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Pediatric Minor Traumatic Brain Injury : Growing Skull
Fracture, Traumatic Cerebrospinal Fluid Leakage,
Concussion
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Traumatic brain injury (TBI) is a major public health issue that causes significant morbidity and mortality in the pediatric population.
Pediatric minor TBIs are the most common and are widely underreported because not all patients seek medical attention. The
specific management of these patients is distinct from that of adult patients because of the different physiologies in these age
groups. This article focuses on minor TBIs, particularly growing skull fractures, traumatic cerebrospinal fluid leakage, and concussion.
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INTRODUCTION

Pediatric traumatic brain injury (TBI) remains a major pub-
lic health concern and causes significant morbidity and mor-
tality. With the advancement of social life, minor pediatric
TBI occurs more frequently than ever®. Since pediatric minor
TBI differs from adult minor TBI in terms of the mechanism
of trauma, prognosis, and mortality, it is important to identify
the characteristics of pediatric minor TBI for its proper treat-
ment and prognosis.

In this article, literature on growing skull fracture (GSF),
traumatic cerebrospinal fluid (CSF) leakage, and concussion,
which are representative diseases among pediatric minor

brain injuries, is reviewed.

GSF

GSF is a rare complication that occurs in infants and chil-
dren, first described clinically by Howship in 1816. It has an
incidence of approximately 0.05% to 1.6%. In addition, more
than 90% of these GSFs occur under 3 years of age, and most
occur chronically"”.

The pathogenesis of GSF is skull fracture with dura mater
tearing accompanied by arachnoid adhesions. The pulsatile
force of the brain during growth causes the fracture in the
thin skull to enlarge. This interposition of herniated elements
prevents osteoblasts from migrating to the fracture site, inhib-
iting healing. The resorption of the adjacent bone by the con-
tinuous pressure from tissue herniation through the bone gap
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adds to the progression of the fracture line ). The parietal
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bone is the most common site of GSF, followed by the occipi-
tal and frontal bones.

Several studies have reported a diagnosis of GSF*****, and
early diagnosis is the most important. In the early stage of
GSEF, clinical presentations and radiological examinations are
the most useful diagnostic clues. Common clinical presenta-
tions of GSF are pulsatile scalp swelling that grows when a
child cries, headache, epileptic seizures, and neurological defi-
cits”.

Radiological diagnosis of GSF is mostly possible with simple
radiography and computed tomography (CT) (Fig. 1); howev-
er, if necessary, magnetic resonance imaging (MRI) may be
needed.

Simple radiographs of GSF usually show an enlarged dia-
static fracture and linear lytic lesions in the skull with scal-
loped margins. CT demonstrates the same bony abnormalities
and evidence of injury in the underlying brain during the ear-
ly period, as well as leptomeningeal cyst, ventricular asymme-
try, focal dilatation of the lateral ventricle, and herniation of
the brain tissue into the bony defect.

However, these diagnostic methods are not useful for diag-
nosing early-stage GSF. In such cases, MRI shows herniated
brain tissue through the skull defect, as well as a leptomenin-
geal cyst or encephalomalacia'™"**”.

The treatment of GSF involves surgical repair of the dura
mater tear and cranioplasty. In the treatment of GSF, surgery
should be performed to prevent further brain damage, and
the most important technique is watertight closure of the dura

mater™””, which includes removal of the leptomeningeal cyst
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and encephalomalacia. If the dural defect is wide, fascia lata,
cadaveric dural grafts, and artificial dura are often used. For
cranioplasty, autologous bone is mainly used, and an alloplas-
tic material (polymethyl methacrylate, titanium) can be used
when the skull defect is wide™.

The operator should be careful not to remove functional
brain tissue while removing the exposed brain through the
skull defect during surgery. If surgery is performed with epi-
leptic seizures, electrophysiological monitoring should be per-
formed during the removal of lesions that cause epileptic sei-
zures. Some authors have reported that a ventriculoperitoneal
shunt operation is often required after surgery to prevent hy-
drocephalus or CSF leakage.

In conclusion, early diagnosis and treatment of GSF are im-
portant in preventing the progression of neurological deficits
and cranial deformities. In particular, even if only a simple
skull fracture is seen in an infant, it is recommended to fully
explain the possibility of progression to GSF to the parent, and
to conduct a physical examination and imaging study follow-

up for 3 months after the initial head trauma.

TRAUMATIC CSF LEAKAGE

Traumatic CSF leakage occurs in 2% of all pediatric TBIs
and in 12-30% of cases with skull base fractures and is most
common in calcaneal fractures of the frontal sinus, ethmoid
sinus, and temporal bone. Traumatic CSF leakage is very rare

in children because the skull is flexible and the sinuses are un-

Fig. 1. Simple skull lateral (A) and three-dimensional computed tomography (CT) (B) showing a widened fracture line in the left parietal bone in a
patient with growing skull fracture, and axial CT showing a bulging leptomeningocele that occurred through the bone segments (C).
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derdeveloped™™.

The development of CSF rhinorrhea is possible through the
frontal, ethmoid, and sphenoid sinus pathways. The frontal
and ethmoid sinuses appear to be the most common sites for
CSF leakage, especially the ethmoid sinus, which is very thin
and can easily fracture even with minor TBIL In these cases,
the CSF fistula opens into the middle ear canal or eustachian
tube from the sphenoid sinus or pyramidal bone through the
frontal sinus, filamentous plate, and sella turcica.

CSF leakage occurs within 48 hours after trauma in 55% of
cases and in 70% within 1 week following trauma; however, in
10-20% of cases, it occurs several years after trauma, and in
rare cases, it occurs 10 years later”. In most cases, CSF leakage
due to trauma is spontaneous and improves in 20-30% of pa-
tients within 1 week, in 70% of patients within a few months,
and in most patients within 6 months'”.

The mechanism of spontaneous CSF leakage may be caused
by the attachment of blood or inflammatory by-products to
the associated skull fracture site or dura mater, or by the es-
cape of brain tissue to the traumatic defect site. In fact, even if
there is post-traumatic CSF leakage, it often resolves without
notice, and in many cases, it stops spontaneously in the early

stage. CSF leakage is especially difficult to diagnose in infants

and young children. There may be no complications even if
there is a continuous CSF leak, but postural headache and
pneumocephalus may occur.

In the diagnosis of traumatic CSF leakage, the presence of
otorrhea and rhinorrhea should be examined, and the region
of the skull defect should be determined. The most common
method to detect CSF leakage is glucose oxidase test strips;
however, these tests have low sensitivity and specificity and
are therefore not completely reliable. 32-transferrin and
B-trace protein in otorrhea and rhinorrhea, respectively, have
recently emerged as highly sensitive and specific methods for
detecting CSF leakage.

High-resolution CT (HRCT) is the most useful radiologic
method for diagnosing a CSF fistula and predicting the likeli-
hood of spontaneous healing. HRCT uses 1- to 2-mm sections
in both the axial, coronal, and sagittal planes, resulting in lo-
calization of the basal skull fractures that result in CSF leak-
age.

MRI is another useful radiologic test to detect CSF rhinor-
rhea, especially in cases of inflammatory sinus disease. It may
help differentiate between mucopurulent discharge and CSF,
whereas they may show the same radiopacity on CT (Fig. 2)”.
If there is a CSF fistula or a bony defect after head trauma, ab-

Fig. 2. Computed tomography (A) and magnetic resonance imaging (B) showing an ethmoidal meningocele (arrow) from the bony defect on left side

of crista galli.
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normalities may not be found on HRCT or MRL. In this case,
it can be confirmed using intrathecal fluorescein or radionu-
clide cisternography™”.

Meningitis is the most serious complication of CSF leakage
and is known to occur in approximately 24% of untreated
CSF rhinorrhea cases. The causative agents of meningitis as-
sociated with pediatric traumatic CSF leakage include Strepto-
coccus pneumonia, Staphylococcus aureus, Enterobacter spp.,
Escherichia coli, and Klebsiella pneumonia, among which
Streptococcus pneumonia is known to be the most common.
However, recent research has shown that gram-negative bacilli
are the main causative bacteria, and most of them are known
to be vulnerable to prophylactic antibiotic therapy™*".

For the treatment of pediatric traumatic CSF leakage, al-
though controversy remains, some argue that surgical correc-
tion of the fistula is necessary to prevent recurrence of bacte-
rial meningitis and continuous leakage of CSE.

Multiple surgical approaches can be used for treatment of
pediatric traumatic CSF leakage.

An intracranial approach through bi-frontal craniotomy
with dural repair is mainly used for anterior fossa CSF leak-
age. In cases of CSF rhinorrhea due to ethmoidal fractures,
external ethmoidectomy with obliteration of the dural defect
with muscle or fat packing is appropriate. In these cases, the
lateral rhinotomy approach has been generally used, and good
surgical outcomes have recently been reported through the
endonasal endoscopic approach. Sub-temporal craniotomy
with primary dural closure can be used for repair of CSF leak-
age in the middle cranial fossa.

In some cases, conservative treatments such as stabilization,
head elevation, and movement restriction are performed until
the leakage stops spontaneously™”.

However, even if CSF leakage spontaneously improves,
there are cases where the defect of the dura mater remains,
causing repeated rhinorrhea and the risk of bacterial meningi-
tis”. In addition, in the case of CSF leakage, prophylactic anti-
biotic therapy is sometimes implemented to prevent recur-
rence of bacterial meningitis, but its effectiveness remains
controversial ™.

Traumatic CSF leakage in pediatric patients is a rare com-
plication of TBI, but it carries significant morbidity and mor-
tality if not promptly diagnosed and managed. Conservative
treatment should be initiated immediately, and surgical inter-

vention should be considered if central nervous system infec-
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tions such as meningitis and intracranial abscess due to per-

sistent CSF leakage are suspected.

CONCUSSION

Mild TBI and concussion are often used synonymously,
with no universally agreed upon definition of either. Concus-
sion was recently defined by the American Academy of Neu-
rology as “a clinical syndrome of biomechanically induced al-
teration of brain function that is trauma-induced and involves
an alteration in mental status that may or may not include loss
of consciousness™”. Concussions can occur when accelera-
tion-deceleration and/or rotational forces are applied to the
head.

Because children’s heads are relatively larger and heavier
than those of adults, and their skulls are more compliant, pe-
diatric patients are more susceptible to TBI*”. Children also
have weaker neck muscles and, most importantly, their neu-
rons are less myelinated than those of adults. Therefore, the
pediatric brain is not only more likely to sustain greater shear-
ing forces when a force is applied but also more prone to axo-
nal damage because of decreased myelination'”””.

The diagnosis of concussion in children is mainly based on
a combination of symptoms after TBIL. Various symptoms
such as headache, fatigue, irritability, anxiety, photophobia,
dizziness, amnesia, and disorientation can be caused by pedi-
atric concussion”. Conventional neuroimaging (CT and MRI)
findings are typically normal in pediatric concussion and are
used to determine severe brain injury and edema that require
emergent neurosurgical intervention. However, the usefulness
of CT and MRI in diagnosing concussion in pediatric patients
is not known when neurosurgical intervention is not deemed
necessary. Several advanced neuroimaging techniques, includ-
ing functional MRI and diffusion tensor imaging, may have
the potential to increase the sensitivity of neuroimaging to de-
tect both structural and functional abnormalities associated
with pediatric concussion”. Recently, various approaches such
as serum biomarkers, balance tests, and cognitive tests have
been used to diagnose pediatric concussion™ ",

Although the treatment of pediatric concussion is contro-
versial, most studies have reported that immediate removal
from play after concussion helps with recovery”. Second im-

pact syndrome without adequate recovery in pediatric patients
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with concussion is rare but can lead to severe brain injury”*".

The appropriate rest period after pediatric concussion is
unknown. Studies of the pathophysiology of pediatric concus-
sion have shown that metabolic changes after a concussion
can last from several days to weeks'’. However, current evi-
dence suggests that prolonged periods of rest are associated
with prolonged recovery times. The most recent consensus
statement from the International Consensus on Concussion
in Sports recommends a brief period of rest lasting 24—48
hours, followed by a gradual and progressive return’.

The International Classification of Diseases-10 coding sys-
tem states that organic disturbances (headache, dizziness, and
sleep problems) and psychogenic disturbances (irritability,
emotional issues, and affect changes) after closed head injuries
that are chronic, permanent, or late-emerging may be termed
post-concussion syndrome. Although most pediatric concus-
sion patients recover within a few weeks of TBI, some have
been reported to experience post-concussion symptoms. Al-
though the pathophysiology of post-concussion is still un-
known, various factors, including the type and extent of TBI,
premorbid factors, vestibular symptoms, number of prior
concussions, and initial symptoms may contribute to delayed
resolution after pediatric TBI”. The need for multidisciplinary
treatment has recently emerged'”. This includes vestibular
therapy, psychological counseling, cognitive rehabilitation,
and headache management.

Pediatric minor TBI remains a public health concern, with
complex interactions between injury and the ongoing devel-
opment of the immature brain. In this review article, the au-
thors reviewed the existing literature on pediatric minor TBIs,

particularly GSF, post-traumatic CSF leakage, and concussion.
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