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EVOKED BRAIN POTENTIALS IN PATIENTS WITH MILD BRAIN CONTUSION
Zhukovskyi O.
Bukovinian State Medical University, Chernivtsi
ABSTRACT

The thesis presents the results of visual, brainstem auditory and cognitive evoked potentials testing in patients
with mild brain contusion in the different periods after mild traumatic brain injury.
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Background. Traumatic brain injury (TBI) is one
of the most actual problems in neurology and neurosur-
gery. The estimated annual incidence of TBI in differ-
ent regions of Ukraine varies from 1.6 to 4.0 per 1000
population. The most frequent type of head trauma is
mild TBI which accounts for 70-80% of all TBI cases.
For a long period of time mild TBI had been underesti-
mated as it remained in the shadow of more dramatic
severe head injury. However the high prevalence of not
only mild TBI but also of its consequences turns it into
independent medical and social problem requiring spe-
cial attention.

Mild brain contusion is the mild forms of TBI
which is characterized by short-term reversible impair-
ment of neurological functions, so objective diagnostic
methods for mild TBI need further study and improve-
ment.

One of the possible pathophysiological mecha-
nisms of traumatic brain damage is diffuse axonal in-
jury. Head trauma is followed by brain motion in cra-
nial cavity and acceleration/deceleration or rotational
injuries of axons. More mobile cerebral hemispheres
move (“twist”) against relatively fixated brain stem.
This leads to stretching and torsion of long axons which
connect brain cortex and subcortical structures with
brain stem. It immediately violates the function of as-
cending activating reticular formation and results in
loss of consciousness. In case of mild TBI this process
is restricted to invertible disturbance of axonal func-
tion.

Taking into consideration that there are particu-
larly no signs of organic lesion in mild TBI, it is im-
portant to diagnose this pathology with the method that
characterizes the functional state of neuronal pathways
and allows for more precise localization of traumatic
damage. Thus, evoked potentials (EPs), or evoked re-
sponses can help in assessment of higher cortical func-
tions impairment in patients with mild brain contusion.

The aim of research. In our study we aimed to
determine the dynamics of visual, brainstem auditory
and cognitive EPs in patients with mild brain contusion.

Materials and methods. We have examined 24
patients with mild brain contusion aged 19-45 years, in-
cluding 7 women and 17 men. The causes of trauma in
most cases were intentional injuries and motor vehicle
collisions. All patients were examined thrice: during
the first 24 hours after head trauma, on the 5" day after
trauma, and after treatment period (on the average the
10" day after injury). The fifth day was chosen accord-
ing to the current concepts of pathogenesis of mild TBI

which state that metabolic changes in the brain are crit-
ical in this period. The basic therapy of TBI included
standard prescription of analgesics, sedatives,
nootropic drugs, and diuretics.

The results of patients with trauma were compared
to the control group which comprised 15 practically
healthy individuals comparable by age and sex.

EP testing was performed on multifunctional com-
puterized complex “Neuro-MVP”. Visual EPs were
tested with flash stimulation (1 Hz stimulus rate) and
checkerboard pattern with rectangle shape of stimulus.
Brainstem auditory EPs were recorded in a 2-channel
montage with a sound signal of 85 dB. For cognitive
EPs examination we used “significant” stimuli, e.g. sig-
nals with frequency rate 2000 Hz and probability of de-
livery up to 30%, as well as non-significant stimuli with
frequency rate 1000 Hz and probability of delivery
from 70%. Electrodes were placed according to inter-
national scheme “10-20”. All components of EPs were
separated and marked according to standard criteria ac-
cepted in neurophysiology. The results were assessed
by the shape of the curve, the presence of all compo-
nents, indexes of latent periods and the amplitudes of
potential components. The data were evaluated statisti-
cally with Student’s t-test (significance level a=0.05).

Results and discussion.

The results from the analyses of visual EPs in re-
sponse to flash of light the first 24 hours after head
trauma have shown statistically significant elongation
of the approximate peak latency of the late component
in patients with brain concussion and mild brain contu-
sion (p<0.05). The existing data suggest that the late
components of visual EPs are generated by the afferent
inflow from reticular formation, thalamic nuclei, medi-
obasal parts of limbic cortex of temporal and frontal
lobes. The late components of visual EPs with approx-
imate peak latency more than 100 ms comprise non-
specific component of response. Taking into account
their high sensitivity to alterations of consciousness, at-
tention, emotional state, functional activity of brain, we
may conclude that our patients with brain contusion had
changes in limbic-reticular system of brain. The shape
of the curve of visual EPs was characterized by conflu-
ence of the late components N2, P3, N3 into one con-
tinuous negative wave. The P4 and N4 components
were not taken into consideration because of their in-
constancy and optionality in visual EPs examination.
No disturbances of latent periods and amplitude
changes of early and middle components (they reflect
visual nerves conductivity) were found.
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On the 5™ day after brain contusion the visual EPs
patterns have demonstrated gradual decrease of dura-
tion of the latent period. After the course of treatment
the latency of the late components of visual EPs ap-
proximated to the normal levels (p>0.05). However in

10% patients with brain contusion substantial improve-
ment was not observed.

The results of visual EPs assessment are presented
in Table 1.
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p — significance of differences in comparison with control group.

For evaluation of the functional state of the brain
stem we have used the method of brainstem acoustic
EPs. Normal acoustic EPs consist of 5-7 peaks. The
first two peaks are peripheral and they reflect the con-
dition of distal and proximal parts of acoustic nerve.
The rest of components are generated by brainstem
structures. Examination of brainstem acoustic EPSs in
patients with mild brain contusion has not revealed any
statistically significant differences in latent periods of
components in comparison to the corresponding in-
dexes in healthy individuals (p>0.05). The analysis of
data in dynamic observation has not shown any patho-
logical deviations in patients with mild brain contusion.

The results of our study are not contrary to the cur-
rent opinion about pathogenesis of mild TBI, and par-
ticularly of the theory of diffuse axonal injury when the
pathological changes involve only long axons and do
not affect fixated brain stem. It should be also consid-
ered that brainstem acoustic EPs reflect the function of
conducting sound on a rather limited area. Lesions of
the other levels of brain stem may not substantially in-
fluence the values that are measured in the present
study.

In clinical presentation of mild TBI cognitive im-
pairment is one of the leading manifestations. How-
ever, the presence and the level of severity of cognitive
impairment are rather hard to determine.

Aiming to assess the state of higher cerebral func-
tions we used the method of detection of cognitive EPs
which are related to thinking. This technique is based
on the appearance of the late component P300 with ap-
proximate peak latency about 300 ms. This component
on the potential curve is connected with recognition,
memorization and estimation of stimuli.

The analysis of cognitive EPs in the first 24 hours
of head trauma in patients with mild brain contusion has
demonstrated statistically significant elongation of
P300 latency (p<0.05). These changes indicate disturb-
ances of higher cerebral functions id patients with TBI.
We consider elongation of P300 latency and decrease
of it’s amplitude as a sensitive indicator of cognitive
impairment in patients with mild neurotrauma. The
changes of cognitive EPs is related to difficulties in dif-
ferentiation and recognition of signals, violation of the
mechanisms of operative memory, directed attention
and increased patient distraction.

Table 2
P300 latency after mild traumatic brain injury (ms
AFTER TREATMENT
ST TH
15T DAY 5™ DAY (10" DAY) CONTROL GROUP
P300 334.8+2.6 342.5+2.8 331.4+3.6 328.1+4.6
p<0.05 p<0.05 P<0.05 p<0.05

p — Significance of differences in comparison with control group.

On the 5™ day after head trauma in patients with
mild brain contusion we have observed an increment of
P300 latency. In our opinion the underlying cause of
these changes is a gradual destructive process in nerv-
ous tissue resulting from trauma. After the course of
treatment on the 10" day of mild TBI the P300 latency
has shown the tendency to decrease. Despite the posi-
tive dynamics in these groups, P300 values after treat-
ment were higher in comparison to control group
(p<0.05). The indexes of P300 latency can be consid-
ered as the objective criterion of treatment efficacy of
cognitive impairment.

Conclusions.

1. Evaluation of visual Eps in the first 24 hours of
mild brain contusion has shown statistically significant
elongation of the latency of late components of visual
Eps with the further regress of these values.

2. Assessment of the brainstem acoustic Eps in pa-
tients with mild brain contusion has not shown any
changes in Eps pattern.

3. According to the results of cognitive Eps testing
the most pronounced impairment of higher cerebral
functions in patients with mild brain contusion was ob-
served on the 5" day after head injury.
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CHANGES OF PRO- AND ANTIOXIDANT SYSTEMS IN PATIENTS WITH BRAIN CONCUSSION
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ABSTRACT

The state of pro- and antioxidant systems in patients with brain concussion has been studied. The definite
patterns of the functioning of these systems in this pathology have been disclosed.
Keywords: pathogenesis, pro- and antioxidant systems, mild cranial trauma, brain concussion.

Introduction. Mild traumatic brain injury (TBI) is
one of the most common types of nervous system le-
sions. Nearly 80% of all mild TBI cases are presented
by brain concussion. Despite the term “mild” this type
of trauma is characterized by high frequency of post-
traumatic complications. The cause of it should be
found in peculiarities of acute period of TBI when a
cascade of irreversible changes in neural tissue is
formed.

It has been proved that activation of lipid peroxi-
dation and biopolymers is an early universal and ex-
tremely sensitive marker of injury. It is characteristic of
various pathological conditions including traumatic le-
sions of nervous system. The complexity of this prob-
lem is determined by favorable conditions for the pro-
gression of free radical pathology in central nervous
system that include high lipid content (optimal sub-
strate for lipid peroxidation), maximum oxygen con-
sumption, well developed system of biological mem-
branes. These facts stipulate particular susceptibility of
brain for oxidative injury of cerebral structures. Given

the above we considered it appropriate to assess the ex-
tent and dynamics of pro- and antioxidant imbalance in
patients with brain concussion.

Materials and methods. We have examined 38
patients with brain concussion aged 18-43 years and the
control group which comprised 15 practically healthy
individuals comparable by age and sex. Brain concus-
sion was diagnosed based on neurological and instru-
mental examination. Biochemical studies were done in
plasma and erythrocytes of patients and donors. Blood
sampling was performed in the morning on an empty
stomach on the first, third and fifth day after traumatic
injury. It included malonic aldehyde, ceruloplasmin,
medium weight molecules, glutathione, HS-groups,
catalase activity.

Results and discussion. The degree of activation
of free radical processes was assessed by content of ma-
lonic aldehyde which is one of the final products of li-
pid peroxidation. On the first day the level of malonic
aldehyde was practically equal to normal ranges. How-
ever on the third day and especially on the fifth day we
have observed noticeable increase of plasma level of
malonic aldehyde by 38.6% (Table 1).

Table 1
The dynamics of pro- and antioxidant systems indexes in patients with brain concussion
1% day 3 day 5t day Control
. 18,55+0,38 25,740,6

Malonic aldehyde, pmol/L <0,05 <0,05 26,8+0,46 7,74+0,28
Ceruloplasmin, mg/L Ziigiaéz 212,5+2,7 184,6+2,9 186,26+2,3
Catalase activity, pmol/min L 35:?857 25,8+0,73 12,6+0,43 11,62+0,3
Glutathione 0,71£0,015 0,54+0,02 0,36+0,014 0,30£0,015

p<0,05
SH-groups, pmol/ml 2:;15%50 6 1,9+0,03 1,72+0,03 1,58+0,02

Significance of differences in comparison with control group (p): * — p<0.05; ** — p<0.01; *** — p<0.001.
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