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Intracranial Pressure
• ICP= SSP ~ formation of CSF~ R to CSF outflow
• Newborn ICP = 2-6 mmHg
• Child ICP = < 15 mmHg

• CSF Production= 0.15-0.30 cc/min ~ 450 cc/day
• Adult = 150 cc
• Neonate = 50 cc

Khasawneh et al., 2018
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Hydrocephalus
An imbalance of CSF production and absorption
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Hydrocephalus
An imbalance of CSF production and absorption
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Hydrocephalus: Etiology
• Non-Communicating 

– “Ventricular Blockage”
• Congenital 

– Aqueductal stenosis
• Post-Inflammatory

– CMV, Toxo, Meningitis
• Post-Hemorrhagic
• Neoplasm

– Tumors, Cysts, Vascular lesions

• Communicating
– “Cisternal Blockage”

• Congenital 
– Chiari Malformation
– Dandy-Walker Malformation

• Post-Inflammatory
• Post-Hemorrhagic
• Neoplasm

– Tumors, Cysts, Encephaloceles
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Thomale, U. Child's Nervous System. 37. 2021
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Hydrocephalus: Presentation
• Neonate and Infant 

– Bulging fontanelle, Increased OFC
– Emesis, Irritability
– Persistent down gaze
– Splayed sutures

• Young Child
– AM Headaches, Emesis
– Visual findings
– Head Tilt
– Unsteady Gait 

• Older Child
– Localizing symptoms 
– Focal sensory/motor changes
– Eye movement abnormalities
– Visual/Hypothalamic changes
– Seizures (15%)
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Hydrocephalus: Diagnosis
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Prematurity and IVH

Bock HC et al, JNS Peds, 2018
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IVH Grades

Papile LA, et al. 1978
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Comparison of functional outcomes and mortality in grade 
III (dark blue bars) versus grade IV (light blue bars) IVH 
patients. The x-axis represents the percentage of patients.

McClugage et al, 2020
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Neurosurgical Intervention
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It’s time to shunt…or is it?
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It’s time to shunt…or is it?
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It’s time to shunt…or is it?
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It’s time to shunt…or is it?

Kulkarni AV, et al, J Pediatr. 2009
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Shunts…it’s time. 
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Shunts…it’s time. 
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Shunts…it’s time. 
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Shunts…it’s time. 
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Shunts…it’s time. 
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Shunts…it’s time. 
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It’s simple.
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History of Shunts
• Nulsen & Spitz (1951)à first ball-valve 

regulated system to the jugular vein
• Refined by Holter (1951)àunidirectional flow, 

helped to minimize clotting
• Pudenz (1959)àdeveloped one-way silicone 

slit valve 
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Shunt Function
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It’s simple…..?
Proximal Catheter + Valve + Distal Catheter

Ventricle 
Cyst
Subdural Space
Syrinx

Abdomen
Heart
Lung
Gallbladder
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It’s simple…..?
Proximal Catheter + Valve + Distal Catheter

Ventricle 
Cyst
Subdural Space
Syrinx

Abdomen
Heart
Lung
Gallbladder

Programmable
Fixed
Programmable + ASD
Fixed + ASD
Programmable + Programmable ASD
Distal Slit
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Which valve is best?
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Which valve is best?
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Which valve is best?
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Which valve is best?
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Which valve is best?

It doesn’t matter!
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Ventricle
Cyst
Subdural Space
Syrinx
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Context Matters
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Context Matters
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Shunt Evaluation

• Shunt History
– Reason
– Timing
– Revisions
– Type
– Setting
– Radiographic change*
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Shunt Failure
• Workup
– Physical Exam
– Imaging
– Shunt tap/Nuclear 

Medicine 
– Surgical Exploration
– Mom & Dad *
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Shunt Failure
• Workup
– Physical Exam
– Mom/Dad **
– Imaging
– Shunt tap/Nuclear 

Medicine 
– Surgical Exploration
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Shunt Malfunction
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Shunts are like plumbing…
• Never start a job on a Sunday
• Be prepared for everything to go wrong
• Always buy extra parts
• You never think about it until it breaks
• You can always make it worse
• When building the systemà plan for repair
• If you can’t understand it…no one else will 
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Just when you think you’ve seen it all…

49

Just when you think you’ve seen it all…
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Just when you think you’ve seen it all…
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Just when you think you’ve seen it all…

SHUNT
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Just when you think you’ve seen it all…

SHUNT
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“Shunts are magical in that they can stop 
working on post operative day 1 or 100 years 
after insertion and anywhere in between for no 
good reason at all…”  
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Thank you!
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