
HYDROCEPHALUS 



Hydrocephalus 

 From Greek hydrokephalos, 

from hydr- + kephalE head 

 

 Definition: An abnormal 

increase in the amount of 

cerebrospinal fluid within the 

cranial cavity that is 

accompanied by expansion of 

the cerebral ventricles, 

enlargement of the skull and 

especially the forehead, and 

atrophy of the brain  

 



Overview of CSF production 

 The CSF volume of an 

average adult ranges 

from 80 to 160 ml 

 In infants around 50 ml 

 The ventricular system 

holds approximately 20 

to 50 ml of CSF 

 CSF is produced in the 

choroid plexuses at a 

daily rate of 14-36 

ml/hr  



Overview of CSF production 

 The choroid plexuses are the source 

of approximately 80% of the CSF 

 

 The blood vessels in the 

subependymal regions, and pia also 

contribute to the formation of CSF 



Overview of CSF circulation 

1) CSF is formed by active secretion 

by choroids plexus in the lateral 

ventrlicles "then ——> pass via 

foramen of Monro to the 3rd - 

ventricle  —> then via aqueduct of 

Sylvius to the 4th ventricle —> 

then via foramena of lnuscka &  

Magendi to the subarachnoid 

Space  

 

 
 

2)  CSF in subarachnoid space is absorbed 

by arachnoid villi to Dural venous sinuses.  



CSF circulation 

 The pressure gradient is highest 
in the lateral ventricles and 
diminishes successively along the 
subarachnoid space 

 

 Arterial pulsations in the choroid 
plexuses help drive the fluid 
from the ventricular system 

 

 Normally, the periventricular 
tissues offer little resistance to 
the flow of CSF 

+ 

- 



CSF pressure 

 The CSF volume and pressure are maintained on a minute 

to minute basis by the systemic circulation 

 CSF pressure is in equilibrium with capillary pressure 

(determined by the arteriolar tone) 

 

 An increase in blood PCO2 (hypoventilation) 

decreases pH and arteriolar resistance, this in turn 

gives rise to increased CSF pressure by increasing 

cerebral blood flow. 

 

 Hyperventilation has the opposite effect 



CSF pressure 



CSF pressure 

 Increased venous 
pressure has a direct 
effect on CSF pressure. 

 

 Downstream block of 
venous flow increases 
the volume of cerebral 
veins, dural sinuses, and 
the subarachnoid space 



The function of the CSF 

 The CSF acts as a “water jacket” for the brain and 

spinal cord 

 The 1300 g adult brain weighs approximately 45 g 

when suspended in CSF 

• The CSF acts like a “sink”, effectively flushing 

waste products as new fluid is secreted 

reabsorbed 

 

• A constant CSF electrolyte composition helps 

maintain a stable medium for excitable cells 

(neurons) 



Hydrocephalus 

Communicating vs. Non-communicating 

 This is an old classification of 

hydrocephalus 

 The terms refer to the presence or 

absence of a communication of the lateral 

ventricles with the spinal subarachnoid 

space 



Communicating vs. Non-communicating 

 This classification was based on the imaging findings 

after injection of dye into the ventricular system 

and simultaneous injection of air into the 

subarachnoid space. 

 

 Diffusion of dye into the subarachnoid space and 

passage of air into the ventricular space were the 

criteria for communicating hydrocephalus  



Causes of Hydrocephalus 

Obstruction of CSF 

flow within the 

Ventricle system 

 

 

Obstructive or non 

communicating 

type 

 

 

Dysfunction in 

absorption or 

secretion of CSF 

 

 

Non obstructive or 

communicating type  

 



Non-communicating hydrocephalus 

 There is no communication 

between the ventricular 

system and the 

subarachnoid space.  

 

 The commonest cause of 

this category is aqueduct 

blockage or stenosis.  

 



Causes of non- communicating Hydrocephalus type 

(OBSTRUCTIVE) 

1- aqueduct blockage or stenosis.  

 

2- congenital atresia of:  

 -  Foramen of Monro.  

- Foramina of Luscka & Magendi : cystic dilatation of 4th 

ventricle usually ,with agenesis of Cerebellar Vermis 

 (Dandy Walker malformation).  

 

3- Arnold Chiari Malformation: 

Congenital downward displacement of Cerebellum, pons & 

medulla 

 

4- Congenital infection especially toxoplasmosis. 

 

5- Brain Tumors 



Aqueductal stenosis 
 

 The normal aqueduct 

measures about 1 mm 

in diameter, and is 

about 11 mm in 

length. 

 



Aqueductal stenosis 

 Is the most common cause of congenital 

hydrocephalus(43%) 

 Aqueduct develops about the 6th week 

of gestation  

 M:F = 2:1  

 Other congenital anomalies (16%): 

thumb deformities 

 Prognosis: 11-30% mortality  

 



Etiology of aqueductal stenosis 

1) Congenital atresia:  

- may be sex linked recessive.  

- may be associated with spina bifida occulta  

 

2) Obstruction from outside by:  

- Brain Tumors 

- malformation of vein of Galen. (Gliosis) 

 

3) Obstruction from inside: 

 - Post hemorrhagic (specially in premature).  

- Post meningitic (T.B., pneumocci, mumps)  



Clinical features of aqueductal 

stenosis 

 Obstructive hydrocephalus: 
presents with macrocephaly 
and/or intracranial 
hypertension. 

 

 Parinaud's syndrome: 

 Inability to elevate eyes 

 

 Collier's sign: 

 Retraction of the eyelids 

 
 

 

 



Imaging of aqueductal stenosis 

 Ultrasonography can 

detect aqueductal 

stenosis in utero. 

 

 

 

 

 

 CT and MRI. MRI is 

essential if third 

ventriculostomy is 

to be considered. 

 

 

 

 

 



Treatment of aqueductal stenosis  

 Remove underlying cause of obstruction if 

possible. 

 Third ventriculostomy as initial treatment of 

choice. 

 VP shunt if technical reasons do not allow 

third ventriculostomy or if the child fails 

after ventriculostomy. 

 Aqueductal stent can be placed if 

technically feasible. Usually rarely done due 

to risk of upper brain stem injury. 

 

 

 

 

 



Dandy Walker Syndrome 

 A common cause of obstructive 

hydrocephalus is Dandy Walker 

Syndrome where there is 

blockage of foramina of the 4th 

ventricle lead to dilatation of 

4th ventricle associated with 

agenesis of the cerebellar 

vermis 

 





Arnold Chiari Malformation 

 Chiari malformation, also known 

as Arnold–Chiari malformation, is 

a condition affecting the brain. 

It consists of a downward 

displacement of the cerebellar 

tonsils through the foramen 

magnum (the opening at the 

base of the skull). 

https://en.wikipedia.org/wiki/Brain
https://en.wikipedia.org/wiki/Cerebellar_tonsil
https://en.wikipedia.org/wiki/Cerebellar_tonsil
https://en.wikipedia.org/wiki/Foramen_magnum
https://en.wikipedia.org/wiki/Foramen_magnum




Characteristic Chiari I Chiari II 

Usual age of 

diagnosis 

Adults and older children Infants and young children 

Clinical findings •Headache and neck pain (worsened by 

cough or Valsalva maneuver) 

•Myelopathy 

•Cerebellar symptoms 

•Lower brainstem symptoms (eg, 

dysarthria, dysphagia, downbeat 

nystagmus) 

•Central cord symptoms (eg, hand 

weakness, dissociated sensory loss, cape 

anesthesia) 

•In infants, signs of brainstem 

dysfunction predominate: 

swallowing/feeding difficulties, 

stridor, apnea, weak cry, nystagmus 

•Weakness of extremities 

Primary 

anatomical 

abnormalities 

•Herniation of cerebellar tonsils through 

foramen magnum, producing compression 

of cervicomedullary junction 

•Herniation of lower brainstem 

through foramen magnum 

•Cephalad course of cranial nerves 

•Kinking of cervicomedullary junction 

•"Beaking" of tectum 

•Upward herniation of vermis through 

incisura 

•Nearly vertical tentorium 

Myelomeningoc

ele 

No Always 

Hydrocephalus Less than 10% of cases Very common 

Syringomyelia 30-70% Common 



Communicating hydrocephalus 

 In communicating or non-obstructive 

hydrocephalus there is communication 

between the ventricular system and the 

subarachnoid space. 

 

  The commonest cause of this group is 

post-infectious and post-hemorrhagic 

hydrocephalus.  

 



Causes of communicating hydrocephalus 

 Overproduction of CSF: 

- Choroid plexus papilloma 

- -Choroid plexus congestion as in meningitis 

 

 Defective in CSF absorbtion: 

1) Subarachnoid space adhesion (post hemorrhagic – post meningitis 

2) Leukemic infiltration 

3) Dural sinus thrombosis 

4) Achondroplasia due to narrow jagular foramina  sigmoid sinus 

compression 

  

 Hydrocephalus ex-vacuo 

 

 Normal pressure hydrocephalus 

.  



 

Hydrocephalus Ex Vacuo 

 Hydrocephalus ex-vacuo involves the presence of too 

much CSF, although the CSF pressure itself is normal. 

This condition occurs when there is damage to the 

brain caused by stroke or other form of injury or 

chronic neurodegeneration, and there may be an 

actual shrinkage of brain substance.  

 



Normal pressure hydrocephalus 

 Normal pressure 

hydrocephalus (NPH) is 

usually due to a gradual 

blockage of the CSF 

drainage pathways in the 

brain.  

 

 NPH is an unusual cause of  

dementia, which can occur 

as a complication of brain 

infection or bleeding 

(hemorrhage). 



Normal pressure hydrocephalus 

 

 In patients with NPH, although the ventricles enlarge, the 

pressure of the CSF remains within normal range.  

 

 NPH is characterized by gradual memory loss (dementia), 

balance disorder (ataxia), urine incontinence, and a 

general slowing of activity. 

 

 
 Symptoms progressively worsen over weeks. In some patients, 

an improvement of symptoms is noted immediately after the 

removal of spinal fluid with a lumbar procedure. 



Signs & Symptoms: 

 Clinical features of hydrocephalus are influenced by the 

following: 

1. Patient's age 

2. Cause 

3. Location of obstruction 

4. Duration 

5. Rapidity of onset 

 



Symptoms in infants include the 

following: 

Symptoms in children include the following: 

 

1. Poor feeding 

2. Irritability 

3. Reduced activity 

4. Vomiting 

 

1. Slowing of mental capacity 

 

2. Headaches (initially in the morning) that are more 

significant than in infants because of skull rigidity 

 

3. Neck pain suggesting tonsillar herniation 

 

4. Vomiting, more significant in the morning 

 

5. Blurred vision: This is a consequence of 

papilledema and later of optic atrophy 

 

6. Double vision: This is related to unilateral or 

bilateral sixth nerve palsy 

 

7. Stunted growth and sexual maturation from third 

ventricle dilatation: This can lead to obesity and 

to precocious puberty or delayed onset of 

puberty. 

8. Difficulty in walking secondary to spasticity. 

 

9. Drowsiness. 

http://emedicine.medscape.com/article/985333-overview
http://emedicine.medscape.com/article/924002-overview


Physical Examination: 

 Physical findings in infants include the following: 

1. Head enlargement: Head circumference is at or above 

the 98th percentile for age. 

2. Dysjunction of sutures: This can be seen or palpated. 

3. Dilated scalp veins: The scalp is thin and shiny with 

easily visible veins. 

4. Tense fontanelle: The anterior fontanelle in infants who 

are held erect and are not crying may be excessively 

tense. 

5. Setting-sun sign: In infants, it is characteristic of 

increased intracranial pressure (ICP). Ocular globes are 

deviated downward, the upper lids are retracted, and 

the white sclerae may be visible above the iris. 

6. Increased limb tone: Spasticity preferentially affects 

the lower limbs. The cause is stretching of the 

periventricular pyramidal tract fibers by hydrocephalus 

 



Physical Examination: 
 Physical findings in children include the following: 

 Papilledema: if the raised ICP is not treated, this can lead 

to optic atrophy and vision loss. 

 Failure of upward gaze: This is due to pressure on the 

tectal plate through the suprapineal recess. The limitation 

of upward gaze is of supranuclear origin. When the 

pressure is severe, other elements of the dorsal midbrain 

syndrome (ie, Parinaud syndrome) may be observed, such 

as light-near dissociation, convergence-retraction 

nystagmus, and eyelid retraction (Collier sign). 

 Macewen sign: A "cracked pot" sound is noted on 

percussion of the head. 

 Unsteady gait: This is related to spasticity in the lower 

extremities. 

 Large head: Sutures are closed, but chronic increased ICP 

will lead to progressive macrocephaly. 

 Unilateral or bilateral sixth nerve palsy is secondary to 

increased ICP.  



Imaging Studies of hydrocephalus: 

 

 CT can assess the size of ventricles and other 

structures. 

 MRI can evaluate for Chiari malformation or cerebellar 

or periaqueductal tumors. 

  It affords better imaging of the posterior fossa than CT. 

  MRI can differentiate normal pressure hydrocephalus 

(NPH) from cerebral atrophy although the distinctions 

may be challenging. Flow voids in the third ventricle 

and transependymal fluid exudates are helpful.  



TREATMENT OF hydrocephalus 

(MEDICAL TREATMENT)  

 Medical treatment in hydrocephalus is used to delay surgical 

intervention. It may be tried in premature infants with 

posthemorrhagic hydrocephalus (in the absence of acute 

hydrocephalus). Normal CSF absorption may resume 

spontaneously during this interim period. 

 Medical treatment is not effective in long-term treatment of 

chronic hydrocephalus. It may induce metabolic consequences 

and thus should be used only as a temporizing measure. 

 Medications affect CSF dynamics by the following mechanisms: 

1. Decreasing CSF secretion by the choroid plexus : 

- Carbonic anhydrase inhibitors: Acetazolamide (Diamox) 

- LOOP Diuretics:  furosemide (Lasix) 

1. Increasing CSF reabsorption - Isosorbide  



Treatment of hydrocephalus 

(Surgical) 

 Choroid plexectomy or choroid plexus coagulation may 

be effective. 

 Opening of a stenosed aqueduct has a higher morbidity 

rate and a lower success rate than shunting, except in 

the case of tumors.  

 cerebral aqueductoplasty has gained popularity as an 

effective treatment for membranous and short-segment 

stenoses of the sylvian aqueduct. In these cases, tumor 

removal cures the hydrocephalus in 80%. 

 Endoscopic fenestration of the floor of the third 

ventricle establishes an alternative route for CSF 

toward the subarachnoid space. It is contraindicated in 

communicating hydrocephalus. 

 



Treatment of hydrocephalus 

(SHUNTS) 

 Shunts eventually are performed in most patients. Only 

about 25% of patients with hydrocephalus are treated 

successfully without shunt placement. The principle of 

shunting is to establish a communication between the CSF 

(ventricular or lumbar) and a drainage cavity (peritoneum, 

right atrium, pleura).  

 

 The two most commonly used shunt systems are the 

ventriculoatrial (VA) and ventriculoperitoneal (VP) shunts. 

 

  The VP shunt is most commonly used as it is simpler to 

place, extra tubing may be placed in the peritoneum and 

the consequences of infection are less.  



Types of Shunt: 

 A ventriculoperitoneal (VP) shunt is used most 

commonly. The lateral ventricle is the usual proximal 

location. The advantage of this shunt is that the 

need to lengthen the catheter with growth may be 

obviated by using a long peritoneal catheter. 

 

 A ventriculoatrial (VA) shunt also is called a "vascular 

shunt." It shunts the cerebral ventricles through the 

jugular vein and superior vena cava into the right 

cardiac atrium. It is used when the patient has 

abdominal abnormalities (eg, peritonitis, morbid 

obesity, or after extensive abdominal surgery). This 

shunt requires repeated lengthening in a growing 

child. 

 

 





Types of Shunt: 

 A lumboperitoneal shunt is used only for communicating 

hydrocephalus, CSF fistula, or pseudotumor cerebri. 

 

 A Torkildsen shunt is used rarely. It shunts the ventricle 

to cisternal space and is effective only in acquired 

obstructive hydrocephalus. 

 

 A ventriculopleural shunt is considered second line. It is 

used if other shunt types are contraindicated 

 



lumboperitoneal shunt 

Torkildsen shunt 

ventriculopleural shunt 



Components of shunt: 

 Shunt systems include three 
components: 

 (1) a ventricular catheter. 

 (2) a one way valve. 

 (3) a distal catheter.  

 

The ventricular catheter is a 
straight piece of tubing, closed 
on the proximal end and usually 
with multiple holes for the entry 
of CSF along the proximal two 

centimeters of the tube.  
 

 



Components of shunt: 

 Shunts are composed of a 
material called Silastic. Silastic is 
made from a family of 
polymerized organic compounds 
termed silicone. Silicone is the 
substance that has caused 
controversy in breast implants 
because of the association with 
auto immune disorders. So far no 
cases of auto immune disease 
have been linked to the Silastic 
used in shunts.  
 

 

 



Components of shunt: 

 The most common sites for entry of the 
ventricular catheter are: 

1) a frontal position in line with the pupil 
at the coronal suture, 

2)  a parietal position just above and 
behind the ear,  

3)  an occipital position three 
centimeters off the posterior midline.  

 

The position used varies with the 
configuration of the ventricles, the shape 
and size of the head and the surgeon’s 

preference.  

 

 

 



Shunt malfunction 

 Common complications of VP shunt include shunt 

malfunction or blockage and infection.  

 

 Malfunction may be related to growth and the shunt will 

need to be replaced with a longer catheter.  

 

 Symptoms of shunt malfunction or infection include 

headache, fever, drowsiness, convulsions, increased 

head circumference and bulging fontanelle.  

 



Shunt malfunction 

 If left untreated, shunt malfunction or infection is associated 
with high morbidity and mortality rates. 

  Most patients with these complications have subtle 
presentations and nonspecific signs, despite elevated ICP or 
CNS infection.  

 The workup includes a focused review of records, information 
from the patient’s family and elements of a unique 
examination to supplement routine work-up of the patient 
with a ventricular shunt.  

 A shunt series and head CT scan are part of the initial 
evaluation. Empiric antibiotic therapy is initiated to cover 
Gram-positive organisms, predominantly S. epidermidis, as 
well as the less common Gram-negative and anaerobic 
organisms responsible for shunt infections.  

 



Complications of Hydrocephalus: 

 Related to progression of hydrocephalus: 

 Visual changes 

Occlusion of posterior cerebral arteries secondary to downward 

transtentorial herniation 

Chronic papilledema injuring the optic disc 

Dilatation of the third ventricle with compression of optic chiasm 

 Cognitive dysfunction 

 Incontinence 

 Gait changes 

 Related to medical treatment 

 Electrolyte imbalance 

 Metabolic acidosis 

 

http://emedicine.medscape.com/article/906440-overview


Complications of 

Hydrocephalus: 

 Related to surgical treatment: 

 Signs and symptoms of increased intracranial pressure (ICP) can be a 

consequence of undershunting or shunt obstruction or disconnection. 

 Subdural hematoma or hygroma is secondary to overshunting. Headache 

and focal neurological signs are common. 

 Shunt infection occasionally can be asymptomatic. In neonates, it 

manifests as alteration of feeding, irritability, vomiting, fever, lethargy, 

somnolence, and a bulging fontanelle. Older children and adults present 

with headache, fever, vomiting.  

 VP shunt complications include peritonitis, inguinal hernia, perforation of 

abdominal organs, intestinal obstruction, volvulus, and CSF ascites. 

 Ventriculoatrial (VA) shunt complications include septicemia, shunt 

embolus, endocarditis, and pulmonary hypertension. 



Follow Up: 

- Consultation with the following may prove helpful: 

 Neurosurgeon 

 Neurologist 

 Neurorehabilitation specialist 

 Ophthalmologist 

 



THANK YOU 


