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Abstract

Traumatic brain injuries (TBIs) present an ever-growing prevalence, especially in the developing countries. Although 80-95% are mild to
average injuries, they determine multiple severe neurological sequelae and disabilities. Most of these injuries are caused by traffic accidents.
We studied a number of 29 cases of severe TBIs, in children who deceased immediately or after a few days of survival. Most of them (over
68%) were caused by traffic accidents. The incidence of traumas increased by age, most cases being recorded in the age group 10-15 years
old. The TBIs were complex ones. In 86.21% of the cases, the forensic examination highlighted the presence of cranial fractures; in 93% of
the cases, there were highlighted complex meningo-cerebral injuries: leptomeningeal hemorrhage associated with brain contusion injuries
and with intraventricular blood flood, as well as destructive lesions of brain dilaceration; only in 7% of the cases there were highlighted
meningeal lesions, with no brain lesions. The severity of the brain injuries was quite varied, according to the force of the cause agent. The
histopathological and immunohistochemical examinations showed that the severity of TBIs increased according to the survival time, by

adding secondary lesions caused by brain ischemia and local inflammatory reaction.

Keywords: traumatic brain injury, child health, pediatrics, neuroinflammation, head injury.

=& Introduction

Traumatic brain injury (TBI) continues to affect
millions of individuals all over the world. TBIs represent
the main cause of death and disabilities, regardless the age
of patients [1-3]. Every year, worldwidely, approximately
10 million people suffer a TBI [4, 5]; although 80-95%
are mild to average injuries, they may determine multiple
severe neurological sequelae and disabilities [6]. Only in
the USA, every year there are recorded about 1.7 million
patients with TBIs, and approximately 5.3 million people
live with disabilities caused by a TBI [7, 8]. Of the
1.7 million TBIs diagnosed every year in the USA,
approximately 30% (511000 TBIs) are recorded in
children aged between 0—14 years old, of which 35 000
require hospitalization, and over 2000 decease [9]. Due
to the development of the car traffic and the increase
of economic activity, there is estimated that, until 2020,
all over the world, TBIs will become the third greatest
healthcare problem, with enormous financial and social
costs [4].

According to some opinions, TBIs in children are
more severe due to a greater ratio between the cephalic
extremity and the rest of the body, in comparison to

adult individuals [10]. Most traumatic injuries involving
children are caused by car traffic. World Health Organization
(WHO), based on numerous studies, reported that the
mortality caused by car accidents in children is higher in
developing countries [11, 12]. Worldwidely, deaths caused
by car accidents in children represent a prevalence of 10.7
in 100 000 inhabitants [10, 13].

Our study performed an analysis of the death cases
caused by TBIs in 29 children aged less than 18 years
old, undergoing autopsy within the Forensic Institute of
Craiova, Romania, between 2011-2016, associated with
studies of microscopy and immunohistochemistry for a
complete and accurate histopathological diagnosis.

& Materials and Methods

Our study is a retrospective one, regarding the deaths
by TBI in underaged individuals between 2011-2016,
in Dolj County, Romania. The data were extracted from
the forensic reports on bodies, made within the Forensic
Institute of Craiova, between 2011-2016, from the hospital
observation sheets (when there existed any survival and
hospitalization period), from the medical care records
within the Emergency Room (ER) Unit (UPU) of the
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Emergency County Hospital of Craiova, from investigation
reports annexed to expertises, photographs and results
of necropsy and pathological examinations requested at
autopsies. The data were processed statistically, being
performed charts for reporting the results. Also, there are
provided figures and images on the main TBIs found in
the studied period in underaged individuals.

For the histopathological study of brain injuries, there
were harvested brain fragments from the injured and
perilesional areas that were fixed in 10% neutral formalin
solution and included in paraffin, according to the usual
histological procedure.

The sectioning of the biological material was performed
in the Microm HM350 rotary microtome, equipped with
a section transfer system on water bath (STS, microM)
and a Peltier cooling system of paraffin blocks. For the
histological study, there were performed 4-pum thick
sections, which were stained with Hematoxylin—Eosin
(HE) and green light trichrome, the Goldner—Szekely
(GS) technique.

For the immunohistochemical (IHC) study, the histo-
logical sections were collected on poly-L-lysine covered
slides, for increasing the adherence of the biological
material on the port-object slide, and dried, afterwards,
in a thermostat, at 37°C, for 24 hours. Then, the sections
were deparaffinized and hydrated. For antigen demasking,
the slides were boiled in a citrate sodium solution, pH 6,
for 21 minutes (seven cycles of three minutes), in a
microwave oven. The blocking of endogenous peroxidase
was made by incubating the slides into 3% hydrogen
peroxide, for 30 minutes, at room temperature, followed
by a washing in distilled water for 10 minutes and a
washing in 1% phosphate-buffered saline (PBS), for five
minutes. After this, there followed the blocking of non-
specific sites, by using 2% skimmed milk, for 30 minutes.
The sections were then incubated with primary antibodies,
for 18 hours (overnight), in a refrigerator, at 4°C. The
next day, there was applied the secondary biotinylated
antibody for 30 minutes, at room temperature, followed
by the washing in 1% PBS (three baths of five minutes),
followed by the application of Streptavidin—Horseradish
peroxidase (HRP) for 30 minutes, at room temperature,
followed by blade washing in 1% PBS 3x5 minutes.
The signal was detected by using 3,3’-Diaminobenzidine
(DAB) (Dako) and the reaction was stopped in 1% PBS.
There followed the Mayer’s Hematoxylin contrasting,
alcohol dehydration, xylene clarification and slide fixing
by using a DPX environment (Fluka).

For the THC study, we used the following antibodies:
anti-CD68 (clone KP1, 1/100 dilution, Dako) for high-
lighting the macrophage reaction, including brain micro-
glia; anti-glial fibrillary acidic protein (GFAP) (clone
ab7260, 1/150 dilution, Abcam) for highlighting the micro-
glia reaction.

= Results

Within the Forensic Institute of Craiova, between
20112016, there were performed 3942 forensic autopsies;
of these, 2414 cases suffered a violent death. Of TBIs,
29 cases, representing 1.2% of all the violent death cases,
were recorded in individuals less than 18 of age.

The study of TBIs, according to age and type of
aggression, showed the following (Figures 1 and 2):

= In babies (age group 0-1 years old), there were
recorded two cases, both caused by car accidents, the
babies being inside cars involved in collisions. The cars
were not equipped with special protection chairs for this
aged, imposed by the law.

= In toddlers aged between 1 and 5 years old, there
were recorded eight cases of TBIs. Of these, four were
caused by car accidents, two cases were caused by animal
aggressions and two cases were caused by home accidents.

= In the age group 5-10 years old, there were recorded
six cases of TBIs. Of these, three were caused by car
accidents, a case was the result of a train accident, a case
was caused by animal aggression and a case was caused
by head injury with a hard body.

*In the age group 10-15 years old, there were
recorded nine cases. Of these, seven were caused by car
accidents, one case because of human aggression (injury
with a hard body) and a case was caused by falling from
height (falling from a tree).

= In the age group 15-18 years old, there were four
cases of traumatic head injury, all caused by car accidents.

There was observed that of the 29 deaths by traumatic
head injury, 20 (68.96%) were the result of car accidents.

Regarding the gender distribution of cases, in our
study, we observed that 19 (65.51%) children were males
and only 10 (34.48%) were females (Figure 3). Also, the
TBIs in children according to the social environment
showed significant differences. Thus, in the urban area there
were recorded eight (27.59%) deaths, while in the rural
area, there were recorded 21 (72.41%) deaths (Figure 4).

By analyzing the time passed from the injury until
the individual’s death, there was observed that in 12
(41.38%) cases, the injuries were quite serious, death
occurring immediately. In five cases, there was a survival
period less than 24 hours; three children had a survival
period between one and five days; six children had a
survival period between 5-10 days, and only three
children survived over 10 days (the data was found in
the clinical observation sheets annexed to the forensic
expertise reports) (Figure 5).

Forensic examination

In 25 of 29 (86.21%) cases, there were highlighted
fractures of the skull bones; however, only in three cases
there was observed the presence of an extradural collection,
an aspect that may be explained by a strong adherence
of dura-mater to the endocranium, in children. In 27
(93%) cases, there were observed complex meningo-
cerebral injuries, the leptomeningeal hemorrhage being
associated with brain contusion injuries and an intra-
ventricular blood flood, more or less abundant, and brain
dilacerations. Only in two cases there were observed
meningeal injuries without visible brain lesions. In 14
cases, there were observed important dilaceration brain
injuries in the contusive foci (Figure 6).

By studying the morphology of skull fractures, there
were described both direct fractures of the cranial vault,
without base irradiation, and fractures with a vault impact
point and with an irradiation at skull base (indirect base
fractures). The morphological aspect of the fractures varied
from simple linear fractures or depressed fractures, until
aspects of complex multieschilous fracture, with a
detaching of bone eschilas and brain matter hernia
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(Figure 7, a and b). There were not identified any direct
fractures with skull base impact point, all the fractures
concerning the base being irradiated from the vault or
mediated fractures due to spine bones or mandible.

In 27 cases, there were highlighted various degrees
of brain contusion. There were found minor contusion
injuries, and also serious brain contusions with brain
dilaceration in the contusive foci and cerebral trunk
contusions. The localization of contusions in relation
to the brain cortex was both cortical and subcortical
(Figure 8). The destructive injuries of brain dilaceration
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Figure 1 — Distribution of TBI cases according to age.
TBI: Traumatic brain injury.
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Figure 3 — Distribution of TBI cases according to gender.
TBI: Traumatic brain injury.
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Figure 5 — Distribution of cases according to the survival
period.

were found in the contusive foci, as counterpart or direct
impact injuries; there were found various aspects, from
extended dilacerations in both brain hemispheres (Figure 9),
to localized dilaceration foci.

Leptomeningeal hemorrhages became localized or
diffuse injuries (Figure 10).

The intraventricular blood flood was present in most
cases, being highlighted either in the lateral ventricles
(in the Virchow sections), in the ventricles III and IV or
in the Sylvius aqueduct (Figure 11).
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Figure 2 — Case distribution according to legal framing.
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Figure 4 — Case distribution by TBI death in underaged

individuals according the living environment. TBI:
Traumatic brain injury.
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Figure 6 — Morphological macroscopic distribution of
traumatic brain injuries. EDH: Extradural hematoma;
SDH: Subdural hematoma.




1420

Andreea Lavinia Zorila et al.

Figure 7 — (a) Image of multieschilous fracture with eschilas detaching, dural disruption and subadjacent brain

dilacerations in a 10-year-old girl, caused by a car accident; (b) Trajectory of irradiated fracture (same case).

Figure 8 — Diffuse contusions localized cortically and
subcortically (car accident).

Figure 10 — Diffuse leptomeningeal hemorrhage in an
11-year-old girl (human aggression).

Histological and IHC study

The histological and IHC study took into consideration
the highlighting of the pathological injuries of the
encephalon in the traumatic foci, and also around them,
and the correlation of the injury severity with the patients’
survival time, as in primary injuries caused by traumatic

Figure 9 — Image of massive dilacerations that affected
both hemispheres, in a 2-year-old boy (animal aggression).

Figure 11 — Intraventricular blood flood, in the Sylvius
aqueduct, associated with brain trunk contusions,
present in a 2-year-old boy (car accident).

force there are added secondary injuries caused by the
local inflammatory process and by the changes of brain
microvascularization secondary to the traumatic injury.
In the patients in whom death occurred immediately
after the traumatic injury, the microscopic changes of the
encephalon, outside the brain contusion foci, were minor
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ones, the secondary reaction being absent (Figures 12
and 13). There was observed the presence of diffuse
hemorrhages in the leptomeninges and the presence of a
moderate perineuronal edema. There were not highlighted
any changes of the microglias or macroglias.

After four days since the traumatic injury, the histo-
pathological changes were more serious; the perineuronal
and perivascular edemas were more visible, part of the
cortex neurons presented vacuolizations or cytoplasmic
condensations, nuclear pyknosis and karyolysis, phenomena
of neuronal apoptosis and autolysis, with the formation
of “neuronal phantoms”. The neuropile appeared disorga-
nized, mildly granular, with a mild perifibrillary edema,
showing the presence of some lesions in the dendrites and
axons (Figures 14 and 15). In the nervous parenchyma,
there was observed the activation of larger macroglias,
with large, hypochrome nucleus and long, thick extensions
and with an intense reaction to the anti-GFAP antibody
(active glyosis) (Figure 16). Also, there was observed
the presence of perivascular macrophages, with a rich,
vacuolar cytoplasm and intense reaction to the anti-CD68
antibody (Figure 17).

Seven days after the traumatic injury, the histo-
pathological lesions close to the brain foci contusion
were more highlighted. The brain parenchyma presented
a spongy aspect by the death of neurons and glial cells,
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Figure 12 — Image of the cortex in the immediate
proximity of the brain contusion foci, with lepto-
meningeal hemorrhage and a moderate perineuronal
edema, in a patient in whom death occurred immediately
after the traumatic injury (HE staining, x100).

disorganization of neuronal extensions, presence of
apoptotic bodies, perineuronal and perivascular edema
(Figures 18 and 19). Also, there were identified isolated
areas of intraparenchimatous microhemorrhages and peri-
vascular hemorrhagic infiltrates through the Virchow—
Robin spaces, in distant areas from the traumatic injury
impact zone (Figures 20 and 21).

The reaction of macrophages was clear, being identified
numerous activated intraparenchymatous microglias
(Figure 22) and also numerous macrophages present in
the perivascular hemorrhagic infiltrate (Figure 23). Also,
the macroglias appeared more numerous, hypertrophied,
with moniliform or fragmented extensions, with a clear
shape and an intense reaction to the anti-GFAP antibody
(Figure 24).

Nine days after the traumatic injury, the pathological
changes of the brain were more intense in comparison to
those previously observed. Neuronal death was quite intense
in the areas next to the brain dilaceration foci, while far
from the contusive foci, there were observed “red neurons”
characteristic to neuronal hypoxia (Figures 25 and 26). The
microglia reaction was, also, an intense one (Figure 27),
as well as the reaction of the macrophage system cells
(Figures 28 and 29). Sometimes, there were highlighted
microhemorrhagic foci and even vascular thromboses
(Figure 30).

§ o)
B - ® .
v ? )}' °
k<]
& i
\’ ¢ . .“ -
v ¢ . ™
@
“ 4".;‘ 2 '
- é 6"‘5‘ G
% \ ® o oy P
(L] % /|
} .
FEiteny Y
Y - ’ &
%
#
@ 5 }
¢ ’ . ¥ 5 ‘. .A
' TR ¢ e
Bl
2 oA , ) oaee
[ N o Moa ‘3 ' o
A -~ -
@ " .
ot -' s ¢
y ‘. ...' v %
id - ¢ il . o
D * » ’ He
'a
o5 X |

Figure 13 — Image of the cortex with no microscopic
changes in the proximity of the contusive foci, in a child
in whom death occurred immediately after the traumatic
injury (HE staining, %200).
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Figure 14 — Overall microscopic image of the brain
cortex after four days since the traumatic injury. There
may be observed the leptomeninges detachment, the
presence of a perivascular and perineuronal edema,
associated with apoptosis and neuronal autolysis
processes (HE staining, x100).

Figure 16 — Moderate reaction of macroglias after four
days of survival (Anti-GFAP antibody immunomarking,
x100). GFAP: Glial fibrillary acidic protein.
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Figure 15 — Detail from the previous figure, where we
can observe the deep alteration of the neurons and the
neuropile, neuronal apoptosis and images of “neuronal

phantoms” (HE staining, %x200).
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Figure 17 — Perivascular infiltrate with numerous
macrophages, after four days of survival (Anti-CD68
antibody immunomarking, x200).
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Figure 18 — Brain parenchyma with a spongy aspect Figure 19 — Detail from the previous image, where we

caused by the death of neurons and glial cells (HE can observe the presence of apoptotic bodies, as a result
staining, x100). of neuronal and glial death, perivascular and peri-

neuronal edema and the deterioration of the neuropile
as a result of the structural changes and neuronal
extensions (HE staining, x200).
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Figure 20 — Microhemorrhages in the white matter, Figure 21 — Perivascular microhemorrhages through
distant from the contusion foci (HE staining, x200). the Virchow—Robin space (GS trichrome staining, *200).
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Figure 22 — Brain parenchyma with numerous activated Figure 23 — Numerous macrophages present in the peri-
microglias (Anti-CD68 antibody immunomarking, x200). vascular hemorrhagic infiltrate in the Virchow—Robin

space (GS trichrome staining, x200).
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Figure 24 — Hypertrophied macroglias, with amputated Figure 25 — Brain cortex with microhemorrhage foci
extensions, fragmented and with an uneven shape (Anti- and intense phenomena of neuronal apoptosis (HE
GFAP antibody immunomarking, x200). GFAP: Glial staining, x100).
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Figure 26 — Area of brain cortex distant from the Figure 27 — Activated, hypertrophied macroglias, with
contusive foci, with ischemic neurons (red neurons) amputated or fragmented extensions (Anti-GFAP anti-
and neuronal apoptosis (HE staining, x400). body immunomarking, x200). GFAP: Glial fibrillary

acidic protein.




Evaluation of brain injuries in children deceased due to head trauma

Figure 28 — Intense reaction, both perivascular and
intra-parenchymatous, of microglias and macrophages
(Anti-CD68 antibody immunomarking, x200).

Figure 30 — Vascular thrombosis in the meninges
(HE staining, x100).

= Discussion

In the last decades, TBIs in children have become a
major problem, threatening the children’s health state,
because they have devastating effects upon the child’s
brain and, moreover, they intensify the social and economic
burden [14]. In this respect, there may be mentioned
that in the USA, in 2000, there were hospitalized 50 658
children with TBI, aged less than 17 years old, and the
hospitalization expenses exceeded 1 billion dollars [15].
Even mild TBIs may have severe consequences, as a
child’s injured brain cannot mature at the same time as
the physical growth and development, which determines
motor, cognitive, mental or memory disorders, making
their social integration more difficult [16—18]. Some
consecutive TBI disabilities may affect the individual for
the rest of his/her life [19-21].

Of great concern should also be the fact that TBIs
have a tendency to increase all over the world, alongside
the development of car traffic. Only in the USA, between
2006 and 2016, the rate of children with TBI visiting the
ER departments of hospitals was eight times higher than
the total rate of ER visits due to other conditions [3].

Figure 29 — Intense reaction of the macrophages in the
hemorrhage and brain dilaceration foci (Anti-CD68
antibody immunomarking, %x200).

Fortunately, the number of TBI cases resulting in the
children’s death is quite low. In our study, the death of
children aged less than 18 years old represented only
1.2% of the total of violent deaths. Other studies also
showed that, even though the global number of TBIs
increased, and it is ever growing every year, there is a
lower rate of deaths, yet a greater number of individuals
live with disabilities caused by TBIs [22].

In our study, most deaths (68.96%) were caused by
car accidents. Numerous other studies obtained similar
results, showing that, almost worldwidely, car accidents
represent the cause of the most frequent TBIs and death
in children [1, 12, 23-26]. Most studies showed that, in
the developing countries, there take place more severe
car accidents that cause TBIs and death in children, due
to the poor traffic infrastructure, the use of old cars or
the lack of a preventive legislation. WHO also reported
that death by car accidents in children is higher in low
and average income countries, in comparison to developed
countries [10].

Like other authors [27], as well, we found that most
TBIs and deceased patients were boys. Also, in our study,
most children deceased by TBIs came from the rural area
(72.41%). In the USA, as well, some studies showed that
in the rural area, the annual rate of the TBI incidence was
107/100 000 children, while in the metropolitan areas,
the same rate was only of 71/100 000 children. Also, the
mortality of TBI in children was higher in the rural area
than in the urban area [28, 29]. In the rural area, it
seems there are more risk factors than in the urban area.
Moreover, it seems that, all over the world, there is a
poorer medical assistance system in the rural area than
in the urban area. These may be the main causes for the
TBI incidence and mortality differences between the
rural and urban areas [30-32].

The forensic study performed by us highlighted that
only in two (6.9%) cases death occurred due to meningeal
injuries, without any brain injuries; in the other 27 (93.1%)
cases there were highlighted multiple injuries affecting,
more or less, the encephalon nervous tissue. The skull
fractures were identified in 25 (86.21%) cases, most of
the fracture directions affecting more bones of the skull.




1426

Andreea Lavinia Zorila et al.

The intensity of meningo-cerebral injuries varied from
one case to another, especially due to the mechanic forces
acting upon every child’s skull. Most studies showed that
TBIs cause both extra-parenchymatous injuries (epidural
hematomas, subdural hematomas, subarachnoid hemorrhage
and intraventricular hemorrhage) and also intraparen-
chymatous injuries (intracerebral hemorrhage, brain
contusions or dilacerations) [33, 34]. Some authors showed
that skull fractures are quite frequent in TBI patients,
being identified in 45-57% of the patients requiring
hospitalization [35].

The histological and ITHC studies performed by us
tried to evaluate the pathological changes of the nervous
tissue, according to the time passed from the traumatic
injury to death, as it is well-known that the TBI physio-
pathology is a complex one and intricate both in primary
and secondary injuries, caused by the vascular changes
and the local inflammatory reaction [1]. The secondary
reaction has the role of protecting the brain from other
lesions and to contribute to the restoration of the nervous
tissue and functional recovery, as well [36]. The secondary
reaction may occur a few minutes or days since the
primary impact and consists of a series of molecular,
chemical and inflammatory changes that emphasize the
neuron depolarization by releasing driving neurotrans-
mitters (such as glutamate and aspartate), leading to the
intracellular calcium increase. The intracellular calcium
activates a series of mechanisms, with consequences
involving the activation of caspases and formation of free
radicals, which determine both a direct and an indirect
cell degradation, through an apoptotic process. This
degradation of neuronal cells is associated with an
inflammatory response that continues to affect the
neuronal cells and increases the permeability of the
hematoencephalic barrier, thus generating brain edemas.
After the second stage of emphasizing the neuronal
injuries, there follows the recovery period, consisting in
the anatomic, molecular and functional reorganization
of the injured brain structures [1].

The microscopic study we performed showed that
the neuronal injuries close to the contusive foci amplify
with the survival time after TBI. In the subjects in whom
death occurred in less than 24 hours after TBI, the
neuronal injuries were minimal, being represented only
by a minimal perineuronal edema. These lesions are mostly
the result of the direct mechanic effect of the traumatic
injury and/or of the inertia forces on the brain [28].
It is obvious that the traumatic agent, according to the
mechanic force, may produce direct neuronal injuries,
axon rupture and blood vessels lesions [37, 38]. At the
same time with the direct mechanic effect, there is also
triggered the secondary reaction, which may also lead to
cell death when certain limits are exceeded [39, 40].

In our study, we observed that neuronal injuries
and the activation of microglias and macroglias were
intensified in the distant areas from the traumatic impact
area, as the children’s survival time increased. The peri-
neuronal and perivascular edema were ever growing,
neuronal death becoming more clear, and the glutamate
and aspartate perivascular and intraparenchymatous
macrophage number increased. Our study showed once
more that TBIs affected the intimate relation between

neurons, glial cells and blood vessels, thus altering the
molecular mechanisms that maintain the homeostasis
from the encephalic parenchyma [37, 41].

The blood vessel damaging in children deceased by
TBI was manifested by leptomeningeal, intraparenchy-
matous or perivascular microhemorrhages and hemorrhages
(through the Virchow—Robin spaces), which we believe
determined the onset of a brain hypoxia state that
contributed, in its turn, to the appearance of ischemic
neurons (red neurons) and to neuronal death. In our
opinion, brain hypoxia consecutive to the brain vascular
network destruction, causes mitochondrial dysfunction
in the neurons, which, in its turn, may lead to calcium
cellular homeostasis disbalance, disbalance of membrane
interchanges, neuronal depolarization, intra- and extra-
neuronal water accumulation, free radical generation,
causing, by all these mechanisms, degenerative lesions
of the neuronal bodies and extensions, followed by the
occurrence of neuroinflammatory processes [42—44].

In our study, we observed that the inflammatory
processes occurred in the brain after a few days since
the traumatic aggression and they manifested mainly
through the reaction of macroglias and the macrophage
cells (microglias and macrophages). We consider that the
main cells triggering the brain reaction are the astrocytes
(macroglias) and the microglias. In their turn, these cells
are activated by the changes of the local microenviron-
ment because of the traumatic injuries [45-47]. After
a few days since the traumatic injury, we observed an
increase of the macroglia number and sizes (a process
known as “reactive glyosis”), and also of their reactivity
to the anti-GFAP antibody (a marker of intermediary
filaments), both in the white matter and in the brain cortex.
According to some studies, the glial activation induces
morphological and functional changes that influence the
interactions between the neurons and macroglias, thus
causing dysfunctions of the neurons and synapses, dis-
balances of the neurotransmitters and even cell death [48].

The microglias represent approximately 15% up to
20% of the brain cells, they are cells of the immune
system that actively participate in maintaining the brain
homeostasis, and they also coordinate the inborn immune
responses in order to fight the pathological processes in
the brain [49].

As shown by us, in TBIs, the macroglias become
rapidly activated, they increase in size, they retract their
extensions and become round or ovalary, capable of
mobilization and phagocytosis. They phagocyte the cell
and tissue debris and stimulate the inflammatory response
by the cytokine secretion, in order to initiate the tissue
healing process [50, 51].

In our study, besides the activation of intra-paren-
chymatous microglias, we observed the presence of
numerous active perivascular macrophages, in the blood
infiltrates of the Virchow—Robin spaces, in the areas of
intracerebral hemorrhage and even in the areas of brain
dilaceration, which makes us think that these have their
origin in the monocytes of blood vessels.

& Conclusions

Between 2011-2016, in the Forensic Institute of
Craiova, there were recorded 29 deaths in children less
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than 18 years old, caused by TBIs. The most numerous
(68.96%) were caused by traffic accidents. Most deaths
(72.41%) were recorded in the rural area. Regarding the
gender distribution of cases, we observed that 65.51% were
recorded in males and only 34.48% in females. The most
affected age was between 10—15 years old. The forensic
examination highlighted the presence of complex fractures
of the skull bones in 25 (86.21%) cases. In 27 (93%)
cases there was observed the presence of some complex
meningo-cerebral lesions, the leptomeningeal hemorrhage
being associated to brain contusion lesions and with an
intraventricular hemorrhage, more or less abundant, or
brain dilacerations in contusion foci. Only in two cases
there was observed the presence of meningeal lesions
without any brain injuries. The pathological and IHC
studies highlighted an increase of the neuronal lesions in
the brain perilesional areas, simultaneous to the increase
of the survival period of patients.

Conflict of interests
The authors declare that they have no conflict of
interests.

References

[11 Galgano M, Toshkezi G, Qiu X, Russell T, Chin L, Zhao LR.
Traumatic brain injury: current treatment strategies and future
endeavors. Cell Transplant, 2017, 26(7):1118-1130.

[2] Centers for Disease Control and Prevention (CDC). Rates of
hospitalization related to traumatic brain injury — nine states,
2003. MMWR Morb Mortal Wkly Rep, 2007, 56(8):167—170.

[3] Chen C, Shi J, Stanley RM, Sribnick EA, Groner JI, Xiang H.
U.S. trends of ED visits for pediatric traumatic brain injuries:
implications for clinical trials. Int J Environ Res Public Health,
2017, 14(4):414.

[4] Hyder AA, Wunderlich CA, Puvanachandra P, Gururaj G,
Kobusingye OC. The impact of traumatic brain injuries: a global
perspective. NeuroRehabilitation, 2007, 22(5):341-353.

[6] Ruff RL, Riechers RG. Effective treatment of traumatic brain
injury: learning from experience. JAMA, 2012, 308(19):2032—
2033.

[6] Lannoo E, Van Rietvelde F, Colardyn F, Lemmerling M,
Vandekerckhove T, Jannes C, De Soete G. Early predictors
of mortality and morbidity after severe closed head injury.
J Neurotrauma, 2000, 17(5):403-414.

[7] Langlois JA, Rutland-Brown W, Wald MM. The epidemiology
and impact of traumatic brain injury: a brief overview. J Head
Trauma Rehabil, 2006, 21(5):375-378.

[8] Prins ML, Giza CC. Repeat traumatic brain injury in the
developing brain. Int J Dev Neurosci, 2012, 30(3):185—-190.

[9] Hardcastle N, Benzon HA, Vavilala MS. Update on the 2012
guidelines for the management of pediatric traumatic brain
injury — information for the anesthesiologist. Paediatr Anaesth,
2014, 24(7):703-710.

[10] Tunthanathip T, Phuenpathom N. Impact of road traffic injury
to pediatric traumatic brain injury in Southern Thailand.
J Neurosci Rural Pract, 2017, 8(4):601-608.

[11] Ameratunga S, Hijar M, Norton R. Road-traffic injuries:
confronting disparities to address a global-health problem.
Lancet, 2006, 367(9521):1533-1540.

[12] Adeleye AO, Ogun M. Clinical epidemiology of head injury
from road-traffic trauma in a developing country in the current
era. Front Neurol, 2017, 8:695.

[13] Peden M, Oyegbite K, Ozanne-Smith J, Hyder AA, Branche C,
Fazlur Rahman AKM, Rivara F, Bartolomeos K. World report
on child injury prevention. World Health Organization (WHO),
Geneva, 2008.

[14] Stocchetti N, Zanier ER. Chronic impact of traumatic brain
injury on outcome and quality of life: a narrative review. Crit
Care, 2016, 20(1):148.

[15] Schneier AJ, Shields BJ, Hostetler SG, Xiang H, Smith GA.
Incidence of pediatric traumatic brain injury and associated
hospital resource utilization in the United States. Pediatrics,
2006, 118(2):483-492.

[16] Umile EM, Sandel ME, Alavi A, Terry CM, Plotkin RC. Dynamic
imaging in mild traumatic brain injury: support for the theory
of medial temporal vulnerability. Arch Phys Med Rehabil,
2002, 83(11):1506—1513.

[17] Pullela R, Raber J, Pfankuch T, Ferriero DM, Claus CP,
Koh SE, Yamauchi T, Rola R, Fike JR, Noble-Haeusslein LJ.
Traumatic injury to the immature brain results in progressive
neuronal loss, hyperactivity and delayed cognitive impairments.
Dev Neurosci, 2006, 28(4-5):396-409.

[18] Mandalis A, Kinsella G, Ong B, Anderson V. Working memory
and new learning following pediatric traumatic brain injury.
Dev Neuropsychol, 2007, 32(2):683—701.

[19] Stanley RM, Bonsu BK, Zhao W, Ehrlich PF, Rogers AJ,
Xiang H. US estimates of hospitalized children with severe
traumatic brain injury: implications for clinical trials. Pediatrics,
2012, 129(1):e24—e30.

[20] Rivara FP, Vavilala MS, Durbin D, Temkin N, Wang J,
O’Connor SS, Koepsell TD, Dorsch A, Jaffe KM. Persistence
of disability 24 to 36 months after pediatric traumatic brain
injury: a cohort study. J. Neurotrauma, 2012, 29(15):2499-
2504.

[21] Shi HY, Hwang SL, Lee KT, Lin CL. Temporal trends and
volume-outcome associations after traumatic brain injury:
a 12-year study in Taiwan. J Neurosurg, 2013, 118(4):732—
738.

[22] Rutland-Brown W, Langlois JA, Thomas KE, Xi YL. Incidence
of traumatic brain injury in the United States, 2003. J Head
Trauma Rehabil, 2006, 21(6):544-548.

[23] Kim HB, Kim DK, Kwak YH, Shin SD, Song KJ, Lee SC,
Park JO, Jang HY, Kim SC. Epidemiology of traumatic head
injury in Korean children. J Korean Med Sci, 2012, 27(4):
437-442.

[24] Sugerman DE, Xu L, Pearson WS, Fual M. Patients with
severe traumatic brain injury transferred to a Level | or Il
trauma center: United States, 2007 to 2009. J Trauma Acute
Care Surg, 2012, 73(6):1491-1499.

[25] Jalalvandi F, Arasteh P, Safari Faramani R, Esmaeilivand M.
Epidemiology of pediatric trauma and its patterns in Western
Iran: a hospital based experience. Glob J Health Sci, 2015,
8(6):139-146.

[26] Trefan L, Houston R, Pearson G, Edwards R, Hyde P,
Maconochie I, Parslow RC, Kemp A. Epidemiology of children
with head injury: a national overview. Arch Dis Child, 2016,
101(6):527-532.

[27] Araki T, Yokota H, Morita A. Pediatric traumatic brain injury:
characteristic features, diagnosis, and management. Neurol
Med Chir (Tokyo), 2017, 57(2):82-93.

[28] Nizamutdinov D, Shapiro LA. Overview of traumatic brain
injury: an immunological context. Brain Sci, 2017, 7(1):11.

[29] Leonhard MJ, Wright DA, Fu R, Lehrfeld DP, Carlson KF.
Urban/rural disparities in Oregon pediatric traumatic brain
injury. Inj Epidemiol, 2015, 2(1):32.

[30] Chapital AD, Harrigan RC, Davis J, Easa D, Withy K, Yu M,
Takanishi DM Jr. Traumatic brain injury: outcomes from rural
and urban locations over a 5-year period (Part 1). Hawaii
Med J, 2007, 66(12):318-321.

[31] Grossman DC, Kim A, Macdonald SC, Klein P, Copass MK,
Maier RV. Urban-rural differences in prehospital care of major
trauma. J Trauma, 1997, 42(4):723-729.

[32] Kim K, Ozegovic D, Voaklander DC. Differences in incidence
of injury between rural and urban children in Canada and the
USA: a systematic review. Inj Prev, 2012, 18(4):264-271.

[33] Ghajar J, Hariri RJ. Management of pediatric head injury.
Pediatr Clin North Am, 1992, 39(5):1093—1125.

[34] Silen ML, Kokoska ER, Fendya DG, Kurkchubasche AG,
Weber TR, Tracy TF. Rollover injuries in residential driveways:
age-related patterns of injury. Pediatrics, 1999, 104(1):e7.

[35] Jeong HW, Choi SW, Youm JY, Lim JW, Kwon HJ, Song SH.
Mortality and epidemiology in 256 cases of pediatric traumatic
brain injury: Korean Neuro-Trauma Data Bank System (KNTDBS)
2010-2014. J Korean Neurosurg Soc, 2017, 60(6):710-716.

[36] Popa-Wagner A, Pirici D, Petcu EB, Mogoanta L, Buga AM,
Rosen CL, Leon R, Huber J. Pathophysiology of the vascular
wall and its relevance for cerebrovascular disorders in aged
rodents. Curr Neurovasc Res, 2010, 7(3):251-267.

[37] Davis AE. Mechanisms of traumatic brain injury: biomechanical,
structural and cellular considerations. Crit Care Nurs Q, 2000,
23(3):1-13.




1428

Andreea Lavinia Zorila et al.

[38] Gaetz M. The neurophysiology of brain injury. Clin Neuro-
physiol, 2004, 115(1):4—18.

[39] Kabadi SV, Faden Al. Neuroprotective strategies for traumatic
brain injury: improving clinical translation. Int J Mol Sci, 2014,
15(1):1216-1236.

[40] Lozano D, Gonzales-Portillo GS, Acosta S, de la Pena |, Tajiri N,
Kaneko Y, Borlongan CV. Neuroinflammatory responses to
traumatic brain injury: etiology, clinical consequences, and
therapeutic opportunities. Neuropsychiatr Dis Treat, 2015,
11:97-106.

[41] Mogoanta L, Ciurea M, Pirici |, Margaritescu C, Simionescu C,
lon DA, Pirici D. Different dynamics of aquaporin 4 and
glutamate transporter-1 distribution in the perineuronal and
perivascular compartments during ischemic stroke. Brain Pathol,
2014, 24(5):475-493.

[42] Povlishock JT, Christman CW. The pathobiology of traumatically
induced axonal injury in animals and humans: a review of
current thoughts. J Neurotrauma, 1995, 12(4):555-564.

[43] Bramlett HM, Dietrich WD. Progressive damage after brain
and spinal cord injury: pathomechanisms and treatment
strategies. Prog Brain Res, 2007, 161:125-141.

[44] Margaritescu O, Mogoanta L, Pirici I, Pirici D, Cernea D,
Margaritescu C. Histopathological changes in acute ischemic
stroke. Rom J Morphol Embryol, 2009, 50(3):327-339.

[45] Buffo A, Rolando C, Ceruti S. Astrocytes in the damaged
brain: molecular and cellular insights into their reactive

Corresponding authors

response and healing potential. Biochem Pharmacol, 2010,
79(2):77-89.

[46] Florou C, Catalin B, Badea O, Balseanu TA, Vasilescu CE,
Mogoanta L, Grosu F, Matei M, Turculeanu A. Study of
restorative processes in brain laceration in the first seven
days after traumatic brain injury. Rom J Morphol Embryol,
2015, 56(1):115-124.

[47] Florou C, Zorila AL, Zorila MV, Marinescu MA, Andrei CM,
Pavaloiu RM, Mogoanta L, Zavoi RE. Clinico-statistical and
morphological aspects of severe traumatic brain injuries. Rom J
Morphol Embryol, 2016, 57(2):391-400.

[48] Bal-Price A, Brown GC. Inflammatory neurodegeneration
mediated by nitric oxide from activated glia-inhibiting neuronal
respiration, causing glutamate release and excitotoxicity.
J Neurosci, 2001, 21(17):6480-6491.

[49] Harry GJ. Microglia during development and aging. Pharmacol
Ther, 2013, 139(3):313-326.

[50] Kotter MR, Stadelmann C, Hartung HP. Enhancing remyelination
in disease — can we wrap it up? Brain, 2011, 134(Pt 7):1882—
1900.

[51] Perez-Polo JR, Rea HC, Johnson KM, Parsley MA, Unabia GC,
Xu G, Infante SK, Dewitt DS, Hulsebosch CE. Inflammatory
consequences in a rodent model of mild traumatic brain injury.
J Neurotrauma, 2013, 30(9):727-740.

Marian Valentin Zorila, University Assistant, MD, PhD, Department of Forensic Medicine, University of Medicine
and Pharmacy of Craiova, 2 Petru Rares Street, 200349 Craiova, Romania; Phone +40761-334 037, e-mail:

zorilavaly@yahoo.com.au

Marius Cristian Neamtu, Associate Professor, MD, PhD, Department of Pathologic Physiology, University of
Medicine and Pharmacy of Craiova, 2 Petru Rares Street, 200349 Craiova, Romania; Phone +40757-033 888,

e-mail: drcristianneamtu@yahoo.com

Received: February 3, 2017

Accepted: February 28, 2018




