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Background. The intracranial changes in children with mild traumatic brain injury in acute period are identified by
a combination of clinical-neurological and ultrasonographic evaluations of the condition severity.

Aim. The aim of the study was to assess the possibility of performing comprehensive clinical and ultrasonographic
evaluations in for determining the severity of the neurological condition of children with mild traumatic brain injury
in an acute phase.

Materials and Methods. Clinical and ultrasonographic assessment of the severity of the neurological condition was
performed on 256 patients with clinical criteria suggesting mild traumatic brain injury. Ultrasonography was used as
the main neuroimaging.

Results. We found that the diagnostic sensitivity of clinical and ultrasonographic examination for detecting
traumatic structural intracranial changes in children with mild traumatic brain injury was 90% (95% confidence
interval [CI] 0.71-0.98), diagnostic specificity was 97% (95% CI 0.96-0.98), and diagnostic efficiency was 94.9%
(95% CI 0.918-0.971).

Conclusions. A comprehensive clinical ultrasonographic approach can be effectively used to assess the severity of the
neurological condition of children with mild traumatic brain injury in the acute phase.

Keywords: children, mild traumatic brain injury, neurological examination, transcranial ultrasonography.
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AKTyanbHOCTD. BbIsiB/IeHIe BHYTPUUYEPENHBIX U3MEHEHNIT Y A€Tell IPY JIErKOil YePeHO-MO3T0BOII TpaBMe B OCTPOM
[epUofie IIyTeM COYeTaHNsI KIMHNUKO-HEBPOIOIMYECKON U COHOrpaMIecKoil OLeHKI TSDKECT COCTOSHMA.

ITens mMccreqoBaHMA — WU3YYUTb BO3MOXHOCTV KOMIIJIEKCHON K/IMHUKO-COHOTPa(QUUIECKOl OLEHKYU TSKECTU
HEBPOJIOIMYECKOT0 COCTOSIHUSA Y [eTell PY JIErKOil YePEeIHO-MO3T0BOII TpaBMe B OCTPOM IIEPUOJE.

Marepuansr u MeTofbl. KinMHNKO-cOHOrpadguyeckas OlleHKa TSDKECTU HEBPOJIOTMYECKOTO COCTOSIHMS IIPOBefeHa
256 TOCTPaABIINM C KIVMHUYECKUMU KPUTEPUAMMU JIETKOI Y€PEHO-MO3TOBO TPaBMBI. B KauecTBe OCHOBHOTO METO/Ia
HEePOBM3yaIM3aLy IPUMEHSUIN YIbTpacoHorpaduio.

Pe3ynbrarbl. YCTQaHOB/IEHO, YTO AMATHOCTUYECKAs YYBCTBUTEIBHOCTb KIMHIKO-COHOrPA(UIECKOrO0 OCMOTPA
B BBUSIBJIEHU) TPaBMATMYECKMX CTPYKTYPHBIX BHYTPUYEPENHBIX M3MEHEHNII y [leTell [IPY JIerKOil YeperrHo-MO3roBoit
TpaBMme coctaBuita 90,0 % (95 % OW 0,71-0,98), guarHoctudeckas crennupuasocts — 97,0 % (95 % OV 0,96-0,98),
ayarHoctuyeckas sadpdexrusHocts — 94,9 % (95 % O 91,8-97,1).

B For citation: Povzun AA, Shchugareva LM, lova AS, et al. Clinical and ultrasonographic evaluation of the neurological status of children with mild brain injury
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BoiBogbl. KoMIUIeKCHBIN KIMHMKO-COHOTpapUIecKUl IOAXO MOXeT ObITb 3¢ (PeKTUBHO MCIONb3OBAH /IS OLEHKM
TSAXKECTY HEBPOJIOTMYECKOTO COCTOSHUA Yy JIeTel Py JIETKOI 4ePEeITHO-MO3TOBOI TPaBMe B OCTPOM IIE€PUOJE.

KnwouyeBbie crmoBa: AE€THU, JIETKasd Y€pEIIHO-MO3TroBasA TpaBMa, HEBPOJIOIMYE€CKasaA OL€HKA, TpaHCKpaHMaJIbHaA

yAbTpacoHOrpadus.

Background

Mild traumatic brain injury (MTBI) is the
most common type of head injury among children.
According to the Russian national classification of
traumatic brain injury (TBI), MTBIs include injuries
in patients with a total Glasgow Coma Scale (GCS)
score of 13-15 points (brain concussion: 506.1 and
mild contusion of the brain: 506.3) [1]. According to
previous studies, in 1.5%-8% of cases, the following
significant traumatic structural intracranial changes
(SICs) are observed in children who fulfill the
clinical criteria of MTBI: epidural hematomas in
16%, subdural hematomas in 37%, parenchymal
hemorrhages in 44%, subarachnoid hemorrhages in
24%, and intraventricular hemorrhages in 4% [2, 3].
The transient nature of cerebral and focal neurological
symptoms observed at an early age reduces the
importance of performing clinical evaluations for
detecting complicated MTBIs, necessitating the use
of methods such as neuroimaging to determine
CCI severity [4, 5]. A brain computed tomography
(CT) scan is the primary method of performing
neuroimaging of CClIs to detect traumatic SICs [1].
In addition, the use of CT scans in children is
associated with the negative effects of ionizing
radiation in the child’s body, necessitating the use
sedation in injured children and those in a state of
psychomotor agitation [6, 7]. Therefore, previous
studies discourage the widespread use of CT in
children as a screening method for MTBIs [8].
The development of clinical decision rules for
performing brain CT scans in patients with MTBIs
contributes to the reduction in the number of studies
conducted by identifying clinical and anamnestic
risk factors for the development of traumatic
SICs [9]. However, the use of clinical decision
rules does not provide helpful information at the
stage of preclinical development [10]. Over the
past 20 years, transcranial ultrasonography (TUS)
has generated increasing interest as an alternative
method of noninvasive neuroimaging screening in
children [5, 11, 12].

Aims. We aimed to study the feasibility of con-
ducting a complex clinical sonographic evaluation to

determine the severity of the neurological status of
pediatric patients with MTBIs during the acute phase.

Materials and methods

This study presents data on the results of
clinical sonographic studies conducted at Children’s
municipal hospital No. 19 and Children’s municipal
hospital No. 5 in St. Petersburg during 2013-2014.
The guardians of all pediatric patients voluntarily
signed the informed consent form permitting the
use of their personal data and participation in the
study. The study population comprised children
aged 0-18 years (n =256) with an average age of
8.10 + 5.56 years [95% confidence interval (CI)
7.42-8.79].

The study included injured pediatric patients
who, as per the initial assessment of the clinical
severity, had a CCI corresponding to the MTBI
criteria (according to Konovalom [1]) and exhibited
neurological disorders characteristic of traumatic
complications [1]. This study excluded pediatric
patients with suspected head trauma or concomitant
somatic and/or infectious diseases. On hospital
admission, anamnestic data of the pediatric patients
were collected and a neurological examination was
performed according to the standard procedure
followed in the Neuropediatrics Department.
An evaluation to determine the severity of the
neurological condition was performed using the
conditioned suppression procedure. The standard
GCS and a GCS modified for pediatric patients were
used [13, 14]. A neurological examination was used
for assessing brain damage symptoms, which are
the most characteristic features of traumatic SICs,
including signs of intracranial hypertension (post-
traumatic cephalgia, vomiting, and/or suppression
of consciousness), focal neurological symptoms
(hemispherical, cerebellar, and/or stem), and clinical
manifestations of the skull fracture (presence and
localization of the subgaleal hematoma, bleeding
or suspected liquorrhea from the nasopharynx
and/or the ears, raccoon sign, and/or ecchymosis
in the mastoid process area). Craniography in
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two projections and ultrasonography (US) were
performed for all patients with suspected minor
brain injuries within the first hours of admission.
Transcranial-transfontanel ultrasonography was
performed for the pediatric patients with an open
fontanel while TUS was performed for those with
a closed fontanel for the diagnostic screening and
monitoring of SIC. A brain CT scan was performed
for the pediatric patients to detect significant
clinical and neurological disorders and/or SICs,
according to the US results. To rule out the acute
progression of SICs, a dynamic clinical sonographic
evaluation for assessing the severity of the condition
was performed within the first three days, that is, at
12, 24, and 72 h after hospital admission. A repeat
CT scan was performed for patients with worsening
clinical conditions, as identified using normal US
results, and in those with increased SICs, according
to the repeat US results. To assess and study the
significance of anamnestic, clinical, and neurological
risk factors in the development of traumatic SICs,
all patients were divided according to their age
group as follows: group I [patients <2 years of age,
n =56 (21.9%)] and group II [patients >2 years of
age, n =200 (79.1%)].

The relationship between clinical and neuro-
logical disorders and the incidence of SICs
(traumatic, nontraumatic, and/or residual and
organic) was determined between the groups. In
addition, the diagnostic efficiency of the clinical and

sonographic methods for assessing the neurological
status to determine the traumatic SICs in the patients
with MTBIs was evaluated. Statistical analyses were
performed using the chi-square test or Fisher’s exact
test. Data were analyzed using SPSS 13. A p value of
5% was considered statistically significant.

Results and discussion

The severity of the clinical condition on
admission in 218 (85.2%) pediatric patients was as-
sessed as satisfactory (total GCS score: 15 points);
in 38 (14.8%) patients, the severity was assessed
as average (total GCS score: 13-14 points). In 188
(73.4%) injured patients with complicated MTBIs,
the main cause of the injury was a fall from height:
it was the main cause in 37 (66.1%) pediatric pa-
tients in group I and 91 (45.5%) patients in group IL
The clinical and neurological disorders detected in
the injured patients in the two groups during the
acute phase of MTBI are shown in Table 1.

According to the «craniography results,
112 (43.8%) injured patients exhibited roent-
genographic evidence of traumatic cranial in-
jury: 48 (18.8%) pediatric patients in group I and
64 (25.0%) in group II. Using CT, traumatic SICs
were observed in 14 (5.4%) injured pediatric pa-
tients with verified skull fractures.

In the primary clinical sonographic evaluation,
significant traumatic SICs were diagnosed in

Table 1

Clinical and neurological disorders detected in the injured pediatric patients in the two study groups
during the acute phase of MTBI

Group 1 Group 1I

Clinical and neurological disorders (n = 56) (n = 200)
n % n %
Short-term loss of consciousness 3 5.3 64 32
Retrograde amnesia - - 31 15.5
Post-traumatic headache - - 165 82.5
Vomiting 7 12.5 116 58
Focal neurological symptoms 6 10.7 24 12
Injury of cranial nerves 1 1.7 2 0.8
Motor dysfunction 1 1.7 2 0.8
Cerebellar injury - - 7 3.5
Diffuse neurological dysfunction 4 7.2 14 7.0
Symptoms of vegetative dysfunction 31 55.4 177 88.5
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Table 2
PacnpeaeAeHme BbISIBAEHHbIX CTPYKTYPHbIX BHYTPUYEPENHBbIX U3MEHEHMIM Y MOCTPAAABLLMX
C KAMHUYECKUMU KPUTEPUSIMU AETKOM YeperiHO-MO3roBOM TpaBMbl
Group 1 Group 1I
CTpyKTypHbIe BHYTpUUEDPEIHbIE M3MEeHEHISI (n =56) (n = 200)
n % n %

Traumatic intracranial changes

Epidural hematoma - - 6 3.0

Subdural hematoma - - 1 0.5

Subarachnoid hemorrhage 2 3.6 4 2.0

Focus of brain contusion - - 1 0.5

Associated traumatic lesions 2 3.6 2 0.8
Nontraumatic intracranial changes

Hydrocephaly 2 3.6 2 1.0

Leptomeningeal cyst - - 2 1.0

Conformational abnormalities in the brain 1 1.8 1 0.5

Genetic diseases - - 1 0.5

Residual and organic changes 12 4.7 59 23
Norm 33 59.1 121 60.5

18 (7.0%) injured pediatric patients. Group I
had 4 (7.2%) patients while group II had
14 (7.0%) patients with significant traumatic SICs.
Nontraumatic SICs were registered in 4 (1.6%)
injured pediatric patients in group I and 5 (1.6%)
patients in group II. The group-wise distribution of
these SICs among the injured pediatric patients who
tulfilled the clinical criteria of MTBI is presented in
Table 2.

Group I showed correlation dependence of
traumatic SICs with a reduction in the level of
wakefulness, as indicated by the pediatric GCS score
of 13-14 points (p = 0.002) and with the development
of focal neurological symptoms (p = 0.001). Group II
showed correlation dependence of the development
of traumatic SICs with the suppression of con-
sciousness, which was indicated by a GCS score
of 13-14 points (p = 0.001), with multiple/repeated
vomiting (p = 0.033), increasing post-traumatic
cephalgia (p = 0.023), and the development of focal
neurological symptoms (p = 0.001). Traumatic skull
injuries were significantly more frequent in group I
(x> =51.29, p <0.001). However, fractures of the
base of the skull and associated traumatic injuries
of the skull (x*=7.44, p <0.001) were significantly
more prevalent in group II, and fractures of the
bones of the cranial vault (x*=13.80, p <0.001)

were significantly more common in group I. In
both groups, correlation dependence was revealed
between the development of traumatic SICs, the
high-energy mechanism of trauma, and signs of
traumatic skull damage (p < 0.05).

Thus, based on our study results, the diagnostic
sensitivity of the clinical sonographic examination
in detecting traumatic SICs in pediatric patients
with MTBIs was 90% (95% CI: 0.71-0.98), the
diagnostic specificity was 97% (95% CI: 0.96-0.98),
and the diagnostic efficiency was 94.9% (95% CI:
91.8-97.1).

During the dynamic clinical sonographic
evaluation 72 h after hospital admission, 2 (1.8%)
injured pediatric patients exhibited regression of
traumatic SICs, as indicated by a decrease in the
size of the epidural hematoma and signs of cerebral
edema; in 1 (0.4%) patient, cerebral edema had
increased.

Thus, the incidence of significant traumatic SICs
was 7.0% and that of nontraumatic SICs was 3.6%
in the pediatric patients with MTBIs; these findings
are consistent with those reported in previous trials
that evaluated the incidence of pediatric patients
with MTBIs [3, 15].

False-negative results (under-diagnosis) were
obtained in 7 (2.7%) injured patients owing
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Fig. MTBI in a 6-year-old boy, PA. Moderate brain contusion: a: US image in the S3.5 (H2) mode 6 h after the injury;
b: US image in the S3.5 (H2) mode 72 h after hospital admission; ¢, d, and e: cranial CT; I: epidural hematoma, 2: linear
fracture (shown by arrows)

to the iso-echogenicity of pathological objects
with subarachnoid hemorrhage, parenchymal
hemorrhage of small size, mantle-like epidural
hematoma, location (frontal lobe pole or posterior
cranial fossa), and insufficient permeability of skull
bones in older children. False-positive results (over-
diagnosis) were obtained in 2 (0.7%) patients owing
to the presence of US artifacts.

Thus, a comprehensive clinical sonographic
approach can be effectively used for the assessment
of the severity of the neurological condition in
patients during the acute phase of MTBI. To
demonstrate this, we provide our own clinical
observation (figure).

Patient PA., a 6-year-old boy, sustained a head
injury due to a fall from a height of >2 m. He was
examined at the hospital 6 hours after the injury.
The severity of the condition at admission was
judged as to be average (total score in the pedi-
atric GCS: 14 points). Based on the results of the
primary clinical sonographic evaluation of the se-
verity of the condition and the patient’s history,
it was established that the patient had no loss of
consciousness, headache, or vomiting. During the
neurological examination, symmetrical brisk tendon
reflexes were noted, which were more frequent in
the lower limbs, and the presence of co-ordination
disorders was also identified. The examination of

the soft tissues of the head revealed strained sub-
galeal hematoma in the right parietal region. Cra-
niography revealed a linear fracture of the right
parietal bone. US in the S3.5 (HO0), S3.5 (H1), and
§3.5 (H2) modes revealed a hyperechogenic man-
tle-like opacity under the fracture region without
median structure displacement and cerebrospinal
fluid space expansion. The clinical sonographic
evaluation indicated the requirement of perform-
ing a brain CT scan; the CT scan revealed a linear
fracture of the right parietal bone and mantle-like
epidural hematoma in the right parietal region. No
negative dynamics were identified during the dy-
namic clinical sonographic evaluation of the neu-
rologic condition. Thus, a repeat CT scan or neuro-
logical treatment was not performed; conservative
therapy and dynamic observation were continued.

Thus, according to the mechanism of the
sustained trauma, the patient had cerebral clinical
neurologic disorders; there were no typical
symptoms of intracranial hypertension, such as
vomiting, post-traumatic cephalgia, or loss and
suppression of consciousness (total score in the
pediatric GCS was 14 points). Anamnestic risk
factors (fall from a height), roentgenographic
evidence of the skull fracture, and SICs according
to the results of primary US indicate a high risk
of development of traumatic SICs. The dynamic
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clinical sonographic observation did not indicate the
need for neurosurgical intervention or performing
a repeat CT scan.

Conclusions

1. The incidence of traumatic SICs in the brain
in pediatric patients with MTBIs is 7.2%, indicating
the necessity of performing continuous screening of
the condition in such patients.

2. US, which was performed by a neurologist, is
a noninvasive diagnostic method for conducting the
clinical sonographic evaluation of the neurological
status to identify traumatic and nontraumatic SICs in
pediatric patients with MTBIs. The diagnostic efficacy
of the clinical sonographic examination was 94.9%.

3. Assessment of significant clinical and
neurological disorders in combination with US
enables the early detection and monitoring of
traumatic SICs and facilitates the refining of
indications for neurosurgical intervention or
performing a brain CT scan.

4. Continuous neurological screening enables
the detection of potentially dangerous nontraumatic
SICs in pediatric patients; the incidence rate in our
study was 3.6%.
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Trogmuna Muxaiinosna Illyrapesa — pn-p Men. Hayk,
HOLeHT Kadeapbl HeTCKOJl HEeBPOIATOJIOIMM U HeWpo-
xupyprun ®I'bOY BO «C3TMY um. V.V. MeuyHuKoBa»
Munsnpaba Poccuy; 3aBefyronias HEBPOIOTMYECKUM OTHE-
nenuem CII6 ['BY3 «JleTckas roponckas 6ombHuma Ne 1».

Anexcangp Cepreesuu VMoBa — n-p Mep. Hayk, mpodec-
cop Kagenpsl JeTCKOJI HeBPOIIAaTONIOINY Y HEIPpOXUPYPIUN,
PYKOBOJWTENb HAYIHO-MCCIENOBATENbCKOI mabopaTopun
«/IHHOBAIMOHHbBIE TEXHOJOTUIM MEIUIIMHCKON HaBUTAILVN»
OI'BOY BO «C3TMV um. ML.VI. Meuynukosa» MuHsgpasa
Poccumn.

Mapuna KumoBna Kpyumna — 3amecTuTenb rimaBHO-
ro Bpauya no nepmarpun CII6 I'BY3 «[leTckas ropopckas
6onpHMIIa N 1».

Mapusa AnexkcanpposHa lllyneruna — 3asefylomas npu-
emubiM otfenennem CII6 ['BY3 «Jlerckas ropopckas 60mb-
Huia Ne 1».
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