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Lecture 2: 

Disturbed fluid balance and increased intracranial pressure



ILOs

• Understand causes and  symptoms of increased intracranial 
pressure.

• Define cerebral edema and know its types and causes.

• Define hydrocephalus and know its types and causes.

• Define herniation and know its types and complications

• Understand auto-regulation of blood flow in the brain

• List causes of hypoxia and ischemia

• Understand outcomes of global brain ischemia

• Apply the above knowledge in clinical scenarios.



Topics to be covered in this lecture:

- Increased intracranial pressure. 

- Brain edema 

- Hydrocephalus

- Herniation

- Cerebral ischemia



The cranium..

• The brain is enclosed within the skull, which is a rigid box that 
protects it.

• In adults, skull bones cannot expand

• So if the material within the cranium increases.. Pressure will 
increase= increased intracranial pressure



What's inside the cranium?

• ROUGHLY:

• 80% brain tissue ( including intracellular and interstitial fluid 
which is around 75% of brain weight)

• 10% blood

• 10% CSF (cerebrospinal fluid) 

If any of these components increases, the intracranial pressure 
increases.



Monro- Kellie hypothesis

• Monro- Kellie hypothesis: intracranial volume= VCNS +VCSF + 
VBlood + Vlesion

• V= volume.

• This hypothesis indicated that any space occupying lesion in 
the brain will increase the volume inside the cranium and this 
will result in increased intracranial pressure.

• Space occupying lesions occur with all major brain diseases ( 
except degenerative diseases). Examples: brain tumours, 
trauma, stroke, haemorrhage. 



OK, so what is intracranial pressure 
(ICP)???

• It is the pressure inside the skull and is measured in 
millimetres of mercury 

• at rest, it is normally 7–15 mmHg for a supine adult.

• If pressure in the cranium is higher than this upper limit= 
increased intracranial pressure (= intracranial hypertension.



Causes of increased intracranial pressure

• mass effect : brain tumor, hematoma, or abscess.

• generalized brain swelling :ischemia, hypertension

• increase in venous pressure : heart failure

• obstruction to CSF flow and/or absorption or increased CSF 
production: hydrocephalus.

• Idiopathic or unknown

• in this lecture we will discuss two of the causes of increased 
ICP : ischema and hydrocephalus 





clinical presentation of increased 
intracranial pressure

• in the early stages patients will have non specific symptoms like 
headache and vomiting.

• also in the early stages patients might have Cushing reflex ( 
Cushing response or Cushing triad) which manifests by: increased 
blood pressure, bradycardia and irregular breathing. 

• In more advances cases patients have neurological manifestations 
including disturbed level of consciousness.

• later complications can occur, mainly herniation and seizures.



clinical presentation according to severity: 





Brain edema= cerebral edema 

• = accumulation of excess fluid within the brain parenchyma.

• Two types: vasogenic and cytotoxic edema.. Usually coexist



Vasogenic edema

• Due to disruption of blood brain barrier.

• So: shift of fluids from vessels to brain tissue.

• Lymphatic vessels are rare in the brain.. So there is little or no 
resorption of excess edema fluid.

• Can be generalised ( due to hypoxia)  or localised ( due to 
inflammation or tumors)



Cytotoxic edema

• Due to neuronal or glial cell membrane injury.

• Causes: toxins or hypoxia.

• Here fluid moves from cells to interstitial tissue. 



morphology

• With edema, the brain becomes swollen.. And its weight 
increases.

• The normal adult human brain weighs on average about 1.2–
1.4 kg ,or about 2% of total body weight, although there is 
substantial individual variation.

• Edema causes flat gyri and narrow sulci



Brain edema: note that the distinction between gyri and sulci is 
diminished because the sulci are filled with fluid making them 
narrow and the gyri are widened by the fluid  



hydrocephalus

• Increased CSF within ventricles.

• Caused by overproduction or decreased resorption of CSF.

• Overproduction: rare, due to choroid plexus tumors.

• Decreased resorption.. Can be localised or generalised.



hydrocephalus

• Localised: noncommunicating hydrocephalus.

• Generalised: communicating hydrocephalus.



• In infancy, before closure of the cranial sutures , the head can  
enlarge. Note that complete closure of the skull bones occurs 
between 18 - 24 months of age.

• After closure of the cranial sutures: increased intracranial 
pressure occurs. Of course there is no increase in head 
circumference



hydrocephalus in children: head 
circumference increases



hydrocephalus: increased CSF within 
ventricles.



Herniation : a complication of brain edema 
and hydrocephalus

• Increased volume of tissue inside the skull causes Increased 
intracranial pressure which causes focal expansion of the brain 
tissue .

• Because the cranial vault is subdivided by rigid dural folds (falx 
and tentorium)…. The expanded brain tissue is displaced in 
relation to these folds.

• Expansion=  herniation

• SO: herniation is a complication of increased intracranial 
pressure and it occurs in relation to margins of the dural folds.



herniation: 3 types

• Subfalcine = cingulate

• Transtentorial = uncinate

• Tonsillar.



herniation



Cingulate herniation

-cingulate gyrus displaced under edge of falx

-Can cause compression of anterior cerebral artery; so the 
territory supplied by this artery can suffer ischemic damage and 
infarction if severe.



Transtentorial herniation

• Medial aspect of temporal lobe compressed against the free 
margin of the tentorium.

• so the brain tissue is forced from supra-tentorial to towards the 
infra-tentorial compartment.

• Third cranial nerve compressed.. Dilated pupil, impaired ocular 
movement on the side of the lesion ( ipsilateral side)

• Posterior cerebral artery can be affected.. Ischemic injury to 
tissues supplied by it including visual cortex.

• Transtentorial herniation can cause hemorrhage in the 
midbrain and pons ( Duret haemorrhage) which is usually fatal.



Duret hemorrhage
The end result of temporal medial 

lobe ( transtentorial)  herniation is 

compression of the brainstem 

(midbrain and pons) and stretching of 

small arterial branches to cause 

Duret haemorrhages

Duret haemorrhages are small lineal 

areas of bleeding in the midbrain and 

upper pons of the brainstem. They 

are caused by downward 

displacement of the brainstem. They 

are named after Henri Duret.



Tonsillar herniation

• Displaced cerebellar tonsils through foramen magnum

• Brain stem compression… respiratory and cardiac centres in 
medulla compromised.

• LIFE THREATENING



• So far we talked about: edema and hydrocephalus as causes of 
increased intracranial pressure

• We also discussed herniation as a complication of increased ICP

• the rest of the lecture will discuss hypoxia and ischemia, which 
are the main cause of generalised cerebral edema.



Hypoxia and ischemia

• Brain is highly oxygen dependent.

• Brain weight constitutes 2% of body weight but receives 15% of 
cardiac output 

• 20% of total body oxygen consumption.

• Autoregulation of vascular resistance allows stability of 
cerebral blood flow over a wide range of blood pressures and 
intracranial pressure.

• If blood pressure very low (systolic less than 50)… hypoxia 
occurs



Auto regulation

• the brain receives the same 
amount of blood ( brain blood 
flow is constant ) if the mean 
arterial pressure is between 50 
- 160 mm Hg.

• If mean arterial pressure is less 
than 50, the auto regulatory 
mechanisms fail and the brain 
blood flow decreases, causing 
hypoxia.





Brain hypoxia

• Functional hypoxia.

• ischemic hypoxia



Functional hypoxia

• Low partial pressure of oxygen: high altitude 

• Impaired oxygen carrying capacity: anaemia and CO poisoning

• Decreased oxygen use by tissues: cyanide poisoning



Ischemic hypoxia

• Hypo-perfusion due to hypotension or vascular obstruction

• Ischemia can be global or focal

• Focal ischemia causes infarctions  ( ischemic stroke)and this 
will be discussed in another lecture.



Global cerebral ischemia

Occurs due to severe hypotension, systolic below 50mm Hg: this 
occurs in situations like: 

• Cardiac arrest

• Shock

• Severe hypotension

• Outcome depends on severity and duration of insult



Global ischemia

• Neurons more susceptible to hypoxic injury than glial cells.

• Most susceptible neurons are the pyramidal cells of 
hippocampus and neocortex + Purkinje cells of the cerebellum



ischemia

• If mild: transient confusional state

• severe : neural death, if survive: severely impaired 
neurologically 

• Severest forms result in brain death.



Morphology of reversible global ischemia= 
brain edema

• Swelling

• Wide gyri

• Narrow sulci

• Poor grey white matter demarcation



Irreversible global ischemia can cause brain 
death

• Diffuse cortical injury with flat EEG ( isoelectric EEG)

• Brain stem damage: No reflexes and no respiration

• If on mechanical support: autolysis of brain= respirator brain.
/



Brain death

• Brain death is different from coma and  vegetative state. the 
latter two are potentially reversible. Death is irreversible.

• So diagnosing brain death needs very strict criteria.. when you 
diagnose brain death you can discontinue artificial breathing, 
you can remove organs for donation…etc

• The most accepted religious opinion in Islam is that brain death 
is accepted as a definition of death, and all religious and legal 
aspects regarding death apply. However, we need very strict 
criteria to separate brain death from its mimickers.



UK guidelines to diagnose brain death

1. Evidence for Irreversible Brain Damage of known Aetiology.

2. Exclusion of Reversible Causes of Coma and Apnoea 

Examples: hypothermia, drugs and alcohol..

3. Tests for Absence of Brain-Stem Function.

LINK FOR FULL GUIDELINES: 

https://ficm.ac.uk/sites/default/files/Form%20for%20the%20Diagnosis%20of%20Death%20using%2

0Neurological%20Criteria%20-%20Full%20Version%20%282014%29.pdf

https://ficm.ac.uk/sites/default/files/Form for the Diagnosis of Death using Neurological Criteria - Full Version (2014).pdf


UK guidelines regarding doctors performing 
the neurological examination for brain death

1. The diagnosis of death by neurological criteria should be made by at least two medical practitioners. 

Both medical practitioners should have been registered with the General Medical Council (or equivalent 

Professional Body) for more than five years and be competent in the assessment of a patient who may be 

deceased following the irreversible cessation of brain-stem function and competent in the conduct and 

interpretation of the brain-stem examination. At least one of the doctors must be a consultant. 

2. Those carrying out the tests must not have, or be perceived to have, any clinical conflict of interest and 

neither doctor should be a member of the transplant team.

3. Testing should be undertaken by the nominated doctors acting together and must always be performed 

on two occasions. A complete set of tests should be performed on each occasion, i.e., a total of two sets 

of tests will be performed. Doctor One may perform the tests while Doctor Two observes; this would 

constitute the first set. Roles may be reversed for the second set. The tests, in particular the apnoea test, 

are therefore performed only twice in total. 



Summary 1/2

• The skull protects the brain, but leaves little space to accommodate for any 
increase of the cranial contents.

• increased cranial contents cause increased intracranial pressure. This can be due 
to increased brain tissue ( tumours), fluid ( edema due to hypoxia or 
inflammation or other causes), CSF (hydrocephalus) or blood ( haemorrhage)

• increased ICP manifests as headache and projectile vomiting, Cushing triad ( 
hypertension, bradycardia, irregular slow breathing)) and can progress to coma.

• Brain edema can be vasogenic or cytotoxic. It manifests as increased brain wight 
with narrow sulci and flat gyri.

• Hydrocephalus is increased CSF due to increased production by a choroid plexus 
tumour ( rare) or more commonly by decreased resorption.it can be localised ( 
non communicating) or generalised ( communicating)

http://resorption.it


Summary 2/2

• increased ICP can be complicated by herniation; which is a displacement of brain tissue 
from a compartment to another.

• Subfalcian herniation displaces the cingulate gyrus under edge of falx, it causes 
compression of anterior cerebral artery

• Transtentorial herniation displaces the medial aspect of temporal lobe against the free 
margin of the tentorium. This compresses the third cranial nerve, posterior cerebral 
artery and can cause Duret haemorrhage in the midbrain which is usually fatal.

• Tonsillar herniation displaces the cerebellar tonsils through foramen magnum causing 
brain stem compression, which is usually fatal.

• Hypoxia and ischemia are the main causes of brain edema. 

• Autoregulation maintains blood flow but below 50 systolic pressure, flow decreases.

• Pukinji cells and pyramidal cells are the most susceptible to ischemic damage.

• Irreversible ischemia can cause brain death



Question

• A 54 year old man complained of severe headache and vomiting. 
imaging studies showed a large subdural hematoma. Two days later he 
had dilated pupil of the right eye with and his visual acuity decreased. 
Which of the following is incorrect about his condition?

• A. Can be complicated by haemorrhage in the pons.

• B. His eye symptoms could be related to ischemic injury to the visual 
cortex

• C.The medial aspect of his temporal lobe is compressed against the 
free margin of the tentorium

• D. The dilated pupil indicated damage of the left third cranial nerve

• E. He might develop fatal brain stem complications.



Answer

• the scenario describes increased ICP due to hematoma. The complications he had 
indicate herniation, and the symptoms are those of transtentorial herniation.

• the answer is D: the lesion is related to the ipsilateral nerve ( at the same side 
of the lesion).. so his right third cranial nerve is compressed.

• A is correct, it describes Duret hemorrage . Also E is correct , again it describes 
Duret haemorrhage.

• C :correct, it simply describes his main complication: transtentorial herniation

• D is correct, note that the decreased visual acuity is due to effect on the visual 
cortex ( ischemic damage due to compression on the posterior cerebral artery) , 
however, the dilated pupil and impaired ocular movement are effects of 
compression on the third cranial nerve.




