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Abstract The purpose of this paper is to describe cases
which reported complication after cochlear implantation in
children: displacement of magnet from the receiver pocket,
possibly aided by the use of magnetic toys. We observed
magnet displacement in two female children from the same
family and in one male child. Age at implantation was 23,
51, and 24 months, respectively. Magnet displacement
occurred at 37, 16, and 32 months, respectively after the
initial surgery. The magnets were replaced under general
anaesthesia and we did not observe recurrent magnet dis-
lodgement. Measurements indicated that forces required to
remove the magnet from its pocket were not greater than
those exerted by magnetic toys or the magnet used in the
external sender coil. Although magnet displacement is not
common after cochlear implantation, it is a major complica-
tion in children where subsequent general anaesthesia and
surgery are necessary to replace the magnet. Therefore, we
propose that pockets for removable magnets of cochlear
implants used in children should be redesigned to increase
forces to remove the magnet or that removable magnets not
be used at all.
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Introduction

Cochlear implantation has revolutionized the treatment
of profound hearing loss. It has become the treatment of
choice for both children and adults. The majority of
patients report enhanced quality of life, and a high number
of patients report open set speech recognition. Cochlear
implantation also can have complications. Complications
after cochlear implantation can be categorized as major or
minor depending whether these require surgery. Early
major complications include facial nerve paralysis, incor-
rect electrode placement, and wound infection. There are
also late complications such as flap problems, device mal-
function or infection of the middle ear cleft to name a few
[1-3]. Recently, a new complication after cochlear implan-
tation has been described, the so-called magnet migration
[4-12]. In magnet migration, the implanted magnet
migrates out of its central location within the internal
receiver—stimulator aerial pocket. In the literature, there are
several cases described with this complication mostly fol-
lowing trauma [4—12]. In this study, we present three cases
with this rare complication and discuss whether pathoge-
netic mechanisms could be the use of magnetic toys or too
strong on external sender coil magnet, combined with mild
head trauma. For this reason we propose redesign of the
magnet retaining pocket in the internal implant electronics
package.

Case reports
Case 1

This young male with slight mental retardation underwent
cochlear implantation on the right side (Nucleus 24
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Contour, CI24RCS, Cochlear Corporation) at 23 months
of age because of bilateral profound hearing loss.
11 months after surgery we noticed a skin irritation over
the implant site. 37 months after surgery the displaced
magnet extruded through the skin (Fig. 1). After revision
surgery with replacement of the magnet the implant was
fully functional.

Case 2

This young female with profound hearing loss due to a
mutation in the connexion 26 gene as well as psychomo-
torical retardation underwent cochlear implantation on the
right side (Nucleus Freedom, CI24RECA, Cochlear Cor-
poration) at 51 months of age. 16 months after surgery she
presented with a dislocated magnet lateral to the receiver
aerial. Although the mother first thought that the implant
was not functional, as the external coil was then not
aligned with the internal aerial, at no time prior or postsur-
gery the implant electronics was non-functional. Due to
motor problems she had repeated minor head injuries. Her
mother also noticed that she played with magnetic toys
which she fixed to her head by placing these over the internal
magnet.

Case 3

This young female is the younger sister of case 2. She has
profound hearing loss due to a mutation in the connexion
26 gene and underwent bilateral cochlear implantation
(Nucleus Freedom, CI24RECA, Cochlear Corporation) at
the age of 24 months. Due to skin problems over the mag-
net site she was provided with a weaker external magnet.
As in case 2 she also played with the same magnetic toys
placing these over the implanted magnet. 32 months post-
operatively she presented with a dislocated magnet. She
also underwent successful revision surgery with the

Fig. 1 CI magnet perforating the skin
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replacement of magnet. The function of implant electronic
was not affected.

Discussion

Magnet displacement in children constitutes a major com-
plication after cochlear implantation as subsequent surgery
is needed for reimplantation of the magnet. What might be
the pathogenetic mechanisms underlying this condition?
One idea is that minor head trauma might result in magnet
dislocation [4-6]. Except for one reported patient, all the
affected patients are children [6]. Particularly small children
suffer more minor head injuries when compared to adults.
Several of the patients with magnet displacement had cere-
bral palsy, and therefore their poor motor control puts them
at risk for head injury. Interestingly, also two out of our
three patients suffer from mental retardation and it can be
assumed that they also had minor head trauma from time to
time. Other factors predisposing children for magnet dis-
placement might be a smaller skull associated with a
greater curvature of the skull compared to adults, their thin-
ner scalp which offers less protection to the implant as com-
pared to adults, and exposure to magnetic toys. Two out of
our three patients played with magnetic toys placing these
on their head using the forces of attraction of the implanted
magnet (Toys 1 and 2 in Fig. 2). In collaboration with the
implant manufacturer, we measured the forces generated
from several magnetic toys to see whether these might be
strong enough to displace the magnet out of its pocket in
the centre of the implanted receiver-aerial. The forces at a
distance of 2 mm (the typical skip flap thickness in chil-
dren) were at 4 N less than the forces (6.5 N) necessary to
pull the magnet out of its pocket (Fig. 3). Therefore, it is
unlikely that magnetic toys alone could remove the internal
magnet from its pocket. Nonetheless the fact that two

Fig. 2 Figure of magnetic toys
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Fig. 3 Force generated by

External Coil Magnet Force vs Distance from Implant Magnet
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children in the same family who had played with these toys
both suffered magnet displacement is suggestive of trauma
causing an initial displacement which is maintained or
increased with magnetic toys.

Cochlea implants with a removable magnet allow for
easy magnet removal once a MRI should be necessary. We
reviewed the charts from all patients who received a
cochlear implant with a removable magnet from 1998 to
January 2009 in Switzerland. We found that none of the
patient out of 821 patients who received such cochlear
implant for whom the magnet had to be removed to perform
a MRI examination. Beside the fact that three magnet dis-
placements in 821 patients point to a much higher incidence
of this complication than assumed until now, it is our opin-
ion that either cochlear implant with removable magnets
should not be implanted in children or the magnet pocket be
redesigned in order to avoid this major complication. A
redesigned pocket would need an increased force to remove
the magnet from its pocket to take into account multifacto-
rial causes for displacement.

Conclusion

Based on the fact that magnet removal prior an MRI exami-
nation is rarely needed in children and magnet dislodge-
ment constitutes a major complication after cochlear
implant surgery, we suggest that either implant types with a
removable magnet not to be implanted in children or the
one should used that requires increased force to remove it
from the magnet pocket.

Conflict of interest statement The authors declare that there is no
conflict of interest.

6 7 8 9 10 11 12

Distance (mm)
References

1. Cohen NL, Hofman RA (1991) Complications of cochlear implant
surgery in adults and children. Ann Otol Rhinol Laryngol
100:708-711

2. Kempf HG, Johann K, Lenarz T (1999) Complications in pediatric
cochlear implant surgery. Eur Arch Otorhinolaryngol 256:128-
132. doi:10.1007/s004050050124

3. Proops DW, Stoddart RL, Donaldson I (1999) Medical, surgical
and audiological complications of the first 100 adult cochlear im-
plant patients in Birmingham. J Laryngol Otol 113:14-17

4. Nichani JR, Broomfield SJ, Saeed SR (2004) Displacement of the
magnet of a cochlear implant receiver stimulator package follow-
ing minor head trauma. Cochlear Implants Int 5(3):105-111.
doi:10.1002/cii.134

5. Yun JM, Colburn MW, Antonelli PJ (2005) Cochlear implant
magnet displacement with minor head trauma. Otolaryngol Head
Neck Surg 133:275-277. doi:10.1016/j.0tohns.2005.02.018

6. Stokroos RJ, van Dijk P (2007) Migration of cochlear implant
magnets after head trauma in an adult and a child. Ear Nose Throat
186(10):612-613

7. Migirov L, Muchnik C, Kaplan-Neeman R, Kronenberg J (2006)
Surgical and medical complications in paediatric cochlear implan-
tation : a review of 300 cases. Cochlear Implants Int 7(4):194-201.
doi:10.1002/cii.319

8. Migirov L, Dagan E, Kronenberg J (2008) Surgical and medical
complications in different cochlear implant devices. Acta Otolar-
yngol 1:1-4. doi:10.1080/00016480510029383

9. Mickelson JI, Kozak FK (2008) Magnet dislodgement in cochlear
implantation: correction utilizing a lasso technique. Int Pediatr
Otorhinol 72:1071-1076. doi:10.1016/j.ijporl.2008.03.021

10. Migirov L, Kronenberg J (2005) Magnet displacement following
cochlear implantation. Otol Neurotol 26:646-648. doi:10.1097/
01.mao.0000178144.06387.8a

11. Wilkinson EP, Dogru S, Meyer TA, Gantz BJ (2004) Case report:
cochlear implant magnet migration. Laryngoscope 114:2009-
2011. doi:10.1097/01.m1g.0000147937.44508.5a

12. Deneuve S, Loundon N, Leboulanger N, Rouillon I, Garabedian
EN (2008) Cochlear implant magnet displacement during mag-
netic resonance imaging. Otol Neurotol 29:789-790. doi:10.1097/
MAO.0b013e3181825695

@ Springer


http://dx.doi.org/10.1007/s004050050124
http://dx.doi.org/10.1002/cii.134
http://dx.doi.org/10.1016/j.otohns.2005.02.018
http://dx.doi.org/10.1002/cii.319
http://dx.doi.org/10.1080/00016480510029383
http://dx.doi.org/10.1016/j.ijporl.2008.03.021
http://dx.doi.org/10.1097/01.mao.0000178144.06387.8a
http://dx.doi.org/10.1097/01.mao.0000178144.06387.8a
http://dx.doi.org/10.1097/01.mlg.0000147937.44508.5a
http://dx.doi.org/10.1097/MAO.0b013e3181825695
http://dx.doi.org/10.1097/MAO.0b013e3181825695

	Magnet displacement: a rare complication following cochlear implantation
	Abstract
	Introduction
	Case reports
	Case 1
	Case 2
	Case 3

	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


