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Object. Standard therapy for hydrocephalus involves shunts and valves, which are frequently adjustable. Because
of increasing “electromagnetic smog” (for exemple, that gencrated by cellular phones), these valves are often ex-
posed to electromagnetic fields,

Meshods, Various magnetic fields were tested for their effects on two differcnt kinds of adjustable valves, The
minimum magnetic flux density affecting the adjustment of the valve was determined. Results were compared with
magnetic fields found in contemporary everyday life,

In homogenecus magnetic fields the adjustment of one valve {Sophysa model SM8) was changed at 5 mT, where-
as the second valve (Codman Hakim model CM) was not affected. In nonhomogeneous fields the SM8 valve was af-
fected at 25 mT and the CM valve at 15 mT, Thus, these valves may be affected by headphones and telephone re-
ceivers. Surroundings such as the Japanese magnetic suspension railway and the lead cabin of clectrical railway
engines, in which critical levels of magnetic flux may be present, may also affect adjustable valves, The high-frequency
fields of cellular phones, however, have no effect on these valves.

Conclusions. Every surgeon who implants these valves and every patient who receives them should know the
possiblc hazards, The valve selection should be adapted to the environment of the patient. Devices with critical ley-

els of electromagnetic flux that are vsed in the homes of patients should be replaced by anes with lower magnetic
ficlds. The future construction of these valves should be modified in such a way that their adjustiment requires a
higher magnetic flux density, so that the valves become less sensitive to unwanted effects from environmental mag-

netic ficlds.

Key Worns  +  hydrocephalus «

shunt placement has become a routine procedure for

the treatment of hydrocephalus,” in addition to alter-
natives such as third ventriculostomy. In these shunts a
valve regulates the flow of cerebrospinal fluid. Since 1985,
percutaneously adjustable valves have been used.!*5%! [n
principle, these valves are rotors that may be percutaneons-
ly adjusted using an external magnet or a special program-
ming tool, which also works with magnetic fields. They
can thus be adapted to the individual needs of the patient.
An unwanted change in the valve setting could cause over-
?rainage or increased intracranial pressure, with serious ef-

ects,

Nowadays an increasing number of devices used in pro-
fessional life as well as at home generate magnetic or elec-
tromagnetic fields. Theoretically, these may have an un-
wanted effect on adjustable valves. This study was initiated
after we made some observations of malfunctioning shunts
associated with uncxplained changes in the valve adjust-
ment, Additionally, we have been asked by patients if their
valves could be affected by the use of cellular phones. We

S WNCE 1949 ventriculoperitoneal or ventriculoatrial

Abbreviation used in this paper: B,, = critical magnetic flux den-
sity; T = esla.
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adjustable valve » cellular phone

" decided to examine systematically two types of adjust-

able valves for their susceptibility 10 electromagnetic fields
common in everyday life. The purpose of this study was to
determine the weakest magnetic field that could change the
valve pressure setting,

Matcrials and Methads

We investigated two adjustable valves, the Codrman Hakim pro-
grammable valve model CM {Jolmson & Jobnson. Inc., Raynham,
MA)} and the Sophysa model SM& (Sophysa Co., Orsay, France).
We tested the resistance of these valves in homogeneous and non-
homogencous magnetic fields. Static, sinusoidal, and pulselike mag-
nctic fields were investigated under homogeneous conditions. In
each of the fallowing experiments we looked for the minimum ficld
strengths required 1o change the valve seiting at least one pressure
Tevel,

The valves were placed in a homogencous magnetic ficld with-
in & coil with an iron core. The minimum magnetic flux density
necessary to alter \he pressure setling of the valve was rcgistered.
The valves were placed into the magnetic ficid 10 times. When no
change in the valve setting was rcgistered the flux density was in-
creased in 1-mT steps, This procedure was rcpeated until a change
in the valve seting was noticed in at least one instance, and the flux
density was registercd, For static magnctic fields the flux density
was directly measured usin’g a milliteslameter with a Hall probe. In
time-dependent harmonic fields the flux density B was calculated
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Fig. I. Graph showing (he B, in relation w angle o between
valve and field direction in the SM8 valve and the dependence of
B_ on the dircetion of valve changing (position 1 = lowuest pressune;
position § = highest pressure),

from the measured induced voltage U in a special measurement coil
(N tumns), observing the cross-sectional urea A of the coil and the
frequency f, as shown in the following equation: B = U/2wfNA).
The frequencics varied between (L5 Hy and 200 Hez with spevial at-
tention paid Lo the technical frequencies of 16.67 Hz and 50 He. In
tests in which pulselike fiekls wen: examined the pulsc duration var
ied between 1.3 msce and 500 msec.

The studies in homogencous ficlds were done with regard o an-
ghes between the valve and magnetic flux directions and with regurd
to the change in the valve position compared with its former pasi-
tion. In nonhomogeneous tields the valve was positioned closc to the
pole of a strong permanent magnet and was then moved closer to the
magnct in I-mm steps, beginning al a distance of 20 mm., The mea-
surement at each distance was repeated 10 times when the valve sel-
ting was unchanged. The distance st which the first change in the
valve setling was noticed was regisiered, and for this distance a cor-
responding flux density was determined by a calibration curve.

After we determined the B, these results wens compared with
known values in the litcrature about technical magnetic fields, Addi-
tonally, we determined the magnetic ficlds gencrated by devices
present in a lypical contemporary residence. Devices with magnet-
ic fields of critical strength were tested by moving and shaking the
valves while they were being exposed to the magnetic fields,

Furthermore, the magnetic lields of two cellular phones operating
in the 900-MHz range (D-net) and the | 8-GH¢ range (E-net) were
tested for their ahility w change the valve setting. ‘The field strengths
of these phones were measured by an clectromagnetic ficld probe
(EMR 300; Wandel & Goltermann Co., Eningen, Germany), After
that, the phones were placed next to the valves, which were checked
for a change in their pressure settings. This experiment was per-
formed when the phone was set on low power {good receiving con-
ditions) and when it was set on maximum power (extremely bad re-
ceiving conditions). Fach experiment was repeatcd 10 times.

Results
Laboratory Datu

The susceptibility of the SM8 valve to homogencous,
static magnetic fields depends on the initial pressure setting
of the device. A change from pressure position 6 {positions
ranged from 1, lowest pressure, to 8, highest pressure level)
requires the lowest magnetic flux density. The B, also de-
pends on the direction of the rotation of the mechanism
within the valve; the lower flux density was required for ro-
tations towards position 8. The most effective angle o be-
tween the magnetic ficld direction and the valve is an angle
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Fic. 2. Graph showing B._. in relation to frequency [ in the SM8
valve.

of 90°. The absolutely lowest flux density (critical magnet-
ic flux density, worst case) required (o cause a change in the
valve pressure setting was found to be 6.5 mT. If the valve
was shaken whilc it was exposed to the magnetic field. the
B,, could be lowered to 5 mT (Fig. 1).

The B, in sinusoidal magnetic fields was found to be
related o frequency, The lowest critical effective field
strength was 5.4 mT at a frequency of 120 Hr, The results
of frequency dependence are shown in Fig. 2.

The B, significantly increased at frequencies higher than
200 Nz (see also results of effects of cellular phones). 1t
should be mentioned that at frequencies higher than 10 Hz
a loud noise or strong vibrations of the valve could be no-
ticed as signs of a possible change in adjustment, This hap-
pened at tield strengths just below B

The CM valve was not affected by the homogeneous,
static magnetic field. Because it consists of 10 magnetic
dipoles, the sum of the homogencous ficld forces is zero. In
10 measurements at each valve position with magnetic flux
densitics up to 100 mT, we found that these levels did not
cause a change in the valve setting.

In 1 nonhomogeneous. static magnetic tield, which was
detected in close vicinity to the poles of magnetic dipoles,
the CM valve could be affected at a maximum distance of
10 mm, which means a minimum flux density of 15 mT is
capable of changing the valve setting. The same minimum
flux density was required when an electromagnet was used
and the {requency dependence was tested. The frequency
had no bearing on the B, The mimmum flux density was
the same, no matter in which direction the valve sclting was
changed.

In this nonhomogenecous, static magnetic field, the SME
valve was affected from within 6 mm of the magnet, which
is cqual to @ minimum (lux density of more than 35 mT.

Comparison With Common Environmental Magnetic
Fields

The static magnetic fields of some household appliances
were measured and the results are presented in Table 1. For
all these items the main magnetic field source is a perma-
nent magnet, for example, that found in a loudspeaker or in
an earpiece. All appliances that can reach the B, are desig-
nated in Table 1, which shows that all of them could change
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Electromagnetic hazards of shunt valves

TABLE |

Examples of houschold appliunces with static magnetic fields*

Measured Effect on Valve Setting

Flux Den- — :
Device sity {mT} SMR ™M
commercially avalable radiv 23
Inudspeaker baxes (Lype PS22; Onkyo) 22
loudspeaker kit RX1}
Sany speakcrs 0
TV set (ype 25PT4403/1%); Philips) 07
TV set {type 37DT 258; Sharp) 1.6
headphone (lype MR 013, Suny) 1400 wochunged  chanped
Walkman earphone (WM-EX352, Suny) 230 unchanged changed
carphunc {unknown rype) T4
celluiar telephone (SN, Siemens) 175 onchanged changed
attached-cond welephone (ype profiset 20; 0.0
Siemens)
altached-cord teiephone itvpe 551T25HD.
Siemens)
15t specimen
il sarpicce 18
at muuthpicee .3
2nd speciinen
at earpiete 47
at mouthpicce B2
comifurt eclephione (Sinns £3AB: Sicmens)
uttached-cord receiver 8.5
cordiess hand apparams 340 changed  changed

* The beliaviur of the valves in these magmetic fields was fested if the mes.
sured flux density was in the range of B_ . Abhreviation: TV = elevision,

the adjustment of the CM valve, whereas the hand appara-
tus of a cordless phone was powerful enough to reset both
valves.

The dircetion of the change in the valve pressure setting
could not be predicted. It probably depends on the direction
of the magnetic field lines, which is normally unknown in
everyday life.

The magnetic flux densities of low-frequency sinusoidal
fields in residential, workplace, and public lite reporied in
the literature™**'” arc presented in Table 2. There are some
appliances that create flux densities beyond the B.,.

The cellular phones tested (two D-net devices) produced
a maximum flux density of 0.36 p.T. In the context of safe-
ty requirements for users, the German standard (DIN VDE
0848-2) allows peak values of 9.4 wT (for [ = 900 MHz,
corresponding to D-net) and 13.4 T (for f = 1.8 GHz, cor-
responding to E-net). These valucs represent no danger
for paticnts with an implanted valve (Fig, 2). Accordingly,
no change in the valves” adjustment could be achieved in
our investigation by cellular phones ol the C-, D-, or E-net
types.

Discussion

‘The study reported here is confined to laboratory find-
ings in ex vivo valves. The effect of mugnetic ficlds on im-
planted valves has not yet been investigated.

The purpose of this study was o identify the weakest
magnetic field capable of changing the valve pressure set-
ting. This weakest magnetic field was considered a thresh-
old; paticnts with these valves should only be exposed 1o
magnetic ficlds of lower strength. Of course, our results
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TABLE 2

Mecximum values of low- frequency, sinusoidal ragnetic figids in
home, workpiaee, and public envirmments

Mugnetic Flua
Densiy

DevicefSyatem/Vehicle Frequency tmuximum)
electrical shaver. electrica) couker, S0 1z ImT
table famp
TV, fan heater (3-cm distance) SO Ik 0.4 mT
hair dryer (30-cam distance ) 504 Hz 25mT
nthey electrical appliances: washing 50 - 00T
machine. dryver, vacoum cleaner,
storage space heater (30-cm disance)
prwer distributionfransfurmer statious S50 He 0.5 mT
sput welding machines 50 Hz 2ml (up o
120 m'T7)
inetucting heating systeans S Hz w 45 mT {up
< kHz to 14 mT)
snldering pun (3h-em distance) 50 He ZmT
operationzl arca of maching wols 50 Hr 0.1 ml
cah of electnical railway engines 16.67 Hr upro M m'l’
beneath overhead piwer lines S Hz 200pT
ow vellage power unsformer 50 Hr Ato40pl
(3o distance)
railway, 50 m distance from rack 16.67 Hz upto 0.6 pT
train compartment in local train 16,67 Hr upto (3T
Washington, D.C., Metra 540 Hz upto 60 pT

were not evaluated statistically. Our tests do not permit us
to predict which magnetic field would have a 50% likeli-
hood of affecting the valve setting.

Becausc only one valve from cach manufacturer was ex-
amined, variability in the susceptibility of diffcerent speci-
mens of the same type of valves to magnetic fields cannot
be ruled out. Our experiments do not quaniily which mag-
netic fields may change the valve pressure setting by more
than one level, hecause repeated exposures to the weakest
cllective magnetic field may still lcad to marked changes in
valve pressure settings.

Patients frequently ask whether a ccllular phone could
have an effect on the pressure setting of the valve. This can
be definitively denied based on the results of our study. On-
ly the permanent magnet in the loudspeaker of a telephone
can intluence the valve in individual cases. This could also
happen with either conventional, attached-cord, or cordless
telephones. Similar effects could be expected from perma-
nenl magnets in headphones or carphones. For the safety of
patients with implanted adjustable valves, only the use of
devices contuining a piczoelectrical loudspeaker, which has
no significant magnetic ficld, can be recommended.

Any permancnt magnet in the household and in the
workplace (for exarnple, magnets for whiteboards) may
represent a potential hazard for patients with adjustable
valves and should not be used in the vicinity of people with
these valves.

In the household the possibility of affecting the valve ex-
ists when a hair dryer is used within 30 cm of the shunt. No
difficulties arc to be expected near television scts, comput-
er monilors, or stereo loudspeakers.

There arc no critical magnetic lields associated with pub-
lic transportation vehicles cxcept for the Japanese magnet-
ic suspension railway, for which the magnetic flux densities
in the cabin ure significantly highcr than the critical value,
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Just s in patients with pacemakers, conveyance by these
vehicles should not be permitted for patients with an adjust-
able valve, On the other hand the German magnetic suspen-
sion railway “Transrupid™ 18 not dangerous for these pa-
tients, because it has a much lower magnetic field strength,

Workplace exposure of patients with adjustable valves
should also be avoided in specific areas with a strong stat-
ic magnetic field. In particular, this would involve electro-
Iytic systems, superconducling magnets, and energy stor-
age units, and of course, magnetic resonance examination
rooms. In terms of low-lrequency magnetic fields, welding
devices and induction heating systems should be regarded
as potential hazards. Interestingly, the critical valuc of tlux
density for patients with an adjustable valve could be found
in the cockpit of an electrical railway enginc,

If the professional situation of a patient were 10 be con-
sidered before shunt implintution, the vilve model can be
selected according to the necds ol the individual. The CM
valve is not affected by homogencous magnetic ficlds. In
nonhomogeneous magnetic lields the SME valve (critical
flux density 35 mT) is more stiable than the CM valve (B3,
15 mT).

In future designs for such valves, higher magnetic {lux
densitics should be considered for their adjustment. This
would mimmize the risk of an unwanted change in the
pressure level by exposure to low magnetic ficlds in every-
day life.

Conclusions

The pressure level of adjustable valves can be changed
inadvertently by electromagnclic fields present in everyday
life. Recipients of these valves and their physicians should
be aware of these hazards. Critical devices in the patients”
houscholds should be replaced by less magnetic ones. The
use of cellular phones has no effect on the adjustment of
the valve. The two kinds of valves tested show different
susceptibilities to different magnetic fields. The choice of a
valve should be adapted to the workplace environment of
the patient. As a safeguard, future valve designs should be
constructed in such a way that they require higher magnet-
ic flux densities for their readjustment.

Disclosure

The authors have no financial interest in any company or dealer
engaged in the production or distribution of shunting devices.
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