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ABSTRACT

Background: Fast ripples (FR, 250–500 Hz) detected with chronic intracranial electrodes are
proposed biomarkers of epileptogenesis. This study determined whether resection of FR-
containing neocortex recorded during intraoperative electrocorticography (ECoG) was associ-
ated with postoperative seizure freedom in pediatric patients with mostly extratemporal
lesions.

Methods: FRs were retrospectively reviewed in 30 consecutive pediatric cases. ECoGs were
recorded at 2,000 Hz sampling rate and visually inspected for FR, with reviewer blinded to
the resection and outcome.

Results: Average age at surgery was 9.1 � 6.7 years, ECoG duration was 11.8 � 8.1 minutes,
and postoperative follow-up was 27 � 4 months. FRs were undetected in 6 ECoGs with
remote or extensive lesions. FR episodes (n � 273) were identified in ECoGs from 24 pa-
tients, and in 64% FRs were independent of spikes, sharp waves, voltage attenuation, and
paroxysmal fast activity. Of these 24 children, FR-containing cortex was removed in 19 and
all became seizure-free, including 1 child after a second surgery. The remaining 5 children had
incomplete FR resection and all continued with seizures postoperatively. In 2 ECoGs, the
location of electrographic seizures matched FR location. FR-containing cortex was found out-
side of MRI and FDG-PET abnormalities in 6 children.

Conclusion: FRs were detected during intraoperative ECoG in 80% of pediatric epilepsy cases,
and complete resection of FR cortex correlated with postoperative seizure freedom. These find-
ings support the view that interictal FRs are excellent surrogate markers of epileptogenesis, can
be recorded during brief ECoG, and could be used to guide future surgical resections in children.
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GLOSSARY
AED � antiepileptic drug; ANOVA � analysis of variance; CD � cortical dysplasia; ECoG � electrocorticography; FDG-PET �
18fluoro-deoxyglucose PET; FR � fast ripples; HFO � high-frequency oscillation; TSC � tuberous sclerosis complex; UCLA �

University of California, Los Angeles.

High-frequency oscillations (HFO) termed ripples (80 –250 Hz) and fast ripples (FRs;
250 –500 Hz) may be normal and physiologic in memory1 and somatosensory recordings.2

More recently, HFO has been identified in experimental models of temporal lobe
epilepsy3-5 and subsequently in mesial temporal lobe epilepsy.6-11 FRs are hypothesized to
be pathologic and a possible surrogate EEG cortical marker of epileptogenesis.3 Initially
recorded with chronic extraoperative intracranial monitoring with microelectrodes, HFOs
have been recorded with macroelectrodes during long-term invasive EEG monitoring.12,13

Other studies have shown that HFOs are not limited to mesial temporal lobe epilepsy, but
can be neocortical and extratemporal in origin.14-16
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The aims of this study were to investigate
if FRs could be recorded with macroelec-
trodes during short intraoperative electro-
corticography (ECoG) in pediatric epilepsy
surgery patients. The other aim was to ex-
amine whether complete resection of
FR-containing neocortex was associated
with postoperative seizure freedom in chil-

dren, with the operative team blinded to
FR location at the time of surgical
resection.

METHODS Cohort. Children with medically refractory

epilepsy who underwent surgical resections at the University

of California, Los Angeles (UCLA) Pediatric Epilepsy Surgery

Program from August 2007 to September 2008 were consec-

utively and prospectively studied. Refractory epilepsy was de-

Table Clinical and ECoG parameters

Patient Sex
Age at sz
onset, y

Sz
duration, y

Hx/active
spasm

No.
AED at
surgery

Age at
surgery, y

ECoG
duration,
min

No. FR
events

Average FR
duration,
msec

Average FR
frequency, Hz

1 F 0.08 0.58 Y/N 3 0.67 10 3 23.0 319

2 M 0.25 0.82 N/N 2 0.92 5 8 21.3 282

3 F 0.00 1.25 Y/N 2 1.25 13 12 28.5 269

4 F 0.04 1.42 N/N 3 1.42 4 8 38.3 307

5 M 0.50 1.00 N/Y 1 1.50 5 39 39.0 278

6 M 0.50 1.17 N/Y 3 1.67 14 1 19.0 344

7 F 0.33 1.75 Y/N 3 2.08 8 1 28.0 294

8 M 0.33 2.17 N/N 2 2.50 7 9 25.9 265

9 F 0.08 2.75 N/N 2 2.75 7 5 30.4 279

10 M 0.82 3.50 N/N 3 3.50 7 63 35.5 279

11 F 0.50 3.50 Y/N 2 4.00 7 1 33.0 311

12 M 0.25 4.25 N/N 1 4.50 9 1 83.0 256

13 M 1.42 3.00 N/N 0 4.83 10 4 24.5 294

14 M 0.00 8.08 Y/N 2 8.00 6 None

15 F 3.00 6.00 N/N 1 8.50 11 37 27.4 304

16 M 6.00 3.50 N/N 3 9.67 19 16 36.4 293

17 M 2.50 7.50 N/N 4 9.92 7 3 20.7 306

18 F 4.00 6.50 N/N 1 10.75 35 2 23.5 281

19 F 9.00 3.00 N/N 3 12.33 16 3 22.0 321

20 F 11.00 1.92 N/N 1 12.92 11 None

21 F 0.42 12.50 Y/N 2 12.92 6 10 23.5 308

22 M 11.00 3.00 N/N 1 14.33 5 None

23 F 3.00 12.50 N/N 3 15.50 6 30 20.8 317

24 M 4.00 11.50 N/N 1 15.75 30 2 25.5 279

25 F 12.00 4.00 N/N 3 16.17 6 None

26a M 12.00 4.00 N/N 1 16.92 18 6 43.5 304

27 F 12.00 6.00 N/N 2 18.25 32 8 26.9 300

28 M 12.00 6.00 N/N 1 18.25 16 None

29 M 5.00 2.00 N/N 1 19.75 10 None

30 F 13.50 5.50 N/N 2 20.67 12 1 21.0 316

—Continued
Abbreviations: I � type I cortical dysplasia; II � type II cortical dysplasia; AED � antiepileptic drugs; ECoG � intraoperative electrocorticography; DNET �

dysembryoplastic neuroepithelial tumor; F � frontal; FDG-PET � 18fluoro-deoxyglucose PET; FR � fast ripples; H � hemisphere; MTS � mesial temporal
sclerosis; mult � multiple lesions; Nl � normal; O � occipital; P � parietal; sz � seizure; T � temporal; TBI � traumatic brain injury.
a Patient continued with seizures after first resection, but became seizure-free after second resection (see text and figure 2).
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fined as monthly or greater seizure frequency, and failure of a
minimum of 3 first-line antiepileptic drugs.17

Standard protocol approvals, registrations, and patient
consents. The institutional review board at UCLA approved
the use of human subjects and waived the need for written in-
formed consent, as all testing was deemed clinically relevant for
patient care. This study is not a clinical trial, and it is not regis-
tered in any public registry.

Patient evaluation. All children with medically refractory ep-
ilepsy referred during the study period underwent a standardized

presurgical evaluation, which consisted of inpatient video-EEG
monitoring, high-resolution (1.5-Tesla) brain MRI, and
18fluoro-deoxyglucose PET (FDG-PET). When appropriate,
magnetic source imaging, FDG-PET/MRI coregistration, neu-
ropsychological assessment, intracarotid amobarbital test
(Wada), and functional MRI were also obtained.18,19

Decisions for surgical candidacy and the resection zones were
made by group consensus consisting of a case conference at-
tended by adult and pediatric epileptologists, adult and pediatric
epilepsy neurosurgeons, a neuroradiologist, and neuropsycholo-
gists. Surgical decisions were based on all presurgical test results

Table Continued

Patient
Average
FR volt, �V

No.
independent
FR site

Average
FR area,
cm2

MRI lesion/
FDG-PET
hypometabolism Resection

FR
area

FR area
resected? Sz-free?

Postoperative
follow-up, mo

Pathologic/
clinical
diagnosis

1 14 2 1.33 L H/L H L H L P Y Y 32 Dysplasia (II)

2 19 2 2.13 L FT/L H L H L PO Y Y 27 Dysplasia (II)

3 19 6 1.67 R F/R F R F R F Y Y 25 Dysplasia (II)

4 145 2 1.88 L F/L F L H L T Y Y 26 Dysplasia (II)

5 33 8 2.77 R H, R O/R TP R H R FTP Y Y 24 Heterotopia/
dysplasia (II)

6 37 1 1.00 R F/R F R F R F Y Y 29 Tuber

7 12 1 1.00 Mult/mult L F L F Y Y 24 Tuber

8 39 5 2.33 R F/R FTP R H R TP Y Y 25 Dysplasia (II)

9 21 3 1.20 L H/L H L H L FTP Y Y 22 Perinatal
meningitis

10 28 12 1.75 R T/R T R H R FP Y Y 30 Dysplasia (II)

11 25 1 1.00 R F/R F R F R F Y Y 25 Dysplasia (II)

12 144 1 1.00 R H/R H R H R T Y Y 21 Sturge-
Weber

13 35 3 1.25 R T/Nl R H R FTP Y Y 31 Dysplasia (II)

14 L H/L H L H Y 22 Gliosis/stroke

15 17 8 1.15 R T/R T R T R T Y Y 26 Dysplasia (II)

16 13 6 1.25 R H/R FP R P R TP Part N 29 Heterotopia/
dysplasia (II)

17 21 2 2.33 L TOP/L H L H L FT Y Y 20 Rasmussen
encephalitis

18 346 2 1.00 Nl/nl R F (part) R F Part N 25 Dysplasia (I)

19 16 2 1.00 L T/L T L T L T Y Y 33 Dysplasia (II)

20 R T/R T R T Y 33 Gliosis/MTS

21 24 3 1.00 Mult/mult R P R P Y Y 31 Tuber

22 R T/R T R T Y 24 Dysplasia (I)

23 43 3 1.33 L T/L T L T L T Y Y 32 Dysplasia (I)

24 34 1 1.00 R F/R F R F (part) R F Y N 26 Dysplasia (II)

25 R T/R T R T Y 25 Dysplasia (I)

26a 72 3 3.00 R O/R O R O R P N N 33 DNET

27 43 5 1.13 R T/R T R T R FT Part N 33 Reactive
changes/TBI

28 Nl/L T L T N 29 Dysplasia (I)

29 L H/L H L H Y 23 Rasmussen
encephalitis

30 101 1 1.00 R T/R FT R F R F Y Y 33 Dysplasia (I)
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for each patient. Two or more tests localizing to a region or
hemisphere were typically necessary to propose that a patient was
a surgical candidate, balanced between the probable success of
epilepsy surgery and the potential loss of motor, sensory, visual,
and language functions.

The clinical characteristics of these children were ab-
stracted from the medical record. These included gender, age
at seizure onset, age at surgery, seizure duration (time period
between seizure onset and surgery), history of infantile
spasms, active infantile spasms at the time of surgery, and the
number of antiepileptic drugs (AEDs) at the time of
surgery.19,20

ECoG recording. All surgical resections had intraoperative
ECoG recorded with macroelectrodes (AdTech, Racine, WI).
Every ECoG was recorded at 2,000 Hz sampling rate with no
low-pass or high-pass filter setting on the Harmonie long-term
monitoring system (Alpine Biomed; Montreal, Canada). Intra-
operative ECoG was performed using a standard surgical and
anesthesia protocol whereby sevoflurane was reduced to 0.1% or
less recorded end-tidal either at, or achieved shortly after, the
start of the ECoG recording, so as to minimize potential interfer-
ence from anesthesia.21,22 Patients were kept on nitrous oxide and
narcotics with muscle paralysis during the ECoG, and incision
and Mayfield pin sites were injected with local anesthesia (0.25%
Marcaine with epinephrine). In addition, the patient’s core body
temperature was maintained above 35.5 °C. After the dura was
opened, combinations of grids (4 � 5) and strips (1 � 4 or 1 �

8) were used, with 4-mm diameter electrode contact separated
from adjacent electrodes by 10 mm from center to center. The
findings on ECoG pertinent to the final resection zone included
interictal spikes and sharp waves, interictal paroxysmal fast activ-
ity, continuous epileptiform discharges, focal slowing, and focal
background voltage attenuation. In 2 cases, electrographic sei-
zures were captured during ECoG. The final area of resection
was determined by combining the video-EEG, neuroimaging,
and MRI localization with the ECoG data and did not consider
the location of FR, as this was recorded and reviewed separately
(see below). To avoid ECoG sampling bias, at least 1 noncontig-
uous “control” region not suspected to be epileptogenic from
presurgical testing was recorded, with a minimum of 2 lobes
sampled for each ECoG. No child in this cohort underwent
extraoperative intracranial recording.

FR identification. Methods of FR review and FR identifica-
tion were guided by Dr. Jean Gotman’s group in Montreal, Can-
ada (see Acknowledgment). Each ECoG was reviewed twice in a
blinded fashion, such that the reviewer had no knowledge of the
type and location of resection, the type and location of neuroim-
aging findings, and the location of the “control” region not sus-
pected to be epileptogenic. The ECoG sample was first reviewed
in its entirety with a referential montage (reference electrode on
the contralateral frontal scalp), with a high-pass 240-Hz filter
and a low-pass 500-Hz filter, at a maximally allowed time scale
of 338 mm/s, to visually identify and mark FR-like episodes
defined as 250- to 500-Hz events. This prevented potential bias
of viewing epileptiform discharges and therefore selecting FR
events occurring with these discharges. The entire record was
reviewed a second time by a vertically split screen, with the above
settings on the right screen, and no filters and standard time scale
of 30 mm/s on the left screen to distinguish FR from artifacts.
Events marked as FR were excluded if they were found to corre-
spond to artifacts on the second review. FR events co-occurring
with epileptiform discharges and voltage attenuation were noted
during this second review. In both reviews, the maximum resolu-

tion corresponded to 1.6 seconds/screen on a 21-inch-wide

screen, a finite impulse response filter was used to avoid ringing,

and high-frequency oscillations were required to contain at least

4 consecutive peaks clearly visible above the background signal

to be considered FR.13

The features for FR events were recorded for analysis in

this study. This included the frequency (Hz) and voltage

(�V) of each FR event, number of channels demonstrating

independent FR events, the area (total number of channels)

each independent FR spanned, the duration of each event

(milliseconds), whether the FR event occurred before or after

the anesthetic agent sevoflurane was lowered to the standard

0.1%, and whether each FR event co-occurred with spikes,

sharp waves, paroxysmal fast activity, background voltage at-

tenuation, or occurred independently. Total number of FR

events was tallied for each ECoG, and whether the surgical

resection included all, some, or none of the FR events. We

assessed retrospectively whether the resection area would have

been different if FR location was known prior to resection. In

addition, whether FR was located inside or outside the MRI

lesion, inside or outside the FDG-PET hypometabolism, or

both, was also assessed.

Postoperative assessment. Follow-up after surgical resection

occurred at 6 months, 12 months, and 24 months after surgery.

Seizure outcome was noted at each of these visits, and medica-

tions were adjusted when appropriate. Histopathologic diagnosis

from each of the surgical resections was noted.

Data analysis. Statistical results were obtained with the Stat-

view software, version 5.0.1 for Windows (SAS Institute Inc.,

Cary, NC). A priori, significant results were considered at p �

0.05.

RESULTS Cohort characteristics. A total of 30 chil-
dren with intractable epilepsy had their intraoper-
ative ECoG assessed for FR consecutively from
August 2007 to September 2008 (table). Average
age (�SD) at the time of ECoG was 9.1 � 6.7
years (range 8 months–20 years), with 15 female
patients. The mean age at seizure onset was 4.2 �

4.8 years (range birth–13.5 years), the mean sei-
zure duration was 4.3 � 3.3 years (range 7
months–12.5 years), and the mean number of
AEDs at the time of surgery was 2.0 � 1.0 (range
1– 4). Six children had a history of infantile
spasms, and 2 children had active infantile spasms
at the time of surgery.

Type of surgery. Twelve children had hemispherec-
tomy, and 18 had lobar/focal resection (7 frontal,
8 temporal, 2 parietal, and 1 occipital). Most chil-
dren in this series had extratemporal operations
(table). As might be expected, children undergoing
cerebral hemispherectomy were younger at age at
seizure onset (0.9 � 1.5 years) and surgery (5.0 �

5.4 years) compared with children undergoing lo-
bar/focal resections (seizure onset 6.3 � 5.1 years,
p � 0.0014; surgery 11.8 � 6.1 years, p �

0.0044). The type of surgery was not associated

Neurology 75 November 9, 2010 1689



with differences in seizure duration ( p �
0.88).

ECoG sampling and FR findings. Of the 30 ECoGs, 2
lobes were sampled in 10, 3 lobes were sampled in
18, and 4 lobes were sampled in 2 patients. The aver-
age ECoG duration was 11.7 � 8.1 minutes (range
4–35 minutes). FR were not identified in ECoGs
from 6 patients, while 273 distinct FR episodes were
found in the remaining 24 ECoGs (range 1–63 FR
per ECoG, average 11.4 � 15.5). Of the 6 ECoGs
that did not detect FR, 4 were children with anterior
mesial temporal lesions (3 with cortical dysplasia and
1 case of hippocampal sclerosis) and grid and strip
placement did not sample the mesial structures of
neuroimaging abnormality; and 2 children had sig-
nificant preexisting tissue loss at the time of surgery
(1 was a completion hemispherectomy with Rasmus-
sen encephalitis, and 1 a large perinatal MCA
infarct).

When recorded, interictal FR events (figure 1)
seemed to be markers of epileptogenic cortex. Spa-
tially, all FR events were found in or near the sus-
pected epileptogenic cortex based on neuroimaging,
and no FR were found in the noncontiguous “con-
trol” cortical regions. FRs were accompanied by
spikes in 59 (22%), by sharp waves in 29 (11%), by

background voltage attenuation in 6 (2%), by parox-
ysmal fast activity in 3 (1%), and occurred indepen-
dently of other EEG findings in 182 (64%) recorded
events. Of the 2 intraoperative ECoGs in which sei-
zures were captured, the location of FR recorded be-
fore the seizure matched the location of seizure onset
by electrode location and number of electrodes. The
number of FR events did not depend on whether the
anesthetic agent sevoflurane was already below 0.1%
or still slightly above but being reduced to 0.1%
(p � 0.19, paired t test). The number of FR events
did not correlate with the duration of ECoG record-
ing (p � 0.43, paired t test). The average duration of
FR events was 30 � 13.1 msec (range, 19–83). The
average amplitude was 54.2 � 72.5 �V (range 12–
346). The average frequency was 296 � 21 Hz
(range 256–344). The number of channels recording
independent FR events ranged from 1 to 12. The
area of electrode contact containing FR events aver-
aged 1.5 � 0.6 cm2 (range 1–8).

Correlations of FR and clinical characteristics. When
the interaction of age at surgery and type of resection
(hemispherectomy vs lobar/focal resection) was taken
into statistical consideration, the presence or absence
of FR did not correlate with age at surgery, age at
seizure onset, or type of resection (p � 0.12, logistic

Figure 1 Example of interictal fast ripples (FR) during intraoperative electrocorticography (patient 17)

Note the split screen on the left with no filter settings at 30 mm/s paper speed, and on the right with FR filter settings of
240 and 500 Hz at the maximally allowed 338 mm/s paper speed. The 2 events of interictal FR measured 338 and 342 Hz
at electrode 14 on the grid (A14), occurred independently of spikes and sharp waves on the strip (B1–8), and appeared
adjacent to paroxysmal fast activity elsewhere on the grid (A1–20).
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Figure 2 An illustrative case (patient 26)

This is a 16-year-old patient with 4 years of intractable epilepsy described as visual blurring and distortion. His video-EEG
did not show clear electrographic onset during all stereotypical events (not shown), and his head MRI (A) showed a lesion
over the right occipital region. His 18fluoro-deoxyglucose PET (FDG-PET) (B) showed hypometabolism over the right occip-
ital region, and the coregistration of MRI and FDG-PET (C) demonstrated hypometabolism limited to the lesion. At surgery,
the occipital lesion is seen in the surgical field (D). A 4 � 5 macroelectrode grid was placed over the surgical field (E), with a
1 � 4 macroelectrode strip off the surgical field (not shown) in the right frontal region as “control.” Intraoperative
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regression). The presence or absence of FR did not
correlate with seizure duration (p � 0.88), gender
(p � 0.36), history of infantile spasms (p � 0.82),
active spasms at the time of surgery (p � 0.46), or
the number of AEDs at surgery (p � 0.19).

Postoperative outcome. The average postoperative
follow-up period for this cohort was 27.3 � 4.1
months (range 20 –33). Seizure freedom was
achieved for 24 of the 30 (80%) children in this sur-
gical series similar to previous studies from our insti-
tution (table).19 The chance of achieving seizure
freedom did not correlate with seizure duration (p �
0.12), number of AEDs (p � 0.19), the length of
postoperative follow-up (p � 0.21), or the type of
surgery (hemispherectomy vs lobar/sublobar resec-
tion; p � 0.11). When the interaction with type of
resection was considered (logistic regression), seizure
freedom did not correlate with age at surgery (p �
0.99) or age at seizure onset (p � 0.85).

Seizure control after surgery was linked with
resection of FR-containing neocortex. Of the 24
children whose ECoG revealed FRs, 19 became
seizure-free and all had their FR-containing cortex
removed (p � 0.0001, �2). This included one child
whose FR-containing cortex was not removed in the
first surgery, but who became seizure-free with a sec-
ond resection, in which FR was completely resected
(figure 2). Of the 5 children whose ECoG revealed
FR and who continued with their seizures postopera-
tively, 4 had incomplete resection of the FR region
and 1 had insular involvement not accessible for
ECoG recording.

Correlation with histopathology. The most common
histopathologic abnormality was cortical dysplasia
(CD; n � 19), followed by tuberous sclerosis com-

plex (TSC; n � 3), stroke, and Rasmussen enc-
ephalitis (2 each), along with postinfectious, post-
traumatic, Sturge-Weber syndrome, and tumor (1
each). The type of pathologic diagnosis, divided
into developmental (CD and TSC) and acquired
(all other etiologies), did not correlate with the
presence or absence of FR (p � 0.10, �2), postop-
erative seizure freedom (p � 0.16), amplitude of
FR (p � 0.66, analysis of variance [ANOVA]),
duration of FR (p � 0.95, ANOVA), frequency of
FR (p � 0.91, ANOVA), number of FR events
( p � 0.22, ANOVA), number of primary
channels (p � 0.88, ANOVA), or the area FR
spanned (p � 0.12, ANOVA).

FR location and neuroimaging. The location of the
MRI lesion and the location of the hypometabolic
region on interictal FDG-PET study were assessed
relative to the location of FR events recorded with
ECoG. For the 24 children whose ECoG demon-
strated FR, events were partially or entirely located
outside of the MRI lesion in 10 children (42%), out-
side of the FDG-PET hypometabolic region in 8
children (33%), and outside of both MRI lesion and
FDG-PET hypometabolism in 6 children. Thus
MRI and FDG-PET, individually and combined,
would not necessarily have included the cortical re-
gion containing FR in 25% of children.

FR and surgical planning. We assessed whether resec-
tions would have been different, compared to our
conventional ECoG and neuroimaging directed re-
sections, if interictal FR location were known and
incorporated in the decision-making at the time of
cortical resection. In 4 children, the resection area
would have been expanded to include the FR region,
and one would have avoided a second surgery in
which FR region was excised and seizure freedom
was achieved. Two children would have received a
hemispherectomy based on our conventional ECoG
reading, but had frontal resections instead due to pa-
rental request to spare motor function. Both children
are seizure-free, and FR events were found in only
the frontal areas of the resection and were absent else-
where over the hemisphere. Hence, of the 24 chil-
dren whose ECoG demonstrated FRs, 6 (25%)
would have had a resection different from that of our
conventional approach if interictal FR location had
been known at the time of surgery.

DISCUSSION The findings from this study support
the notion from prior experimental and human stud-
ies that interictal FRs are spatially restricted surrogate
markers of the epileptogenic zone. This study ex-
tends that concept to pediatric patients by the find-
ings that complete removal of FR-containing cortex

Figure 2, Continued. electrocorticography showed intermit-
tent slowing, attenuation, and sharp waves superimposed
with paroxysmal fast activity (G, left screen, no filters, no
notch filter, time scale 30 mm/s, referential montage to con-
tralateral frontal scalp electrode). After the lesion was re-
sected (F), interictal fast ripples (FRs) (G, right screen, 240-Hz
high-pass filter and 500-Hz low-pass filter, time scale 338
mm/s, referential montage to contralateral frontal scalp elec-
trode) were seen first over A19 (E, shaded red) in the parietal
region, with quick propagation to adjacent A20 and A15 supe-
riorly, and A18 inferiorly, and importantly not found in the
“control” frontal lobe. Thus the occipital lesion was resected
but the parietal region containing FR remained. The patient’s
seizures returned in 3 months with similar semiology of visual
distortion and blurring, again without electrographic changes
in a second video-EEG. A second surgery 10 months after the
first resection revealed similar electrocorticography, and FR
was again found in the right parietal region. This FR-containing
region was resected in the second surgery, and patient has
been seizure-free for 20 months since the second resection,
now off all antiepileptic drugs. Final pathology showed dysem-
bryoplastic neuroepithelial tumor in the first resected speci-
men, and residual tumor in the second resected specimen.
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by ECoG was associated with postoperative seizure
freedom. In addition, the detection of FRs in short
intraoperative ECoG makes it possible that the local-
ization of epileptogenic cortex can be achieved with-
out the need for extended extraoperative intracranial
EEG monitoring.

The finding that FR predominantly occurred
without other interictal electrographic signatures in
this study is consistent with previous findings that
FR is an independent and unique marker of the epi-
leptogenic zone.12 This concept is further supported
by the finding that 25% of the children in our surgi-
cal series would have had a different resection if FR
information were known and incorporated into the
decision-making process at the time of the surgery.
Such findings suggest that the conventional ECoG
reading based on other interictal electrographic sig-
natures localizes somewhat differently than ECoG
based on FR localization.

It is of interest to note that the mesial temporal
lobe, and insular region, may have been difficult for
surface grids and strips to evaluate and properly as-
sess for the presence of FR, especially in the anterior
mesial and basal portions. Such findings support the
spatial restriction of FR events, but also emphasize
that better positioning of grids and strips for best
access may help improve the detection of FR in these
regions for future intraoperative ECoGs. Alterna-
tively, macroelectrodes may not be as well-suited as
depth electrodes for FR recording in these regions.

The finding that FRs do not always overlap with
neuroimaging findings is consistent with a recent
study that interictal FRs localize with the epilepto-
genic cortex but not necessarily with MRI-detected
lesions.15 That FR was found with a variety of patho-
logic diagnoses in this study is consistent with the
same study supporting the idea that FRs are a ubiqui-
tous indicator of the epileptogenic zone, regardless of
seizure etiology.

Our results should be considered preliminary due
to the relatively small cohort of children and the
fact that ECoGs were examined retrospectively.
Follow-up was also relatively short and thus a longer
period is needed. Furthermore, cortical regions
which were difficult to access may not be as amenable
to macroelectrode recording for FRs. Despite these
limitations, this study demonstrates that FRs are able
to be detected and localized on brief intraoperative
ECoG in the majority of children in this series with
predominantly neocortical epilepsy. The finding that
complete removal of FR was associated with seizure
freedom suggests that incorporation of interictal FR
localization at the time of intraoperative ECoG (i.e.,
“live” read in the operating room) may be warranted
for the best seizure outcome, but technical challenges

need to be overcome so that the “live” read can be
done quickly and accurately without exposing the
patients to unnecessary risks.

For the practicing neurologist, our study indicates
that the presence and localization of FRs recorded at
operative ECoG may be a new approach to improve
postoperative seizure outcome without the need for
chronic intracranial EEG recordings. This approach
may be particularly applicable with macroelectrodes
in the pediatric population because the epileptogenic
zones are mostly neocortical, extratemporal, and
close to the cortical surface. Because interictal FR
localizes with the epileptogenic zone, rather than
neuroimaging abnormalities, this surrogate marker
may be especially helpful when MRI is nonlesional or
demonstrates multiple lesions such as TSC, which
comprise 2 of the most challenging subpopulations
of pediatric epilepsy surgery.
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1. Buzsáki G, Horváth Z, Urioste R, Hetke J, Wise K. High-

frequency network oscillation in the hippocampus. Science
1992;256:1025–1027.

2. Curio G. Linking 600-Hz “spikelike” EEG/MEG wavelets
(“sigma-bursts”) to cellular substrates: concepts and cave-
ats J Clin Neurophysiol 2000;17:377–396.

Neurology 75 November 9, 2010 1693



3. Bragin A, Engel J Jr, Wilson CL, Fried I, Mathern GW.
Hippocampal and entorhinal cortex high-frequency oscil-
lations (100–500 Hz) in human epileptic brain and in
kainic acid–treated rats with chronic seizures. Epilepsia
1999;40:127–137.

4. Bragin A, Mody I, Wilson CL, Engel J Jr. Local generation
of fast ripples in epileptic brain. J Neurosci 2002;22:2012–
2021.

5. Bragin A, Wilson CL, Engel J. Spatial stability over time of
brain areas generating fast ripples in the epileptic rat. Epi-
lepsia 2003;44:1233–1237.

6. Bragin A, Engel J Jr, Wilson CL, Fried I, Buzsáki G. High-
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