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Problem Solving with Shuntograms
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Physiology of CSF
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Normal CSF

* 4,00-5oomL/day produced

* 120-150mL present at any given time, 4omL intraventricular
* 41"V ->SA space -> arachnoid granulation

* Small % absorbed across meninges and ependymal lining



Hydrocephalus
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Complications of Hydrocephalus



Treatment of Hydrocephalus



Ventriculostomy (Drain)



The Shunt



The Shunt System
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Ventricular Shunt




Ventricular Shunt
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Ventricular Shunt

* Many different types/brands

* Three basic components
1. Ventricular Catheter
2.  ShuntValve
3. Distal Catheter



Ventricular Shunt
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Ventricular Shunt
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Ommaya Reservoir






Etiology of shunt malfunction



Imaging Evaluation of Suspected
Shunt Malfunction
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CT scanning:
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Methodology



6. Introduce 25 gauge needle into reservoir
to flow back into the attach

7. Measure the opening

8. Collect CSF for the lab mainly for the cell
stain

9. Inject 25 microcurie of Tcggm DTPA or pert
placing the patient under th

10. Start the camera riaht

11. Obtain the images for first 1
If no drainage, do other r



Normal



* Transit time 120-20min
* Dispersal of activity in
abdomen or circulation

* Opening pressure ~; mmHg



Occlusion



Etiology of shunt malfunction
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Statistics
Integral 1.->3.m
Integral percent
Integral Ratio
Time to 1/2 max
Time to peak
T1/2

PATIENT SUPINE

Summed image




Occlusion



Overdrainage
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Case1



injection site | Rt. ANT. Lt I




injection site | Rt. ANT. Lt I




Case 2









Case 3



Pt zitting for 4min




Pt zitting for 4min







Case 4
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VentricularValv

* Nulsen — Spitz: 2-ball-valves, not adjust
* Pudenz-Schult

e Strata (Medtronic with a delt

e Codman (Hakim’

* Medium pressure: prone to uneve

e OSV Il Smart valve: flow-control (

* Novus valve (Intec

* Miethke proGAV shunt (Aesculap)

* Anti-Siphon: prevents overdrainage by closing t!

pressure is negati

* Delta valve (Medtr
* Designed to prevent overd
* Remains closed until ICP reaches a pred
* Intentially leaves shunted ventricle larger t!



Shunt Types
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Complications in Shunt
Patients

e Infection — 5-10 %

* Most occur in the first 6 m
* Promote development of loculated corr

* Mechanical failure — 40°
* Majority from catheter obstr

* Epilepsy - 32%
* Motor defects - 60%
* Auditory defects - 25

* Overdrainaae
* Risk for extra-axial fluid col!
» Slit-like ventricle syndr

* Acquired Chiari Malformati
* [VH - 31% of shunt revisi

nl



Radionuclide Shunt

I

e Penetrate the reservoir with 25 ga
* Measure OP (5-10 cn/H20) and collect

* Move under gamma camera and inject 0.5
(VP), MAA (VA) or pertecl

* Dynamic acquisition over 10-minutes with RO

* If T1/2 not reached, by 10 minutes, initi
* Sit upright and image for 120 minute
e Ambulate for g minutes and re-imac
* Pump the reservoir 4-6 times and obf

* Image peritoneum if VP shunt, whole body if
VPL shunt to confirm free flow at d

\ /A



Shuntogram Technique
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Normal Shuntogram Findings



- Opening Pressure Distal flow Retrograde flow

Proximal limb
obstruction

Distal limb
obstruction

Gravity or Position-
dependent flow

Overdrainage

Low (0-2c¢m H,0) or
Negative
(<ocm H,0)

High
(>15cm H,0)

Normal or High

Low

None or minimal
in supine position,
may have distal
flow after
pumping or
ambulation

None if complete,
+/- with partial
(maneuvers may
help)

None when
supine, but
prompt drainage
in upright
position

Rapid drainage
(T-1/2 < 2min),
may be position
dependent

None if complete,
+/- with partial
(maneuvers may
help)

+/-

Usually not



VA Shunts



Case g

e 11-month-old
IVH (intra:
progressive |
enterc

* Patient pres
* Order rec









Supine Imaging



Supine Imaging
Opening Pressure = 19cm H20



Upright Imaging



10 minutes 15 minutes
Post-pumping Post-pumping



10 minutes 15 minutes
Post-pumping Post-pumping



Findings

Elevated

Initial images immedi
focus of radiotracer

excluding the possibilit
distal limb of the cath

Following pumping n
radiotracer is seen wit!
obstruction. Radiotrac
the superior mediasti
function, howeve

Delayed images, aft
clearance of radiotrac
into the blood pool



Impression
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Confirmation of Findings
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Case 6
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Findings

* The initial supi
with reflux of t}
the catheter. T
the distal limb of the

* In the sitting
the shunt res
image reve

» After walkinc
shunt resery _
radiotracer into ft

e After pumpit
activity demo
without sianifi
radiotracer ad
movement or
the reservoir. S
thyroid and stomach tl
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Case 7



Opening Pressure



Opening Pressure









Findings

* Elevated openi
(ranging from
due to the

e [nitial image
excluding the
seen proqressi
catheter by
abdomen by

* Delayed imac
radiotrac



Variability of opening pressures
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Case 8



Initial Image: Anterior Head




Initial Image: Anterior Head




Images over neck and upper
abdomen




Confirmation of
extravasation of tracer

Thyroid




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
J ‘A Distal catheter

Stomac
- h
)‘ o Bladder




Findings

* Initial images dem
with possible refl
obstruction. Subtle
the head and necl
obtained, which ¢
stomach and blood

* Following the secc
seen at the site of inj
the ventricle, agair
flow is vi

* Following pumpinc



Findings

*After positioning the pati

seen flowing distally wit!
abdominal images sh

sAfter at least 20 minut
seen within the distal tul
Intra-abdominal imac
peritoneum. Physiologi

within the stomach and |
within the pelvis, to the |
question of displacerr

*After approximately
travel slightly more distal
pylorus. There is still no
Again, the bladde



Impression

e Extremel
dispersion
two hours
suqggestn

~

* Possible |af
question of
Abdominal



DDx Shunt Obstructi

* Fibrous adhesions at the distal

* Distal tubing kinkin

* Perforation of a visce

* Shunt tip migratiol

* Peritonitis preventing reabsorption of
* Increased intraabdominal pre

* Interrupted cathete

e Failed shunt



Bladder




CT findinas

* No evidence of pseudc

* Visualized portions of VP shunt sho
discontinuity

* Photopenic area seen on today's nuclear r
study is likely from the markedly distended
with stool, possibly increasing intra-abdomi
result in sluggish f!



Confirmation of find:

* Lumbar puncture was undertaken in the ¢
to confirm normal opening r
» found to be normal at 8.5

* Aggressive bowel regimen resulted in im
headaches



Case g



02mCi TCH8m TCO4.

St e




0.2mCi TC98m TCOL-




Static Abdominal Image




Static Abdominal Image
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Findings
* The opening press

* In the supine positio
AR i

* By 2 minutes into im
freely in an antegr
abdorn

* Imaging of the abdc
tracer in the left up
dated January 18
increased in size and
in size and shape to tl
collection which has |
In addition, planarir
quadrant activity is i
elucidate the etiol



Findings

*SPECT/CT imaqge
subcutaneous tiss
within the left upp
IS seen measuring
sheath within the ¢
enters the peritone
seen on pl

*Within the peritc
collection, betterr
day to be approxi

ryrar



Impression

*1. Increasi
extends f
anterior al
surroundin

* 2. Position
obstructio
supine positi
position. H
the distal
prevents



Confirmation of findings



Confirmation of findings




Radionuclide Shuntogram:
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