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Summary
Objective:  To  investigate  the  validity  of  magnetic  source  imaging  (MSI)  to  localize  seizure-onset
zone using  3D  analysis  of  pre-operative  MSI  source  imaging  coregistered  to  post-resection  MRI
following  neocortical  epilepsy  surgery.
Methods:  Twenty-two  children  who  had  MSI  and  epilepsy  surgery  were  studied  (median  age  =  11
years,  1  year  2  months—22  years).  Only  seven  (31.8%)  had  localized  lesions  on  pre-operative
conventional brain  MRIs.  Sixteen  (72.7%)  underwent  intracranial  EEG  monitoring.  Mean  post-
operative  follow-up  was  4.7  years  (1  year  3  months—8  years  2  months).  Fifteen  patients  (68%)
were  seizure-free.  MEG  spike  dipole  sources  were  superimposed  onto  post-operative  MRIs.  The
number  and  proportion  of  spike  dipoles  within  resection  volume  were  calculated  and  compared
between  seizure  free  and  non-free  groups.
Results:  Both  number  of  dipole  clusters  and  proportion  of  dipoles  in  resection  volume  were  not
associated  with  seizure-free  outcome  (p  >  0.05).  In  seven  cases  with  MRI  lesions,  six  of  these  with
a  ≥70%  dipoles  within  the  resection  margin  were  seizure-free,  while  one  with  the  proportion
<70%  was  not  seizure-free.  Further,  among  the  15  cases  with  non-localized  or  normal  MRI,  five
with  both  the  proportion  <70%  and  multiple  dipoles  clusters  were  post-operatively  seizure  free.
Conclusion:  Number  and  density  of  clustered  spike  dipole  sources  within  the  surgical  resection
volume  is  not  associated  with  postoperative  seizure-free  outcome.  MSI  successfully  localized
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the  perilesional  epileptogenic  zone  in  cases  with  localized  MRI  lesions,  but  not  in  cases  with
normal  MRI  in  this  study.  Even  if  MEG  localizes  spikes  to  a  single  focal  region,  confirmation  of
epilepsy  localization  with  intracranial  EEG  is  still  recommended  in  cases  with  non-lesional  MRI.
©  2013  Elsevier  B.V.  All  rights  reserved.

Introduction

The  purpose  of  pre-surgical  evaluation  for  epilepsy  surgery
is to  localize  the  seizure-onset  zone  (i.e.,  area  of  cortex  that
initiates clinical  seizures)  (Luders  et  al.,  2006).  The  seizure-
onset zone  may  be  indicated  by  multimodal  pre-surgical
studies, including  clinical  seizure  semiology,  localization  of
epileptiform abnormalities  on  scalp  electroencephalography
(EEG), and  structural/functional  neuroimaging.  Although,
intracranial EEG  (ICEEG)  is  considered  a  ‘‘gold  standard’’
of localization  due  to  its  capability  of  long-term  recording
directly from  the  surface  of  or  within  the  cortex  in  real
time spontaneous  seizure,  it  has  a  number  of  limitations.
Amongst many,  the  most  important  is  limited  sampling  of
a small  fraction  of  cerebral  cortex  due  to  practical  and
safety consideration.  To  overcome  this  limitation,  accurate
preoperative indication  what  brain  region(s)  to  target  with
ICEEG is  required  (Knowlton  et  al.,  2009).  A  resultant  goal  of
noninvasive epilepsy  imaging  tests  is  to  improve  the  hypoth-
esis seizure-onset  zone  localization  that  is  used  to  guide
ICEEG.

Magnetic source  imaging  (MSI)  based  on  magnetoen-
cephalography  (MEG)  source  localization  can  be  used  to
three-dimensionally localize  sources  of  epileptiform  abnor-
mality with  high  temporal  and  spatial  resolution  (Bagic
et al.,  2009;  Hari  et  al.,  1988;  Okada  et  al.,  1984;  Romani
et al.,  1982).  In  contrast  to  scalp  EEG,  magnetic  fields  are
not attenuated  or  distorted  by  intervening  brain,  dura,  cere-
brospinal fluid,  bone,  or  skin  (Cohen  et  al.,  1990;  Cohen
and Cuffin,  1983;  Cohen,  1972).  MEG  is  sensitive  to  tan-
gential sources,  which  measures  predominantly  activities
in the  sulci  of  superficial  cortex  and  has  greater  sensi-
tivity to  detection  of  medial  and  dorsal  lateral  convexity
sources, while  EEG  is  sensitive  to  both  tangential  and  radial
sources. Hence,  combined  EEG/MEG  studies  would  provide
crucial information  on  the  irritative  zone  (i.e.,  area  of
cortex which  generates  interictal  spikes)  (Luders  et  al.,
2006) and  then  improve  the  hypothesis  seizure-onset  zone
localization.

MSI may  effect  clinical  practice  in  three  ways:  (1)
screening of  epilepsy  surgery  candidates  especially  in  cases
with non-localizable  scalp  EEG  results;  (2)  improving  ICEEG
localization yield  and  accuracy  by  tailoring  ICEEG  place-
ment; and  (3)  aiding  noninvasive  localization  information
such that  an  increased  proportion  of  patients  may  avoid
ICEEG (Knowlton  et  al.,  2009).  The  additional  diagnos-
tic yield  from  MSI  has  been  reported  both  in  patients
with the  scalp  video-EEG  results  of  partial  indication  of
epilepsy localization  and  in  patients  with  non-localizing
scalp video-EEG  results  (Pataraia  et  al.,  2004).  Including
two prospective  observational  studies  (Knowlton  et  al.,
2009; Sutherling  et  al.,  2008),  previous  studies  reported
that MSI  was  highly  correlated  with  the  seizure-onset  zone

identified  by  intracranial  EEG  and  shown  to  be  useful  in
guiding placement  of  intracranial  electrodes  in  neocortical
epilepsy (Mamelak  et  al.,  2002;  Oishi  et  al.,  2006;  Sutherling
et al.,  2008;  Knowlton  et  al.,  2009;  Medvedovsky  et  al.,
2012; Schneider  et  al.,  2012).  Sutherling  et  al.  found  that
MSI changed  the  surgical  decision  in  23  out  of  69  patients
(33.3%) and  6  of  them  had  clearly  benefited  form  MSI,  while
it gave  information  similar  to  standard  noninvasive  video-
EEG and  imaging  in  the  remaining  46  patients  (Sutherling
et al.,  2008).  Another  prospective  study  found  that  MSI  indi-
cated additional  electrode  coverage  in  18  out  of  77  (23.4%).
In 7  patients  with  ICEEG  affected  by  MSI,  seizure  onset
involved the  additional  electrodes  and,  as  a  consequence,
affected surgical  resection  (Knowlton  et  al.,  2009).

There  are  only  limited  studies  using  the  quantitative  spa-
tial correlation  to  evaluate  MSI  diagnostic  yield  (Fischer
et al.,  2005;  Genow  et  al.,  2004;  Iwasaki  et  al.,  2002).
This study  aimed  to  examine  the  congruency  between  MSI
localization and  resection  volume  by  3D  analysis  using  co-
registration of  pre-operative  MSI  source  onto  post-operative
MRI and  to  evaluate  the  MSI  localization  on  post-operative
seizure outcome  in  children  with  medically  intractable  neo-
cortical epilepsy.  We  hypothesized  that  the  proportion  of
MSI spike  dipoles  included  in  the  surgical  resection  volume
would be  associated  with  surgical  outcome.

Methods

Subjects

Patients  completing  the  pre-surgical  workup  at  the  Chil-
dren’s Hospital  of  Alabama  between  2002  and  2009
were retrospectively  reviewed.  Inclusion  criteria  were:
(1) diagnosis  of  medically  intractable  focal  epilepsy,  (2)
pre-operative MSI  study,  (3)  epilepsy  surgery,  and  (4)  the
postoperative follow-up  duration  ≥1  year.  Forty-eight  con-
secutive patients  were  identified.  Twenty-six  patients  were
excluded  due  to:  (1)  less  than  or  equal  to  three  spike  dipole
source estimates  were  captured  during  the  MSI  test  session
(n =  7),  (2)  lack  of  available  raw  data  (n  =  9),  or  (3)  lack  of
post-operative brain  MRI  (n  =  10).  Twenty-two  cases  were
finally included.  Surgical  candidacy  for  patients  with  medi-
cally intractable  focal  epilepsy  is  decided  at  epilepsy  surgery
conference based  on  the  data  from  multimodal  pre-surgical
studies, including  clinical  seizure  semiology,  localization  of
epileptiform abnormalities  on  the  long-term  scalp  EEGs,
both structural  and  functional  neuroimaging  such  as  brain
MRI (1.5  T)  with  epilepsy  protocol,  FDG  PET  scan,  Ictal-
SPECT with  Subtraction  Interictal  SPECT  Coregistered  with
MRI (SISCOM)  and  Ictal-interictal  SPECT  Analysis  by  SPM
(ISAS), and  magnetoencephalography  (MEG).
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