


Problem  Solving with Shuntograms



Outline

• Review Anatomy & Hydrocephalus

• Drains Shunts & Reservoirs

• CSF Shunt Scintigraphy



Physiology of CSF



Ventricular Anatomy

www.neuroanimations.com



Normal CSF

• 400-500mL/day produced

• 120-150mL present at any given time, 40mL intraventricular

• 4th V  -> SA space -> arachnoid granulation

• Small % absorbed across meninges and ependymal lining



Hydrocephalus

• Communicating
NPH
Impaired resorption

• Obstructive

Tumor/Cyst

Infection

Hemorrhage

Malformation



Hydrocephalus

• Congenital
Aqueductal stenosis
Chiari malformations
Dandy-Walker
Neural tube defects
Encephalocele
In utero infections
Trisomy 21

• Acquired

Subarachnoid hemorrhage

Meningitis

Mass

NPH











Hydrocephalus



Complications of Hydrocephalus



Treatment of Hydrocephalus
• Third Ventriculostomy (ETV)

• Perforation in the third ventricle to the subarachnoid space
• Obstructive hydrocephalus



Ventriculostomy (Drain)

• Drain to exterior

• Pressure monitoring

• Temporizing measure
– Evacuate IVH

– Elevated ICP



The Shunt



The Shunt System



Ventricular Shunt

• More permanent

• CSF diversion for the relief of 
chronic hydrocephalus



Ventricular Shunt

www.wikiradiography.com



Ventricular Shunt

• Many different types/brands

• Three basic components
1. Ventricular Catheter

2. Shunt Valve

3. Distal Catheter



Ventricular Shunt

www.wikiradiography.com



Ventricular Shunt

www.wikiradiography.com



Ommaya Reservoir

• Main use is not drainage

• Instead, primary uses are:
1. Repeated delivery of CTX to CSF

2. CSF sampling

• Two basic components
1. Ventricular Catheter

2. Shunt Valve



Ommaya Reservoir



Etiology of shunt malfunction



Imaging Evaluation of Suspected 

Shunt Malfunction



Shunt series



CT scanning:



Methodology





Normal



Normal

• Transit time 10-20min

• Dispersal of activity in

abdomen or circulation

• Opening pressure ~5 mmHg



Occlusion

• Absence of contrast in peritoneum/RA

• Distal > Proximal

• Elevated OP suggests distal obstruction

• Low OP suggests proximal obstruction

• +/- position dependent

• +/- reflux into ventricles

• 99Tc-DTPA in kidneys suggests some degree of patency



Etiology of shunt malfunction



Occlusion



Occlusion



Overdrainage

• Low opening pressure

• Rapid transit, often positional



Overdrainage



Case 1

• 4 y/o with VP shunt after resection of posterior fossa tumor, 
now with n/v, headache, lethargy

http://gamma.wustl.edu/home.html



Case 1



Normal Study



Case 2

• 3 month old with VP shunt, increasing lethargy, loculated
fluid collection on abdominal ultrasound

http://gamma.wustl.edu/home.html



Case 2



Obstructed Shunt



Case 3

• 37 y/o with history of Chiari malformation and aracnoid cyst 
treated with VP shunt, now with neck swelling and 
worsening headaches

http://gamma.wustl.edu/home.html



Case 3



CSF Leak



CSF Leak



Case 4

• History withheld



Case 4
Immediate 4 hours



Normal Ommaya Shunt
Immediate 4 hours





The programmable Strata valve





Codman Valve









Shuntogram Technique

Slide initially created by Jon Umlauf, MD



Normal Shuntogram Findings



Opening Pressure Distal flow Retrograde flow 

Proximal limb 
obstruction

Low (0-2cm H20) or 
Negative 

(<0 cm H20) 

None or minimal
in supine position, 

may have distal 
flow after 

pumping or 
ambulation

None if complete, 
+/- with partial 

(maneuvers may 
help)

Distal limb 
obstruction

High 
(> 15cm H20) 

None if complete, 
+/- with partial 

(maneuvers may 
help)

+/-

Gravity or Position-
dependent flow

Normal or High

None when 
supine, but 

prompt drainage 
in upright
position

+/-

Overdrainage Low

Rapid drainage 
(T-1/2 < 1min), 

may be position 
dependent

Usually not



VA Shunts



Case 5





Confirm type of shunt and site of reservoir 
– left frontoparietal VA shunt in this case



Supine Imaging



Supine Imaging
Opening Pressure = 19cm H20



Upright Imaging



Upright

10 minutes 
Post-pumping

15 minutes 
Post-pumping



Upright

10 minutes 
Post-pumping

15 minutes 
Post-pumping



Findings



Impression



Confirmation of Findings



Case 6

• 28 yo female with headache



Supine Imaging



Upright Imaging



Post-Ambulation Imaging



Post-Pumping 
Chest/Abdominal 

Imaging

Post-Pumping 
Head Imaging



Findings



Impression



Case 7



Opening Pressure



Opening Pressure







Findings



Variability of opening pressures

Am Fam 

Physician. 2003 Sep 15;68(6):1103-1109.



Case 8



Initial Image: Anterior Head



Initial Image: Anterior Head



Images over neck and upper 
abdomen



Confirmation of 
extravasation of tracer

Thyroid

Stomac
h



Elected to re-inject after consultation with 
referring provider

Supine



Upright Imaging



After 40 minutes in recovery with 
head of bed elevated



Abdominal image 
after patient sat upright for 
10 minutes



Abdominal image 
after patient sat upright for 
10 minutes

Stomac
h

Bladder

Distal catheter



Findings



Findings



Impression



Habibian MR, et al. Nuclear Medicine Imaging: A Teaching File, 2009

Slide initially created by Jon Umlauf, MD



Bladder







Case 9







Static Abdominal Image



Static Abdominal Image

Current study 1 month prior







Findings



Findings



Impression



Confirmation of findings



Confirmation of findings



Radionuclide Shuntogram:
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