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Coregistration of multimodal
imaging is associated with
favourable two-year seizure
outcome after paediatric
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ABSTRACT – Aims. Multimodal coregistration uses multiple image datasets
coregistered to an anatomical reference (i.e. MRI), allowing multiple studies
to be viewed together. Commonly used in intractable epilepsy evaluation
and generally accepted to improve localization of the epileptogenic zone,
data showing that coregistration improves outcome is lacking. We com-
pared seizure freedom following epilepsy surgery in paediatric patients,
evaluated before and after the use of coregistration protocols at our centre,
to determine whether this correlated with a change in outcome.
Methods. We included paediatric epilepsy surgery patients with at least
one anatomical and one functional neuroimaging study as part of their
presurgical evaluation. Preoperatively designated palliative procedures
and repeat surgeries were excluded. Multiple pre-, peri-, and postoperative
variables were compared between groups with the primary outcome of
seizure freedom.
Results. In total, 115 were included with an average age of 10.63 years
(0.12-20.7). All evaluations included video-EEG (VEEG) and MRI. Seven

emission CT (SPECT), 46 (40%) had
(6%) had subtraction single-photon
d
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positron emission tomography (PET), and 62 (54%) had both as part of
their evaluation. Sixty (52%) had extratemporal epilepsy and 25 (22%)
were MRI-negative. Sixty-eight (59%) had coregistration. Coregistered
patients were less likely to undergo invasive EEG monitoring (p=0.045)
and were more likely to have seizure freedom at one (p=0.034) and two years

∗Portions of this work were submitted and presented at the American Epilepsy Society
68th Annual Meeting, Seattle, WA, December 2014.
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(p<0.001) post-operatively. A logistic regression accounting for multiple
covariates supported an association between the use of coregistration and
favourable post-surgical outcome.
Conclusions. Coregistered imaging contributes to favourable postopera-
tive seizure reduction compared to visual analysis of individual modalities.
Imaging coregistration is associated with improved outcome, independent
of other variables after surgery. Coregistered imaging may reduce the need
for invasive EEG monitoring, likely due to improved confidence in presurgi-
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resurgical evaluation of intractable epilepsy typically
ncludes both anatomical (i.e. MRI) and functional
maging studies (i.e. PET, SPECT). Each modality has
trengths and weaknesses with respect to spatial and
emporal resolution, and with respect to functional or
natomical relevance (Olson and Perry, 2013). Delin-
ating an anatomical lesion on MRI congruent with
EG-defined seizure onset is favourable, though func-
ional imaging studies can further define the extent of
he epileptogenic zone beyond the MRI-visible lesion,
nd are especially useful in delineating epileptogenic
ortex in MRI-negative cases (Chassoux et al., 2010). As
avourable outcome following epilepsy surgery is pri-

arily dependent on complete resection of the seizure
nset zone, techniques which improve presurgical

ocalization would be expected to improve outcome
Krsek et al., 2009). Imaging data has traditionally been
eviewed in two-dimensional planes using side-by-
ide or individual visual analysis. Coregistration places
ultiple imaging modalities into a common anatom-

cal space and can increase the diagnostic value of
he data by overcoming intrinsic limitations of individ-
al modalities and improving localization (Olson and
erry, 2013).
hile it is generally accepted that coregistered

maging leads to improved postoperative seizure
ontrol, there is a paucity of research to support
his assertion. Multiple studies have demonstrated,
hrough comparison with intracranial EEG localization
r based on favourable postoperative seizure con-

rol, that coregistering functional imaging modalities
o MRI improves localization of the seizure onset zone.
or example, coregistration with SPECT and MR spec-
roscopy in adult temporal lobe epilepsy results in
ncreased sensitivity of focus lateralization to 100%
pileptic Disord, Vol. 19, No. 1, March 2017

Doelken et al., 2007). Subtraction SPECT coregistered
o MRI (SISCOM) demonstrates particular value in
on-lesional temporal lobe epilepsy (Brinkmann et
l., 2000; Wellmer et al., 2002; de Ribaupierre et al.,
012; Sulc et al., 2014). Fluoro-deoxyglucose-PET/ MRI
oregistration aids in localization, identifying 95% of
RI-negative focal cortical dysplasias with favourable
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e findings support the use of multimodal coregistered
he presurgical assessment in patients evaluated for
intractable epilepsy.

al imaging, co-registration, outcome, epilepsy surgery

ostoperative seizure-free rates (Chassoux et al., 2010).
hile these studies support the localizing value pro-

ided by coregistration, they do not clarify whether
he implementation of coregistration impacts seizure
utcome following surgery compared to traditional
ethods of individual or side-by-side visual analysis.
recent study by Rubinger et al. (2016) demonstrated

mproved seizure control after paediatric epilepsy
urgery following a change in imaging protocol which
ncluded utilization of 3T MRI, as well as increased
se of magnetoencephalography (MEG) and PET. They
id not investigate the impact coregistration alone
ad on their outcomes, though it was a part of their
ew imaging protocol. There is no level 1 evidence

o support that coregistration techniques can impact
ostoperative seizure outcome, and design of such
tudies has been limited by sample size, lack of control
opulations, lack of randomization, and non-blinded
ssessment (Gaillard et al., 2011).
nderstanding the value of coregistered imaging is
rudent in paediatric epilepsy where extratemporal
nd MRI-negative epilepsy is common. Because post-
rocessing techniques require time and resources to
omplete, it is essential to understand the value to the
atient to justify the expenditure. Our centre used

ndividual and side-by-side analysis of images prior
o 2009 and added coregistration of neuroimaging
ubsequently. We hypothesized that a change in our
maging protocol to include review of coregistered
maging would be associated with improved postoper-
tive seizure control in paediatric patients undergoing
pilepsy surgery.

ethods
41

e reviewed medical records of patients with
ntractable epilepsy followed in the Cook Children’s
omprehensive Epilepsy Program who underwent
re-surgical evaluation and resective epilepsy surgery
etween January, 2006 and December, 2012. Patients
ere included if they were less than 21 years of age,
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Table 1. Patient demographics.

Pre-MMI (n=47) Post-MMI (n=68)

Gender (M) 22 (47%) 46 (65%)

Age at seizure onset, years (SD, range) 3.46 (3.80, 0.08-15) 3.97 (4.19, 0-16)

Age at surgery, years (SD, range) 10.54 (5.68, 0.14-20.21) 10.68 (5.19, 0.12-20.69

Duration of epilepsy, years (SD, range) 7.17 (4.92, 0.06-19.21) 6.72 (5.03, 0.08-20.10)

Prior AED exposure (SD, range) 3.83 (1.91, 1-8) 2.99 (1.82, 1-8)**

Seizure type
– simple focal
– complex focal
– focal secondary generalized
– generalized

2 (4%)
40 (85%)
5 (11%)
0 (0%)

4 (6%)
57 (84%)
4 (6%)
3 (4%)

Seizure frequency
6 (55
8 (38
(6%

*
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Daily
Weekly
Monthly or greater

2
1
3

*p<0.05

ad at least one year of post-operative follow-up
ata, and underwent at least one anatomical and
ne functional neuroimaging study as part of their
re-operative evaluation. For patients who underwent
repeat epilepsy surgery, only the initial evaluation

nd surgery were evaluated. Patients undergoing
reoperatively-designated palliative procedures,

ntended to result in seizure reduction but not
eizure freedom were excluded. We separated patient
valuations into those with exclusively individual
odality or side-by-side review (pre-8/2009, pre-MMI)

nd those with coregistered imaging (post 1/2010,
MI). Following presurgical evaluation, patient data
as reviewed and surgical plans made at an epilepsy

urgery conference attended by neurologists, epilep-
ologists, neurosurgeons, neuropsychologists, and
euroradiologists. The study protocol was reviewed
nd approved by the IRB.
bstracted data included baseline demographics, as
etailed in table 1. All patients had VEEG as part of

heir presurgical evaluation and all neurophysiology
ata was reviewed by board-certified neurophysiolo-
ists. All had brain MRI performed with a minimum of
.5 T magnet strength and at least one thin-slice (1-mm)
2

1- axial or coronal image in addition to T2- weighted
xial images, and axial and coronal fluid-attenuated
nversion recovery sequences. MRI findings were
escribed as lesional (i.e. gyral abnormalities, focal sig-
al changes, hippocampal sclerosis) or non-lesional

i.e. diffuse atrophy or normal). Other presurgical
maging was completed at the discretion of the primary

s
l
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p
t
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u

%)
%)
)

21 (31%)**
28 (41%)
19 (28%)**

pileptologist. PET was a routine component of pre-
perative evaluation throughout the period under
tudy and was completed in nearly all patients. When
ET was not performed, it was typically secondary to

ack of insurance approval. SPECT studies were used
n patients with multiple lesions on MRI, MRI-negative
atients, or those with poorly localized seizure onset
ased on EEG. All SPECT data included ictal and inter-

ctal data with subtraction imaging. SPECT protocols
emained stable other than a brief period in 2010
hen isotope was changed due to national short-

ges. PET data was viewed with coregistered CT in
he pre-MMI group. MEG was available at our facility
t the beginning of 2010 and was utilized in only four
atients in this study. Neuroimaging was reviewed
y one of two neuroradiologists. Functional imaging
esults were characterized as congruent, incongruent,
r normal based on the impression following epilepsy
onference data review and confirmed by subsequent
eview of radiology reports and images. Congruent
tudies demonstrated a dominant region of interest
ithin the same cerebral lobe as seizure localization
ased on ictal VEEG data. For normal and incongruent
tudies, a dominant region of interest was not demon-
Epileptic Disord, Vol. 19, No. 1, March 2017

trated or the region was not within the same lobar
ocalization as that based on EEG data.

perative data included whether surgery was tem-
oral or extratemporal. Procedures involving the

emporal lobe, but extending beyond, were con-
idered extratemporal. Surgeries were described as
nilobar or multilobar, by operated hemisphere, and
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igure 1. Example of side-by-side presentation of MEG (A), SPEC
oregistered presentation (D) of all data sets localizing the regio

y surgery type (recorded as lesionectomy, lobectomy,
emispherectomy). The surgical plan was defined as
ither a single stage or a two-stage if invasive elec-
roencephalography was required. The number of
lectrodes implanted was determined from surgical
eports. Finally, postsurgical data included pathol-
gy categorized as congenital (i.e. cortical dysplasia,
amartoma, developmental tumours) or postnatal (i.e.

nfectious, hypoxic, vascular), and seizure frequency
utcome using Engel’s classification (Engel et al., 1993).
eizure frequency was abstracted from clinic notes
ased on parental report at each visit, and routinely
ecorded as the average number of seizures per unit
ime (i.e. day/month/year). Outcome was reported as
Favourable” (i.e. Engel Class I) or “Unfavourable” (i.e.
ngel Class II-IV).
n the MMI group, functional and anatomical imag-
ng datasets were squared to a 256 by 256 matrix
nd then coregistered to T1-weighted thin-slice MRI
sing automated methods (Multimodality Brain) in
ermes Version Gold 2.10 (Hermes Medical Solutions).
pileptic Disord, Vol. 19, No. 1, March 2017

utomated methods have previously been described
lsewhere (Studholme et al., 1997). Following visual

nspection of registration for accuracy, coregistered
atasets were imported to Amide (Version 0.9.2,
ttp://amide.sourceforge.net) to allow multimodal
verlay of imaging data and adjustments of trans-
arency and thresholds (Loening and Gambhir, 2003).

f
g
m
f
s
s
t

PET (C), and MRI (E) with regions of interest denoted by arrows.
interest to anatomical MRI.

skull-stripped cerebral volume mask was created
rom the coregistered MRI utilizing BrainSuite and
hen applied to SPECT and PET data to remove
xtra cerebral tissue (Shattuck and Leahy, 2002). Ictal
nd interictal SPECT studies were normalized and
hen subtracted within AMIDE, leaving hyperperfusion
lobs for review. Images are viewed as single studies

figure 1 A-C, E) and together as overlays (figure 1D).
aseline patient characteristics and preoperative
valuation were compared between groups using
earson �2 for discrete variables and t-tests and
NOVAs for continuous variables. To investigate
hether the number of imaging studies per patient
ad an impact on outcome, a binary logistic regression
odel was employed. The response variable cate-

ory favourable surgical outcome was treated as the
eference category. Predictor variables were visit (12
nd 24 months) and group (pre-MMI and MMI). As
ur evaluation protocol had changes beyond imple-
entation of coregistration (i.e. use of 3T MRI), we

ought to account for the cumulative impact con-
43

ounding variables had on outcome between the two
roups. Stabilized inverse probability-weighted esti-
ators (i.e. propensity scores) were specified to adjust

or the effect of each confounding variable. Propen-
ity scores were estimated based on age at onset,
eizure duration, AED exposure, number of seizure
ypes, EEG results (focal versus multifocal), seizure
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Table 2. Pre- and Post- operative variables.

Pre-MMI
(n=47)

Post-MMI
(n=68)

Imaging studies
MRI & PET
MRI & SPECT
MRI, PET, & SPECT

32 (68%)
3 (6%)
12 (26%)

14 (21%)
4 (6%)
50 (73%)*

MRI lesional :
non-lesional

32:15 58:10**

VEEG
Unifocal onset
Multifocal onset

37 (79%)
10

62 (91%)
6

Surgery type
Unilobar
Multilobar
Temporal
Extratemporal
Lobectomy
Lesionectomy
Hemispherectomy
MST

36 (77%)
11
18 (38%)
29
30 (64%)
13
2
2

57 (84%)
11
37 (54%)
31
42 (62%)
22
3
1

Pathology

*
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requency, MRI magnet (1.5T vs 3T), MRI lesional sta-
us, type and number of imaging studies, stage of
urgery (one vs two-stage), and type of resection. The
ropensity score-adjusted variables, along with year
f surgery as a continuous variable, were then eval-
ated in a binary logistic regression with treatment
roup predicting outcome at one and two years to
etermine the relationship of coregistration on seizure
ontrol. To evaluate the proportion of two-stage surg-
ries and between group differences in the number
f electrodes used to characterize the epileptogenic
one, we utilized a general linear model controlling for
otential covariates. The independent variables evalu-
ted included patient demographics, imaging results,
urgery type (one versus two-stage), resection type,
perated hemisphere, and pathology. Data were anal-
sed using the SPSS 19 statistical package with the level
f significance defined as p<0.05.

esults

opulation characteristics

wo hundred and four patients underwent resective
urgery during the inclusion period. We excluded 21
alliative cases (10 incomplete resections with bilat-
ral seizure onset and 11 callosotomy [pre-MMI 4]), 12
ue to lack of follow-up data [pre-MMI 8], 18 with prior
esections [pre-MMI 11], 30 without both an anatomi-
al and functional study [pre-MMI 16], and eight over
1 years of age at the time of evaluation [pre-MMI 4].
hus, 115 patients were included in the final evaluation.
ixty-eight (59%) had coregistration of imaging. Patient
haracteristics are presented in table 1. The MMI group
ad a higher proportion of monthly or greater than
onthly seizures (�2[1]=8.35; p=0.004), while the pre-
MI group had proportionately more patients with

aily seizures (�2[1]=6.87; p=0.009). Patients in the MMI
roup were exposed to fewer AED trials prior to eval-
ation for epilepsy surgery (p=0.018), but duration of
pilepsy prior to surgery did not differ.
EEG and imaging variables are presented in table 2.
EEG captured seizures in all patients. The proportion
f patients with unifocal and multifocal EEG onset were
imilar between groups. MRI was normal in 16% of
4

atients in the MMI group and 32% in the pre-MMI
roup (�2[1]=3.93; p=0.047). Patients in the MMI group
ere evaluated with more imaging studies (�2[2]=25.47;
<0.001), though outcome was not changed based on
se of additional studies alone (�2[2]=2.79; p=0.247).
e found no significant difference in one vs. two-stage

urgical plan or outcome based on which type of func-
ional study was completed as part of the pre-surgical
orkup.

a
p

S

P
c
t

Congenital
Acquired

43 (91%)
4

66 (97%)
2

p<0.001, **p<0.05.

perative data

urgical descriptors are presented in table 2. Sur-
ical procedures performed following coregistration
evealed a significant decrease in the number of
wo-stage surgeries (66% vs 47%; �2[1]=4.01; p=0.045).
he mean number of electrodes used in two-stage
urgeries remained consistent (62 vs 54). Two-stage
urgeries were more often performed in patients with
on-lesional MRI (77% vs 48%; �2[2]=6.65; p=0.010),

ncongruent MRI and EEG (72% vs 42%; �2[2]=10.56;
=0.001), or extratemporal onset (73% vs 35%;
2[1]=17.43; p<0.001). The majority of patients in both
roups underwent temporal resection. Coregistration
as associated with improved outcome in extratempo-

al lobe procedures (59% vs 25%; �2[1]=12.18; p<0.001)
nd temporal lobe procedures (69% vs 38%; �2[1]=8.67;
=0.003).
Epileptic Disord, Vol. 19, No. 1, March 2017

eizure reduction

atients evaluated with coregistration were signifi-
antly more likely to be seizure-free at one and
wo years. At 12 months, the use of coregistered
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igure 2. Two-year postoperative outcome by year of evaluation,
emonstrating significant increase in seizure freedom after the

nstitution of coregistered imaging in 2009 (arrow).

maging significantly predicted favourable seizure out-
omes (Engel Class I) (�2[2]=8.64; p=0.034). The odds
atio for favourable seizure outcome at 12 months
ollowing coregistered imaging was 5.42 (95% CI [1.04-
8.32]; p=0.045). At two years, the use of coregistered
maging significantly predicted favourable seizure out-
omes (Engel Class I) (�2[2]=22.08; p<0.001). The odds
atio for favourable seizure outcome at two years
ollowing coregistered imaging was 21.64 (95% CI [2.94-
59.51]; p=0.003). There was a dramatic improvement
n favourable outcome after the use of coregistration
n 2009, which remained stable in subsequent years
figure 2).

iscussion

he implementation of coregistered neuroimaging as
part of presurgical evaluation for intractable epilepsy
as associated with postoperative seizure freedom

t one and two years and fewer invasive subdural
onitoring evaluations. While coregistered imaging

as been demonstrated to influence surgical planning
ver side-by-side visual analysis, the impact on seizure
utcome has not been as well described (Doelken et
l., 2007; Salamon et al., 2008; Seo et al., 2011; Zhang
t al., 2013; Chandra et al., 2014; Fernandez et al., 2015;
pileptic Disord, Vol. 19, No. 1, March 2017

owell et al., 2015). Nowell et al. (2015) found coreg-
stered imaging led to a change in surgical strategy in
4% of patients and to changes in electrode placement
n 81% of patients. This particular study focused on the
rocess of surgical planning and electrode placement,
tilizing 3-dimensional brain and vascular reconstruc-

ion, but did not investigate whether coregistration
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ad an impact on seizure-free outcome. Salamon
t al. (2008) investigated the utility of PET/MRI coreg-

stration by comparing cohorts before and after the
ddition of this technique to their presurgical proto-
ol. They found additional benefit for localization of
pileptogenic foci, especially in MRI-negative patients,
esulting in less two-stage surgeries. They did not
ompare seizure reduction before and after coreg-
stration was implemented. Seo et al. (2011) noted

ultimodal imaging changed surgical plans, resulting
n smaller craniotomy size and the need for fewer
lectrodes during invasive monitoring, but did not
eport how this impacted patients’ seizure-free out-
ome. Finally, Rubinger et al. (2016) demonstrated that
change in presurgical imaging protocol, utilizing 3T
RI, MEG and coregistered PET, improved outcome,

ut did not separate the value of coregistration from
heir change in imaging modalities, and only included
ne year of postoperative follow-up. In the present
tudy, we demonstrate a positive impact on postopera-
ive seizure freedom after implementing coregistered
maging into our standard presurgical protocol. We
ound a reduction in two-stage epilepsy surgeries and
ustained seizure freedom at two years post-surgery,
n important finding given outcome can decline with
onger follow-up duration but remains fairly stable
wo years post-surgery and beyond (Krsek et al., 2009;
iang et al., 2012). The value of coregistered analysis is
otentially more impactful in childhood, as paediatric
pilepsy is often secondary to subtle malformations
f cortical development which may go undetected by
RI alone. It is likely that the use of coregistered

maging improved our confidence with regards to the
egion of seizure onset, thus we felt invasive monitor-
ng for localization was required for fewer cases. It is
lso likely that improved localization led to more com-
lete resections of the epileptogenic zone, leading to

mproved seizure-free outcomes in our cohort.
he cohort included a wide range of ages, with
2% MRI-negative and 52% extratemporal. Pre- and
ost-MMI cohorts were similar for baseline epilepsy
haracteristics. The MMI group more often had
onthly or greater seizure frequency, representing
lowered threshold for considering patients for

pilepsy surgery at our institution over time. While a
igher seizure frequency would be a predictor of poor
utcome, we controlled for this variable in our analysis.
he decrease in number of AED trials before surgery

n the MMI group also reflects a move towards recom-
45

ending epilepsy surgery after two failed AEDs. The
uration of epilepsy prior to surgery, a variable shown

o impact outcome, was not significantly different
espite the lower threshold for recommending surgi-
al therapy (Englot et al., 2013; Mequins et al., 2015).
e recognize that ascribing improvement in out-

ome solely to the use of coregistration is difficult,
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s inevitably there will be improvements in imaging
uality, centre expertise, and differences in patient
opulations over time. Likewise, this study uses known
atasets reviewed retrospectively with some of our
ethods of image analysis lacking validation, lead-

ng us to conclude coregistration is associated with
avourable seizure outcome, though not the sole cause
f it. However, given the absence of any random-

zed, blinded, and controlled data to date and the low
ikelihood of such studies being carried out in the
uture, we felt it important to control for as many of
hese confounding variables as possible in an effort to
emonstrate the value of multimodal coregistration.
here were fewer MRI-negative cases identified in the
MI group, which may be due to better recognition

f subtle lesions using the 3T magnet or better recog-
ition of subtle lesions when functional imaging is
oregistered, as has been previously demonstrated
Chassoux et al., 2010; Rubinger et al., 2016). Forty-
even percent of patients in the pre-MMI group had 3T

RI and there was not a significant difference in the
umber of lesional patients within the group based on
agnet strength. Thus, it is more likely that coregis-

ration of other imaging to MRI improved recognition
f lesions, resulting in fewer MRI-negative cases in the
MI group (Brinkmann et al., 2000; Wellmer et al., 2002;
hassoux et al., 2010; de Ribaupierre et al., 2012; Sulc
t al., 2014).
MI patients had more functional studies as part of

heir evaluation and this was largely due to increased
umbers of SPECT scans, as almost all patients had PET
cans. MEG was the only functional study not avail-
ble to all patients during the evaluation period, but
as performed in only a small number of MMI patients

n=4). Regardless, outcome was not influenced by the
ype or number of functional studies performed.
atients evaluated with coregistered imaging under-
ent fewer invasive EEG monitoring procedures which
nderscores the value of improved epileptogenic
one localization through presurgical evaluation. This
eduction in invasive monitoring was most likely
econdary to improved confidence in localization
ollowing the presurgical workup when multimodal
mage coregistration was employed. Two-stage surg-
ries were more often performed in patients with

ncongruent imaging and EEG data, extratemporal
nset, and non-lesional MRI, which is not unexpected.
here was no significant change in the number of
lectrodes implanted when extraoperative monitor-

ng was performed. Limiting the need for invasive
6

onitoring decreases risks of adverse effects such
s infection, haemorrhage, and increased intracranial
ressure (Arya et al., 2013). Reduction of two-stage
urgeries would be expected to reduce costs of care,
y avoiding additional surgical costs and reducing the
uration of hospitalization. This finding alone is an

i
i
c
i
i
c

mportant reason to consider utilization of coregis-
ered imaging techniques.

ultimodal coregistered neuroimaging had a marked
ssociation with favourable post-operative seizure
ontrol. Overall, approximately 80% of our cohort
xperienced initial favourable outcomes regardless of
hether coregistration was employed, similar to other
aediatric series (Wyllie et al., 1998; Krsek et al., 2009).
e saw a decrease in favourable outcome within the

rst year, as has been reported in other studies (Liang
t al., 2012). This decrease was marked in the pre-
MI group, while those evaluated with coregistered

maging had sustained favourable outcome with 64%
emaining Engel Cass I at two years post-operation.
his may be attributable to improved localization of
he epileptogenic zone resulting in complete resec-
ion of the epileptogenic focus, the best predictor of
ost-surgical outcome (Krsek et al., 2009). To support

hat improved outcome was related to coregistered
maging and not cumulative contribution of multi-
le pre-operative factors, we calculated propensity
cores of the most common variables known to impact
pilepsy surgery outcome. This analysis included vari-
bles of significant difference between the groups
i.e. seizure frequency, MRI lesional status) and
hanges in our evaluation process (i.e. 3T/1.5T magnet,
umber and type of functional studies). Accounting

or these covariates, patients undergoing MMI analy-
is remained significantly improved at both one and
wo years post-operation.
his study is strengthened by comparing two surgical
ohorts, one evaluated with and one without coreg-
stered imaging. We recognize several limitations of
esign including the retrospective nature. We cannot
ccount for the impact experience may have had on
ur outcomes, though year of surgery did not impact
utcome. Our surgical programme has been active
ince 2001, thus the primary participants had several
ears of experience together before the cohort in
his study was evaluated and the surgical procedures
ere primarily performed by the same surgeon (DD).

avourable surgical outcome at two years remained
airly stable at <50% until 2010 when favourable out-
ome increased to >50%. This abrupt change also
upports the impact of our coregistered imaging more
han experience, as the change would have been

ore gradual and there were no other significant
odifications that year to explain such a difference

therwise. While we cannot possibly account for all
Epileptic Disord, Vol. 19, No. 1, March 2017

ncluded, we found no difference based on the type of
maging study performed, no change in proportion of
ongruent studies over time, and there was no change
n protocol other than viewing data as coregistered sets
n 2010 to explain the increase in favourable postsurgi-
al outcomes. We did not consider whether patients
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emained on AEDs postoperatively. It is the proto-
ol of our facility to continue AEDs until at least two
ears after surgery, thus this is not likely to impact out-
ome differences between groups at the time points
e investigated. We did not include unintended func-

ional deficits in our dataset, thus we cannot comment
n the impact coregistered imaging has on adverse
ostoperative functional outcome.
he use of multiple imaging modalities in the presur-
ical evaluation of intractable epilepsy is common.
oregistration of multiple modalities to anatomical

maging is an important component of the non-
nvasive presurgical evaluation, and is associated with
mproved seizure outcome when compared to tra-
itional analysis. At the least, implementation of
oregistration techniques likely improves confidence
n localization and increases recognition of subtle
esions. Coregistered imaging may reduce the need
or invasive neurophysiological monitoring and con-
ributes to increased rates of postoperative seizure
reedom up to two years after paediatric epilepsy
urgery, a favourable predictor of long-term outcome.
oregistration of neuroimaging data should be con-

idered as a component of presurgical evaluation for
hildren with intractable epilepsy. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) Multimodal imaging coregistration may impact surgical evaluations and treatment of intractable epilepsy
in multiple ways. Name some examples.

(2) In patients evaluated with multimodal coregistered imaging, we noted improved outcome at two years

Wyllie E, Comair YG, Kotagal P, Bulacio J, Bingaman W, Rug-
gieri P. Seizure outcome after epilepsy surgery in children
and adolescents. Ann Neurol 1998; 44(5): 740-8.

Zhang J, Liu W, Chen H, et al. Multimodal neuroimaging in
presurgical evaluation of drug-resistant epilepsy. Neuroim-
age Clin 2013; 4: 35-44.
8

post-operation. Was this type of imaging analysis more
procedures?

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
Epileptic Disord, Vol. 19, No. 1, March 2017

useful in patients with temporal or extratemporal

uestions. Correct answers may be accessed on the
“The EpiCentre”.
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