
Neha Sharma

Neurology Elective – June 2016

Windsor University School of Medicine 

Hydrocephalus



What is Hydrocephalus?

Hydrocephalus is a disorder that involves having an 
excess amount of Cerebrospinal Fluid (CSF) in the 

ventricles and/or the Subarachnoid space which 
causes increased ventricular pressure and results in 

the space being abnormally dilated. 



Cerebrospinal Fluid 
(CSF)



What is Cerebrospinal Fluid? 

◆ Clear, colorless body of fluid in the Brain and 
Spinal Cord

◆ It allows for buoyancy, acts as a delivery system for 
nutrients and removal of waste, maintains 
homeostasis and prevents ischemia (by controlled 
Intracranial Pressure)

◆ CSF is found in the Subarachnoid Space around the 
Brain and Spinal Cord as well as in the Ventricular 
System in the Brain 



Cerebrospinal Fluid Continued

◆ Created from Blood Plasma

◆ Decreased amount of Protein

◆ Very few White Blood Cells, should be void of Red 
Blood Cells

◆ Has modified levels of Glucose, Electrolytes and is 
slightly more Acidic in pH compared to Serum



Substance Cerebrospinal Fluid Serum

Water Content (%) 99 93

Protein (mg/dL) 35 7000

Glucose (mg/dL) 60 90

Osmolarity (mOsm/L) 295 295

Sodium (mEq/L) 138 138

Potassium (mEq/L) 2.8 4.5

Calcium (mEq/L) 2.1 4.8

Magnesium (mEq/L) 0.3 1.7

Source: Kandel. Principles of Neuroscience.

Cerebrospinal Fluid Composition VS. Serum Composition 



Cerebrospinal Fluid Production

◆ Choroid Plexus of the Ventricles, 60-80% made here by 
Ependymal Cells that line the Ventricles – villous folds 
of epithelial cells highly vascularized

◆ Uses active transport with Carbonic Anhydrase 
(inhibited by Acetazolamide) and diffusion

◆ Remaining 20-40% made by Cerebral tissue of 
Ependymal layers secreting CSF into the extracellular 
space of the Ventricles or Spinal Central Canal

◆ Approximately 20ml/hr, 3-4 times a day turnover, 
totalling 125-150 ml in normal adults



Cerebrospinal Fluid Reabsorption

◆ CSF is absorbed back into circulation via the 
Venous system

◆ Into the Arachnoid Granulations to the Venous sinuses 
and the superior Sattigal sinus back into circulation via 
the venous system

◆ CSF and cellular components travel by giant vesicles 

◆ Can also go through extra-axial meningeal lymphatic 
vessels in the dural sinuses into the vascular system



Source:http://faculty.pasadena.edu/dkwon/chap%209%20accessible/chapter%209%20accessible
%20web%20page_files/images/image11.png



Ventricles



Ventricle Anatomy 

◆ Lateral Ventricles

◆ Right & Left for each hemisphere of Cerebrum

◆ Interventricular Foramen

◆ Foramen of Monro connects Lateral Ventricles to Third 
Ventricle 

◆ Third Ventricle

◆ Cerebral Aqueduct (Aqueduct of Sylvius)

◆ Connects Third Ventricle to Fourth Ventricle



Ventricle Anatomy Continued

◆ Fourth Ventricle

◆ Median Aperature, Foramen Magendie 

◆ Connects Fourth Ventricle to Subarachnoid Space via 
Cisterna Magna  

◆ Right & Left Lateral Aperature, Foramen Luschka

◆ Connects Fourth Ventricle to Subarachnoid Space via 
Cistern of Great Cerebral Vein

◆ Posterior Fossa → Subarachnoid space

◆ Basal cisterns → Spinal and Intracranial Subarachnoid 
space

◆ Central Canal of Spinal Cord  



Source: http://antranik.org/wp-content/uploads/2011/11/ventricles-of-the-brain-horn-interventricular-foramen.jpg



Types of 
Hydrocephalus



Different Types of Hydrocephalus

◆ Obstructive – “Non-Communicating”

◆ Non-Obstructive – “Communicating” 

◆ Not Specified

◆ Normal Pressure Hydrocephalus

◆ Ex-Vacuo Hydrocephalus 



Normal Pressure 
Hydrocephalus (NPH)

“Reversible Dementia”



What is Normal Pressure 
Hydrocephalus?

◆ Pathologically enlarged ventricular system with 
normal opening pressure on Lumbar Puncture

◆ Inability to reabsorb CSF due to hemorrhage, 
infection causing fibrosis of the Arachnoid 
Granulations, cardiovascular pathologies or other 
structural pathologies 

◆ Increased pressure on periventricular white matter 
tracts causing symptoms



Source:https://www.uspharmacist.com/CMSImagesContent/2007/1/NPHFig1.jpg



NPH Signs/Symptoms

◆ Clincial Presentation – TrIAD of symptoms for 
NPH

◆ Urinary Incontinence – Incontinence 

◆ Urgency in early stages, then becomes incontinence

◆ Gait Difficulty – Ataxia

◆ Most prominent symptom in early stages, like feet are 
“stuck” to the floor. Short step, decreased length and height 
and broad based gait 

◆ Cognitive Distrubance – Dementia

◆ Subcortical and frontal features: psychomotor slowing, 
decreased attention and concentration, apathy, and 
depression



Diagnostics of NPH

◆ MRI >> CT Scan

◆ Ventriculomegaly in 
the absence of or out of 
proportion to sulci 
enlargement 

◆ Evans Ratio >0.31 
significant for 
ventriculomegaly

◆ White matter lesions

◆ Paraventricular 
transependymal flow 
of CSF

Source: http://www.hindawi.com/journals/pd/2010/201089.fig.001a.jpg
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Diagnostics Continued

◆ Aqueduct flow void

◆ Loss of signal with aqueduct of Sylvius 

◆ Higher than normal flow velocity of CSF

Source: 
https://www.uptodate.com/contents/image?imageKey=NEURO%2F71397&topicKey=NEURO%2F5069&rank
=1~22&source=see_link&search=normal+pressure+hydrocephalus



Additional Tests for NPH

◆ Neuropsychological Testing

◆ CSF Removal

◆ ICP monitoring

◆ CSF Infusion

◆ Cisternography 



Treatment of NPH

◆ Ventricular shunting

◆ Gait impairment is the most responsive to shunting

◆ Incontinence also improves (36-90%) 

◆ Complications: shunt revision surgery needed, subdural 
hematoma, postural headaches

◆ Types of Shunts

◆ Ventriculoperitoneal shunts 

◆ Adjustable valves vs. fixed valve shunt

◆ Complications: infection, seizures, shunt failures, 
hemorrhage, ascites, peritonitis, perforation



Treatment and Prognosis NPH

◆ Acetazolamide

◆ Inhibits Carbonic Anhydrase (used to produce CSF) 

◆ Causing diuresis and decreases ICP

◆ Helps reduce gait problems, still needs more research 
to prove efficacy

◆ Prognosis

◆ Not enough studies and follow up done but one study 
of 55 patients reported >60% clinical improvement 
after 6 years 

◆ Many needed shunt revision surgery 



Source: https://www.bostonglobe.com/rw//Boston/20112020/WebGraphics/Lifestyle/BostonGlobe.com/2013/08/12nph/12nph.jpg



Pseudotumor Cerebri

Idiopathic Intracranial 
Hypertension (IIH)  



Pseudotumor Cerebri

◆ Defined by clinical criteria as a result of increased 
ICP. There is elevated ICP with normal CSF 
composition, no changes in ventricle size and no 
evidence on imaging of other causes of Intracranial 
Hypertension

◆ Primarily affects women that are overweight/obese 
and are of childbearing age

◆ Not a benign disorder



Pseudotumor Cerebri Symptoms

◆ Headaches

◆ Intractable, disabling 

◆ Eye/Vision Changes

◆ Photopsia, Diplopia, Retrobulbar pain, Sustained 
vision loss

◆ Pulsatile tinnitus

◆ Back pain & Neck stiffness



Signs & Physical Exam Findings

◆ Papilledema 

◆ Usually bilateral and symmetric (can be unilateral)

◆ Frisen scale

◆ Vision Loss 

◆ Vision field loss before visual acuity loss

◆ Ophthalmologic Evaluation important



Source: http://images.slideplayer.com/12/3450389/slides/slide_4.jpg



Normal Optic Disc Papilledema Stage I Papilledema Stage II

Papilledema Stage  III Papilledema Stage IV Papilledema Stage V

Source:https://www.uptodate.com/contents/idiopathic-intracranial-hypertension-pseudotumor-cerebri-clinical-features-and-
diagnosis?source=search_result&search=pseudotumor+cerebri&selectedTitle=1~138



Diagnostics

◆ Neuroimaging 

◆ MRI and/or MRV

◆ MRV with contrast to rule out cerebral venous thrombosis 

◆ Need to exclude secondary causes of Intracranial 
Hypertension

◆ Lumbar Puncture

◆ Check for opening pressure (Normal < 150 mmH2O)

◆ CSF composition is normal in IIH

◆ Check patient vitals (BP)



Additional Tests for IIH

◆ Opthalmologic Evaluation

◆ Complete ocular exam documenting:

◆ Visual field testing

◆ Dilated fundus exam

◆ Optic nerve photographs

◆ Orbital ultrasound and fluorescein angiography 

◆ Goldmann Kinetic Perimetry 

◆ Computer-Assisted Static Perimetry 

◆ More reliable and more often used 

Source: http://www.austin.org.au/Assets/Images/Perimetry%20-%20Field%20Test.JPG



Associated Conditions to IIH

◆ Medications

◆ Growth Hormone

◆ Tetracyclines

◆ Vitamin A Excess

◆ Systemic Diseases

◆ Addisons, Hypoparathyroidism, Severe Anemia, Sleep 
Apnea, SLE, Behcets Syndrome, PCOS, Uremia, 
Coagulation disorders 



Treatment for IIH

◆ Treatment Goals: alleviate symptoms and preserve 
vision 

◆ Weight loss

◆ Medication: Acetazolamide, Topiramate 

◆ Add Furosemide 

◆ Can also use Indomethacin 

◆ Avoid Corticosteroids 

◆ Headache prophylaxis 



Treatment for IIH

◆ Serial Lumbar Punctures

◆ Can be beneficial but not generally recommended

◆ CSF reforms in 6 hours 

◆ Uncomfortable and painful

◆ Complications: headaches, leaks, infections

◆ Obesity makes it difficult to do LP

Source: http://www.rch.org.au/uploadedImages/Main/Content/rchpa/LUMBAR%20PUNCTURE.jpg



Treatment for IIH

◆ Surgery – indications are worsening vision loss, 
intractable headaches when all other treatment 
modalities fail

◆ Optic nerve sheath fenestration

◆ Can stabilize or improve vision loss from IIH

◆ Cut myelin sheath to relieve pressure of CSF on nerve

◆ CSF Shunts 

◆ Ventriculoperitoneal Shunt or Lumboperitoneal Shunt

◆ Cerebral venous sinus stent

◆ New procedure 



Source: http://emedicine.medscape.com/article/1891241-overview#a3

Optic Nerve Sheath Fenestration

Source: http://blog.kkaggarwal.com/wp-content/uploads/2013/01/
Cerebral_veins_and_sinuses.jpg

Cerebral Venous Stenting



Hydrocephalus 
Ex Vacuo



Hydrocephalus Ex Vacuo

◆ Atrophy that shows proportionate enlargement of 
the ventricles and sulcal size associated with age, 
neurodegenerative dementia (AD), post traumatic 
brain injuries or even in schizophrenia

◆ Unlike Hydrocephalus, this is a compensatory 
enlargement of the CSF spaces due to brain 
parenchyma loss, not due to increased CSF pressure 
like a true Hydrocephalus 



Feature/Test Hydrocephalus Ex Vacuo 

Clinical 
History/Presentation

Hemorrhage, NPH Anoxia, Injury, Alzheimers Dementia

Ventriculomegaly 
Pattern

Temporal Horns, 3rd

ventricle, convex frontal 
horns

Diffuse enlargement, dilation in areas of injury, 

Sulci, Fissures, 
Cisterns, 

Periventricular 
Abnormality

Decreased Increased

SPECT Smooth periventricular 
signal T2 MR or 
lucency on CT, 

periventricular low flow

Absent or contusions in area of injury, normal or 
Alzheimers pattern

Lumbar/Ventricular 
Infusion Test

Increased outflow 
resistance (poor CSF 

absorption)

Normal/lower outflow resistance (good CSF 
absorption)

Source: https://books.google.com/booksid=yplFkKimNcYC&pg=PA585&dq=ex+vacuo+hydrocephalus&hl=en&sa=X&ved=0ahUKEwjY
_aPz5KLNAhUB62MKHVMHBO8Q6AEIPDAF#v=onepage&q=ex%20vacuo%20hydrocephalus&f=false

Comparison Between Hydrocephalus and Ex Vacuo 



Source: https://classconnection.s3.amazonaws.com/771/flashcards/1361771/png/ad1359241179971.png



Summary
◆ Hydrocephalus → build up of CSF in and around the 

brain and spinal cord causing various signs and symptoms 

◆ Normal Pressure Hydrocephalus → trIAD of symptoms, 
no increase in LP open pressure or ICP  

◆ Pseudotumor Cerebri → obese fertile female with 
papilledema, headaches and vision problems 

◆ Ex Vacuo Hydrocephalus → Alzheimers Dementia or 
other neurodegeneration with loss of brain parenchyma 
showing increased level of CSF in the brain 



Thank you!
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