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ABSTRACT – Aim. To describe the general aspects of cavernomas and
epilepsy and review the available literature on the utility of electrocorti-
cography (ECoG) in cerebral cavernoma surgery. Methods. We searched
studies in PubMed, MedLine, Scopus, Web of Science, and Google Scholar
(from January 1969 to December 2013) using the keywords “electrocorti-
cography” or “ECoG” or “prognosis” or “outcome” and “cavernomas”.
Original articles that reported utility of ECoG in epilepsy surgery were
included. Four review authors independently selected the studies, extrac-
ted data, and assessed the methodological quality of the studies using the
recommendations of the Cochrane Handbook for Systematic Reviews of
Interventions, PRISMA guidelines, and Jadad Scale. A meta-analysis was
not possible due to methodological, clinical, and statistical heterogeneity
of included studies. We analysed six articles with a total of 219 patients.
Results. The most common surgical approach was lesionectomy using
ECoG in the temporal lobe with Engel I outcome range from 72.7 to 100%.
Conclusions. Small controlled studies suggest that ECoG-guided resection
offers the best functio
cavernoma surgery, e
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nal results in seizure control for subjects undergoing
specially in the temporal lobe.
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undertook a separate analysis according to study
lectrocorticography (ECoG) is the practice of using
lectrodes placed directly on exposed cortical surface
o record brain electrical activity. Wilder Penfield and
erbert Jasper introduced the procedure for localisa-

ion and treatment of epileptogenic zones between
930 and 1950. Later, Cosimo Ajmone Marsan descri-
ed the classic patterns of ictal and interictal activity
ecordings (Keene et al., 2000). Today, ECoG is conside-
ed the gold standard for intraoperative determination
f epileptogenic zones. ECoG has been used to loca-

ise the irritative zone and guide cortical resections,
s well as to determine functional areas and establish
rognosis (Keene et al., 2000; San-Juan et al., 2011).
or a didactic review you can refer to the Seminars
n Epileptology manuscript on “Intraoperative Electro-
orticography: indications, techniques and utility in
pilepsy surgery” (Yang et al., 2014).
avernomas (CAs) are vascular malformations of the
entral nervous system (CNS) in which ECoG has been
sed to guide resections. They represent 10-15% of
ll vascular malformations (VM) of the CNS and are
ssociated with seizures in 40 to 70% of cases (Arita
t al., 2000; Alonso-Vanegas et al., 2011). Studies have
valuated the utility of ECoG in the surgical treatment
f CA, showing a decrease of up to 79 versus 91% of
atients at six months post-resection, 77 versus 90%
t one year, and 79 versus 83% at two years without
CoG versus with ECoG, respectively (Van Gompel et
l., 2009). However, the utility of ECoG in epilepsy sur-
ery with associated CAs has not been systematically
nalysed (Rosenow et al., 2013). In this review, we brie-
y describe the general aspects of CAs and then focus
n analysing the available literature on the utility of
CoG in cerebral CA surgery.

aterial and methods

ur systematic review was conducted according to the
ecommendations of the Cochrane Handbook for Sys-
ematic Reviews of Interventions (Higgins and Green,
011), and the present report follows PRISMA (Pre-
erred Reporting Items for Systematic Reviews and

eta-Analyses) guidelines (Moher et al., 2010).

iterature search

e searched for articles published in PubMed, Med-
ine, Scopus, Web of Science, and Google Scholar
46

rom January 1969 to December 2013 using the
eywords “electrocorticography” or “ECoG” or “prog-
osis” or “outcome” and “cavernomas”. We also

ooked for articles in the reference lists of retrieved
rticles and ECoG review articles, and also contacted
xperts in the field.

q

Q

A
t

election criteria

he following criteria were adopted in order to analyse
he utility of ECoG in cerebral CA surgery: (1) articles
ritten in English or Spanish; (2) original articles with

t least five patients; and (3) articles with a follow-up
nd evaluation using Engel scale.
e therefore excluded the following articles: review

rticles and articles reporting duplicate data or data
xtracted from original articles. In relation to the sec-
ions of general aspects of CA and principles of ECoG
tility in epilepsy surgery, we followed similar criteria,
xcept that we included review articles.

ata extraction

or each study, two authors extracted data indepen-
ently (DNCI and OBM) and two other authors (BJVA
nd GHI) checked data extraction. Any discrepancies
ere resolved by the corresponding author (DS). We
eveloped a checklist in order to extract the following
ariables:
1) demographic and clinical characteristics, such as
otal sample, sex, and mean age at surgery;
2) study design characteristics;
3) treatment characteristics, type of surgery, and loca-
isation;
4) iECoG technique (number and type of electrodes,
uration of ECoG before and after resection [min]);

5) anaesthesia; and
6) outcome using Engel scale and/or complications.

uality assessment

ccording to the technique of Jadad et al. (1996), we
ddressed the following issues that influence data
uality: (1) selective outcome reporting (we identified
hether and to what extent complications and out-

omes were reported and the follow-up); (2) year of
ublication (rare complications might take more years

o be identified and reported); and (3) presence of
ontrol group, in order to distinguish between efficacy
nd adverse events (i.e. those which appear after inter-
ention onset) and complications (i.e. adverse events
n which causality is likely), and outcome.
ince our aim was to understand the possible uti-

ity of ECoG in epilepsy surgery with associated
A, we took a conservative approach and did not
iscard studies based on risk bias; instead, we
Epileptic Disord, Vol. 16, No. 3, September 2014

uality.

uantitative analysis

ll analyses were performed using Excel, and due
o the small number of studies, we reported the
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esults using descriptive statistical analysis. A meta-
nalysis was not possible due to methodological,
linical, and statistical heterogeneity of included
tudies.
he next sections contain a brief review of the general
spects of CA and the principles of ECoG in epilepsy
urgery, followed by a literature review related to the
tility of ECoG in CA surgery.

art I. Basic aspects of cavernomas and
rinciples of ECoG utility in epilepsy
urgery

As or cerebral angiomas are low-flow VM, typically
-2 cm in diameter (Bozinov et al., 2010; von der Brelie
nd Schramm, 2011). According to post mortem stu-
ies, CAs represent 10-15% of VM and are encountered

n 0.34-0.9% of the general population (von der Brelie
nd Schramm, 2011; Rosenow et al., 2013). CA can occur
hroughout the CNS; 70-80% are supratentorial, 15-20%
re infratentorial, and 5-10% are intraspinal (Campbell
t al., 2010). In 10-40% of cases, CAs are familial, and
hus, often multiple (Chen et al., 2011). Early series sho-
ed haemorrhage incidence in CA patients to be up

o 65% and seizures are the most frequent clinical pre-
entation of supratentorial CAs, occurring in 41-80% of
atients with CA (von der Brelie and Schramm, 2011;
ivelev et al., 2011).
he origin of cavernous malformations is still highly
ebated but there are a few theories to explain the
nderlying causes based on: 1) genetics (Bacigaluppi
t al., 2013); 2) radiation; and 3) origin in other vascular
alformations (capillary telangiectasias) (Ardeshiri et

l., 2008).

linical features

he clinical presentation of cavernous angiomas is
idely varied and depends largely on anatomical loca-

ion (Huang et al., 2011; Rosenow et al., 2013). The
haracteristic clinical triad consists of intraparenchy-
al haemorrhage (11-32%), seizures (38-51%), and

eurological deficits (12-45%). These symptoms are
irectly related to initial intra- and peri-lesional hae-
orrhages (Huo et al., 2008; Englot et al., 2011).

atients with CA have a twofold higher probability
f presenting with epileptic seizures compared to
atients with other VM and tumours (Kivelev et al.,
pileptic Disord, Vol. 16, No. 3, September 2014

011; Alonso-Vanegas et al., 2011). It is estimated that
lose to 4% of drug-resistant seizures are caused
y CAs (Sugano et al., 2007). Epileptic seizures can
e focal, with or without alteration of consciouss-
ess, or secondarily generalised. Seizures arise as a
onsequence of neural irritation, caused by micro-
aemorrhages containing haemoglobin degradation

l
m
t

S
r
(
n

Electrocorticography and cavernomas

roducts, such as haemosiderin (Baumman et al., 2006;
on der Brelie and Schramm, 2011). Haemorrhages can
e both intra and extralesional (Campbell et al., 2010).
he epileptogenicity of supratentorial CAs depends on
ortical, especially mesiotemporal archicortical, invol-
ement. Exclusively, subcortical CAs are less likely to
ause epilepsy. A greater diameter of the CA (>1.5 cm),
ultiple CAs, absence of oedema, and localisation in

he left hemisphere are also associated with the occur-
ence of epilepsy (Kayali et al., 2004; Rosenow et al.,
013).

iagnosis

ncreased availability and use of magnetic resonance
maging (MRI) has led to an increase in the diagnosis
f CA (Campbell et al., 2010; Rosenow et al., 2013).
As commonly appear on MRI (T1 and T2-weighted,
radient echo and susceptibility weighted imaging
equences) as “berry or salt and pepper corn clus-
ers” as a result of the heterogeneous ferromagnetic
roperties of CAs, surrounded by a high T2 signal
order of perilesional gliosis. The interior appears as
reticulated core of mixed intensities reflecting the

ntralesional vascular channels, deoxyhaemoglobin,
alcifications, thrombosed vessels, and metahaemo-
lobin. The perilesional halo is due to the presence
f haemosiderin (Campbell et al., 2010).
omputed tomography (CT) is only 30-50% specific

n the detection of CAs. The lesions are observed as
pherical hyperdense or mixed zones with perilesio-
al oedema. Calcifications and a slight mass effect may
e visualised (Requena et al., 1991). Cerebral angiogra-
hy has a low sensitivity as it detects only 10% of cases

angiographically occult VM), showing an avascular
one and displacement of adjacent venous structures
n the venous phase (Requena et al., 1991).

reatment

anagement of CA is controversial and is generally
ased on natural history, age, lesion localisation, and
urgical risk. The therapeutic options include conser-
ative management, surgery, and radiosurgery (Kivelev
t al., 2011; Rosenow et al., 2013).
onservative treatment is recommended:
) when the patient presents with multiple lesions and
t is uncertain which is symptomatic; 2) the lesion is
247

ocated near eloquent cortex; 3) the lesion is asympto-
atic; and 4) in the event of a medical contraindication

o surgery.

urgical treatment is indicated in cases of drug-
esistant epilepsy, lesions located near eloquent cortex
when the risk of rebleeding is high and using
europhysiological monitoring techniques), recurrent
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. San-Juan, et al.

aemorrhage, as well as important focal or progressive
eficits and brainstem lesions (Alonso-Vanegas et al.,
011). The objective of microsurgical treatment of CA is
ot only to improve symptomatology but also prevent

urther neurological deterioration due to bleeding.
urgical resection of supratentorial lesions is associa-
ed with 70-100% seizure reduction (von der Brelie and
chramm, 2011; Alonso-Vanegas et al., 2011; Kivelev et
l., 2011).
he role of radiosurgery in the treatment of CA is
ontroversial; it has been primarily used in CA loca-
ed in the brainstem, basal ganglia, and eloquent areas
f the cerebral cortex (Moreno-Jiménez et al., 2008).
he surgical outcome and factors affecting seizure
utcomes in patients who harbour supratentorial
avernous angiomas presenting with seizures vary
Stavrou et al., 2008; Alonso-Vanegas et al., 2011).

ne study included 60 patients with supratentorial
A; intractable epilepsy (n=22) and sporadic seizures

n=38) were treated by lesionectomy, extended lesio-
ectomy, standard temporal lobectomy, and tailored
esection. Of the patients with intractable epilepsy
nd patients with sporadic seizures, 72.7 and 89.5%
chieved Engel Class I outcomes, respectively, and
howed that lesionectomy alone can be considered
reasonable approach for those patients who exhi-

it sporadic seizures and have an extra-temporal or
eo-temporal lesion. In patients with intractable epi-

epsy and/or mesial temporal lesions, a more invasive
pproach appears to achieve a better outcome (Yeon
t al., 2009). Some authors have found a similar Engel
lass I outcome and demonstrated that patients bene-
t significantly from early surgery and excision of the
aemosiderin rim (Stavrou et al., 2008). Other authors
uggest that the surgical resection of CA should be
onsidered in all patients with supratentorial CA and
oncomitant epilepsy, irrespective of the presence or
bsence of predictors for a favourable seizure out-
ome (Rosenow et al., 2013).
ther predictors for good seizure outcome reported

re age older than 30 years at the time of surgery,
ross-total resection, the absence of multiple CA,
urgery within one year of symptom onset, mesiotem-
oral CA localisation, CA size <1.5 cm, the absence
f secondary generalised seizures, and medically-
ontrolled seizures (Englot et al., 2011; Rosenow et al.,
013).
48

rinciples of ECoG utility in epilepsy surgery

CoG has been used as a neurophysiological tech-
ique to register cerebral activity for over 40 years,
s an auxiliary method in the surgical treatment of
atients with medically refractory epilepsy (Keene et
l., 2000). Although the use of ECoG entails an inva-

m
s
o
o
c
b
h

ive risk, it is a useful tool to localise epileptogenic
reas before and after surgery (San-Juan et al., 2011).
he number of patients with epilepsy considered for
urgical treatment has increased over the last decades,
aking intraoperative ECoG an important resource to

urgical success; numerous studies have demonstra-
ed an improved prognosis in seizure outcome when
urgery is guided by ECoG (Keene et al., 2000; Ferrier
t al., 2007; San-Juan et al., 2011).
ntraoperative ECoG monitoring identifies epileptic
ctivity in different pathologies and the ECoG pat-
ern varies depending of aetiology (Keene et al.,
000; Ferrier et al., 2007; San-Juan et al., 2011). ECoG
egisters the same brain potentials as scalp EEG
ithout attenuation by scalp and skull tissues, which

mproves the amplitude and frequency spectrum, and
educes dispersion of registered potentials allowing
or an improved localisation of the epileptogenic zone
Keene et al., 2000). ECoG relies on interictal discharges
o identify the epileptogenic zone, and ultimately
epends on an adequate presurgical evaluation to
etermine and plan the surgical approach and ECoG
ecording (San-Juan et al., 2011).

CoG procedure in epilepsy surgery

nce the dura mater has been retracted and the cor-
ex exposed, general anaesthesia will be suspended
nd surface electrodes arranged in grids or strips with
nter-electrode spacing of 5 to 10 mm placed over the
ortex (figure 1) (San-Juan et al., 2011). Subdural ECoG
ecordings are usually carried out using a 64 to 128-
hannel EEG monitoring system and amplifier. Signals
re bandpass filtered between 0.03 and 70 Hz, sensi-
ivity is set between 20 to 50 �V/s, and a notch filter
s set at 60 Hz. The electrode grids are placed conse-
utively over the cortical areas of interest. A reference
lectrode is placed on the mastoid, ipsilateral to the
urgical field (San-Juan et al., 2011).
re-resection ECoG is considered satisfactory if epi-

eptiform activity is observed and there is no evidence
f burst suppression. The intraoperative recordings,
hich usually take about 30 minutes to perform, guide

he surgical steps to tailor the extension and volume or
ize of the cortical resection in each patient (San-Juan
t al., 2011).
mplantation of intracranial electrodes during ECoG

ay be associated with undesirable morbidity and
Epileptic Disord, Vol. 16, No. 3, September 2014

ortality. Unfortunately, there are no data on the
pecific complications of ECoG. Some information
n complications may be inferred from studies
n chronic invasive monitoring. The most common
omplications during chronic recordings are cere-
rospinal fluid leaks, meningitis, wound infection,
aemorrhages/haematomas, transient or permanent
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igure 1. 32-contact grid (8×4) placed over the right temporal lo
he letters indicate areas with interictal epileptiform discharges.

eurological deficits, and cerebral oedema. Death as
complication of intracranial monitoring is a very rare
vent. Therefore, the rate of complications in intraope-
ative ECoG is expected to be inferior to that of chronic
ntracranial recordings.
n summary, ECoG is considered to be a safe tech-
ique, and possible complications may be related to
raniotomy and epilepsy surgery, but can rarely be
ttributed to the ECoG procedure itself (Fernández and
oddenkemper, 2013).

art II. Utility of ECoG in cerebral
avernoma surgery
pileptic Disord, Vol. 16, No. 3, September 2014

e originally retrieved 20 articles related to the uti-
ity of ECoG in cerebral CA surgery. However, after
xcluding studies according to our selection criteria,
ix original articles were selected with 219 patients.
able 1 shows clinical studies of the utility of intrao-
erative ECoG in cerebral CA surgery. All the studies
ere ranked as JADDAD score 1. The most common

s
d
s
2
2
A
w

urgical approach was lesionectomy in the tempo-
al lobe with Engel class I outcome range from 72.7
o 100%.

iscussion

he first case reports published during the late 1970s-
0s suggested ECoG to be a useful neurophysiological
ool to guide CA resections and improve functional
rognosis (Buckingham et al., 1989; Kamada et al., 1994).
oday, some authorities consider lesionectomy suffi-
ient for control of seizures secondary to CAs, while
thers consider that resection of the whole epilepto-
enic zone is necessary to obtain improved functional
esults (Zhao et al., 2005; Baumann et al., 2006; Yeon
t al., 2009). Some studies on surgical series have
249

upported the usefulness of intraoperative ECoG in
ecreasing seizure frequency in CA resections, with
ome cases even becoming seizure-free (Cho et al.,
005; Ferrier et al., 2007; Sugano et al., 2007; Yeon et al.,
009; Van Gompel et al., 2009; Sun et al., 2011).

study on ECoG discharges, including 19 patients
ith CA and 54 with neurodevelopmental lesions
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. San-Juan, et al.

ith at least one year follow-up, demonstrated a very
imilar outcome between the groups (Engel class
: 89 vs. 71%, respectively) (Ferrier et al., 2007). In
nother study that included 35 patients with temporal
umours, comprising 21 gangliogliomas, eight CAs,
nd six dysembryoplastic neuroepithelial tumours,
he authors compared surgical outcome in patients in
hom only lesionectomy was carried out with patients

n whom additional removal of electrically-positive
oci using intraoperative ECoG was performed. ECoG
as performed in 23 patients (six CAs) and showed

eizure reduction at 6, 12, 24, and 36 months follow-up
f 100, 95.5, 90.9 and 90.9% respectively. Seizure reduc-

ion at the same follow-up time points was 92.3, 84.6,
6.9, and 76.9%, respectively, in the group undergoing
nly a lesionectomy, showing that the use of ECoG

s associated with a better outcome. The results of
his heterogeneous series reflect the effectiveness
f ECoG in the treatment of CA, as well as in CNS

umours (Yeon et al., 2009).
nother study (Van Gompel et al., 2009) evaluated sur-
ical results in 173 surgically treated CA patients and
02 cases had preoperative seizures; 61 with temporal
As and 41 with extratemporal CAs. A total of 23 proce-
ures were guided by ECoG. There were no significant
ifferences in the long-term prognosis regarding lesio-
ectomy versus a more extensive resection (temporal

obectomy), time of evolution, age, size of lesion, or
se of ECoG. In general, and independently of lesion

ocalisation, seizure-free outcomes were observed in
5, 87 and 88% of cases at six months, one year, and
wo years, respectively. The use of ECoG was related
o more extensive resections and appears to improve
he possibility of a seizure-free state, with an absolute
ncrease in the seizure-free state of 12, 13 and 14%
t 6, 12, and 24 months postoperatively, compared to
atients in whom surgical ECoG guidance was not used

Van Gompel et al., 2009).

atterns of epileptiform discharges in cavernomas

he interictal electroencephalographic patterns
bserved in ECoG recordings during CA surgery have

ow sensitivity and specificity, since these patterns
re also encountered in ECoG recordings of other
eurodevelopmental lesions (Ferrier et al., 2007).
errier et al. identified the following four types of
lectroencephalographic patterns, using the Palmini
lassification (Palmini et al., 1995).
56

1) Sporadic spiking: produced at irregular intervals
ver different sites (figure 2).

2) Continuous spiking: occurring rhythmically at
egular intervals of at least 10 seconds, with a 1-
econd maximal inter-spike interval (frequency ≥1 Hz)
figure 2).

o
r
h
s
D
7

3) Bursting discharges: sudden appearance of spikes
f at least 1 second with 10 Hz or higher frequency

figure 3).
4) Recruiting discharges: rhythmic activity characte-
ised by an increase in amplitude and decrease in
requency (electrocorticographic seizures) (Ferrier et
l., 2007).
he different patterns observed in CA patients are rela-
ed to the age at seizure onset, duration of epilepsy,
nd type and duration of lesion. The most commonly
bserved pattern during ECoG is sporadic spiking

Ferrier et al., 2007).
uration of epilepsy is important since a younger

ge at seizure onset is related to the degree of
aemosiderin deposits and gliosis that surrounds

he vascular lesion, and injures the CA surroun-
ing parenchyma and results in neurological deficits

Ferrier et al., 2007; Englot et al., 2011). Patients with
rug-resistant epilepsy secondary to CA show highly
pileptiform discharge patterns on ECoG recordings,
hich include continuous spikes, bursts, and recrui-

ing discharges similar to those observed in patients
ith neurodevelopmental lesions. This may be explai-
ed by micro-haemorrhages as an early insult in crucial
tages of the developing brain resulting in functio-
al changes, which are similar to alterations found in
eurodevelopmental lesions. This indicates that the
resence of continuous spikes in ECoG recordings
f CA is associated with a long history of epilepsy
efore surgery. These finding are consistent with

he poor outcome of surgical resections in patients
ith a long-standing history of epilepsy and empha-

izes the importance of early intervention (Ferrier
t al., 2007). No association between the degree of
aemosiderin deposits and the ECoG patterns has
een reported (Baumann et al., 2006). ECoG recor-
ings during CA surgery detect additional epileptiform
ischarges in perilesional tissues or more remotely

ocated areas (Kamada et al., 1994), making it a very
seful tool to guide the resection (Van Gompel et al.,
009).
he postsurgical ECoG recordings in CA surgery can
uide the careful removal of any residual epilep-
ic foci and predict the outcome (Cho et al., 2005;
un et al., 2011); however, the value of post-resection
CoG is controversial (Sugano et al., 2007). Cho et
l. (2005) showed that residual epileptic activity in
ost-resection ECoG is not associated with a greater
eizure-free rate (92%), compared with other degrees
Epileptic Disord, Vol. 16, No. 3, September 2014

f residual epileptic activity. While, Sugano et al. (2007)
eported frequent residual spikes observed over the
ippocampus (86.4%) and amygdala (63.6%) during
urgery for temporal-lobe-mass lesions, including CA.
espite this, the seizure-free occurrence rate was

6.9%.
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A

B

Figure 2. Case of a 35-year-old female with temporal drug-resistant epilepsy characterised by focal seizures with and without alteration
of conscioussness and secondarily generalised seizures, secondary to a left temporal CA. (A) Preoperative MRI (T1) showing left
temporal CA, ECoG showing single spikes in channels 8-9 and 9-10, and a pattern of continuous spiking with intermixed sporadic
spiking in channel 14-15. These patterns are observed in the left second temporal gyrus. (B) Postoperative MRI showing complete
resection of CA and ECoG showing absence of epileptiform activity. At one year of follow-up, the patient is seizure-free.
Grid: 24-contact (6×4); filters: 0.3-70 Hz; notch: 60 Hz; sensitivity 50 �V/mm.
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A

B

Figure 3. Case of a 37-year-old male with drug-resistant epilepsy characterised by focal seizures with and without alteration of
conscioussness, and secondarily generalised seizures, secondary to a left temporal CA. (A) Preoperative ECoG showing polyspike
trains in channels 3-4, 4-5, 7-8, 19-20 and 20-21, localised on the lateral mesial third of the left second temporal gyrus. (B) After the
resection, a single spike following deafferentation (different morphology and localisation) is observed in channel 19-20, localised in
the lateral mesial third of the left first temporal gyrus. At 18 months of follow-up, the patient is seizure-free.
Grid: 24-contact (6×4); filters: 0.3-70 Hz; notch: 60 Hz; sensitivity 50 �V/mm.
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onclusion

mall controlled studies suggest that ECoG-guided
esection offers the best functional results in seizure
ontrol for subjects undergoing CA surgery, especially
n the temporal lobe. Future randomised studies will
e required to build upon these findings. �
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ván Cesár Díaz-Nuñez, Mónica Ojeda Baldéz, and Víctor
rmando Barajas Juárez received a research fellowship for the
inter term 2011-2012 from the Medical School of the Autono-
ous University of Ciudad Juarez, Chihuahua, Mexico.
one of the authors have any conflict of interest to declare.

eferences

lonso-Vanegas MA, Cisneros-Franco JM, Otsuki T. Surgical
anagement of cavernous malformations presenting with

rug-resistant epilepsy. Front Neurol 2011; 2: 86.

rdeshiri A, Ardeshiri A, Beiras-Fernandez A, Steinlein OK,
inkler PA. Multiple cerebral cavernous malformations asso-

iated with extracranial mesenchymal anomalies. Neurosurg
ev 2008; 31: 11-7.

rita K, Kurisu K, Iida k, et al. Surgical treatment for intractable
pilepsy caused by cavernous angioma in the temporal lobe
f the dominant hemisphere. Neurol Med-Chir 2000; 40: 439-
5.

acigaluppi S, Retta SF, Pileggi S, et al. Genetic and cellular
asis of cerebral cavernous malformations: implications for
linical management. Clin Genet 2013; 83: 7-14.

aumann C, Schuknecht B, Russo GL. Seizure outcome
fter resection of cavernous malformations is better when
urrounding hemosiderin stained brain also is removed. Epi-
epsia 2006; 47: 563-6.

ozinov O, Hatano T, Sarnthein J, et al. Current clinical
anagement of brainstem cavernomas. Swiss Med Wkly

010; 140: w13120.

uckingham MJ, Crone KR, Ball WS, Berger TS. Management
f cerebral cavernous angiomas in children presenting with
eizures. Childs Nerv Syst 1989; 5: 347-9.

ampbell PG, Jabbour P, Yadla S, Awad IA. Emerging clinical
maging techniques for cerebral cavernous malformations: a
ystematic review. Neurosurg Focus 2010; 29: E6.

hen L, Zhao Y, Zhou L, et al. Surgical strategies in
reating brainstem cavernous malformations. Neurosurgery
011; 68: 609-20.
pileptic Disord, Vol. 16, No. 3, September 2014

ho DY, Lee WY, Lee HC, Chen CC, Tso M. Application
f neuronavigator coupled with an operative microscope
nd electrocorticography in epilepsy surgery. Surg Neurol
005; 64: 411-7.

nglot DJ, Han SJ, Lawton MT, Chang EF. Predictors of seizure
reedom in the surgical treatment of supratentorial caver-
ous malformations. J Neurosurg 2011; 115: 1169-74.

S
g
s

S
z
a
g

Electrocorticography and cavernomas

errier CH, Aronica E, Leijten FS, et al. Electrocorticography
ischarge patterns in patients with a cavernous hemangioma
nd pharmacoresistent epilepsy. J Neurosurg 2007; 107: 495-
03.

ernandez IS, Loddenkemper T. Electrocorticography for sei-
ure foci mapping in epilepsy surgery. J Clin Neurophysiol
013; 30: 554-70.

iggins JPT, Green S, eds. Cochrane Handbook for Sys-
ematic Reviews of Interventions Version 5.1.0. (online
dition). The Cochrane Collaboration 2011. Available from:
ww.cochrane-handbook.org. Consulted: 1 November 2013.

uang H, Xu K, Qu L, et al. Cystic cavernous malformation of
he cerebellopontine angle: case report and literature review.

orld J Surg Onco 2011; 9: 36.

uo L, Wu L, Zhang M, et al. Electrocorticography monitoring
n microsurgical treatment of solitary cavernous angiomas. J
ent S Univ Med Sci 2008; 33: 448-51.

adad AR, Moore RA, Carroll D, et al. Assessing the quality of
eports of randomized clinical trials: is blinding necessary?
ontrol Clin Trials 1996; 17: 1-12.

amada K, Isu T, Takahashi T, et al. Remote epileptogenic
ocus detected by electrocorticogram in a case of cavernous
ngioma. Acta Neurochir 1994; 127: 236-9.

ayali H, Sait S, Serdar K, et al. Intracranial cavernomas:
nalysis of 37 cases and literature review. Neurol India
004; 52: 439-42.

eene DL, Whiting S, Ventureyra EC. Electrocorticography.
pileptic Disord 2000; 2: 57-63.

ivelev J, Niemelä M, Blomstedt G, et al. Microsurgical
reatment of temporal lobe cavernomas. Acta Neurochir
011; 153: 261-70.

oher D, Liberati A, Tetzlaff J, Altman D. Preferred reporting
tems for systematic reviews and meta-analyses: the PRISMA
tatement. Int J Surg 2010; 8: 336-41.

oreno-Jiménez S, Reyes-Moreno I, Axayacalt-Gutiérrez G,
t al. Cavernomas tratados con radiocirugía con acelerador

ineal en el INNN: resultados preliminares de la respuesta
olumétrica. Arch Neurocien 2008; 13: 8-12.

equena I, Arias M, López-Ibor L, et al. Cavernomas of the
entral nervous system: clinical and neuroimaging mani-
estations in 47 patients. J Neurol Neurosur Ps 1991; 54:
90-4.

osenow F, Alonso-Vanegas MA, Baumgartner C, et al.
avernoma-related epilepsy: review and recommendations

or management–report of the Surgical Task Force of
he ILAE Commission on Therapeutic Strategies. Epilepsia
013; 54: 2025-35.

an-Juan D, Claudia AT, González-Aragón MF, et al. The pro-
259

nostic role of electrocorticography in tailored temporal lobe
urgery. Seizure 2011; 20: 565-9.

tavrou I, Baumgartner C, Frischer JM, et al. Long-term sei-
ure control after resection of supratentorial cavernomas:
retrospective single-center study in 53 patients. Neurosur-
ery 2008; 63: 888-96.



Journal Identification = EPD Article Identification = 0674 Date: September 15, 2014 Time: 9:46 am

2

D

S
r
i
l

S
i
s
a

V
m
c

V
F

n
s

Y
C
l
e

. San-Juan, et al.

ugano H, Shimizu H, Sunaga S, et al. Efficacy of intraope-
ative electrocorticography for assessing seizure outcomes
n intractable epilepsy patients with temporal-lobe-mass
esions. Seizure 2007; 16: 120-7.

un GC, Chen XL, Zhao Y, et al. Intraoperative MRI with
ntegrated functional neuronavigation-guided resection of
upratentorial cavernous malformations in eloquent brain
60

reas. J Clin Neurosci 2011; 18: 1350-4.

on der Brelie C, Schramm J. Cerebral cavernous malfor-
ations and intractable epilepsy: the limited usefulness of

urrent literature. Acta Neurochir 2011; 153: 249-59.

an Gompel JJ, Rubio J, Cascino GD, Worrell GA, Meyer
B. Electrocorticography-guided resection of temporal caver-

Y
a
c

Z
e
n
2

oma: is electrocorticography warranted and does it alter the
urgical approach? J Neurosurg 2009; 110: 1179-85.

ang T, Hakimian S, Schwartz TH. Intraoperative Electro-
orticography: indications, techniques and utility in epi-

epsy surgery. Epileptic Disord 2014; 16: 271-9. 10.1684/
pd.2014.0675.
Epileptic Disord, Vol. 16, No. 3, September 2014

eon JY, Kim JS, Choi SJ, et al. Supratentorial cavernous
ngiomas presenting with seizures: surgical outcomes in 60
onsecutive patients. Seizure 2009; 18: 14-20.

hao J, Kang S, Wang S, et al. Neuronavigation and
lectrocorticography monitoring in resection of brain caver-
ous malformations. Zhonghua Yi Xue Za Zhi 2005; 85:
24-8.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (FOGRA27)
  /Description <<
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


