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Abstract: Head trauma in paediatric patients is a worldwide and constant issue. It is the number one cause for childhood mortality
and morbidity. Children of all ages are susceptible to sustaining head trauma and the anatomical characteristics of the region put them
in a high-risk category for developing severe traumatic brain injuries. Boys are more frequently victims of accidental head traumas,
and their injuries are more severe than those encountered in girls. The mechanisms of the trauma are a determining factor for the types
of lesions we find. The traumatic injuries fall into two categories, primary and secondary. Primary traumatic injuries can be severe and
life threatening, and their presence needs to be documented in order to set the correct therapeutic conduct. Due to their importance, this
pictorial review focuses on them and the images used herein are selected from the database of our hospital. It is important to
distinguish each of the different injuries that can be encountered. At the same time, radiologists are advised to remember that for
children up to five years of age, some non-accidental imaging findings may appear to coincide with those found in accidental head
trauma.
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Introduction

Head trauma is the leading cause of emergency room visits all over the world. This is as valid for adults as well as for
paediatric patients. At the same time, it is also the number one cause of morbidity and mortality in childhood."”” Head
trauma can have as a result traumatic brain injuries (TBIs).® They can either be primary or secondary. Primary traumatic
injuries can be severe and life threatening, and their presence needs to be documented in order to set the correct
therapeutic conduct. Due to their importance, this pictorial review focuses on them, and the images used herein are
selected from the database of our hospital.

Head trauma is divided into two major categories, ie, accidental, and non-accidental.

Although this pictorial review focuses on acute findings in accidental head trauma, there are some things worth
mentioning about abuse. It was first described in 1946; in the 1960°s it was known as “Battered Child Syndrome”, and
then in 1970°s — “Shaken Baby Syndrome”. Extensive studies on the biomechanics of abusive head trauma have shown
that the lesions that are seen in the most serious acute abuse cases are not only the result of shaking, but also of direct
impact to the head. Because the severity of the TBIs is not explained only by shaking, the American Academy of
Paediatrics issued in 2009 a statement recommending the use of “Abusive Head Trauma”. Some common traumatic
lesions found in abusive head trauma are also present in accidental one, although there are some particularities. The
presence of retinal haemorrhages, long bone fractures and also cutaneous and spinal injuries may suggest foul play. But
the diagnosis of abuse cannot be made or excluded based only on imaging findings. There are more pieces of the puzzle
that need to be gathered and connected to each other for such a diagnosis to be made. Some TBIs may be found in both
abuse and accidental head trauma, hence both these possible diagnoses should be taken into consideration. One should
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always consider non-accidental head trauma even if the caregiver declares accidental head trauma has occurred. Both
paediatric and elderly patients are prone to sustaining more non-accidental head traumas than the rest of the population.
Children may be the victims of abusive head trauma up to five years of age, but more frequently between 02 years.’
Fortunately, accidental head traumas exceed the non-accidental ones. Accidental head trauma is less related to age,
and it has various causes. Gender, age, rural or urban location, even economic status of the family and the country they
live in greatly influence head trauma.” Boys are more frequently victims of head trauma, no matter the age group.”*'*-!!
When we take age into consideration, things differ from region to region worldwide. In Europe, for example, in a 2014
study based on the reports from 33 countries, the highest incidence is for the 0—4 years group.'® Differences between

rural and urban areas are explained by different mechanisms of the trauma which also greatly impacts the lesions.

Relevant Sections

The images used in this pictorial review to illustrate different TBIs are from patients who were scanned in the Radiology
Department of the Clinical Emergency Children’s Hospital in Galati, Romania. All these patients came to the emergency
room of our hospital after sustaining head traumas. Studies were performed during 2008-2023 using two different CT
scanners, ie, Hitachi Eclos and Philips Incisive.

Anatomical Characteristics

The type of TBI is closely related to the mechanism of the trauma and the anatomical particularities of the skull, face
bones, brain, and neck muscles.? The children’s skull has bones with high plasticity and deformity resulting in better
absorption of the forces. As a result, fractures are less seen in children than adults. Patent sutures also allow the bones to
“move” a little when mechanical forces are applied. They can also widen and prevent a rapid increase in intracranial
pressure.” The new born’s brain has a high percentage of water which makes the brain “softer” and susceptible to
sustaining TBIs (shear injuries). Myelination is a process that takes place over time, and it follows certain patterns in the
brain. In infants, the percentage of myelin in the brain is lower and it increases with time, which in addition to denser
packing of the fibres makes the brain denser. Also, the head/body ratio is different in babies and children than adults.
Infants are born with large head/body ratios, and this ratio changes over time. In addition to this, the head is also “heavy”,
and it needs the neck muscles and the cervical spine for support. In addition to weak neck muscles, the younger the child,
the more the cervical-cranial junction is dependent on the ligaments. When factoring in all these anatomical particula-
rities of the cervical extremity, there is a high risk in also developing cranio-cervical junction lesions.

Injury Mechanisms in Accidental Head Trauma

No matter the way the accidental trauma may occur (motor vehicle accident, falling, being hit by a flying baseball, etc.),
the mechanisms are divided into the following main categories: impulsive loading and impact loading. The first one
happens when there is an impact on another place of the body and the head moves because of that force. The impact
loading occurs when the head hits a stationary object or is hit by a moving object. Since the mechanical forces applied to
the brain are different in these two cases, the injury patterns will also be different. After impulsive loading, the most
common TBIs are subdural haematomas, and diffuse axonal injuries (more frequently in babies and small children).
Impact loading implies the direct contact between the head and an object which can result in scalp lesions, fractures, coup
and contrecoup TBIs.

Acute CT Imaging Findings in Accidental Head Trauma
The trauma can have as a result primary lesions - which appear as a direct consequence of the traumatic force exerted on
the head - and secondary lesions - which are the effect of the first ones.

TBIs may be either intra- or extra-axial.'®> Post-traumatic head lesions can involve all the anatomical structures.
Besides the TBIs, the scalp and the skull can also be involved. Based on their location, primary TBIs can be extra- or
intra-axial. The former are the epidural haematoma, subdural haematoma, traumatic subarachnoid haemorrhage, and
intraventricular posttraumatic haemorrhage. Intra-axial TBIs consist of diffuse axonal injuries (DAI), haemorrhagic
cortical contusions, intracerebral haemorrhage, and vascular injuries.
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As previously mentioned, secondary TBIs develop over time as a consequence of the primary ones. They can be acute
(ie oedema, herniation, or ischemia) or chronic (ie hydrocephalus, encephalomalacia, or cerebrospinal fluid leak).
Oedema can be vasogenic or cytotoxic, the latter being more frequently associated with TBL'® It can lead to increased
intracranial pressure and herniation.'"* Herniation is the result of mass effect of either primary lesions (eg subdural
haematoma, intracerebral haecmorrhage) or secondary ones (eg cerebral oedema) that force the brain to “slide” through
anatomical “gateways”. In other words, brain parenchyma can herniate under the falx (subfalcine herniation), over the
free margin of the tentorium (uncal herniation) or through the tentorium (trans tentorial). Each of these types of hernias
have their intrinsic risks that in turn can cause further complications (ischemia, haemorrhage).

When the patient arrives to the emergency room, enough time has passed in order for both primary and secondary
lesions to develop. Some may need intensive care supervision; others may require emergency surgical treatment. In order
to know which therapeutic road to take, imaging has to be performed without any further delay. Head imaging in trauma
has two main goals: 1) to identify the lesions without further delay; 2) to assess any secondary lesions, such as herniation.
Non enhanced CT (NECT) scanning is the go-to investigation in this case.*'>'® It can delineate almost all of the lesions
aforementioned, and it will not only show acute primary and secondary findings, but it will also allow us to undertake
diligent measures to prevent life threatening secondary lesions.

Most of the acute primary traumatic lesions are hemorrhagic collections. In the hyperacute phase, before blood has
had time to form a clot, the density of the hematoma will be under 60 Hounsfield units (HU); it is also a reflection of the
patient’s hematocrit. In the acute phase of the blood, the clot is already established, and the density will have increased,
measuring between 6090 HU. This is the time when we get most of our patients to the CT scan. The blood at this time is
hyperdense enough to be “seen”. If the thickness of the blood is not large enough to be evaluated with the standard
windowing, changing its width and level can help diagnosis. In the subacute phase, days after the trauma, the clot starts
to become less dense, and the density is almost the same as that of the cortex. This is the moment when the hematoma
becomes isodense to the brain parenchyma and can be easily overlooked. In the chronic stage, the collection becomes
isodense to the cerebrospinal fluid.

Scalp lesions are a consequence of either blunt force trauma or penetrating trauma to the head. There can be soft
tissue lacerations, subgaleal hematoma, cephalhematoma or radio-opaque foreign bodies in the soft tissue. Soft tissue
lacerations can have variable extent or thickness. They appear as areas of discontinuity in the scalp. Cephalhaematoma is
the accumulation of blood between periosteum and the outer table of the calvaria. It is a small hemorrhage contained by
bone, does not cross skull sutures and is seen post-delivery. Subgaleal hematomas (Figure 1) are located between the
periosteum of the calvaria and the occipitofrontalis muscle aponeurosis and are hyperdense. It is not contained by sutures
and in case of a large blood, the haematoma can extend around the skull. Subgaleal haematomas are the most common
soft tissue lesions in blunt force traumas to the head and they seem to be more associated with an underlying skull
fracture rather than the impact place itself.'” Foreign bodies in the soft tissue appear as radio-opaque material outside the
skull, most of the times accompanied by soft tissue lacerations.

Skull fractures are linear, depressed, elevated, diastatic, and compound. Linear fractures (Figure 2) are a result of low
impact blunt force trauma to the head and are usually situated under a subgaleal haematoma. They appear as lucent well-
demarcated lines in the skull and can extend on a larger area. Some are easily missed if they are parallel to the plane of
the section. The most frequent site of the fracture is the parietal bone, followed by the frontal and temporal one.”*'® Both
in accidental and non-accidental head traumas fractures can come in contact with one skull suture, but in accidental
trauma it is rare for the fracture to touch more sutures.'®*° Depressed fractures happen when there is an impact with
a blunt object, and there is also high energy transferred to a small area of the skull. The bone fragment/fragments are
inwardly depressed and there can also be other linear fragments associated. These types of fractures are usually
accompanied by other types of traumatic brain injuries.'® A special type of depressed fracture is the ping-pong fracture
(Figure 3), an entity almost exclusive to new borns and infants.?' In this situation, there is a sunken area of the skull with
no discontinuity of the inner or outer table of the skull. Elevated fractures have an elevated fragment of bone, usually also
rotated. They occur when the impact with a heavy object is accompanied by a rotational motion of the head.** Diastatic
fractures widen the sutures. Sometimes there is another linear fracture that abuts the diastatic suture.
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Figure | Axial NECT of a 2 years 7 months old girl who fell on the stairs. Brain window shows right temporo-parietal epicranial haematoma (Yellow arrow).

Figure 2 Axial NECT of a 2 year 7 months old girl who fell on the stairs. Right temporo-parietal fracture. (A) Axial NECT bone window shows linear right temporo-parietal
fracture (Yellow pointed arrow). (B) VRT image of the skull with the fracture seen in the right temporo-parietal region (black pointed arrow).

Epidural haematomas (EDH) (Figure 4) are a collection of blood between the inner table of the skull and the dura
mater. On NECT scans the aspect is of a hyperdense, biconvex, well defined extra-axial collection which displaces the
adjacent brain parenchyma. The dura mater is tightly attached to the skull at the sutures, and this is why the extradural
haematomas never cross sutures. However, the periosteal walls of the sagittal sinus are not as well connected to the dura
accounting for EDH in the region to cross the middle line. EDH is a rare post-traumatic entity in paediatric patients, some
accounting for up to 3% of the post-traumatic lesions.>**?* In the majority of cases (84%) it is accompanied by a skull

324 while others disagree.”’

fracture.” Some studies argue that the most frequent location is the temporal location,
Although posterior fossa location is rarely encountered, it is known to be the most serious one.*>*® The cause for the

blood is a tear in an arterial vessel, which most commonly is the middle meningeal artery.27
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Figure 3 Axial NECT of an | I-month-old baby who was sitting on the wooden floor and fell on his back hitting the back of his head. Left occipital ping-pong fracture. (A)
NECT axial section bone window shows an indent in the left occipital region, with no radiolucent line to suggest linear or comminutive fracture (yellow pointed arrow). (B)
VRT image with the ping-pong fracture in the occipital region (black circle).

Figure 4 Axial NECT of an 8 years 8 months old girl who hit her head on the concrete while riding a scooter. Right temporo-parietal EDH. (A) Axial NECT brain window
shows lenticular hyperdense collection in the right temporo-parietal region - epidural haematoma (yellow pointed arrow). (B) Red arrow shows EDH which is hyperdense
because of the clotted blood; yellow pointed arrow indicates hypodense area inside the haematoma suggesting active bleeding (“swirl sign”).**” The density of fresh blood is
lower than the clotted blood’s one. (C) yellow pointed arrow Axial NECT bone window shows temporo-parietal linear fracture associated with the EHD.

Subdural haematomas (SDHs) (Figure 5) are a blood accumulation between the inner layer of the dura mater and the
arachnoid. The meninges are not so tight together, this is why the blood will diffuse on the whole convexity of the
hemisphere. The acute SDHs appear as hyperdense crescent-shape extra-axial collections, mainly distributed along the
convexity of the brain parenchyma, but they can also have a parasagittal or tentorial location. Just like EDHs, the
posterior fossa SDHs are more ominous.?® Since the volume can increase a lot in a short period of time, SDH can have
mass effect on the underlying brain parenchyma and thus entails high risk for herniation.'*° The only thing that
differentiates the age of SDH is the density - subacute ones are isodense to the brain, and the chronic ones are hypodense.
The SDH is an entity associated with a high mortality and morbidity,”® and in children under five years is the most
common sign of non-accidental trauma.**>? The typical triad found in abusive head trauma is represented by subdural

haematomas, retinal haemorrhages, and encephalopathy.®'~*

(Figure 6) These are accompanied most of the time by
fractures (either of the skull or of long bones).>* This is a complex situation where the final verdict is set after taking into

consideration both the neuroimaging data, clinical exam, and the history of the patient provided by the caretaker as well
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Figure 5 Axial NECT of a | year 2 months old baby who fell from the couch on the floor. Left circumferential subdural haematoma yellow pointed arrows. (A) Axial NECT
brain window shows left 5 mm thick crescent-shaped hyperdense collection (clotted blood in the left subdural space) - yellow pointed arrows (measurement not shown
here). (B) Axial NECT brain window reveals left subdural haematoma - yellow pointed arrows - and ipsilateral cerebral oedema. (C) VRT images of the left side of the skull
do not show fractures.

Figure 6 Axial NECT of a 7-month-old boy. Right SDH and retinal haemorrhage. (A) Thin hyperdense collection in the right parietal region (yellow pointed arrow) and also
parafalcine SDH on the same side (yellow pointed arrow). (B) Hyperdense area in the posterior aspect of the vitreous humor (red pointed arrow). (Abusive head trauma
was confirmed based on the clinical exam, neuroimaging, lab results and also on the confession of the caregiver.).

as the lab results.*'** Although the neuroimaging lesions described by the radiologist are not the only criterion for abuse
diagnosis, the final decision will be based on them as well, making the radiologist’s role crucial.*®

Traumatic subarachnoid haemorrhage (tSAH) (Figure 7) is the accumulation of blood between the arachnoid and pia
mater. Most of the SAH are caused by head trauma.>*® Also, in many cases of moderate and severe brain injuries, tSAH
is present.”®**° It can be focal, in which case on NECT scans it appears as hyperdense curvilinear shape that follow the
anatomy of the convexity sulci (in the vicinity of the contusion) or hyperdense collection in the subarachnoid spaces
(most commonly the Sylvian cistern or the frontal inferior subarachnoid spaces). Another form of tSAH is the diffuse
haemorrhage and its aspect is that of a hyperdense collection in the basal cisterns and/or in the subarachnoid space.

Intraventricular haemorrhage (IVH) represents the accumulation of blood inside the ventricles. It is usually the
consequence of a parenchymal blood ruptured into the ventricles, the blood from the subarachnoid space entering the
ventricles via the outflow foramina, or the bleeding from the subependymal veins along the surface of the ventricle. It is
not a type of lesion that exists on its own, but it rather accompanies other serious post-traumatic lesions. Unless the blood
is a direct consequence of tearing in the subependymal veins due to rotational forces, the IVH is a lesion that makes the

transition between the primary and secondary type lesions.
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Figure 7 Axial NECT of |6-year-old male pedestrian hit by a slow-moving car. Left temporo-parietal traumatic subarachnoid haemorrhage. (A) Axial NECT brain window
shows left Sylvian fissure occupied by hyperdense linear material (clotted blood) — yellow capsule. (B) Axial NECT brain window shows hyperdense fine lines between left

parietal gyri (clotted blood) — yellow pointed arrows.

Haemorrhagic cortical contusions (HCCs) (Figure 8) are patchy areas of haemorrhage involving the grey matter and
subcortical white matter. On NECT scans they appear as different sized hyperdense cortical foci surrounded by
hypodense oedematous brain parenchyma. As far as the location goes, the HCCs form where the brain comes in contact
with irregular bony areas of the skull or near dural folds. HCCs can be situated under the site of the trauma and they are
known as coup lesions. When situated opposite the site of the trauma, they are called contrecoup lesions. The contrecoup

Figure 8 Axial NECT CT of |6-year-old male who fell from 2 m height. Brain window reveals right frontal haemorrhagic cortical contusion (yellow pointed arrow).
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lesions are larger than the coup lesions. As hours go by after the impact, both the size of the initial HCCs and their
number may increase due to added local haemorrhage. The HCCs and the surrounding oedema display mass effect on
surrounding brain parenchyma. HCCs are associated with moderate and severe trauma.*' **

Diffuse axonal injuries (DAI) (Figure 9) are traumatic intra-axial lesions that represent stretches or tears in the axons
in particular locations. DAIs occur when differential in deceleration/acceleration between cortex and deep structures in
the brain occurs, causing these structures to have different inertia and stretch axons. Another cause for these types of
lesions is either the rotational strain or shear forces. The anatomical structures that are mainly affected by DAIs are the
corpus callosum, cortex-white matter junction in the frontal-temporal lobes and the brainstem. On NECT scans, DAIs
appear as small hypodense foci if there is no bleeding or small hyperdense foci if haemorrhage is associated. Even if
there are DAIs, only in 10% of the cases small bleeding areas are demonstrated on NECT scans.** Since NECT scans of
the head fail to identify most of the DAIs, it is not the imaging tool we rely on to diagnose this pathology.**** In this
particular situation, MRI is the most suitable imaging tool to diagnose DAL*® The signal depends on the type of the
lesion — haemorrhagic or not — and on the age of the blood. We use use T1-, T2- weighted imaging, T2*GRE or SWI,
FLAIR, and DWI sequences. If the acute lesion has a haemorrhagic component to it, it will show up as an area of high
signal on T2-, FLAIR, DWI sequences. SWI will show the same areas with low signal because of the blood compounds
inside the lesions and their magnetic properties. DAIs with no blood inside will only display the oedema signal
throughout the sequences. DAIs usually have bad prognosis, but in paediatric population the outcome seems better
than in the adults.*’

Intracerebral haemorrhage (ICH)) is an accumulation of blood in the white matter of the brain after the rotational
forces tear intraparenchymal blood vessels (be they arteries or veins). The most common sites are the frontotemporal
areas and basal ganglia. On NECT they appear as hyperdense collections. If the HCCs only involve the cortical matter
and are surrounded by oedema, the ICH is situated in the white matter and has very little hypodense parenchyma around.
If the ICH is large enough, it can exert mass effect on adjacent structures. Just like the HCCs, multiple ICHs worsen the
prognosis of the patient.**%4°

Vascular injuries (VI) are a group of traumatic lesions that cause both intra- and extra-axial bleeds. They are the result
of interaction between bony ridges and vascular walls. The most vulnerable vessel is the internal carotid artery. The point
where it enters the carotid canal and the point where it exits from the cavernous sinus are the sites where vascular injuries
can happen. The VI can be pseudoaneurysm, arterial dissection or arteriovenous fistula. Fortunately for the paediatric
patients, not many vascular injuries occur. According to a study published in 2007, the percentage of vascular injuries is

Figure 9 Axial NECT in a |5 years old male patient pedestrian hit by a fast-moving vehicle. Right parieto-occipital diffuse axonal injuries. (A) Axial NECT brain window
shows round hyperdense focus in the right parietal white matter (yellow pointed arrow). (B) Axial NECT brain window shows the same type of lesion in the right occipital
white matter (yellow pointed arrow).
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small and more vascular injuries are caused by a penetrating injury than a blunt trauma.® It has been concluded that there
are less accidental vascular injuries on the internal and/or external carotid artery than other sites®' and accordingly the
small percentage of such injuries has been confirmed.

Discussions

The images used to depict the lesions were obtained from patients who were brought to the emergency room of our
hospital. Some CT scans revealed primary TBIs, others revealed both primary and secondary lesions. NECT is used
for initial imaging, and resorting to different windowing and MPR reconstructions provides information on all the
anatomical structures.*>*® Although we have seen an increase in the number of CT scans performed worldwide in
head trauma during the last years, recent studies show that in low-risk patients it could be omitted, thus decreasing
the exposure of children to ionizing radiation.'®>* Doctors should always be aware of the clinical state of the child
when arriving at the hospital. If the caregiver mentions mild or moderate head trauma, but the Glasgow Coma score
is low, acute cardiorespiratory compromise or prolonged intervals of impaired consciousness are also present,
abusive head trauma should be taken into consideration.>®> When vascular lesions are suspected, intravenous
contrast media will be administered, and additional CT angiography data will complete the initial evaluation.>
Whether there are psychological or physical effects, trauma impacts all members of the family unit, not just the

patient.”> >’

Conclusion

Head trauma is still a big problem worldwide. Rapid and comprehensive assessment of the head injuries is crucial
in managing each case because primary and secondary lesions can be life threatening. The database of our hospital
does not include all the possible acute post-traumatic findings described above. Although our hospital is the only
paediatric hospital on a 300 km area, there were no intracerebral hemorrhages or traumatic vascular injuries
reported throughout the years. In severe head traumas there were different TBIs combined, but we chose only
the ones which were singular. This is why we keep a close eye on all trauma cases so that lesions which are not
common do not get overlooked. Injuries sustained after head trauma (be it isolated or part of a polytrauma) can
have long-term effects on both the children and their families. This is valid for adults also, making head trauma
a priority for researchers.
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