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Background:This study aimed to investigate the role of long-term video
electroencephalogram (VEEG) monitoring in the diagnosis and prognostic evaluation of
children with disturbance of consciousness in pediatric intensive care unit (PICU).
Materials and Methods : A retrospective analysis was performed on the medical records
of 107 children with severe brain injury (SBI) who admitted to the PICU of The First
Hospital of Qinhuangdao from January 2014 to December 2015. The medical records of
100 children with mild disturbance of consciousness were analyzed. All children
underwent routine electroencephalogram (REEG) and VEEG detections. The diagnosis
was completed by physicians according to the relevant operation instructions. The brain
waveform of children was monitored. Result : The diagnostic results of REEG and VEEG
were compared with clinical diagnostic results, and the relationship between the two
detections and the prognosis of SBI children was analyzed. The sensitivity of VEEG in the
diagnosis of SBI children was significantly higher than that of REEG (P<0.050). The
specificity of VEEG in the diagnosis of SBI children was higher than that of REEG, with a
statistical significance (P<0.050). The diagnostic compliance rate of VEEG in the diagnosis
of SBI children was significantly higher than that of REEG (P<0.050). The sensitivity of
VEEG in evaluating the prognosis of SBI children was significantly higher than that of
REEG (P<0.050). The specificity of VEEG in evaluating the prognosis of SBI children was
significantly higher than that of REEG. The coincidence rate of VEEG in evaluating the
prognosis of SBI children was significantly higher than that of REEG (P<0.050).
Conclusion: The results indicated that VEEG detection is effective in the diagnosis and
prognostic evaluation of SBI children with disturbance of consciousness, which is worthy
of promotion in clinical practice.
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Severe brain injury (SBI), a neurological disease (PICU)". Central nervous system infection, brain
caused by ischemia and hypoxia in brain tissues, is a trauma, birth injury and other diseases with
common disease in pediatric intensive care unit abnormal organ function and metabolism result in
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disturbance of consciousness in SBI children
Impaired brain structure in SBI children may cause
severe central nervous system dysfunction, and the
children may be in coma and paralysis state. SBI
children with severe impaired brain structure may
even die, which greatly endangers the children’s life
and health °. With the advancement and
development of modern medical technology, the
mortality of SBI children has dropped drastically,
but the resulting neurological sequelae still have
high incidence, which affects the daily life of
chlldren and their famlhes and brings heavy
burdens to families and soc1ety Therefore, a more
comprehensive and objective early evaluation of the
brain function of SBI children is beneficial for
timely intervention and more important for the
prognostic judgment.

At present, the commonly used predictive
method for disturbance of consciousness is the
Glasgow Coma Scale (GCS) that is simple and
reproducible. However, the GCS score has certain
subjectivity and limitations; it is difficult to
evaluate the brain function when patients are in a
state of coma, aphasia and delirium, paraly51s, etc.

. With the advancement of modern imaging,
1mag1ng techniques such as brain CT and brain
MRI are widely used in clinical diagnosis and
treatment, the diagnostic coincidence rate of SBI
patients was improved. However, they only reflect
organic lesions of the brain but cannot assess
changes in the brain function of patients. In
addition, SBI patients are often difficult to be
moved, and changes in the brain function cannot
be continuously observed and evaluated. Therefore,
the continuous, real-time detection of SBI patients
is not possible 7. In  recent years,
electroneurophysiology has been widely used in the
prognostic evaluation of SBI.
Electroencephalogram (EEG) has been clinically
used for the electrophysiological examination due
to its non- 1nvas1veness, simplicity and real-time
performance °. It directly observes the electrical
activity of neurons in the brain and reflects changes
in the brain function of patients. However, the
image limitations of routine electroencephalogram
(REEG) make it impossible to monitor
continuously, which may misdiagnose patients with
brain i mJury as sleep disorder, depression and other
diseases ’. The acquisition, storage and analysis
technology of EEG has been developed in recent
years, and long-term video electroencephalogram
(VEEQ) is also gradually applied to the diagnosis
and treatment of brain injury-related diseases "
However, there are currently few literatures on
long-term EEG monitoring in the prognostic
evaFuation of SBI children. Therefore, in this study,
REEG and VEEG were used to diagnose SBI
children, and their predictive values for the
prognosis of SBI children were explored, in order to
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provide a reference for the clinical implementation
of SBI treatment.

METHODS AND INFORMATION
Patient Data

A retrospective analysis was performed on the
medical records of 107 SBI children admitted to
the PICU of The First Hospital of Qinhuangdao
from January 2014 to December 2015, including
64 males and 43 females, 7-14 years old, with an
average age of (11.74+2.42) years old. The medical
records of 100 children with mild disturbance of
consciousness were analyzed, including 59 males
and 41 females, 6-16 years old, with an average age
of (12.56%3.68) years old. Inclusion criteria for SBI
children: Children clinically diagnosed with SBI;
children with the GCS score <8; children with
complete medical records and follow-up data;
children who did not receive relevant treatments in
other hospitals. Exclusion criteria: Children with
skull bandage after surgical operation who were
unable to undergo EEG electrode examination;
children with previous illnesses affecting EEG
interpretation except SBI; children whose families
refused to undergo EEG examination; children
with severe diseases with poor prognosis, including
severe heart, lung, liver, kidney dysfunction or
malignant tumors; children who died within 24
hours of coma. All subjects and their families
signed an informed consent form and cooperated
with medical staff to complete relevant medical
treatment.

Methods
All children underwent REEG and VEEG

detections. Before the examination, parents were
told to remove the hair of their children in order to
avoid interference with EEG detection, and the
diagnosis was completed by physicians according to
the relevant operation instructions. REEG
detection (Nanjing Weisi Medical Technology Co.,
Ltd., REEG instrument) was performed as follows:
the scalp electrode was placed in accordance with
the standard operation. The filter channel was
0.5-30 Hz, the time constant was 0.3 s, and the
paper speed was 30 mm/s. The examination of rest
state, opened and closed eye test, flash induction
test and sleep EEG were performed. VEEG
detection (Trackit Ambulayory Recorder EEG
machine from LIFELINES LIMITED, UK) was
performed as follows: patients or their families were
told not to let patients enter sleep state 5 hours
before the examination. According to the relevant
operating standards, 12-20 system electrode
placement method was used. EEG was routinely
recorded for the first 20 minutes, and one detection
time was >12h, including two sleep cycles. The
brain waveform of children was monitored and the
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recorded results were stored to analyze changes in
their brain waves. The diagnostic results of REEG
and VEEG were compared with clinical diagnostic
results, and the relationship between the two
detections and the prognosis of SBI children was
analyzed.

Results Evaluation Methods

REEG results were evaluated based on the
Nageeb classification ''. Normal: normal amplitude
or no obvious abnormalities. Mildly abnormal:
mildly abnormal amplitude or normal amplitude,
but with epileptiform electrical activity. Abnormal:
obviously abnormal amplitude, with or without
epileptiform activity. VEEG results were evaluated
based on the synek grading standard **. The VEEG
results were divided into I-V grades. Grade I was
normal Orhythm with a small amount of Bwaves.
Grade II was dominant O activity. Grade III was
diffusely regular or irregular O activity, with
reactivity. Grade IV was burst-inhibition, without
reactivity. Grade V was equipotential (<2 mV), i.e.
electrical silence. Grades I and II were defined as
mildly abnormal, grades III-V as moderately and
severely abnormal. Prognostic evaluation was as
follows: Eood prognosis: normal, mild disability

disability, coma or vegetative state, brain death and
clinical death.

Statistical Methods

SPSS19.1 (Beijing Sitron Weida Information
Technology Co., Ltd.) software system was used for
statistical analysis. Count data were expressed as
percentage [n(%)], and chi-square test was used for
the difference comparison between the two groups.
Measurement data were expressed as mean
standard deviation, and t test was used for the
difference comparison between the two groups.
When P<0.05, the difference was statistically
significant.

RESULTS

Comparison of Basic Data of Children

In order to make the experimental results
accurate and credible, the gender, reproductive way,
cause of disease, disturbance of consciousness state
number, age, height, and body weight were
compared between SBI children and children with
mild disturbance of consciousness, and there was
no significant difference (P>0.05), indicating that
they are comparable. See Table I for the details of

and moderate disability; poor prognosis: severe patient basic information.
Table I
Basic information of SBI children and children with mild disturbance of consciousness [n(%)]
SBI children (n=107) Children with mild disturbance  t/chi-square P
of consciousness (n=100) test
Gender 0.014 0.905
Male 64 (59.81) 59 (59.00)
Female 43 (40.19) 41 (41.00)
Age (Years) 1.201 0.231
11.74+2.42 12.16+2.61
Body weight (kg) 0.348 0.728
20.85+4.76 21.06+3.84
Height (cm) 1.316 0.190
125.64+8.51 127.15+7.96
Reproductive way 0.535 0.766
Caesarean birth 61 (57.01) 54 (54.00)
Eutocia 44 (41.12) 45 (45.00)
Fetal head-attracted midwifery 2(1.87) 1 (1.00)
Cause of disease 1.666 0.645
Central nervous system 24 (22.43) 18 (18.00)
infection
Brain trauma 67 (62.62) 71 (71.00)
Birth injury 3(2.80) 2 (2.00)
Others 13 (12.15) 9 (9.00)
Disturbance of consciousness 3.131 0.077
state
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83 (77.57)
24 (22.43)

Hypersomnia
Delirious state

87 (87.00)
13 (13.00)

Efficacy Analysis of REEG and VEEG in the

Diagnosis of SBI Children

There were 107 SBI  children clinically
diagnosed by EEG, MR and biochemical
examination. The sensitivity of REEG in the
diagnosis of SBI children was 71.26%, and that of
VEEG was 83.18%. The sensitivity of VEEG in the
diagnosis of SBI children was significantly higher
than that of REEG, with a statistically significant
difference (P<0.050). The specificity of REEG in
the diagnosis of SBI children was 94.00%, and that

of VEEG was 95.00%. The specificity of VEEG in
the diagnosis of SBI children was significantly
higher than that of REEG, with a statistically
significant difference (P<0.050). The diagnostic
coincidence rate of REEG in the diagnosis of SBI
children was 82.61%, and that of VEEG was
88.89%. The diagnostic compliance rate of VEEG
in the diagnosis of SBI children was significantly
higher than that of REEG, with a statistically
significant difference (P<0.050). See Table II and
Table III, Figure 1.

Table 11
Efficacy of REEG diagnosis

Clinical diagnosis (SBI)

Clinical diagnosis (mild disturbance of Total
consciousness)

REEG diagnosis (SBI) 77 6 83
REEG diagnosis (mild disturbance of 30 94 124
consciousness)
Total 107 100 207
Table III

Efficacy of VEEGdiagnosis

Clinical diagnosis (SBI)

Clinical diagnosis (mild disturbance of Total
consciousness)

VEEG diagnosis (SBI) 89 5 94
VEEG diagnosis (mild disturbance of 18 95 113
consciousness)
Total 107 100 207
Figure 1
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The image realization of 1-year-old boy was as
follows: the display of the limitations of the
bilateral artery was poor, but the display of the
main artery of bilateral internal carotid artery
segments, the posterior cerebral artery, the middle
cerebral artery, the anterior cerebral artery, the
bilateral vertebral artery and the basilar artery was
clear. Some of the blood vessels were stiff and the
distal branches were thinner.

Prognostic Evaluation of SBI Children by REEG
and VEEG and Classification of Follow-Up
Results

There were 42 SBI children with good
prognosis and 65 SBI children with poor prognosis
in the prognostic evaluation by VEEG; 35 SBI
children with good prognosis and 72 SBI children
with poor prognosis in the prognostic evaluation by
REEG. Follow-up was performed on children 6
months after discharge. The follow-up results were
as follows: 2 normal children, 6 children with mild
disability, 23 children with moderate disability, 35
children with severe disability, 18 children in a
coma or vegetative state, 23 children with brain

death and clinical death. See Table IV for details.

Table IV
Prognostic evaluation by REEG and VEEG and follow-up results (n=107)

Prognostic evaluation by

Prognostic evaluation by

Follow-up results

REEG VEEG
Good prognosis 42 35 31
Poor prognosis 65 72 76

Efficacy Analysis of Prognosis Evaluation by

REEG and VEEG in SBI Children

The sensitivity of REEG in evaluating the
prognosis of SBI children was 74.19%, and that of
VEEG was 83.87%. The sensitivity of VEEG in
evaluating the prognosis of SBI children was
significantly higher than that of REEG, with a
statistically significant difference (P<0.050). The
specificity of REEG in evaluating the prognosis of
SBI children was 75.00%, and that of VEEG was

88.16%. The specificity of VEEG in evaluating the
prognosis of SBI children was significantly higher
than that of REEG, with a statistically significant
difference (P<0.050). The coincidence rate of
REEG in evaluating the prognosis of SBI children
was 74.77%, and that of VEEG was 86.92%. The
coincidence rate of VEEG in evaluating the
prognosis of SBI children was significantly higher
than that of REEG, with a statistically significant
difference (P<0.050). See Table V and Table VI.

Table V
Efficacy analysis of prognostic evaluation by REEG
Follow-up prognosis Follow-up prognosis (poor) Total
(good)
REEGevaluation (good) 23 19 42
REEGevaluation (poor) 8 57 65
Total 31 76 107
Table VI

Efficacy analysis of prognostic evaluation by VEEG

Clinical diagnosis Clinical diagnosis (mild disturbance of Total
(SBI) consciousness)
VEEG evaluation (good) 26 9 35
VEEGevaluation (poor) 5 67 72
Total 31 76 107

DISCUSSION

The main clinical manifestation of SBI is
disturbance of consciousness. The most important
structures affecting consciousness are the brain stem
ascending reticular activation system and the

Tob Regul Sci.™ 2021;7(5):1214-1221

thalamocortical integration system. As long as any
of the structures are damaged, patients’ responses to
external stimuli will be impaired, resulting in
different degrees of disturbance of consciousness. A
high degree of disturbance of consciousness with a
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long duration often indicates a severe condition and
a poor prognosis °. According to a study by Stevens
et al. ", SBI causes 50,000 deaths per year and 40%
of patients with prognosis of disability, which has
become one of the leading causes of death in
Americans before the age of 50. It is very important
to choose reasonable nutrition pathways for
children with disturbance of consciousness in order
to avoid aspiration, asphyxia and other accidents,
and to strengthen the monitoring and support of
vital signs and vital organ function in critically ill
children . At present, the brain function is
clinically evaluated based on the GCS score,
neuroimaging evaluation and
neuroelectrophysiological evaluation, etc. However,
many evaluation methods with limitations restrict
their clinical application'®". EEG has been widely
used in the PICU and is an effective way to evaluate
the coma degree and brain injury in children '*".
Although it does not fully show the orderly
progression changes in coma, the changes and
characteristics of EEG activity in VEEG can be
used as a dia%nostic indicator of disturbance of
consciousness > and an observation indicator of the
prognosis of patients*'*. In this study, the REEG
and VEEG of 107 SBI children and 100 children
with mild disturbance of consciousness admitted to
the PICU of The First Hospital of Qinhuangdao
were analyzed, and their diagnosis and prognostic
evaluation in SBI children were analyzed, in order
to provide a reference for the clinical diagnosis and
treatment of SBI children.

In this study, the efficacy analysis of VEEG and
REEG in the diagnosis of SBI children was first
observed. The sensitivity, specificity and diagnostic
coincidence rate of VEEG in the diagnosis of SBI
children were significantly higher than those of
REEG. As the most commonly used method for
evaluating the brain function, REEG reflects the
actual condition of cortical injury, such as increased
Bdactivity, disappearance of exogenous stimuli and
abnormal electrical activity . VEEG prolongs the
monitoring time of REEG and increases video
recordings, realizes diagnoses in combination with
abnormal  electrical  activity and  clinical
manifestations **. A large number of literature
studies showed that due to the increased awareness
of epileptic attacks (especially non-convulsive
epileptic attacks) in critically ill patients, the
diagnostic role of REEG in unexplained brain
injury has been well evaluated, and VEEG is
increasingly used in intensive care unit (ICU). As
reported by Saengpattrachai et al. , 16% of 141
children in PICU received REEG examination, and
no obvious epileptic attacks and non-convulsive
eEileptic attacks were found. In a study of 139
children with epilepsy status who did not return to
baseline, Singh et al. % found that 4% of children
had electrogram attacks on REEG. These attacks

Tob Regul Sci.™ 2021;7(5):1214-1221

were only seen on VEEG, and 4 of 5 children were
in a state of non-convulsion. According to Shahwan
et al. 7, all epileptic attacks were initially detected
within 3 hours of VEEG. The results underscore
the importance of VEEG in determining whether a
patient has epileptic attacks, because REEG has a
short detection time and cannot make detection in
real time. This corroborates our experimental
results. Later, Naqeeb and Synek criteria were
applied to analyze the results of REEG and VEEG
in SBI children. As the grade increased, the
abnormal activity of slow wave rhythm, amplitude
change, subclinical electrical persistence state and
low voltage increased, with increased poor
prognosis rate. It was found that the sensitivity,
specificity and diagnostic coincidence rate of VEEG
in evaluating the prognosis of SBI children were
significantly higher than those of REEG. At present,
there is no literature related to the comparison of
the prognostic evaluation by REEG and VEEG in
SBI children, so this study is more innovative and
valuable, and further research can be carried out in
the future. There is increasing evidence that EEG
attacks or epileptic status are correlated with the
short-term prozgnosis of neonates and children with
brain injury W

In this experiment, the number of SBI patients
in The First Hospital of Qinhuangdao is small, so
the subjects selected are small. The results may have
some contingency, and research variables are larger
in children. A longer-term follow-up survey of the
subjects will be conducted, and the experiments
Wil[I continue to be improved in the future in order
to achieve the best experimental results™.

In summary, VEEG detection is effective in the
diagnosis and prognostic evaluation of SBI children
with disturbance of consciousness, which is worthy
of promotion in clinical practice.
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