory perception, which
is recovered in G3 over time after the acute stage.
Cognitive function was assessed by investigating the
amplitudes and latencies of the P300 ERP component.
Decreased40 and increased41 amplitudes of the P300
ERP component have been identified in MBI patients
in the auditory oddball task. Non-significantly
increased amplitudes of the P300 component in
MBI (G2 and G3) patients were identified at all
electrode sites (and significant at T6) (Table 4),
which is consistent with Picton et al (1988) 41 and in
contrast with the previously described studies. These
attenuated amplitudes of the P300 ERP component
demonstrated that MBI patients pay more attention
to the target stimuli, which indicates that their
cognitive function is better than the control group. In
investigations of the P300 latency, a longer latency of
the P300 ERP component in auditory stimulation has
been documented in severe brain injury patients [40,
42]
. This evidence suggests that brain injury patients
have a delay in evaluating and categorising auditory
target stimuli. Similar to severe brain injury patients,
MBI patients have also demonstrated a significantly
prolonged latency of the P300 component using an
auditory stimulation paradigm 40, 43. The findings of
our study are consistent with the findings identified
in similar research of some but not all electrode
sites. Our MBI (G2 and G3 both) groups exhibited
a non-significantly longer latency of the P300
component compared with the control (G1) (Table
4). The other minimum electrode positions exhibited
a non-significantly shorter latency in G2 and G3
compared with G1. These two controversial findings
(both increased and shorter latencies of the P300
component) were documented in our study across
various electrode positions (Table 4). An equal
number of electrodes exhibited a longer latency in
G3 compared with G2; thus, we assume that the
MBI (G3) group had mild cognitive deficiencies at
2-6 months post-injury, which was not recovered by
timing.
Non-significantly lower scores of phonologic fluency
(PAS) and increased scores on the WCST (pers. error
rate) have been identified in dementia patients 44. No
difference in the WCST score has been documented
in MBI patients compared with a control group45.
We measured the WCST score according to the error
rate. A non-significantly decreased PAS score and a
significantly increased error score on the WCST in
the MBI group in our study suggest that MBI patients
have mild executive dysfunction (Table 5). However,
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Mild cognitive impairment in mild brain injury patient

this finding is limited because the difference in
the PAS score was not significant. In addition to
executive dysfunction, the MBI patients had good
auditory attention and memory in our study because
we identified significantly increased scores on the
RAVLTIM and RAVLTDR and a non-significantly
increased score on the RAVLTTS (Table 5). The
lower scores on the three parts of the RAVLT (IM, DR
and TS) in moderate to severe brain injury indicate
auditory dysfunction 46. In contrast to the research
by Anderson, our study strongly suggests that MBI
patients have good auditory memory. Similar to the
findings by Arlinghaus (2005), we demonstrated that
MBI patients developed mild depression 47. Studies
proved that major depression can reduce auditory
attention48, 49. However with consistency of these
studies our MBI group has mild depression which
was reflected in amplitudes and latencies of the
ERP components that were mildly reflected by mild
depression.
Conclusion
We investigated auditory perception (attention) and
cognitively assessed MBI patients compared with a
control group using ERP and various neuropsychology
tests within 7 days and 2-6 months after a RTA. Nonsignificantly increased amplitudes and prolonged
latencies of the P50 and N100 ERP components at
maximum electrode positions strongly suggested
that MBI patients have mild dysfunction, particularly
in auditory perception. A significantly increased
RAVLT score suggested good auditory memory in
the MBI patients. Significantly and non-significantly
higher increased amplitudes of the P300 components
at all sites and non-significantly shorter latencies
of P300 at several sites indicated that MBI patients
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have increased cognitive function compared with the
control group. Several sites with non-significantly
increased latencies of the P300 ERP component
suggested mild cognitive impairment with mild
executive dysfunction. MBI patients also had mild
depression. This mild auditory perception and mild
cognitive function impairment may be overcome
with proper rehabilitation to recover their mild
executive dysfunction and depression and improve
their quality of life. Therefore, the combination
of ERP and neuropsychological assessments may
represent an additional, unique modality to identify
cognitive impairment in MBI patients.
Conflict of interest: Nil
Authorship contribution
FR and TB both performed data acquisitions,
analysis, interpretations and wrote the manuscript
together.
Study limitations
1. Our study population was small (n=19 in each
group). However it is difficult to manage mild
brain injury patients to come hospital for further
investigation, as maximum patients ignore their
problem.
2. G2 (acute stage of MBI patients) was not given
neuropsychological tests.
3. Another limitation was more males were
recruited than females in both groups.
Disclosure/acknowledgement
Any part of this article was not presented in any
conference proceedings. The authors confirm that
they have no conflicts of interest. This work was
supported by the Incentive grant and partly by Short
term grant of Universiti Sains Malaysia (USM) (304/
PPSP/61311092) for T.B.

Faruque Reza, Tahamina Begum

References:
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Moppett IK. Traumatic brain injury: assessment,
resuscitation and early management. British Journal
of Anaesthesia 2007; 99: 18-31. DOI:https://doi.
org/10.1093/bja/aem128
Kraus J, Sorenson SB. Epidemiology. In: Silver, J.M.,
Yudofsky, S.C., Hales, R.E., editors. Neuropsychiatry
of traumatic brain injury. Washington: American
Psychiatric Press 1994; 3–41.
Temkin N, Corrigan J, Dikmen S & Machamer J. Social
functioning after traumatic brain injury. Journal of Head
Trauma and Rehabilitation 2009; SS. 460-467. doi:
10.1097/HTR.0b013e3181c13413.
Dikmen S, Corrigan J, Levin H, Machamer J, Stiers
W & Weisskopf M. Cognitive outcome following
traumatic brain injury. Journal of Head Trauma
Rehabilitation 2009; SS. 430-438. doi: 10.1097/
HTR.0b013e3181c133e9.
Johnstone B, Hexum CL, Ashkanazi G. Extent of
cognitive decline in traumatic brain injury based on
estimates of premorbid intelligence. Brain Injury 1995;
9(4): 377-384.
Bohnen N, Jolles J, Twijnstra MD. Neuropsychological
Deficits in Patients with Persistent Symptoms Six
Months after mild head injury. Neurosurgery 1992;
30(5): 692-696.
Kaitaro T, Koskinen S, Kaipio ML. Neuropsychological
problems in everyday life: A 5 year follow-up study
of young severely closed head injured patients.
Brain Injury 1995; 9(7): 713-727. http://dx.doi.
org/10.3109/02699059509008227
Silver J, McAllister T, Arciniegas D. Depression and
Cognitive Complaints Following Mild Traumatic Brain
Injury. American Journal of Psychiatry 2009; 653-661.
doi: 10.1176/appi.ajp.2009.08111676.
Jurado MB, Rosselli M. The elusive nature of executive
functions: a review of our current understanding.
Neuropsychol Rev 2007; 17(3): 213–233. DOI:10.1007/
s11065-007-9040-z
Miyake A, Friedman NP. The nature and organization
of individual differences in executive functions: four
general conclusions. Curr Dir Psychol Sci 2012;21(1):
8–14. doi: 10.1177/0963721411429458
Bashore TR, Ridderinkhof KR. Older age, traumatic
brain injury, and cognitive slowing: some convergent and
divergent findings. Psychol Bull 2002 Jan;128(1):15198. http://dx.doi.org/10.1037/0033-2909.128.1.151
Gaetz M, Bernstein DM. The current status of
electrophysiologic procedures for the assessment of
mild traumatic brain injury. Journal of Head Trauma
and Rehabilitation 2001; 16: 386–405.
Smith DV, Davis B, Niu, K, Healy EW, Bonilha L,

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fridricksson J, Morgan PS, Rorden C. Spatial Attention
Evokes Similar Activation Patterns for Visual and
Auditory Stimuli. Journal of Cognitive Neuroscience
2010; 22 (2): 347–361. doi: 10.1162/jocn.2009.21241
Kuperberg GR. Electroencephalography, event-related
potentials, and magnetoencephalography. In: D.D.
Dougherty, S.L. Rauch & J.F. Rosenbaum (Eds.)
Essentials of Neuroimaging for Clinical Practice
2008;   pp.117 – 127, Arlington: American Psychiatric
Publishing, Inc.
Sur S & Sinha VK. Event-related potential: An overview.
Industrial Psychiatry Journal 2009; 18: 70–73. doi:
10.4103/0972-6748.57865.
Eggermont JJ, Ponton CW, Don M, Waring MD, Kwong
B. Maturational delays in cortical evoked potentials
in cochlear implant users. Acta Otolaryngol 1997;
117:161–163.
Michalewski HJ, Starr A, Nguyen TT, Kong Y-Y, Zeng
F-G. Auditory temporal processes in normalhearing
individuals and in patients with auditory neuropathy.
Clin Neurophysiol 2005;116:669–680. DOI:10.1016/j.
clinph.2004.09.027
Pratt H, Bleich N, Mittelman N. The composite N1
component to gaps in noise. Clin Neurophysiol 2005;
116:2648–2663. DOI:10.1016/j.clinph.2005.08.001
Spreng M. Influence of impulsive and fluctuating
noise upon physiological excitations and shorttime
readaptatio.
Scandinavian
audiology
Supplementum (Suppl 12) 1980; 299–306.
Nash AJ, Williams CS. Effects of preparatory set and task
demands on auditory event-related potentials. Biological
psychology 1982; 15 (1–2): 15–31. PMID 7138998.
Hillyard SA, Hink RF, Schwent VL, Picton TW.
Electrical signs of selective attention in the human
brain. Science 1973;182 (4108): 177–180.
Hruby T & Marsalek P. Event-related potentials- the P3
wave. Acta Neurobiologiae Experimentalis 2003; 63: 55
– 63.
Begum T, Reza F, Ahmed I, Abdullah JM. Influence
of education level on design-induced N170 and P300
components of event related potentials in the human
brain. Journal of Integrative Neuroscience 2014;13(1):1–
18. doi: 10.1142/S0219635214500058.
Hasan RA, Reza F and Begum T. Education Level
is Associated with Specific N200 and P300 Profiles
Reflecting Higher Cognitive Functioning. Journal of
Advances in Medical and Pharmaceutical Sciences
2016;10(4):1-12. DOI: 10.9734/JAMPS/2016/29783.
Hamid TA, Momtaz YA, Ibrahim R. Predictors and
prevalence of successful aging among older Malaysians.
Gerontology 2012;58:366–70. doi: 10.1159/000334671
Meeks S, Murrell SA. Contribution of education to
health and life satisfaction in older adults mediated

565

Mild cognitive impairment in mild brain injury patient

27.
28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

566

by negative affect. J Aging Health 2001;13:92–119.
DOI:10.1177/089826430101300105
Lezak MD. Neuropsychological Assessment (3rd ed).
1995. New York: Oxford Press.
Heaton RK. Wisconsin Card Sorting Test Manual.
Odessa, FL: Psychological Assessment Resources, Inc.,
1981.
Rey A. L’Examin Clinique en Psychologie. 1964; Paris:
Universitaire de France.
Beck AT, Steer RA: Manual for the Beck Depression
Inventory San Antonio, TX:Psychological Corporation;
1993.
Barnet AB, Ohlrich ES, Weiss IP, Shanks B. Auditory
evoked potentials during sleep in normal children
from ten days to three years of age. Electroenceph clin
Neurophysiol 1975;39:29–41.
Picton TW, Hillyard SA, Krausz HI, Galambos R. Human
auditory evoked potentials. I. Evaluation of components.
Electroencephalogr Clin Neurophysiol 1974;36:179–90.
Golob EJ, Starr A. Effects of stimulus sequence on
event-related potentials and reaction time during target
detection in Alzheimer’s disease. Clin Neurophysiol
2000;111: 1438–1449. DOI: https://doi.org/10.1016/
S1388-2457(00)00332-1
Golob EJ, Johnson JK, Starr A. Auditory eventrelated potentials during target detection are abnormal
in mild cognitive impairment. Clin Neurophysiol
2002;113:151–161.
DOI:
https://doi.org/10.1016/
S1388-2457(01)00713-1
Frodl T, Hampel H, Juckel G, et al. Value of eventrelated P300 subcomponents in the clinical diagnosis
of mild cognitive impairment and Alzheimer’s disease.
Psychophysiology 2002;39:175–181. DOI:10.1017/
S0048577202010260
Golob EJ, Irimajiri R, Starr A. Auditory cortical activity
in amnestic mild cognitive impairment: relationship
to subtype and conversion to dementia. Brain
2007;130:740–752. DOI:10.1093/brain/awl375
Irimajiri
R,
Golob
EJ,
Starr
A.
Auditory
brain-stem,
middleand
longncy evoked potentials in mild cognitive impairment. Clin
Neurophysiol 2005; 116(8):1918-29. DOI: 10.1016/j.
clinph.2005.04.010
Golob EJ, Miranda GG, Johnson JK, Starr A. Sensory
cortical interactions in aging, mild cognitive impairment,
and Alzheimer’s disease. Neurobiol Aging 2001;22:755–
63. DOI: https://doi.org/10.1016/S0197-4580(01)00244-5
Sachs G, Anderer P, Margreiter N, Semlitsch H,
Saletu B & Katschnig H. P300 eventrelated potentials
and cognitive function in social phobia. Psychiatry
Research 2004; 131: 249 – 261. DOI: 10.1016/j.
pscychresns.2004.05.005
Keren O, Ben-Dror S, Stern MJ, Goldberg G, Groswasser

41.

42.

43.

44.

45.

46.

47.

48.

49.

Z. Event-related potentials as an index of cognitive
function during recovery from severe closed head injury.
Journal of Head Trauma and Rehabilitation 1998; 13:
15– 30.
Picton TW, Hillyard SA. Endogenous event-related
potentials. In T.W. Picton (Ed.), Handbook of EEG
and clinical neurophysiology. Human event-related
potentials. 1988; 3: 361–426.
Spikman JM, van der Naalt J, van Weerden TW, van
Zomeren AH. Indices of slowness of information
processing in head injury patients: tests for selective
attention related to ERP latencies. Journal of
International Neuropsychological Society 2004; 10:
851–861.
Onofrj M, Curatola L, Malatesta G, Bazzano S,
Colamartino P, Fulgente T. Reduction of P3 latency
during outcome from post-traumatic amnesia. Acta
Neurologica Scandinavica 1991; 83: 273-279.
Torralva T, Roca M, Gleichgerrcht E, Bekinschtein
T, Manes F. A neuropsychological battery to detect
specific executive and social cognitive impairments in
early fronto temporal dementia. Brain 2009 May;132(Pt
5):1299-309. doi: 10.1093/brain/awp041.
Ord JS, Greve KW, Bianchini KJ, Aguerrevere LE.
Executive dysfunction in traumatic brain injury: the
effects of injury severity and effort on the Wisconsin Card
Sorting Test. J Clin Exp Neuropsychol 2010;32(2):13240. doi: 10.1080/13803390902858874.
Anderson JW, Schmitter- Edgecombe M.ons of
episodic memory following moderate to severe
traumatic brain injury during inpatient rehabilitation.
J Clin Exp Neuropsychol 2009;31(4):425-38.
doi: 10.1080/13803390802232667.
Arlinghaus KA, ShoaibAM, Price TRP  “Neuropsychiatric
assessment”. In Silver JM, McAllister TW, Yudofsky
SC. Textbook of Traumatic Brain Injury. 2005.
Washington, DC: American Psychiatric Association.
pp. 59–62.
Kemp AH, Hopkinson PJ, Hermens DF, Rowe DL,
Sumich AL, Clark CR, Drinkenburg W, Abdi N, Penrose
R, McFarlane A, Boyce P, Gordon E, Williams LM.
Fronto-temporal alterations within the first 200 ms
during an attentional task distinguish major depression,
non-clinical participants with depressed mood and
healthy controls: a potential biomarker? Hum. Brain
Mapp 2009;30:602–614.   doi: 10.1002/hbm.20528.
Kemp AH, Pe Benito L, Quintana DS, Clark CR,
McFarlane A, Mayur P, Harris A, Boyce P, Williams
LM. Impact of depression heterogeneity on attention:
an auditory oddball event related potential study. J.
Affect. Disord 2010;123: 202–207. doi: 10.1016/j.
jad.2009.08.010.

