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Intracranial Pressure

* ICP=SSP ~ formation of CSF~ R to CSF outflow
* Newborn ICP = 2-6 mmHg
e Child ICP =< 15 mmHg

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

An imbalance of CSF production and absorption
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* Non-Communicating
— “Ventricular Blockage”

* Congenital

* Post-Inflammatory

* Communicating
— “Cisternal Blockage”

Hydrocephalus: Etiology

— Aqueductal stenosis

— CMV, Toxo, Meningitis
* Post-Hemorrhagic

* Neoplasm
— Tumors, Cysts, Vascular lesions

* Congenital
— Chiari Malformation
— Dandy-Walker Malformation

* Post-Inflammatory
* Post-Hemorrhagic

* Neoplasm
— Tumors, Cysts, Encephaloceles
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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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Prematurity and IVH

Gestational age and IVH
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IVH Grades

P P

Grade 1: Isolated germinal matrix Grade 2: Extension into normal sized
hemorrhage ventricles, usually <50% of

ventricular volume

Grade 3: Extension into dilated Grade 4: Periventricular
Children’s

ventricles hemorrhagic infarction @
Hospital
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VISUAL IMPAIRMENT

DEAF

EPILEPSY*

G-TUBE

TRACHEOSTOMY

NON-AMBULATORY

NON-VERBAL*

CP/DEVELOPMENTAL DELAY*

MORTALITY

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
Comparison of functional outcomes and mortality in grade
Il (dark blue bars) versus grade IV (light blue bars) IVH
patients. The x-axis represents the percentage of patients.
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Neurosurgical Intervention

Fenton Preterm Head Circumference-for-Age 22-50 Week(s), Gi
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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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Kulkarni AV, et al, J Pediatr. 2009

It’s time to shunt...or is it?

ETV SUCCESS SCORE

= Age Score + Etiology Score + Previous Shunt Score
= percentage probability of ETV success

AGE + ETIOLOGY + PREVIOUS
SCORE l l SHUNT
4
0 <1 MONTH POSTANFECTIOUS PREVIOUS SHUNT
10 1 MONTH NO
10 <6 PREVIOUS SHUNT
MONTHS
MYELOMENINGOCELE
INTRA-VENTRICULAR
20 HEMORRHAGE
NON-TECTAL BRAIN
TUMOR
AQUEDUCTAL
6 MONTHS STENOSIS
30 0 <1 YEAR TECTAL TUMOR
OTHER ETIOLOGY
40 |rocrovenrs
50 210 YEARS
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Shunts...it’s time.
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Shunts...it’s time.
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Shunts...it’s time.

Shunts...it’s time.
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It’s simple.

ventricular
catheter

dista
catheter
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History of Shunts

* Nulsen & Spitz (1951)-> first ball-valve
regulated system to the jugular vein

* Refined by Holter (1951)—> unidirectional flow,
helped to minimize clotting

* Pudenz (1959)—>developed one-way silicone
slit valve

dVYY

FIG. 1. Schematic drawing of the Johnson Foundation valve with two ball-valve units, platinum springs, and an inter-
posed pumping chamber. Reprinted with permission from Nulsen FE, Spitz EB: Treatment of hydrocephalus by direct

shunt from ventricle to jugular vein. Surg Forum 2:399-402, 1952.
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Shunt Function

Vertical position Horizontal position
OPV=5;IAP=0andHP =30 OPV=5;IAP=0and HP =0
IVP =-25 IVP=5
Intraventricular
pressure (IVP)

Opening pressure

valve (OPV) .!
Intra-abdominal ? \

pressure (IAP)

Hydrostatic
pressure (HP)
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It’s simple.....?
Proximal Catheter + Valve + Distal Catheter
Abdomen
Heart
Ventricle Lung
Cyst Gallbladder
Subdural Space
Syrinx
@ Nicklaus
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It’s simple.....?

Proximal Catheter + Valve + Distal Catheter

Abdomen
Heart
Ventricle Programmable Lung
Cyst Fixed Gallbladder
Subdural Space Programmable + ASD
Syrinx Fixed + ASD
Programmable + Programmable ASD
Distal Slit
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Adjustment and malfunction of a programmable
valve after exposure to toy magnets. Case report

Richard C E Anderson ', Marion L Walker, John M Viner, John R W Kestle

7y @

tablet computer

Jennifer Strahle 7, Béla J Selzer, Karin M Muraszko, Hugh J L Garton, Cormac O Maher

. . - 4
Programmable shunt valves: in vitro assessment of rmﬁﬁﬂﬁﬁh
. o i 'S < I
safety of th.e magnetic field generated by a portable L e
game machine
Koji Nakashima !, Takato Nakajo, Michiari Kawamo, Akihito Kato, Seiichiro Ishigaki, m_ TR
Hidetomo Murakami, Yohichi Imaizumi, Hitoshi Izumiyama 1 T
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Which valve is best?

Neurosurgery:
August 1998 - Volume 43 - Issue 2 - pp 294-303
Instrumentation Assessments

Randomized Trial of Cerebrospinal Fluid Shunt Valve Design in
Pediatric Hydrocephalus

Drake, James M. MB, BCh; Kestle, John R.W. MD; Milner, Ruth MSc; Cinalli, Giuseppe MD; Boop,
Frederick MD; Piatt, Joseph Jr. MD; Haines, Stephen MD; Schiff, Steven J. MD; Cochrane, D. Douglas MD;
Steinbok, Paul MD; MacNeil, Nancy BN; Collaborators

[=] Abstract

OBJECTIVE: Forty percent of standard fluid shunts i for the

of pediatric hydrocephalus fail within the first year. Two new shunt valves designed to limit
excess flow, particularly in upright positions, were studied to compare treatment failure rates
with those for standard differential-pressure valves.

METHODS: Three hundred-forty-four hydrocephalic children (age, birth to 18 yr) undergoing
their first cerebrospinal fluid shunt insertion were randomized at 12 North American or
European pediatric neurosurgical centers. Patients received one of three valves, i.e., a
standard differential-pressure valve; a Delta valve (Medtronic PS Medical, Goleta, CA), which
contains a siphon-control component designed to reduce smhomng m upnght positions; or an
Orbis-Sigma valve (Cordis, Miami, FL), with a variabl

Patients were i for a mini of 1 year. were de{lned as shunl failure
resulting from shunt i i of the cerebral ventricles, or
infection. Outcome events were assessed by blinded independent case review.

RESULTS: One hundred-fifty patients reached an endpoint; shunt obstruction occurred in 108
(31.4%), overdrainage in 12 (3.5%), loculated ventricles in 2(0.6%), and infection in 28
(8.1%). Sixty-one percent were shunt failure-free at 1 year and 47% at 2 years, with a median

shunt failure-free duration of 656 days. There was no difference in shunt failure-free duration Nickl
among the three valves (P = 0.24). C;\cll d?gl:'s
CONCLUSION: Cerebrospinal fluid shunt failure, from shunt and Hos Ital
infection, remains a persistent problem in pediatric hydrocephalus. Two new valve deS|gns p
did not significantly affect shunt failure rates. . .
e BrainInstitute
Which | is best?
ICNh valve IS beSt:
Neurosurgery:
August 1998 - Volume 43 - Issue 2 - pp 294-1
Instrumentation Assessments Original Paper
St e —— —
Randomized Trial of Cerebrospina
Pediatric Hydrocephalus Long-Term Follow-Up Data from the
Drake, James M. MB, BCh; Kestle, John R.W. MD; Mi  Shunt Design Trial
Frederick MD; Piatt, Joseph Jr. MD; Haines, Stephen
Steinbok, Paul MD; MacNeil, Nancy BN; Collaborator . Kesties J. Drake® R. Milner" C. Sainte-Rose® G, Cinallic F.Boop¢
J.Plates . Haines! S. Schiffs D, Cochrana® P. Steinbok! N. MacNeil"
forthe callaborators
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of pediatric hydrocephalus fail within the first
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METHODS: Three hundred-forty-four hydroce ~ *n*ren=nm g S T e T
their first cerebrospinal fluid shunt insertion w - e e
pediatric ical centers. Pal - Survival curves for the 3 vaives were simiar o those
standard differential-pressure valve; a Delta y sl s r 2 now v e oo i skt s sl e
contains a siphon-control component designe - Ty e ot
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Patients were monitored for @ minimum of 1y ST M v e
resulting from shunt obstructlon overdrainage rggye:m?éslii‘:: e It comptenons L,L:i o
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among the three valves (P = 0.24).
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Shunt survival rates by using the adjustable differential
pressure valve combined with a gravitational
unit (proGAV) in pediatric neurosurgery

CONCLUSION: C inal fluid sh ¢
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Matthias Schulz

o2 June 201

ctober 2012
2012

Accepred
o e

Abstract
Object Overdeainage is a chronic complication in shunted
pediatric patients with hydrocephatus. The use of adjustabi
ity of differential pressure (DP) vaives in combination with
antisiphoning devices may help to overcome this sequels
and may diminish the rate of possible shunt failures. The
€ of this retrospective stady is 10 Teport our experi-
ence an shunt survival and infection rate with an adjustable
DP valve with integrated gravitstional unit in pediatric
hydrocephalus.
Methods The proGAV consists of an adjustable differential
pressure (DP) valve and a gravitational unit. During the time
{ July 2004 and December 2009, a total of 237
anal valves wene used in 203 children
(age, 6.546.54; 0-27 yeans). In the follow-up period, valve
and sbunt fsilures as well as rate of infection were recorded.
Results Within the average follow-up time of 21.94
103 months (range, 6-72 months), the valve survival rate
was 83.8 % The overal] shunt survival rate inchuding all

necessary revisions was 64.3 %. Looking 3t the group of

infants (<1 year of age) within the cohort, the valve surv
rate was 77.3 % and the shunt survival rate was 60.9 %. The
overall infection rate was 4.6 %.

Conclusion In 3 concept of avoiding chronic averdrainage
by using the proGAV in hydracephalic children, we ob-
served 3 good mate of valve and shunt survival. Compared

U-W, Thomale A. F. Gebert - H. Haberl - M. Schulz.

atric Newowurgery, Charé Universitismedizin Sestin,
Berlin, Germany

 Cuzpas Victo Klcikem,

infection, remains a persistent probler
did not significantly affect shunt failur

revious reparted series, we experienced the proGAV ss
iable tool for the trestment of pedsatric hydrocephalus.

Keywords Hydrocephalus - Pediatric - CSF shunt
Adiustabvle valves - Gravitational unit - Over drainage -
Under drainage

Introduction

For the treatment of pediatric hydrocephalus, the technics]
quality of new valve designs continues to mprove by the
introduction of adjustability in differential pressure (DP)
valves and overcoming the siphoning effect by, e.g., anti-
siphon devices or gravitstions] units. It is an evident fact to
keep in mind, that the quality of shunts used al the fint
implantation may sgnificantly influence the neurocognitive
development of children by its biomechsnical construction
a5 well as by any risks for possible complications or the
need of further revisions

Overdrainage is a well-known chronic complication afler

shalus: feasibility of use
‘Sophy and Polaris) valves

25 days). Mean follow-up was 55 months. Orly ane ith

Polaris) can be safely used for treatment of ncomstal
irocen roducing soeme technical modifications.
@) Both valves e comparable 1o otber sbunts with regand

fying
their muin advantage. Prevention of lste overdrainage
syndromes with these valves needs 3 longer follow-up.

lorg-term shunting in pediatric hydrocephalus [5-8,
The compensatory capacity of the pedistric skl and
central nervous system anatomy Jeads 1o loag-term changes
of the cererosginal fluid (CSF) tissue ratios which are sble
o cause microsephaly, calvaril Eyperpiasi, $3t ventrile
syndrome, and shunt-induced Chiari malformations (9, 1
19,28, 36]. In older children, frequent complications do not
only lead to urther surgeries and shunt revisions but also to
chranic beadsches and additional newrological impairments
1, 10, 14, 36, 40]. Since these changes are only recognized
after years of treatment, this problem scems to be rather
neglected (15].

Previously developed valve designs devoted either to
fixed differential pressure assumed to be adequate at the

2 speimger

Keywords
Programmaie bydrocephslis valves - Pediatric

ydrocephalus - Sophy valve - Polaris valve - CSF shunts
Programemaiye vaive ssfety Programmable valve eficiency

Introduction

Recent advances in the treatment of hydrocephaius com-
prise the development of 3 variety of valve designs that
includs antisiphon devices, flow regulsted shunts, and
ptaic s pogmmmsdle v [, . 12-14,
9-41, 44, 48-50]. Abjusible pressune
s ocorporte 3 vave st can e repulsied cxkernaly
by 2 magnel, thus allowing modfying novinvasively their
Fow charscterstics, Programmable vaives have proven to
e beneficial in patients with normal pressure hydrocerh-
sius, arachnoid cysts, and in the management of shunt
complications such s the it vemiricle syndrome and

2 Syt
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Shunt survival rates by using the adjustable differential
pressure valve combined with a gravitational
unit (proGAV) in pediatric neurosurgery
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(age, 6.5:46.54; 0-27 years). In the follow-up period, valve
and shunt fxilures as well as rate of infection were recorded.
Results Within the average follow-up time of 21.94
10.3 months (range, 6-72 months), the valve survival ra
w The overal] shunt survival rate including af
necessary revisions was 64.3 %, Looking st the group of
infants (<1 year of age) within the cohort, the valve surv
rate was 77.3 % and the shunt survival rate was 60.9 %. The
overall infection rate was 4.6 %.
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Shunt Evaluation

e 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
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46

Dr. Stabingas - Pedic
Full Story

23



NCHS Pediatric Grand Rounds

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 system—> plan for repair
If you can’t understand it...no one else will
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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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