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Hostilities in the East of Ukraine are characterized by the use of new weapons,
including rocket artillery, rocket-propelled grenades and landmines. This
has led to an increase in the number of victims with blast mild traumatic
brain injury (BMTBI) and the need to provide them with effective assistance
and rehabilitation. An important task is to improve the BMTBI diagnosis by
specifying the objective criteria for structural and functional disorders of
the central nervous system. This will improve the prognosis of the course of
BMTBI in the injured and the treatment program, including personalized, to
prevent the development of persistent neurological deficit.

Objective: to investigate the possibilities of the cognitive evoked potentials
(CEP) method for the objective diagnosis of cognitive disorders in post-
concussion syndrome (PCS) BMTBI.

Materials and methods. The study involved 115 men with PCS (main
group) and 30 healthy individuals (control group). The cognitive functions of
the study participants were studied using the questionnaire "Cicerone". The
neurophysiological method for assessing the functional state of the brain
involved the registration of CEP, event-related (P300 CEP).

Results. The selection of a subgroup of patients with PCS, characterized by
a predominance of cognitive impairments, allowed us to trace the relationship
between the results of neurophysiological studies with the cognitive indicators
of patients with BMTBI. P300 latency indices are inversely proportional
to cognitive assessment the questionnaire "Cicerone" and statistically
significantly depend on the severity of cognitive impairment.

Conclusions. The CEP P300 method can be an effective means of objectifying
the degree of cognitive impairment in patients with PCS due to BMTBI.
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Introduction

visualize damage [5]. The military conflict in the East

The blast traumatic brain injury (TBI) is a "silent
epidemic of an invisible wound" in countries involved
in military conflicts [1]. It is noted that while serving in
Iraqg and Afghanistan, 10-20% of US military personnel
received TBI [2]. Of all injuries sustained by US military
personnel during operations in these countries, 56-78%
were injuries due to explosive shells, landmines and
rocket-propelled grenades [3]. This gives grounds to
consider the blast TBI as a marker trauma of servicemen
in modern hostilities [1].

In the period from 2000 to 2014 in the US military
there has been registered about 320 thousand cases
of TBI, mostly received during hostilities [4]. Only
about 2.8% of them were classified as severe injuries,
while in most cases - mild TBI. The total number of
cases is considered to be underestimated, since blast
mild TBI (BMTBI) often remains undiagnosed and
untreated due to imperfect screening tools, unclear
diagnostic criteria, and lack of means to objectify or

of Ukraine is characterized by the simultaneous use
of modern personal protective equipment and new
types of weapons, in particular rocket artillery, rocket-
propelled grenades and landmines. This has led to an
increase in the number of victims with blast injury and
the need to provide them with effective assistance and
rehabilitation [6].

The mechanisms of blast and "civilian" TBI differ. If
during peace-time injury the brain suffers due to the
action of rotational and inertial forces, as well as local
traumatic effect, the blast injuries are the result of the
wave of pressure transmitted from a distance through
the air [7]. According to the classical definition of C.J.
Clemedson (1956) [8], a blast injury is biophysical and
pathophysiological changes as a result of exposure to the
explosion itself or a related shock wave. A blast injury,
with clinical signs of mild TBI, may be accompanied
by significant morphological changes (brain edema,
neuroinflammation, vasospasm, diffuse axonal damage
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and neuronal death, secondary astrogliosis). At the
cellular level, blast traumatic brain injury is characterized
by multiple heterogeneous disorders, including increased
B-amyloid precursor protein, increased expression
of c-Myc, c-Fos and c-Jun protooncogenes, increased
nitric oxide synthesis with the development of oxidative
stress, impaired axonal transport, increased levels of TBI
biomarkers - neuron-specific enolase (NSE), ubiquitin
C-terminal hydrolase (UCH-L1) and glial fibrillar acidic
protein (GFAP) [1].

Clinical signs of BMTBI are variable: headache,
fatigue, tinnitus, irritability, neuropsychiatric and
cognitive disorders. The latter can be temporary or
permanent. The long-term nature of cognitive deficit
may be associated with the fact that blast TBI increases
the risk of remote development of neurodegenerative
diseases such as Alzheimer's disease and chronic
traumatic encephalopathy [9,10].

The possibility of long-term persistence of
neurological and cognitive deficits after mild TBI was
the basis for the isolation of a separate nosological unit -
postconcussion syndrome (PCS). According to diagnostic
criteria, PCS occurs as a result of a head injury that
is severe enough to cause loss of consciousness and
is characterized by at least three of the following: 1)
complaints of discomfort (dizziness, general malaise and
excessive tiredness or noise intolerance) and headache;
2) emotional changes (irritability, emotional lability or a
certain level of depression and / or anxiety), 3) subjective
complaints of difficulty concentrating and performing
mental tasks, as well as memory problems without clear
objective evidence, 4) insomnia, 5) decreased alcohol
tolerance, 6) concern about these symptoms and fear
of permanent brain damage up to hypochondria and
acceptance of the role of the patient [11].

A characteristic feature of BMTBI is the frequent
presence of concomitant post-traumatic stress disorder
(PTSD). The presence of PTSD significantly complicates
the diagnosis of BMTBI due to the similarity of
symptoms. However, TBI is an organic injury to nerve
tissue, while PTSD is a psychological response to a
stressor and is not accompanied by physical changes.
This difference leads to different approaches to the
treatment of these conditions. If PTSD therapy mainly
involves the normalization of the stress response
with the help of psychological and pharmacological
correction, the treatment of TBI should take into
account structural and molecular biological changes
to prevent their impact on the severity and duration
of neurological deficits [4,12].

Thus, an important task is to improve the diagnosis
of MBTBI by specifying the objective criteria for
structural and functional disorders of the central nervous
system. This will improve the prognosis of the course of
MBTBI in the injured and will contribute to specifying the
treatment program, in particular personalized treatment,
to prevent the development of persistent neurological
deficits.

Objective: to invetigate the possibilities of the
cognitive evoked potentials method for the objective
diagnosis of cognitive disorders in post-concussion
syndrome due to blast mild traumatic brain injury.

Ukrainian Neurosurgical Journal. Vol. 27, N4, 2021

Materials and methods

The study involved 115 men with PCS (main group)
and 30 healthy individuals (control group). The diagnosis
of PCS after previous BMTBI (2014-2017) was established
by a special military medical commission of Ukrainian
Military Medical Academy based on the life record and
clinical data, accompanying medical documentation. All
patients were in the long term period of injury (from 6
months to 3 years). All individuals of the main and control
groups gave written consent to conduct the research and
process the information received.

Inclusion criteria in the study were: participation
in hostilities, the presence of mild TBI due to mine
explosion, age 18-45 years, no history of previous
TBI, cerebrovascular disorders, surgery on the central
nervous system. Exclusion criteria from the study
were: previous TBI, any cerebrovascular accident,
alcohol abuse, addictive substance abuse, psychiatric
observation.

Among 115 surveyed, 103 (89.6 + 5.6%) had higher
education, 11 (9.6 = 5.4%) had incomplete higher
education, and 1 (0.9 £ 1.7%) had secondary education.

A single scheme for examining the consequences of
BMTBI was followed: all patients underwent magnetic
resonance imaging of the brain, duplex scanning of
the vessels of the neck and intracranial blood flow, an
otoneurologist and a neuroophthalmologist consultation.
After careful collection of complaints and life record
data, neurological status and cognitive functions were
investigated using the questionnaire "Cicerone" [13],
the neuropsychological test according to the Montreal
Cognitive Assessment score (MoCA), to identify anxiety
and depression - the Hospital Anxiety and Depression
Score (HADS) with a score was used, to objectify
psychasthenic disorders - the asthenic state scale
(ASS) [14,15].

The determination of diagnostic capabilities of the
CEP P300 method for objectification of the presence and
severity of cognitive impairment in patients with PCS
after BMTBI have been carried out.

Neurophysiological methods for assessing the
functional state of the brain involved the registration of
cortical "evoked potentials (EPs) associated with the event”
(CEP P300) and quantitative electroencephalography
(qEEG) conducted on a 24-channel electroencephalograph
"BRAIN-TEST" "DX system", Ukraine) according to
standard parameters (sensitivity - 70 uv / cm, time
constant - 0.1 s, filter - 40 Hz). CEP P300 was recorded
according to the standard method [16,17] on a 4-channel
myographic device "Neuro-MVP-4" ("Spectromed",
Ukraine). Presenting in a random sequence the "odd-ball
paradigm" series of two types of stimuli (clicks):
significant (with a frequency of 2000 Hz, the probability
of 30%) and nonsignificant (with a frequency of 1000
Hz, the probability of 70%), the stimulus duration 30-50
ms, intensity 75-85 dB, period between stimuli - 1 s,
binaural stimulation through headphones, frequency
0.5-50.0 Hz. The patient was in a soundproof and light-
insulated room, sitting in a special chair with his eyes
closed. Scalp electrodes were placed at coordinates C3
and C4 according to the International System "10-20%",
the reference electrode was on the mastoid process, the
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ground electrode - Fpz. The patient pressed the joystick
button with the dominant hand as soon as he heard
a significant (target) stimulus. The analysis epoch is
500-700 ms, the averaging number is 30-70, separately
for significant and nonsignificant stimuli.

The analysis of the registered CEP provided for: 1)
assessment of behavioral data (time of motor response
of the stimulus fixation, the number of errors - false
triggers, omission of a significant stimulus), 2) calculation
of CEP parameters. The P300 component in the range of
250-400 ms was verified, the latency and amplitude of
the P1-N1-P2 and subsequent N2-P3-N3 complexes were
determined, and changes in the form of the cognitive
response and interhemispheric asymmetry of indicators
were taken into account. An increase in the latency of
CEP P300 compared to the age norm was interpreted as
a sign of impaired signal recognition and differentiation
(similar to dementia, attention deficit disorder, etc.),
a decrease in P300 amplitude - as a decrease in short
term memory [16,17].

Mathematical processing of the obtained results was
carried out by comparing the groups using the Mann -
Whitney test (U) (the distribution of indicators in the
groups did not correspond to the normal distribution
law). To compare the frequencies, a contingency
table was used to calculate the Pearson's chi-square
test and the constraint force (¢ or v). In the case of
age dependence of indicators as the "age norm" the
upper limit of 95% of the indicator interval for healthy
individuals, calculated from the regression equation was
used. Frequency, selecting bias, 95% confidence interval
(CI), amplitude, median, interquartile range were used
to describe groups. The critical level of significance (p)
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for testing statistical hypotheses when comparing groups
was <0.05.

The study was conducted in accordance with the
requirements of the 1975 Helsinki Declaration and the
1996-2013 editions. Recruitment of participants and data
processing were carried out after written information
consent.

The main results of our clinical and neurological,
neuropsychological and neurophysiological studies have
been published previously [18,19].

Results and discussion

K.D. Cicerone and K. Kalmar (1995) [13] identified
4 clusters of symptoms and signs in the structure of
PCS: affective, cognitive, somatic and sensory (Fig. 1).

Based on the prevalence of the frequency of
significant cognitive impairments and the severity of
clinical manifestations of BMTBI, three main variants for
PCS in combat lesions of the central nervous system have
been identified. Data on the frequency of detection of
complaints, symptoms and signs of disorders in patients
are given in Table. 1. Assessment of symptoms (signs)
according to the items of questionnaire "Cicerone"
[13]) was used to calculate scores in clusters: C -
somatic disorders, K - cognitive disorders, A - affective
disorders. Assessment of symptoms (signs) ranged
from 0 to 3 points: 0 - rarely observed, does not affect
working capacity, 1 - noted frequently, sometimes
impairs working capacity, 2 - noted frequently, may
impair working capacity, 4 - noted constantly, unable
to work. In each cluster, according to the assessment
of the items of questionnaire and depending on the
total score, the following gradations of impaiments

AFFECTIVE CLUSTER

COGNITIVE CLUSTER

SOMATIC CLUSTER

SENSORY CLUSTER

Fig. 1. Symptoms of post-concussion syndrome in mild traumatic brain injury (according to

K.D. Cicerone and K. Kalmar [13])
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Table 1. Frequency of detection and severity of symptoms and signs in patients with post-concussion

syndrome
Detection rate
frequently,
Nox* Symptom, sign vfo"rf(?r:"’;{t:}gecﬁy imsgi?g %Esksing ve?’:‘s’fggi?l’i%nt' unc:t::t:: 5'v‘8rk
Abs. % Abs. % Abs. % Abs. %
1C Dizziness 43 37,4 62 53,9 9 7,8 0 0
2C Loss of balance 74 64,3 21 18,3 3 2,6 1 0,9
3¢ (Impaired motor coordination, 72 62,6 12 | 104 | 10 8,7 1 0,9
4 Headaches 27 23,5 55 47,8 22 19,1 10 8,7
5C Nausea 75 65,2 17 14,8 3 2,6 1 0,9
6C Trouble seeing, blurred vision 66 57,4 15 13,0 10 8,7 5 4,3
7 High sensitivity to light 62 53,9 12 10,4 8 7,0 4 3,5
8 Hearing difficulty 41 35,7 50 43,5 11 9,6 9 7,8
9 High sensitivity to noise 73 63,5 20 17,4 8 7,0 7 6,1
10 Numbness or tingling in the body| 62 53,9 13 11,3 7 6,1 6 5,2
11 Changes in taste or smell 31 27,0 7 6,1 6 5,2 2 1,7
12 Loss of appetite or its increase 39 33,9 15 13,0 4 3,5 6 5,2
13 K |Poor concentration 24 20,9 64 55,7 19 16,5 8 7,0
K[ g 38 | 270 | 55 | 478 | 23 | 200 | 6 | 52
15 K [Difficulty making decisions 48 41,7 55 47,8 11 9,6 1 0,9
16 K tsc')or‘)"l’jgﬁ tdh%""%at{‘tglﬁgt?fr%uigﬁb”‘ty 16 13,9 58 50,4 | 35 30,4 5 4,3
17 k |Exhaustion, decreased energy, 12 10,4 50 | 43,5 | 37 32,2 16 | 13,9
rapid fatigability ! ! ! !
18 A Eg%{“lgc of anxiety, nervous and | 5y 18,3 59 51,3 29 25,2 6 5,2
19 A s'?,iefzgﬁ']gy falling asleep, touble 6 5,2 34 | 296 | 44 | 38,3 31 | 27,0
20 A |Feeling depressed or distress 20 17,4 58 50,4 31 27,0 6 5,2
21 A [|High irritability 22 19,1 62 53,9 24 20,9 6 5,2
22 A fﬁiﬁ'égg frustrated with little 35 30,4 62 | 53,9 13 11,3 3 2,6

* - Questionnaire item (based on [13]), used to calculate scores by clusters: S - somatic disorders; C - cognitive

disorders; A - affective disorders.

were identified: 1-5 points — mild impairments, which
do not affect working capacity, 6-10 points - moderate
impairments, sometimes impair the ability to work, 11-15
points - significant impairments of working capacity,
16-20 points - significant impairments, the patient can
not work and needs help.

http://theunj.org

Differentiated assessment of the presence and
severity of cognitive impairment allowed us to identify
three clinical variants of PCS. In 51 (44.3 £ 9.1)% of
patients, the first variant of PCS with the predominance
of cognitive impairment was identified, which was
characterized in (7.0 = 4.6)% of patients with significant
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(16-20 scores) cognitive impairment, in (37.4 £ 8.8)%
- severe (11-15 points) in combination with significant
and severe affective disorders. The second variant of
PCS with the predominance of severe and significant
affective disorders and moderate cognitive impairment
was found in 27 (23.5 £ 7.7)% patients, the third variant,
which was characterized by moderate and mild disorders
of cognitive and affective spectrum in combination with
predominantly moderate autonomic disorders - 37 (32.2 £
8.5)%) patients (the variant of PCS with the predominance
of psychosomatic disorders). Only 4 (3.5 + 3.3)% patients
had somatic disorders as the leading cause of disability.

The variants of PCS identified by us on many
characteristics coincide with three classical clusters
(affective, cognitive and somatic) in the structure of
non-combat injuries according to K.D. Cicerone and K.
Kalmar [13]. The fourth ("sensory") cluster in our study
occurred infrequently. The cognitive impairments that
were the object of our interest did not differ.

In Fig. 2 the frequency of impairments of varying
severity in our selected clinical variants of PCS is
shown. When establishing the diagnosis of PCS, in our
opinion, it is advisable to use more detailed information
highlighting the variant of the course as the component
of the classification and taking into account the severity
of damage to elements in the cluster. We used the coding
in the form of "CAS", where the position of the figure
corresponds to the level of injury in the cluster ("C" -
cognitive, "A" - affective, "S" - somatic). For example,
"122" means "significant" damage to cognitive and
affective clusters and "severe" somatic disorders, "331"
means "moderate" damage to cognitive and affective
clusters and "significant" somatic disorders.

The isolation of the PCS variant with the predominance
of cognitive impairment allowed us to monitor the
relationship between the results of neurophysiological
studies and the neurocognitive indicators of patients
with BMTBI. We aimed to determine the diagnostic

The level of injury in the cluster Frequency Frequency,
5 Abs. % 95% CI

2 1,7

1 0,9

3 2,6

2 1,7 The first variant of

1 0.9 PCS with the

5 4,3 predominance of
222 ] 5,2 cognitive impairment
223 10 8,7 44.3;
224 13 11,3 9,1
232 2 1.7
233 4 3.5
234 2 1.7
313 ! 0.9 The second variant of
i & 1.7 PCS with the
3 2 10,4 predominance of

affective disorders
324 12 10.4 23,5;
7.7
A 02 The third variant of
e £ 2.6 PCS with the
333 10 8,7 predominance of
334 . 20 174 psychosomatic
34 1 0.9 disorders
433 2 1,7 32.2;
8,5

* - the level of injury in the cluster (l- significant; 2 - severe; 3 - moderate; & mild)

Fig. 2. Frequency of impairments of varying severity in patients (explanation in the text)
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value of some of the most common complaints and
pathological signs in the cognitive cluster and deviations
from the norm of CEP 300 indicators. It is generally
accepted to recognize the capability of the CEP 300
method to objectively assess certain indicators in
attention and memory domains [16,17]. Since the P300
latency in patients with significant and severe cognitive
impairment did not differ statistically significantly, they
were considered as one group: the sum of scores 11-20
corresponded to the degree of impairments that interfere
with work until complete inability to work. The P300
CEP indicators in these patients were compared with
indicators of patients with mild cognitive impairment
(1-10 scores) that did not interfere with work.

According to our study, the P300 latency indices are
inversely proportionally correlated with the assessment
in the cognitive cluster (sum of scores) obtained when
assessing symptoms (signs) using the questionnaire
"Cicerone": on the left p = 0.94, p = 0.001; on the right
p = 0.67, p = 0.004. P300 latency indices statistically
significantly depended on the severity of cognitive
disorders: on the right - U = 1246, p = 0.03; on the left
- U = 1245, p = 0.03.

Indicators of patients with severe cognitive
impairment were: CEP P300 latency on the right - 357
(341-403) ms, on the left - 362 (338-395) ms, the
amplitude of CEP P300 on the right - 4.4 (3.2-7.6) pV, on

500  Left hemisphere Right hemisphere

450 500
2y
E 400 0 90 - 450 03 —_
® _ g 10
o | Sn
8 350 f 400 |
o |
i . .
o 300 |- 350 I:l
1 300
250 102 250 144
200 200
A e
1—10 11—20 1—10 11—20
Severity of cognitive impairment, score
* Median;

] a1-qs;

— Min - max (within 1.5 interquartile range);
o Qutliers distant from Q1 and Q3
are not closer than 1.5 and not farther than 3

interquartile ranges

Fig. 3. Latency of CEP P300 in patients with varying
degrees of severity in cognitive clusters
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the left - 4.3 (3.2-6.9) uVv, patients with mild cognitive
impairment - 357 (330-374) ms (U = 1246, p = 0.03)
and 345 (331-370) ms, 4.3 (3.1-6.0) and 4.7 (3.4-7.6)
uV respectively.

In Fig. 3 the results of mathematical processing
of the obtained data on the latency of P300 in patients
with varying degrees of severity of cognitive impairment
are shown.

Conclusions

The method of cognitive evoked potentials P300
can be an effective means of objectifying the degree of
cognitive impairment in patients with post-concussion
syndrome due to blast mild traumatic brain injury.
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