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Abstract: Head trauma (HT) in pediatric patients is the number one cause of mortality and morbidity in children. Although computer
tomography (CT) imaging provides ample information in assessing acute traumatic brain injuries (TBIs), there are instances when
magnetic resonance imaging (MRI) is needed. Due to its high sensitivity in diagnosing small bleeds, MRI offers a well-documented
evaluation of primary acute TBIs. Our pictorial essay aims to present some of the latest imaging protocols employed in head trauma
and review some practical considerations. Injury mechanisms in accidental HT, lesions’ topography, and hematoma signal variability
over time are also discussed. Acute primary intra- and extra-axial lesions and their MRI aspect are showcased using images from
patients in our hospital. This pictorial essay has an educational purpose. It is intended to guide young emergency and intensive care
unit doctors, neurologists, and neurosurgeons in diagnosing acute primary TBIs on MRI while waiting for the official radiologist’s
report. The presentation focuses on the most frequent traumatic lesions encountered in acute pediatric head trauma.

Keywords: paediatric head trauma, traumatic brain injury, diffuse axonal injury, haemorrhagic cortical contusions, epidural
haematoma

Introduction
Children are susceptible to sustaining diverse types of traumas. If major traumas (as defined by Thompson et al') are rare
in children - accounting for only 6% of all major traumas in both children and adults,” pediatric HT is the leading cause
of Emergency Department visits worldwide.> Whether accidental or not, its effects can be devastating,* making it the
leading cause of mortality and morbidity in children.>® The best imaging tools must be used to evaluate the HT and take
suitable measures for each patient. Algorithms such as the Paediatric Emergency Care Applied Research Network
(PECARN), Children’s Head Injury Algorithm for the Prediction of Important Clinical Events (CHALICE), and
Canadian Assessment of Tomography for Childhood Head Injury (CATCH) are of critical importance to both clinicians
and patients. They guide the former to rule out or ask for CT imaging. CT is still the gold standard for the initial
evaluation of HT.””?

In cases where neurological deficits persist or new ones develop, and the initial head CT is normal, MRI is the next step in

current practice,'®!!

particularly after moderate to severe HT. MRI is also useful to assess further the lesions previously
described on the initial CT."* According to Yue et al, biomarkers, such as plasma concentrations of glial fibrillary acidic
protein levels twenty-four hours post-trauma in patients with no CT traumatic lesions, might indicate those who need
subsequent MRI."? Further research'* confirms the correlation between plasma concentrations of glial fibrillary acidic protein
levels, intracranial lesions absent on CT, and the need for further MRI neuroimaging. However, in pediatric patients, a meta-
analysis'® shows that S100 calcium-binding protein B (S100B) has the highest sensitivity in predicting TBIs, especially when

associated with CT and clinical decision algorithms. CT-negative mTBIs lead to long-term non-specific symptoms, eg,
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dizziness, anxiety, loss of concentration, and irritability.'® In children, MRI-detectable lesions one year after mild head trauma
are encountered in almost 50% of the cases.'”"'® Although The ACR Appropriateness Criteria® Head Trauma-Child'® does not
recommend MRI for acute mild trauma, targeted sub-populations should be considered for additional MRI and TBI specialist
follow-up.

According to the Centers for Disease Control and Prevention, TBI is an injury to the brain that may be caused by
a bump, blow, jolt, or penetrating injury to the head.'® Although CT confers a complete and quick imaging evaluation in
TBI, the risk of exposing young patients to ionizing radiation is high. Rapid MRI protocols have become more popular in
pediatric TBI evaluation as an alternative to CT or an additional workup.?® According to Lindberg DM and Shope C,
rapid sequence MRI without anesthesia has also been implemented.”?' MRI is being utilized more in the USA than in
other parts of the world to investigate severe TBIs in children.®

Brain MR images were first obtained in the 1970s, and MR neuroimaging has come a long way since. The recent
standard conventional MRI protocol for HT should include volumetric 3D T1-WI sequences, coronal T2-weighted fast
spin echo (T2-FSE) sequences, axial 2D T2-fluid attenuation inversion recovery (T2-FLAIR), susceptibility-weighted
imaging (SW1), and diffusion-weighted imaging (DWI).** T1-WI is employed for mapping the brain’s anatomy. T2-WT is
used to visualize areas of more significant water content (edema). T2-FLAIR suppresses the high signal from cerebral-
spinal fluid and allows the areas of edema in the subarachnoid space or close to the ventricles to be better evaluated. Both
SWI and T2*-weighted gradient recall echo (T2*GRE) sequences capitalize on the magnetic susceptibility of para-
magnetic iron and thus diagnose small bleeds. SWI can underline existing diffuse axonal injuries associated with
microhemorrhages, but some centers use T2*GRE to detect small bleeds.® Even though there is an overlapping between
these two sequences, some centers employ them both in trauma MRI.® DWI helps to identify potential ischemic regions
and shearing injuries not visible on T2-FLAIR or T2*GRE sequences.>> Nonetheless, whether obtained on day zero of
the HT or a few days later, MRI brings enough details to improve prognostication of long-term neurological
outcomes.”*** Small hemorrhagic lesions are detected with T2*GRE or SWI sequences. FLAIR sequences have greater
sensitivity for non-hemorrhagic lesions, contusions, and vasogenic edema that develop in brainstem and deep brain
structures.”* The number of lesions, the volume, and the anatomical location correlate with neurological disability; the
child will also experience deficits in cognitive domains such as overall intelligence, memory, and attention. We need to
consider that although MRI can bring further light to the case, it is a lengthy investigation, and the patient needs to be
clinically stable Hence, quick brain MRI protocols have been developed to shorten the acquisition time and get as much
information as possible. A recent study emphasized the fast brain MRI role in acute pediatric head trauma.*

This pictorial essay aims to review the most common MRI findings of primary acute intracranial lesions encountered
in pediatric TBL

Imaging Protocols and Practical Considerations

The severity of the HT is traditionally evaluated and classified according to the patient’s Glasgow Coma Score (GCS)
after the initial exam.?® Established in 1974, the Glasgow Coma Scale evaluates the depth and duration of impaired
consciousness and coma, attributing a total score for opening the eyes and best motor and verbal response.?’ The effect of
the traumatic event is a traumatic brain injury (TBI), defined as a traumatically induced structural injury and/or
physiologic disruption of brain function as a result of an external force.”® The GCS is correlated with the intensity of
the TBI, dividing it into mild (GCS 13-15), moderate (GCS 9-12), and severe (GCS 3-8).%’

In pediatric acute blunt HT, non-enhanced CT remains the go-to method to assess the patient initially from an imaging
point of view. The ACR Appropriateness Criteria® Head Trauma-Child'® states that head MRI is usually appropriate in
subacute HT. Subacute TBIs occur between day eight and one month after the traumatic event. As stated in the
previously mentioned criteria, MRI may bring more diagnostic information in children with acute moderate-severe
HT. In such cases, HT is the result of a high-impact force. The patient will most likely develop shear injuries or ischemic
lesions that are better delineated using MRI. However, it is not recommended as the first step in diagnosing the latter
category of HT. One reason is that MRI is a lengthy process, and in children, it is even more time-consuming since they
need patience, reassurance, and easing their anxiety.*® Besides the time aspect, the need for anesthesia®' sometimes
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accounts for unnecessary delays that should be avoided. As mentioned, the acute mild TBI is a heterogeneous group in
which some patients develop long-term consequences. Such children would benefit from MR neuroimaging.

Small cortical contusions (CC), subdural hematomas (SDH), and traumatic axonal injuries (TAI) previously not
detected on initial CT scans were diagnosed when using MRL'**? MRI has a higher specificity and sensitivity in
diagnosing small bleeds.** > It is also better at delineating small bleeds in the posterior fossa and the brainstem.*®>* The
most commonly used sequences are T2- and T2*-weighted combined with the hem-sensitive ones (susceptibility-
weighted) and diffusion-weighted imaging.'*''***%° Recent studies have shown that fast brain MRI protocols can be
used on pediatric patients without anesthesia and can have similar results when evaluating TBIs.>*"*! Such protocols
include T2-weighted half-Fourier acquisition single-shot turbo spin echo (HASTE) imaging in axial, coronal, and sagittal
planes”*! along DWI, ADC, T2-FLAIR, and GRE in the axial plane.’ Although different rapid brain MRI protocols have
been explored, they vary from hospital to hospital, and no protocol that has been used unanimously in such instances has
been implemented.

Our hospital’s routine MRI protocol for HT includes the following sequences: T2 AX, T2 COR, SAG 3D T1, COR
3D CUBE T2 FLAIR, 3D SWAN, DWI. We do not use contrast media in the routine protocol. The device used is
a General Electric Signa Explorer 1.5 T.

Injury Mechanisms in Accidental HT
There are different causes for accidental HT in children, depending on their age. The most frequent are falls and motor
vehicle accidents.*?

Two mechanisms have been described to cause the injuries - impulsive and impact loading.** Impulsive head loading
results from a force applied on another part of the body that causes the head to move in a different direction. Impact
loading appears when the force is applied directly to the head, either because of a blunt object hitting the head or the head
hitting a stationary object. These two different mechanisms will result in two distinct types of lesions. In the case of
direct contact, the most frequent injuries are scalp lesions, fractures, coup, and contrecoup brain injuries. Impulsive

loading results more frequently in subdural hematomas and traumatic axonal injuries.

Anatomical Characteristics of the Pediatric Head; Lesions’ Topography; Hematoma
Signal Variability Over Time

The pediatric head has anatomical particularities that entail different intracranial lesions than in adults. Firstly, the head/
body ratio changes with age, decreasing over time. Newborns and infants have a large head/body ratio; it decreases as the
child grows. In addition to this, weak neck muscles and lax ligaments make them susceptible to sustaining cranio-cervical
junction and upper cervical spine injuries.44 After age nine, the cervical spine resembles the adult spine more, making the
lesions comparable to those found in patients over eighteen.** The pediatric skull has bones with more plasticity and
deformity, allowing forces to be better absorbed. This results in fewer skull fractures than in adults. The brain structure
also changes over time, accounting for different types of lesions. Newborns and infants have a high-water content brain
and small myelin percentage, allowing shear injuries to occur easily. Myelination progresses following known anatomical
patterns, turning the brain into a structure with more densely packed fibers and a smaller percentage of water.

Accidental HT may result in different traumatic injuries, and all anatomical structures can be involved. Based on the
time they appear, they are either acute or chronic. Also, they can be primary - developed at the time of the trauma, or
secondary - as an effect of the first. Based on their topography, the lesions are intra-axial (cortical contusions, traumatic
axonal injuries, parenchymal hematoma, vascular injuries) or extra-axial (epidural hematoma, subdural hematoma,
traumatic subarachnoid hemorrhage, intraventricular hemorrhage)45 (Table 1).

Traumatic lesions can be focal (such as epidural hematoma, subdural hematoma, traumatic subarachnoid hemorrhage,
or intraventricular hemorrhage) or diffuse (like traumatic axonal injuries), and they can also coexist within the same
patient.*® The presence of epidural hematoma, subdural hematoma, and traumatic subarachnoid hemorrhage predicts the

. . . 4
progression of cortical contusions.*’
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Table | Acute Lesions

Acute intra-axial lesions | Acute extra-axial lesions
Cortical contusions Epidural hematoma

Traumatic axonal injuries Subdural hematoma

Parenchymal hematoma Traumatic subarachnoid hemorrhage
Vascular injuries Intraventricular hemorrhage

After the traumatic injury, extravasation of blood, whether extra- or intra-axial, hem compounds change over time.
Chemical changes within the hematoma will affect the MRI signal that we get from it. The age of the bleed is responsible for
different signal intensities on different sequences. When the hematoma first appears, ie, in the hyperacute stage (within the
first hours of the bleeding), it is a heterogeneous area where some parts have more serum components and fibrin, and others
have more erythrocytes. Oxyhemoglobin is inside the erythrocytes and has a higher intensity or isointense signal on
T2-weighted images. The oxyhemoglobin decreasing its oxygen content and becoming deoxyhemoglobin starts at the
periphery of the hematoma and progresses toward the center. Deoxyhemoglobin has a hypointense T2 signal. The initial
clot appears as an area of isointense to slightly hypointense signal in T1-weighted images. Suppose SWI sequences are done
in this phase. In that case, the periphery of the hematoma will not have as low a signal as in later cases because there will be
no hemosiderin but deoxyhemoglobin. In the acute phase, the center of the hematoma starts to develop more deoxyhemo-
globin, which explains the drop in signal in T2 sequences; the signal in T1-weighted sequences remains iso- to hypointense.
The acute phase is the first 24-48 hours after bleeding. The early subacute phase lasts from day 2 to 7 after the hemorrhage;
methemoglobin replaces deoxyhemoglobin. Although this occurs, the compound is intracellular within the erythrocytes and
is mainly concentrated in the center of the hematoma. Methemoglobin is stronger paramagnetic than deoxy methemoglobin,
which translates to a higher T1 signal; the T2 signal remains low. A week after the bleed takes place, the late subacute phase
begins, and it lasts for two weeks. The red blood cells’ membrane disintegrates during this period, and the intracellular
methemoglobin becomes extracellular. This decreases the areas where methemoglobin is concentrated, and more water is
bound to the free molecules. The hematoma becomes hyperintense in T1-weighted sequences and hypointense in T2. In the
chronic phase of the hematoma, over 28 days after the bleeding, hemosiderin and ferritin are at the border, inside
macrophages. Both compounds are superparamagnetic, making the hematoma’s rim hypointense on T2-weighted imaging
and SWI. The center of the hematoma has water, protein, and hemoglobin breakdown products, so it will appear hypointense
on T1 and hyperintense on T2-weighted imaging (Table 2).

MRI in HT thoroughly assesses brain injuries, especially those inconspicuous on initial non-enhanced CT. The main
indication for an MRI on a head trauma patient is when a “clear” CT scan does not explain the neurological status. The
lesions that cause the discrepancy between the clinical status and the CT scan results are diffuse axonal injuries, ie, a type
of intra-axial traumatic brain injury. We first describe the intra-axial lesions and the corresponding MRI findings.

Acute Primary Intracranial Lesions in TBIs

Cortical Contusions (CC)

CCs are focal hemorrhagic lesions that develop either in the cortex and progress towards the white subcortical matter or
in the white-grey matter junction and gradually involve the cortex.*® Located on the brain’s surface, they display relative

Table 2 Hematoma Signal Variability Over Time

The phase of the hematoma Hem compounds T1 -WI signal T2WiI signal
Hyperacute Oxyhemoglobin Isointense/slightly | | Isointense/slightly 1
Acute Deoxyhemoglobin Isointense/slightly | | |
Early subacute Intracellular methemoglobin | 1 l
Late subacute Extracellular methemoglobin | 1 i
Chronic Ferritin/hemosiderin | i
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sparring of the underlying white matter and are surrounded by edema. CCs result from the brain parenchyma hitting the
inner table of the skull or being hit by a bony fragment from a comminuted skull fracture. The most frequent sites where
CCs appear are the frontal lobe-The orbitofrontal area (overlying the cribriform plate and planum sphenoidale), and the
temporal lobe (near the petrous pyramid and posterior to the great wing of the sphenoid bone). The areas prone to
sustaining such lesions are those in direct contact with bony ridges or irregular bone surfaces. On the other hand, the
cerebellar hemispheres are in contact with the smooth occipital bone surface and rarely are the site of CCs. They can be
found under the place where the blunt object hit the head - and are known as coup lesions - or on the opposite side of the
brain, known as contrecoup lesions (Figure 1).

When MRI is performed, CCs have a variable signal intensity in both T1- and T2-weighted sequences, according to
the age of the bleed. The small cortical spots are usually limited to the brain’s outer surface and have a gyral topography.
In the acute phase, the hemorrhagic spots display a hypointense signal on T2-weighted sequences and a hypo-/isointense
signal on T1-weighted sequences. After hemosiderin is formed, ie, in chronic hemorrhagic contusions, it appears as a low
signal spot on T2-weighted sequences and even more so on T2* - weighted sequences. These low signal spots persist
indefinitely as an important clue for a previous hemorrhagic event in the area. Fluid attenuation inversion recovery
sequence (FLAIR) will best depict the edema, which appears as hyperintense cortical areas surrounding the hemorrhagic
contusions (Figure 2). Also, susceptibility-weighted imaging (SWI) shows areas of low-intensity signal corresponding to
bleeding in acute, subacute, and chronic hemorrhages.*’

Diffuse Axonal Injury (DAI)

Traumatic axonal injuries are microscopic axonal damages’"""!

that appear when acceleration-deceleration and rotational
deceleration forces are exerted on the brain during impulsive loading. When widespread, traumatic axonal injuries are
referred to as diffuse axonal injuries (DAI).>* They are represented by the shearing of the brain parenchyma, making
them deeper set lesions than CCs. Whether referred to as traumatic or diffuse axonal injuries, they are the number one
lesion for which MRI is performed. Most frequently, they occur at the interface between the cortex and the subcortical
white matter and in the corpus callosum. DAIs are non-hemorrhagic or hemorrhagic. In the first case, when performing
an MRI, foci will be hyperintense on T2, T2SE, FLAIR, and DWI sequences; on T1-weighted sequences, they appear as
hypointense spots. When investigating hemorrhagic DAIs (Figure 3), they show up as small areas of hypointense signal
on T2-weighted and hyperintense on T1-weighted protocols (in the subacute phase when there is intracellular methe-
moglobin). It is essential to mention that in the first 48 hours after the DAI has occurred, DWI sequences are more
helpful in detecting small shearing areas than T2*GRE or T2FSE sequences.”® Combining information from the DWI
and the corresponding ADC map helps differentiate between DAI with increased or decreased diffusion.”* As time
passes, the edema subsides, and the axons degenerate, resulting in gliosis or hemosiderin impregnation; the latter will
appear indefinitely on T2* sequences. Of all the intra-axial injuries better diagnosed by MRI, DAIs are the most common
and have a worse prognosis. The extent of the DAIs is proportional to the severity of the trauma. Grade I- DAI is located
at the white matter-cortex junction. In this case, the most frequent locations are in the parasagittal regions of the frontal
lobes and periventricular in the temporal lobes. Grade II- DAI is located at the white matter-cortex junction and the
corpus callosum - especially the splenium and the posterior part. Grade III- DAI is situated as in grade II and the
brainstem (Figure 4). Although grade I DAI has the fastest recovery, neurological exams at discharge time seem

comparable between the three grades.’>>°

Parenchymal Hematoma (PH)

Unlike CCs, which result from the brain parenchyma hitting a rough area of the inner side of the skull, PH arises after
small blood vessels inside the brain are torn because of shearing forces. Since the area of the brain where they appear is
not under direct impact of forces, the hematoma will not have as much surrounding edema as the CCs. In most cases,
traumatic parenchymal hematomas’ typical location is in the white matter of the front-temporal lobes. They are seldom
a unique finding, most of them being associated with DIAs, CCs, and skull fractures. MRI will show different areas of
bleeding inside the brain parenchyma, and the signal intensity will depend on the age of the bleeding, as previously
mentioned.
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Figure | Right occipital epicranial hematoma (white pointed arrow h). All images show case bilateral cortical contusions on different MR sequences. (a, d, f, h) FLAIR
sequences depicting hyperintense signal areas consistent with CCs (yellow circles and capsule). (b, j, k) SWI sequences display the same lesions with hypointense signal
(yellow circles and capsule). (c, e, g, i) CCs with hyperintense T2 signal (yellow circles and capsule). (d, e, f) Left frontal non-hemorrhagic traumatic axonal injury (yellow
circles and capsule). (d, e) FLAIR sequences; (f) T2-weighted sequences. (h-i) The epicranial hematoma located in the right occipital area pinpoints the force impact; high-
signal FLAIR and T2 lesions support the “contrecoup lesions” diagnosis (yellow capsule).
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Figure 2 An 8-year-old pedestrian girl was involved in a motor vehicle accident. (a and b) Eighteen hours after admission, an MRI was performed. Hemorrhagic CC in the
anterior part of the right temporal lobe appears as an area of hypointense SWI signal (yellow circle). (c) corresponding FLAIR signal imaging at the same level, showcasing
hyperintense cortical (yellow circle).

Figure 3 8-year-old girl, pedestrian involved in a motor vehicle accident. (a) In the white matter of the right frontal lobe- SWI and FLAIR imaging show small areas of low
SWI signal (yellow arrow). (b) high FLAIR signal, consistent with frontal haemorrhagic DAIs (yellow arrow).

Epidural Hematoma (EDH)

This is an extra-axial accumulation of blood between the inner table of the skull and the dura mater, with a biconvex
shape and mass effect on the underlying brain. If it is large enough, it can exert a mass effect on the underlying brain,
shift the midline, cause herniation, and then coma and death.>’ In children, EDHs can occur in case of head trauma
without any fracture if there is a tear or an elongation of the meningeal arteries.”®° The MRI aspect depends on the age
of the bleed. In acute EDHs, the lenticular shape collection has an isointense T1 signal, and the initial hyperintense T2
signal in the hyperacute phase drops. The EDH is in contact with the dura, which appears as a hypointense linear
structure on T1 and T2 sequences’' (Figure 5).

Subdural Hematoma (SDH)

This is a crescent-shaped collection located under the dura mater. It can extend from the anterior part of the falx cerebri to
the posterior one or over the tentorium. It is usually the result of tearing in the subdural veins that cross that space after an
abrupt deceleration and is more frequently found in abuse head trauma injuries than in accidental head trauma.®® The
subdural space is larger than the extradural one, so if there is a bleed in the subdural space, it will occupy a larger area.
The width of an SDH is smaller than that of an EDH.
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Figure 4 8-year-old girl, motor vehicle accident. 18 hours after the initial non enhanced CT scan, MRI is performed. (a-c) Grade Ill DAI involving the pons and
mesencephalon (yellow circle) - SWI hypo signal (d-f) FLAIR hypo signal. (c-f) The haemorrhagic lesion is surrounded by oedema (FLAIR high signal).

In the acute stage of the hematoma, an MRI will show a crescent-shaped collection with an isointense T1 signal and
a decreasing signal on T2 (from hyperintense in the hyperacute phase to isointense in a few days) (Figure 6).

Traumatic Subarachnoid Hemorrhage (tSAH)

It is frequently caused by tearing in small pial vessels or extension of a hemorrhagic contusion, hematoma, and
intraventricular bleeding into the subarachnoid space. They appear as fine lines over the gyri or in the cisterns and are
hard to diagnose on T1 or T2. The best imaging tool for this lesion is the FLAIR sequence, where the tSAH appears as
fine lines with intense hypersignal (Figure 7).%!

Intraventricular Hemorrhage (IVH)

It can be caused by torn veins from the subependymal space (due to rotational forces) or a bleed in the choroid plexus,
rupture of a PH in the ventricles, or because of retrograde flow of tSAH through the fourth ventricle. There will be an
intraventricular blood-CSF level. FLAIR sequence is the best to diagnose IVH (Figure 8).
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Figure 5 (a) The T2-WI axial section depicts a right temporoparietal lenticular collection (yellow arrow) with a small mass effect on the underlying brain parenchyma.
(b) T2-WI axial section: yellow arrowheads point to the dura mater that appears as a fine black line between the hematoma and the brain parenchyma. (c) FLAIR axial
imaging shows the same collection with a hyperintense signal (yellow arrow).

Figure 6 5-month-old baby fell from 2 feet. (a and b) Left-sided parietal subdural hematoma (yellow arrow)- A crescent-shaped collection with high-intensity FLAIR signal;
hyperintense epicranial left parietal hematoma (yellow arrow) on FLAIR. (c) isointense T2 signal; T2-weighted imaging epicranial left parietal hematoma (yellow arrow).

Vascular Injuries (VI)

They can cause both intra- and extra-axial traumatic bleeds. Both the arteries and veins can sustain traumatic injuries. There
have been cases of vascular injuries reported after minor HT in children, but in most of the situations, they remain an
uncommon result of the trauma.®* Case reports and retrospective studies presented a reduced prevalence of such lesions.®*¢*
Arterial acute vascular traumatic lesions include dissection and pseudoaneurysms. The most vulnerable vessel is the internal
carotid artery, especially where it comes in contact with bony ridges (entering the carotid canal and exiting from the
cavernous sinus). Skull base fractures are associated with these types of lesions. Such bone lesions should alert the radiologist
to look carefully at the vessel. MRI can detect intramural hematoma on T1-weighted with fat suppression, intimal flap in case

of dissection, and absent flow-void. When the arterial injury involves the cavernous segment of the internal carotid artery,
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Figure 7 An 8-year-old patient, motor vehicle accident. (a and b) The left ambient cistern has a high-intensity FLAIR signal (yellow circle) suggestive of traumatic
subarachnoid hemorrhage.

Figure 8 An 8-year-old girl was in a motor vehicle accident. (a and b) Small FLAIR hyperintense signal areas (yellow arrowheads) suggest intraventricular hemorrhage in the
occipital horns of the lateral ventricles.

and if there is a complete tear in all the arterial wall layers, high-pressure blood will pass into the cavernous plexus. The
patient develops an arterio-venous fistula. In this case, an MRI will show an enlarged cavernous sinus and its tributaries
(superior ophthalmic vein and petrosinusal sinuses). Flow void anomalies will also be present. Another cause of carotid-
cavernous fistula is an aneurysm rupturing in the cavernous portion of the internal carotid artery. Dural fistulas are also
a possible complication, and they occur when a torn meningeal artery communicates with a meningeal vein.

Venous injuries can also occur after HT. When skull fractures cross the sagittal or transverse sinuses, tears in the
venous wall may occur, and bleeding begins. The hematoma occupies the extradural space, but its size differs from that
of arterial origin. Because of the epidural hematoma’s mass effect on the venous sinus, venous thrombosis can develop.

In addition, thrombosis can also have a direct traumatic cause and develop after a tear in the vessel wall.

Discussion

Specialist literature covers all primary intracranial lesions in pediatric patients, ie, cortical contusions, traumatic axonal
injuries, epidural hematoma, subdural hematoma, traumatic subarachnoid hemorrhage, intraventricular hemorrhage,
parenchymal hematoma, and vascular injuries.*> DAIs and CCs were the most frequent findings in patients who had
an MRI done a few days after the trauma occurred. Parenchymal hematomas and vascular injuries have not been
encountered in our department. Most HT patients we have had over the years have sustained mild and moderate TBIs.
The patients who sustained severe TBIs were transferred to other hospitals after the initial CT scan was performed.
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Conclusion

Clinicians rely on algorithms to adequately select patients undergoing CT scanning in HT. It is true that CT scanning
provides essential details when investigating acute TBIs and remains the gold standard for acute HT imaging. Nevertheless,
ionizing radiation should be limited because of its possible long-term impact. MRI not only avoids radiation but also reveals
lesions inconspicuous on CT, making it a valuable tool for thoroughly assessing mortality- and morbidity-inducing TBIs.
Further, MRI may provide valuable additional insights when the clinical status is not on par with the CT scans, which show
no apparent lesions, or when new, persistent, or worsening neurological symptoms appear.

MRI protocols in HT have evolved over the years, allowing for a larger group of patients to be evaluated. If decades
ago, MRI for HT only used T1-WI and T2-WI, things have changed. Nowadays, fast brain MRI protocols take less time,
allowing young patients to undergo such investigations without anesthesia. To resume, such protocols include T2-
weighted half-Fourier acquisition single-shot turbo spin echo (HASTE) imaging in axial, coronal, and sagittal planes
along with DWI, ADC, T2-FLAIR, and GRE in the axial plane.

Recently used sequences aimed at better delineating intracranial lesions associated with TBIs facilitate a faster and
better-targeted diagnosis. The purpose of this pictorial review was educational, seeking to familiarize young professionals
with the most common primary acute TBIs that occur in HT. The presentation was not comprehensive, but it provided
essential information.
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