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A d j u s t m e n t  a n d  m a l f u n c t i o n  o f  a  p r o g r a m m a b l e  v a l v e  
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** Inadvertent adjustments and malfunctions of programmable valves have been reported in cases in which patients have 
encountered powerful electromagnetic fields such as those involved in magnetic resonance imaging, but the effects of 
small magnetic fields are not well known. The authors present a case in which a child playing with a collection of com
mercially available toy magnets altered the pressure setting of an implanted valve and may have caused its permanent mal
function.
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' T ' v  u r in g  the last 30  years, recogn ition  o f  the chal-
1  len ges o f  C SF  shunt therapy has led to the d ev e l

opm ent o f  a variety o f  va lv e  designs including  
differential-pressure, siphon-control, and flow -regu lated  
va lves. M ore recently, shunt system s incorporating a 
v a lv e  that a llow s for adjustm ent o f  the in itia lly  set pres
sure have been  developed; these enable the surgeon to 
m ake n on invasive alterations to the flo w  characteristics o f  
the va lv e  as the patient’s c lin ica l course ch an ges.2-4-'-’-10-1-'-15 
Such system s m ay be advantageous in patients w ith  nor- 
m al-pressure hydrocephalus, arachnoid cysts, or co m p li
cations such as subdural hygrom as, chronic subdural 
hem atom as, and the slit-ven tric le  syndrom e that are 
caused by acute or chronic overdrainage.7 In pediatric pa
tients, c losure o f  the sutures, attainm ent o f  erect posture, 
grow th, and aging are all additional situations in  w h ich  the 
op en ing  pressure o f  the v a lv e  m ight require adjustm ent.15 
A lthough  a random ized clin ica l trial did not indicate any 
survival b enefit o f  program m able com pared w ith standard 
v a lv es ,8 som e neurosurgeons b e lieve  that the ability to 
adjust the va lv e  pressure non invasively , and thus poten
tially  m in im ize  subsequent operative m anipulations o f  the 
shunt system , warrants the increased exp en se  and co m 
p lex ity  o f  the program m able system .2-8-15-16 

Program m able va lves m ay be percutaneously adjusted

Abbreviations used in this paper: CSF = cerebrospinal fluid; 
ICP = intracranial pressure; MR = magnetic resonance.

using an external m agnet or a sp ecia l program m ing tool 
that w orks v ia  a m agnetic fie ld ;12 how ever, unexpected  
pressure changes in program m able va lves can also be 
caused by external m agnetic fie ld s. A lterations o f  va lve  
settings are com m on  after exposure to strong m agnetic  
fie ld s such as those in vo lved  in  M R  im aging, and the need  
for readjustm ent o f  the va lve  setting after M R  im aging  has 
been em phasized  in  the neurosurgical and neuroradiolog- 
ica l literature. '-7-12 A ccidenta l resetting by an external m ag
netic field  other than that created by M R  im aging, h o w ev 
er, has been  reported to be extrem ely  rare.15-16

A n unw anted change in  the v a lv e  setting could  cause  
either increased ICP or overdrainage, each w ith  serious 
clin ica l sequelae. W e present a case  in  w h ich  a 4-year-old  
boy p laying w ith  a co llec tion  o f  com m ercia lly  available  
toy m agnets (four p ieces) altered the pressure o f  an im 
planted shunt va lv e  and m ay have caused its perm anent 
m alfunction. W e subsequently report on  the effects o f  
such toy m agnets, their m agnetic properties, and their 
potential to alter the pressure settings o f  several C odm an  
(C odm an, R aynham , M A ) and Strata (M edtronics, Inc., 
M inneapolis , M N ) program m able va lves.

Case Report
H isto ry  a n d  E xam ination . T his patient presented at 2 

years o f  age w ith  dragging o f  his right foot. M agentic res
onance im aging  revealed  a large left frontal and third v en 
tricle choroid p lexus tum or and associated  hydrocephalus. 
T he boy underw ent a gross-total resection  and his tumor
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M alfunction  o f  a program m able v a lv e

F i g . I. Radiographs demonstrating the Codman programmable 
valve before (A) and after (B) the patient’s exposure to the toy 
magnets. Tlie initial valve setting (A) was 70 cm H ,0  and the 
adjusted setting (B) was 110 cm H,0.

has not recurred. Three m onths postoperatively h e d ev e l
oped a sym ptom atic subdural co llection  o f  CSF, w hich  
w as treated by p lacem ent o f  a low -pressure shunt. T he  
shunt w as rem oved 4  m onths later ow in g  to overdrainage  
and a sunken bone flap. T w o w eek s later, h e presented  
w ith  sign s and sym ptom s o f  increased ICP, and com puter
ized  tom ography scanning dem onstrated increased ventri
c le  size . H e underw ent p lacem ent o f  a ventriculoperi
toneal shunt that included a C odm an program m able va lve  
w ith  an antisiphon guard set at 7 0  cm  H ,0  (F ig. 1).

T he patient did w e ll for 16 m onths and then experienced  
w orsening headaches, nausea, and vom iting for 2 days. 
Head com puterized tom ography scanning demonstrated  
m arginally increased ventricles and shunt series measured  
the va lve  pressure at 110 cm  H ,0  (Fig. 1). T he va lve w as 
reprogramm ed to 70  cm  H ,0 ,  but no clin ical im provem ent 
resulted. T he patient w as taken to the operating room  
w here brisk pressure flo w  w as obtained from  the ventricu
lar catheter. N o  flo w  could be forced through the va lve, but 
after the va lve w as rem oved, flo w  through the peritoneal 
tubing w as excellent. A  n ew  C odm an va lve w as inserted  
and set at a pressure o f  70  cm  H ,0 . H e im proved clin ically  
and w as discharged h om e w ithout com plications. E xten
sive  questioning o f  the parents revealed that the patient had 
been playing w ith a set o f  four new  toy  m agnets prior to 
sym ptom  developm ent (Fig. 2).

Investigation. T he m agnetic properties o f  the toy  m ag
nets w ere exam ined and the m agnetic flu x  densities for the 
m agnets w ere determ ined individually  and in com bina
tion. To calcu late the effect o f  a sin g le  m agnet over d is
tance, the m agnetic flux  density  w as directly m easured  
using a calibrated H all probe at 31 different positions 
betw een  0  and 100  cm  from  the m agnet. T he C odm an and 
Strata program m able va lves w ere then tested to determ ine  
the effects o f  the toy m agnets on each  va lve  type. A  sin 
g le  toy m agnet (low est-strength  m agnet) w as passed (by  
hand) three tim es over each  valve. T he m agnet w as passed  
a distance o f  12 in w ith in  a horizontal plane 2 cm  above  
the va lv e  at a rate o f  approxim ately 1 ft per second . B oth  
the h ighest and lo w est initial settings w ere used for each  
valve. D uring each test, the direction and degree o f  change

Fig. 2. Photograph of the four toy magnets used by our patient 
and then investigated in our study. They can be used individually 
or in combination. Each toy magnet measures 8 X I X 0.5 in.

for each v a lv e  w ere determ ined using real-tim e flu o 
roscopy. T hree o f  each  type o f  va lv e  (C odm an and Strata) 
w ere tested.

Results. T he four m agnet p ieces together m easured 180  
m illiteslas; each  p iece  ind ividually  m easured b etw een  67  
and 82  m illiteslas (Table 1). A  p lot o f  the m agnetic flux  
density  com pared w ith  d istance for a sin g le  toy m agnet 
(82  m illiteslas) indicated a strength o f  10 .4  m illiteslas at 2  
cm  from  the va lv e  (F ig. 3). T he four m agnets appear iden 
tical, excep t for color, but their densities w ere sligh tly  d if
ferent w hen  tested.

T esting o f  the C odm an and Strata program m able va lves  
revealed sign ificant alterations o f  pressure settings after 
exposure to the toy  m agnets (Table 2). E xposure o f  the 
C odm an v a lv e  to the m agnet caused the pressure setting to 
change in both directions, regardless o f  the initial setting. 
T he Strata va lv e  consisten tly  changed to a h igher pressure 
setting w hen  the initial setting w as low . T he Strata va lve  
setting did not change w hen  the initial setting w as at the
h ighest lev e l (2 .5).

Discussion
T he value o f  using an adjustable shunt va lve in the treat

m ent o f  patients w ith  hydrocephalus has previously been  
described.2^ 111415 N evertheless, program m able va lves are 
expensive, they add to the com plexity  o f  the va lve, and 
there is considerable inconvenience associated w ith repro
gram m ing the va lve .s

E x v iv o  and studies in hum ans have indicated that the 
opening pressure o f  adjustable-valve shunts is susceptible  
to accidental resetting.1'112 T he authors o f  several studies 
have established that M R  im aging can alter the va lve  set
tings on program m able va lves regardless o f  their initial set
ting.'3-7 A ccidental resetting induced by an external m agnet
ic field  other than those associated w ith M R  im aging has 
been reported to be extrem ely rare.15-1'3 Schneider and co l
leagu es,12 how ever, conducted a study o f  an ex v iv o  C od
m an va lve and a S ophysa va lve to determ ine the w eakest 
m agnetic field  that could change the va lve  pressure setting. 
T hey found that in nonhom ogeneous m agnetic fields, 
the S ophysa va lve w as affected at 25 m illiteslas, and the 
C odm an va lve at 15 m illiteslas. T hey concluded that pro-
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Summary o f the magnetic flux densities fo r  the toy magnets 
individually and in combination

TABLE 1

Toy Magnet Magnetic Flux Density (milliteslas)

magnet no.
1 82
2 80
3 67
4 67
1 & 2* 130
1^4* 180

'• Multiple magnets tested together.

gram m able va lve alterations can be produced by m agnetic  
im pulses during everyday living, such as those from  
telephone loudspeakers, headphones, and hairdryers.1’ For 
these reasons, som e authors have recom m ended that pres
sure settin gs o f  program m able v a lv e s  be constan tly  
checked .6

In the present case a perm anent m alfunction  o f  a pro
gram m able va lve  occurred after the patient played w ith  
com m ercia lly  available toy m agnets (F ig. 2). W e do not 
think the m alfunction  w as coincidenta l for the fo llo w in g  
reasons. 1) Sym ptom s o f  increased ICP d evelop ed  soon  
after exposure to the m agnets. 2) T he parents w itnessed  
the child  p lacing the m agnets near h is head and shunt 
valve. 3) T he m agnetic properties o f  the m agnets (range 
6 7  m illiteslas individual to 180 m illiteslas com bined [Ta
ble 11) are o f  su fficien t strength to alter program m a
ble v a lv e s .1’ 4 ) Further testing o f  identical m agnets w ith  
several different va lves induced sign ifican t alterations o f  
va lve  settings (Table 2).

W e cannot be certain w hat caused the va lve m alfunction  
in this case. It is possib le that exposure to the toy m agnets 
caused a perm anent m alfunction o f  the C odm an antisiphon  
program m able valve. D esp ite the va lve having been read
justed to 70  cm  H ,0  and the pressure confirm ed by radiog
raphy, C SF  could not be forced through the va lve at the 
tim e o f  surgery. W hen the explanted va lve w as sent to the 
manufacturer to be investigated, no m echanical reason for 
the m alfunction could be identified. In a previous clin ical 
series in w hich  authors investigated the C odm an program
m able valve, a sm all number o f  va lves had to be replaced  
because the open ing pressure at tim e o f  surgery w as d is
cordant w ith the va lve setting.15 It is not clear, how ever, 
w hether this w as due to exposure to M R  im aging, other 
m agnetic fie ld s, or other factors. It is know n that the C od
m an va lve ex  v iv o  can be dem agnetized w ith strong m ag
netic fie ld s (after four exposures to 1.5 teslas from  M R  
im aging or exposure to a 4-tesla  m agnet), but such alter
ation w as thought not to be p ossib le after exposure to co m 
m on m agnetic fie ld s .1-’-7 Our findings are unique; the toy  
m agnets in this case m ay have induced a permanent m al
function o f  the va lve w ith  a com paratively low -strength  
m agnetic field  (m axim um  com bined strength o f  the m ag
nets 180 m illiteslas). M agnetically  induced total shunt fa il
ure has not been observed by the manufacturer, nor, to our 
know ledge, has it been reported.

M ost investigators have show n that the direction and 
m agnitude o f  the changes in the valve pressure setting re
sulting from  exposure to external m agnetic fields cannot be

Fig. 3. Graph showing the magnetic flux density (in milliteslas) 
compared with distance (millimeters) for an individual toy magnet 
(82 milliteslas). Each diamond represents a distinct data point 
where the magnetic flux density was directly measured with a cal
ibrated probe.

predicted.7-1’ In som e instances, remarkable changes from  
high  to lo w  pressures, w h ich  could lead to rapid and ex ces
sive  drainage o f  CSF, slitlike ventricles, or subdural 
hem atom as, w ere observed.6-7 Alternatively, a rapid increase 
in valve pressure could precipitate signs and sym ptom s o f  
increased ICP. W e found that the direction and m agnitude o f  
change o f  the valve setting could not be predicted. Regard
less o f  the initial valve setting, exposure o f  the Codm an  
valve to the toy m agnets caused bidirectional changes 
(Table 2). Exposure o f  the Strata va lve at a low  initial set
ting to the toy m agnets caused both sm all and large changes 
in the va lve setting, but on ly  in one direction (higher).

B ecau se exposures to m agnetic fie ld s in everyday life  
cannot be controlled or accurately quantified, it is d ifficu lt 
to determ ine the incidence o f  unw anted alterations in 
va lve  settings or o f  va lve  m alfunctions secondary to m ag
netic fie ld s. In tw o large studies conducted to investigate  
C odm an program m able va lves , the va lves m alfunctioned  
and required replacem ent b etw een  2 s and 5% 15 o f  the tim e, 
respectively. R easons for replacem ent included u n exp ect
ed ly  different open ing  pressures m easured during revision  
and the inability  to adjust the v a lv e ’s pressure setting. It 
cannot be determ ined w hich , i f  any, o f  these m alfunctions 
w ere induced by external m agnetic fie ld s.

T he primary lim itation o f  this report is that the num ber 
o f  tested v a lves and the num ber o f  tests are insuffic ient for 
statistical analysis. B ecau se  on ly  three v a lves from  each  
o f  tw o m anufacturers w ere exam ined , variability in  the 
susceptib ility  o f  d ifferent specim ens o f  the sam e type o f  
va lves to m agnetic fie ld s cannot be ruled out. Further
m ore, despite intraoperative investigation  and analysis by  
the manufacturer, the precise cause o f  the va lve  m alfunc
tion in this case  cou ld  not be determ ined. N evertheless, 
this is the first report to describe alterations in pressure 
settings o f  program m able va lves resulting from  contact 
w ith  com m ercia lly  available ch ildren’s toys. M oreover, 
there have been few  studies conducted to investigate the 
e fficacy  and reliability  o f  the n ew  Strata v a lv e ,5 and the 
effects o f  external m agnetic fie ld s on  pressure settings 
h ave not been described.
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TABLE 2
Summary o f the initial and resulting pressure settings o f three 

different Codman and Strata programmable valves

Valve Type Initial

Settings*

Resulting'!'

Codman valve no.
1 50 70

120 140
2 50 50

120 100
3 50 30

120 100
Strata valve no.

1 1.0 1.5
2.5 2.5

2 1.0 2.5
2.5 2.5

3 1.0 1.5
2.5 2.5

* Measurements are only approximate estimates o f actual pressure. The 
Codman valve has 18 programmable settings ranging from 30 (lowest 
pressure) to 200 (highest pressure). The Strata valve has five settings rang
ing from 0.5 (lowest) to 2.5 (highest).

t  Resulting pressure after three passes of a toy magnet (67 milliteslas) 
2 cm from the valve.

Conclusions
The pressure level o f  adjustable va lves can be changed  

inadvertently by  electrom agnetic fields present in every
day life . Both C odm an and Strata program m able va lves  
revealed  alterations o f  pressure settings after exposure to 
com m ercia lly  available toy m agnets. W hen children with 
program m able va lves present w ith shunt m alfunction, 
questions in the h istory should  be included  that m ay help  
identify m agnetic toys so  they can be rem oved  from the 
environm ent. Surgeons should  warn the fam ilies o f  pa
tients w ith program m able va lves to avoid  toy m agnets.
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