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ABSTRACT

Introduction: Brain herniation, or brain code, is a critical condition caused by elevated intracranial pressure, leading to abnormal brain tissue
protrusion. Chronic herniations may be linked to developmental defects and remain asymptomatic, while acute herniations are life-threatening,
especially after neurosurgery. Case Presentation: A 25-year-old female with Glioblastoma multiforme presented with facial weakness. Initially
suspected as Bell’s Palsy, her condition rapidly worsened, leading to coma and signs of raised intracranial pressure. A CT scan revealed a brain tumor
with associated edema, hemorrhage, and multiple herniations. Emergency craniectomy and subsequent medical management showed initial
improvement, but she later developed ischemia and infarction, resulting in her death. Discussion: Timely diagnosis and intervention are crucial in
managing brain herniation. Clinical signs and cranial nerve assessments are vital for diagnosis. Management focuses on reducing intracranial
pressure through medical and surgical means. Early intervention is key to better outcomes, though the prognosis can be poor due to underlying
conditions like Glioblastoma multiforme. Conclusion: Effective management of brain herniation requires timely surgical and medical intervention.
This case illustrates the rapid progression and complexity of brain herniation, emphasizing the importance of early and comprehensive treatment.
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INTRODUCTION

Brain herniation or brain code is a life-threatening event requiring
emergent attention. Brain herniation is the result of a series of events
that start from raised intracranial pressure and lead to the eventual
abnormal protrusion of brain tissue through the rigid dural folds (i.e.,
falx and tentorium) &/or skull openings (e.g., foramen magnum) (1-
3).

Chronic brain herniations have shown associations with
developmental defects such as Arnold—Chiari malformation and they
may not become symptomatic for several years (4). Acute brain
herniation on the other hand is a life-threatening event that can cause
mechanical and vascular damage to the brain, especially following a
neurosurgery (5).

Tentorium is an extension of the dura mater that separates the
cerebrum and the cerebellum. Several different types of herniations
have been studied and described in relation to tentorium. The tentorial
notch (6) is an opening between the free edge of the tentorium
cerebelli and the clivus for the passage of the brainstem anteriorly.
Several important anatomical structures pass through the tentorial
notch including the midbrain, third cranial nerve, posterior cerebral
arteries, and superior cerebellar arteries. The cerebellum resides in
the posterior portion of the notch.

There are two major classes of herniation: supratentorial and
infratentorial. Supratentorial refers to the herniation of structures
normally above the tentorial notch, and infratentorial refers to
structures below it (3).

° Supratentorial herniation is further sub-classified as
follows:
1. Uncal (trans-tentorial)

Central

Cingulate (sub-falcine/trans-falcine)

Trans-calvarial

Tectal (posterior)

Infratentorial herniation is also sub-classified as mentioned:
Upward (upward cerebellar or upward trans-tentorial)
Tonsillar (downward cerebellar)
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Uncal or Trans-tentorial Herniation:

The uncus is a structure present at the antero-medial aspect of the
Parahippocampal gyrus in the medial temporal region of the brain,
within the supra-tentorium. The continuously rising intracranial
pressure can result in portions of the brain to flow from one
intracranial compartment to another increasing the risk of uncal
herniation. This is a neurosurgical emergency and indicates the failure
of all physiological adaptations for intracranial compliance (1).

Brain tissue combined with arterial &/or venous blood, and CSF make
up the intracranial compartment. The Monro-Kellie principle states
that an increase in any of these components should and will come at
the expense of another (2). This means that a mass present in the
supratentorial compartment would cause the reduction of CSF and
venous blood volume, following which the arterial blood flow and
total volume would also decrease eventually risking the herniation of
brain tissue through existing cranial openings.

Hence, any situation that results in a significantly increased
intracranial pressure poses a threat to cause an uncal herniation. This
is especially true for the space-occupying lesions that leave the
patients at risk for such herniations by the pathophysiological process
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mentioned above. Subdural or epidural hematoma formed as a result
of direct and severe head trauma usually occupy the lateral middle
fossa or temporal lobe can be rapidly expanding and increase the risk
of uncal herniation by many folds. Uncal herniations are the end
product of the catastrophic force in the supratentorial region generated
by a rapid increase in intracranial pressure that causes the uncus to
slide over the supratentorial notch (4, 7, 8)

The herniating uncus pushes against the brainstem and the
corresponding cranial nerves, particularly causing the third cranial
nerve that is located medial to the uncus to become entrapped (9, 10).
The herniation can also occlude PCA (as with central herniation) (6).
Central Herniation:

Central herniation occurs when the diencephalon and parts of the
temporal lobes of both of the cerebral hemispheres are pushed through
a notch in the tentorium cerebelli (5).

Cingulate or sub-falcine herniation:

This is the most common type of brain herniation and is caused by the
scraping of the innermost part of the frontal lobe under a part of the
falx cerebri which is the dura mater at the top of the head between the
two hemispheres of the brain (11).

Diagnosis;

The diagnosis of uncal herniation is mainly clinical that is confirmed
with brain imaging. Neurological examination including the
assessment of cranial nerves is the single most important thing pointing
towards the diagnosis. A unilaterally dilating pupil is the earliest
hallmark feature of this disorder. It is unlikely that a patient undergoing
early uncal herniation would be completely neurologically intact
except for anisocoria. Contralateral motor weakness is a frequent
association. Ipsilateral involvement can also be seen in rare cases as
defined by the Kernohan Notch Phenomenon and result in false
localizing signs. Impaired consciousness, even though an unreliable
sign, can be seen early in the disease course (15). Another concerning
feature that is frequently seen in association with the herniation is the
development of Cushing’s triad (widened pulse pressure, bradycardia,
and irregular respirations). This is considered an indication for an
immediate CT scan to rule out fatal hemorrhage, herniation, or mass

Trans-calvarial herniation:

Also called the external herniation, trans-calvarial herniation happens
when the brain squeezes through a fracture or a surgical site in the
skull. This usually happens during a craniectomy when the protruding
brain section prevents the removal of the cranium (12, 13).

Upward cerebellar herniation:

Upward herniation takes place when increased pressure in the
posterior fossa causes the cerebellum to move upward through the
tentorial opening (9).

Tonsillar or downward cerebellar herniation:

In tonsillar herniation, also called downward cerebellar herniation,
transforaminal herniation, or "coning", the cerebellar tonsils slide
through the foramen magnum risking the compression of the lower
brainstem and upper cervical spinal cord as they navigate through that
region. This can cause damage to the respiratory and cardiac control
centers in brainstem and severe headache, trismus, and neck rigidity
due to tonsillar entrapment. The consciousness may also falter that
puts the patient at risk for flaccid paralysis. Another defining feature
of this disorder is the fluctuations in patient’s blood pressure (14).

1.Cingulate
Subfalcine

2. Central
(Trans-tentorial)
3. Trans calvarial

4. Uncal

5. Downward
cerebellar
(Tonsillar)

6. Upward
cerebellar
(Transtentorial)
7. Mass /

hematoma
pressure effect

lesion (1, 14). A cranial CT scan is the preferred imaging modality
over magnetic resonance imaging (MRI) in the emergent setting; it can
be completed quickly, and CT imaging technology is more readily
available. (1, 14)

Treatment:

Following the development of signs and symptoms of uncal herniation,
the volume of one component of the intracranial compartment, either
brain, blood, or cerebrospinal fluid must be adjusted to bring the ICP

down (8).

Management strategies to achieve this include:

° Elevating the head of the bed thirty degrees

° Keeping the head midline

° Hyperventilation

° Hyperosmolar therapy with either mannitol or hypertonic
saline (16)

Surgical options may be considered for decompression if the clinical
signs of uncal herniation do not resolve with the supportive strategies.
These include:

° Placement of a ventricular drain
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° Evacuation of an extra-axial lesion such as an epidural
hematoma

° Resection of an intracerebral lesion

° Removal of brain parenchyma

° Uni- or bilateral craniectomies (17).

This case report presents a unique and challenging case of
Glioblastoma multiforme which transformed into a brain herniation,
managed with an immediate craniectomy.

Case report:

A 25-year-old female, previously diagnosed with Glioblastoma
multiforme, had presented to the Medical Outpatient Department with
complaints of asymmetrical facial weakness and unilateral drooping of

WL 40
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the mouth. Based on an early suspicion of Bell’s Palsy, she was
prescribed oral steroids and was scheduled for a follow-up in 3 days.
However, that same day she presented to the Emergency Room in a
coma, exhibiting shallow breathing, a heart rate of below 60 beats per
minute, and a widened pulse pressure. The neurological assessment
revealed a score less than 7 on the Glasgow Coma Scale and her pupils
were non-reactive bilaterally.

The clinical signs suggested increased intracranial pressure, prompting
an immediate brain CT scan. Her brain tumor was identified in the right
cerebral hemisphere in the frontotemporal lobes. Notably, however,
there was also surrounding edema, internal hemorrhage, and complete
effacement of the lateral ventricle on the ipsilateral side. A right-sided
trans-tentorial herniation (Figure 1a) resulted in the displacement of
the brainstem towards the left side, with additional findings of sub-
falcine (Figures 1b and 1c) and tonsillar herniations.

|
E
|

1(c)

Figure 1: Neuroimaging of a 25-year-old female with Glioblastoma multiforme. (a) Right-sided trans-tentorial herniation demonstrating
displacement of the brainstem towards the left. (b) Sub-falcine herniation with midline shift. (c) Tonsillar herniation showing downward displacement

of the cerebellar tonsils.

Following the CT scan, an urgent neurosurgical consultation led
to the patient undergoing an immediate craniectomy that same
night. Given the expected prolonged requirement for
mechanical ventilation, an early tracheostomy was also
performed. The patient was subsequently transferred to the
Medical Intensive Care Unit, where she remained under
mechanical ventilation, medically sedated, and paralyzed.
Ventilation settings were adjusted to decrease the arterial

2(a) 2(b)
Figure 2: Post-operative imaging following emergency craniectomy in a 25-year-old female with Glioblastoma multiforme. (a) CT scan
showing the craniectomy defect. (b) Sub-galeal hematoma formation. (c) Persistent herniation with no significant improvement or reversal signs.

On her 5th post-operative day, sedatives and paralytics were

carbon dioxide levels through hyperventilation.

A repeat CT scan conducted the next day revealed the presence
of a craniectomy defect and a corresponding sub-galeal
hematoma (Figures 2a, 2b, and 2c). However, there was no
significant improvement or signs of reversal of herniation at
that time. Over the next 3 days, daily neurological evaluations
were performed to assess her status and monitor her condition.

2(c)

discontinued to assess her Glasgow Coma Scale, which by then had
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improved dramatically. A wean-off trial was initiated, and she was
successfully liberated from mechanical ventilation on the same day.

Owing to her clinical improvement, a 3rd CT scan was then done
which also showed signs of reversal of herniation (Figures 3a and 3b).

3(a)

3(b)

Figure 3: Neuroimaging on the 5th post-operative day showing improvement following craniectomy in a 25-year-old female
with Glioblastoma multiforme. (a) CT scan indicating signs of reversal of the right-sided trans-tentorial herniation. (b) CT scan

showing resolution of sub-falcine and tonsillar herniations.

Effacement of right lateral ventricle had markedly decreased,
midline shift had decreased by 1.5mm (shift of 6.8mm in latest
scan, compared to 8.3mm in the first scan), and mass effect over
brain stem had significantly reduced. Trans-tentorial herniation

WL 40
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had seemed to reverse completely, however there was still mild
sagging of the right cerebellar tonsil below the opisthion basal
line for 2.6mm. However, the imaging showed complete
reversal of herniations by fortnight (Figures 4a, 4b, and 4c)

4(c)

Figure 4: Follow-up neuroimaging showing complete reversal of herniations by fortnight in a 25-year-old female with Glioblastoma
multiforme. (a) Markedly decreased effacement of the right lateral ventricle. (b) Reduction of midline shift to 6.8mm from an initial 8.3mm. (c)
Significant reduction in mass effect over the brainstem and complete reversal of trans-tentorial herniation, with only mild sagging of the right

cerebellar tonsil.

Unfortunately, her clinical recovery was short-lived, as her latest scan
revealed signs of ischemia, infarction, and subarachnoid hemorrhage.
The aggressive nature of her brain tumor ultimately led to her demise
over the ensuing days.

DISCUSSION

Brain herniation is a life-threatening event that can lead to rapid
clinical deterioration, and thus requires emergent diagnosis to
timely counter the disastrous complications and prevent
mortality and reduce morbidity.

Signs of increased intracranial pressure, particularly the
Cushing triad may be observed in most patients, and other
distinct neurological signs may be present depending on the
type of herniation. Furthermore, any patient presenting with

confusion, agitation, or altered mental status should not be
dismissed. Once brainstem findings appear, deterioration may
be rapid (deep coma may occur within hours) with progression
of raised intracranial pressure (18). After initial management of
the patient’s airway, breathing and circulation, the next step is
to order a cranial CT.

Once the diagnosis of brain herniation has been established,
management is directed towards decreasing intracranial
pressure. Patients are mechanically ventilated and kept sedated
and paralyzed to avoid agitation. Tidal volume or respiratory
rate is increased, with a target PaCO2 of 30-35 mmHg.
Hyperventilation works to reduce the intracranial pressure by
decreasing arterial carbon dioxide levels which will induce
vasoconstriction and therefore reduce the cerebral blood
volume. Hyperosmolar therapy with mannitol or 3% hypertonic
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saline is administered to patients with intracranial pressure
above 20 mmHg or when there is suspected brain herniation.
Mannitol is given as a bolus dose of 0.5-1 g/kg and can be
administered every four hours as needed for intracranial
pressures above 20 mmHg, maintaining an osmolar gap of less
than 20 mOsm. 3% hypertonic saline is given as a bolus dose of
5-10 mL/kg in patients with acute elevations of intracranial
pressure or with signs of brain herniation. Hypertonic saline can
be administered as a continuous infusion at 0.5-1.5 mL/kg/hr
(15-17). In patients with malignancies and abscesses,
corticosteroids may reduce vasogenic edema. (19)

The role of early surgical intervention in the management of
brain herniation is controversial, and the benefits must be
weighed against the risks of major brain surgery (15).
Nevertheless, the decision for surgical intervention should be
made promptly, and an important factor for a better
neurosurgical outcome in patients with uncal herniation is early
diagnosis and timely management of the condition. (20, 21)
The degree of herniation will also affect the prognosis of
patients with uncal herniation. The reversibility of the
herniation becomes more difficult in patients with multiple
traumas or when new complications arise as herniation
increases. However, reversal of uncal herniation can be
achieved if the interventions commence rapidly. Reversal of
uncal herniation is known to occur in 50-75% of adult patients
with either traumatic brain injury or with supratentorial mass
lesions. Long-term outcomes after successful treatment for
herniation may be more favorable in children than in adults.
(20, 21)

CONCLUSION

Multiple strategies to reduce intracranial pressure exist to
choose from. The choice between medical management versus
surgical management is a tough one, and must be tailored to the
clinical condition of the patient. Our patient initially presented
with facial asymmetry, however, her clinical condition
drastically deteriorated the same day. Urgent craniectomy,
supplemented with medical management and targeted
ventilation settings resulted in a dramatic improvement in her
condition
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