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CNS: General Pathology (2)
Raised intracranial pressure: cerebral edema, herniation and hydrocephalus
The key principle of acute brain pathology is that the skull cannot expand, and the intracranial water
cannot compress. This is referred to in clinical medicine as the “brain in a box” theory: anything that
increases the intracranial volume (normal ≈1500mL), most commonly a mass or edema, results in an
increase in intracranial pressure (ICP). Initially, a rising pressure can displace cerebral spinal fluid (CSF,
≈150mL) and blood (≈150 mL), after which even small increases in volume cause a dramatic increase in
pressure. CSF is produced by the arachnoid granulations at a rate of about 20 mL/hour, so that the CSF
reserve can be exhausted over 7-8 hours. Cerebral blood flow is maintained by the mean arterial
pressure (i.e. MAP = 2/3 diastolic pressure + 1/3 systolic pressure). Autoregulation keeps arterial
pressure in the range of 60-160 mmHg. Cerebral blood flow starts to decrease when the ICP exceeds 20
mmHg (for further discussion of the underlying pathophysiology, see CNS: Structure and function
(gross).
A decrease in CPP leads to ischemia, which results in vasodilation due to autoregulatory functions. This
vasodilation increases the ICP, decreasing the CPP leading to further ischemia.
ICP Monitoring
ICP is monitored so that cerebral perfusion pressure (CPP) can be maintained (CPP = MAP – ICP) at a
level between 60-120 mmHg. An intraventricular monitor is the gold standard for ICP and an arterial
line is typically used for MAP. After removal of any mass such as a hematoma or tumor, ICP should be
decreased to <20 mmHg using:
-

Elevation of the head
Hypocapnia by hyperventilation
Osmotic dehydration with mannitol
Removal of CSF (slowly from the ventricle)
Decompressive craniectomy of skull cap

Diagnosis of raised ICP
-

-

1

Symptoms: Increased ICP first presents as headache, presumably through CN V
innervation of cerebral blood vessels and meninges. It is followed by decreasing
consciousness due to compression of the reticular activating system and vomiting.
Physical exam: Most important is the finding of papilledema. Cranial nerve II carries the
meninges and subarachnoid space along its nerve sheath up to the sclera (see image).
Raised ICP is transmitted along the CSF with the nerve and fluid is either driven across
the lamina cribrosa into the disc or builds up due to lack of axonal fluid drainage. Visual
defects are not common in early disease.
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o On examination, the disc at first shows a “halo” due to edema and venous
pulsations are lost. In late disease, the disc becomes grossly elevated and the
veins engorge.
o It takes several days for papillary edema to be visible
Testing: Imaging (CT scan, MRI) lacks the necessary sensitivity and specificity to be
diagnostic. Imaging is useful as a basis for placing an intracranial monitor.

Cerebral edema
-

-
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Cerebral edema is an increase in brain water content.
o The amount of water in the brain is tightly controlled by the flux across the blood
brain barrier (BBB) and the astrocytes of the Glymphatic system (for further
discussion, see CNS: Structure and function (Microscopic architecture))
o The key cells of the BBB are the endothelial cells, with tight junctions, pericytes
and astrocytes. Disruption of any of these cells can lead to edema.
The 3 major forms of cerebral edema are:
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o Vasogenic edema: this occurs when there is damage to the blood brain barrier,
typically the endothelial cells. It is the commonest cause of edema and is seen in
infections, neoplasms and trauma.
o Cytotoxic edema: this occurs when there is failure of the Na+/K+ ATPase pump
resulting in an influx of Na+ and Ca+2 into the cell, particularly the astrocyte.. The
resulting swelling of the cells does not result in cerebral edema. Rather the
depletion of extracellular electrolytes creates an ionic gradient for water to cross
the BBB and this results in edema. Cytotoxic edema is seen in hypoxia and the
excitotoxic injury of glutamate. Cytotoxic edema is seen in the penumbra of
ischemic cells around an area of infarction in stroke and is the target for
minimizing clinical damage.
o Interstitial edema: This occurs in the periventricular white matter when intraventricular pressure rises in obstruction such as non-communicating
hydrocephalus.
Herniation
-

3

The brain is divided into compartments by the meninges, left versus right hemispheres
by the falx cerebri and the posterior fossa by the tentorium.
When there is increased volume in one compartment, it pushes the brain at the
compartment edges round the meningeal edge.
This displacement leads to infarction of the herniated tissue
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The herniation can be named by the tissue displaced or the structure around which it is
pushed.
Displacement past Herniating structure Compression
Falx cerebri (Sub
Cingulate gyrus
ACA1
falcine)
Tentorium
(Transtentorial)

Uncus (medial
temporal gyrus)

Foramen magnum

Cerebellar tonsil

٠Cranial nerve III
٠Brain stem (Duret
hemorrhages)
Medulla

1. Anterior cerebral artery, 2. Loss of consciousness
-

The uncus is the anterior medial gyrus of the temporal lobe.
With herniation, it compresses CN III
• Unopposed sympathetic stimulation (which travels along the carotid artery and ciliary
nerves) causes pupillary dilation (mydriasis or “blown-pupil”).
• Unopposed CN IV (superior oblique muscle) and CN VI (lateral rectus) causes rotation
of the eye “down and out”

•
•

-

LOC

Transtentorial (Uncal) herniation
o
o

-

Presentation
Contralateral leg
weakness, incontinence,
LOC2
Pupil dilation, rotation
down and out, ptosis

Loss of superior levator palpebrae (ptosis).
With continued medial displacement, there is
shift of the midbrain and pons with loss of
consciousness. Tearing of blood vessels gives
linear hemorrhages called Duret
hemorrhages.

Subfalcine (Cingulate) herniation
o The cingulate gyrus can displace the anterior
cerebral artery, leading to contralateral lower
limb weakness and incontinence. This is followed by
Compression of left CN III
drowsiness and coma.
Cerebellar tonsil herniation
o If the infratentorial compartment from either supratentorial pressure of local
compartment pressure, the tonsils can be forced through the foramen magnum.
This leads to fatal compression of the vital medullary centers.

Hydrocephalus

4
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Type

Pathology

Noncommunicating Obstruction within
ventricles

Presentation
(adult)
Headache

Communication

↓CSF2 absorption

Normal pressure

Chronic ↓CSF
absorption

IIH5 (Pseudotumor
cerebri)
Hydrocephalus ex
vacuo

Idiopathic, mild ↑ICP

٠Headache
٠↓mental status
٠Abnormal gait
٠Dementia,
٠Incontinence4
Headache

2° to atrophy

Dementia

Diagnosis
٠MRI1: obstruction above point of
obstruction
٠Normal pressure on spinal tap
٠MRI: dilation of entire system
٠↑ICP3
٠MRI: ventricle dilation
٠Normal ICP
٠MRI normal
٠↑ICP with papilledema
٠MRI: cerebral atrophy
٠Normal ICP

1. Magnetic resonance image, 2. Cerebral spinal fluid, 3. Intracranial pressure, 4. “Wet, wacky & wobbly”,
5. Idiopathic intracranial hypertension

-
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Hydrocephalus refers to an increase in cerebrospinal fluid (CSF) within the ventricles
and/or the subarachnoid space. There are many causes, but the commonest causes can
be classified into:
o Childhood
 Congenital:
•
Stenosis of the aqueduct
(idiopathic): most common cause
•
Malformations
o Dandy-Walker malformation:
obstruction of foramina of Magendie and
Luschka leading to cerebellar atrophy
o Chiari malformations: protrusion of
cerebellum into the spinal canal, with
obstruction of foramina

Acquired:
•
Neoplasia (and infection and
hemorrhage): most childhood CNS
neoplasms are infratentorial. Increased
ICP causes headache and cerebellar
involvement causes ataxia.
o Adults

Normal pressure hydrocephalus
(NPH)
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Most childhood hydrocephalus is due to obstruction in ventricular drainage (aka noncommunicating hydrocephalus).
o Presentation: depends upon whether or not there is fusion of the cranial sutures.
 Before closure, the children develop large heads with few early
symptoms.
• P/E shows increased head circumference
 After closure, there is rapid increase in ICP with destruction of brain
tissue.
• Symptoms usually include headache along with neurologic
abnormalities
• Signs include dorsal mid-brain pathology
o Sunset eyes: at rest, there is downward gaze and sclera
above the irises

Sunset eyes in hydrocephalus

-
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o Parinaud syndrome (dorsal midbrain): vertical gaze palsy,
pupillary near-light dissociation, lid retraction,
convergence-retraction nystagmus
 Diagnosis: imaging to show ventricular dilation, ↑CSF pressure, usually
measured by a surgically implanted ventricular pressure transducer.
Adults: normal pressure hydrocephalus (NPH)
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o An idiopathic disease with ventricular dilation. This is associated
Triad of NPH:
with the triad of: magnetic gait disturbance (most important),
• Wet (incontinence)
incontinence and dementia. Spinal tap has a normal opening
• Wacky (dementia)
pressure.
• Wobbly (ataxia)
 This is presumed to be a disease of decreased absorption
of CSF by the arachnoid granulations. >50% of NPH patients have
granulation fibrosis. The commonest cause is hemorrhage.
o This is one of the few reversible causes of dementia (also reversible are:
depression, alcoholism and subdural hematoma).
Abnormal gaits
•
•
•

Antalgic: to avoid pain (e.g. osteoarthritis)
Ataxia: uncoordinated (cerebellar, sensory & vestibular)
Magnetic: as feet are adherent to the ground (e.g. NPH)

Idiopathic Intracranial Hypertension (IIH, aka Pseudotumor cerebri)
-

-
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An idiopathic disease of obese women of childbearing age.
Presentation: only signs of ↑ICP
o Symptoms: headache
o Signs: papilledema
o Testing:
 MRI: normal
 CSF: increased opening pressure, normal fluid
Pathophysiology: unknown
Natural history:
o Complications: loss of vision due to papilledema
o Treatment: loss of weight, acetazolamide
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CNS: General Pathology (2)
Raised intracranial pressure: cerebral edema, herniation and hydrocephalus
Do You Know It?
1. A 25 year old male is admitted to hospital after a motor vehicle accident (MVA) in which he
suffers a head injury. How could one ensure that he has adequate perfusion of the brain?

2. Explain the pathophysiology and significance of papilledema.

3. What is cerebral edema and its commonest pathophysiologic mechanisms?

4. What are the 3 most important herniations of the brain? What are the 2 names for each?
Describe their pathologies and clinical presentations.

5. What are the 4 most important reversible causes of dementia?

8
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