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Brief potentially ictal rhythmic discharges ==

on intraoperative electrocorticography predict
a good outcome of focal cortical dysplasia
after surgical resection: a case report

Soffa S. Sénchez-Boluarte'?, Wilfor Aguirre-Quispe®’, Manuel Herrera Aramburd?, William O. Tatum* and
Walter De La Cruz Ramirez’

Abstract

Background Focal cortical dysplasia (FCD) is a common cause of drug-resistant epilepsy. Electroencephalography
(EEG) biomarkers that predict good postoperative outcomes are essential for identifying patients with focal epilepsies.

Case presentation We report the case of a 21-year-old female with seizure onset at the age of 9, characterized

by left-hand dystonic posturing and impaired awareness, which evolved to bilateral tonic-clonic seizures, evaluated
in a neurological referral center in Lima, Peru. During 6-h video-EEG, interictal EEG revealing focal brief potentially
ictal rhythmic discharges (BIRDs) over the right frontal central region, lasting less than 10 s. The ictal features were
characterized by low-voltage fast activity over the same area. Brain magnetic resonance imaging (MRI) demonstrated
a focal lesion of focal cortical dysplasia type Il in the right frontal lobe. The patient underwent a lesionectomy guided
by electrocorticography, which showed continuous polyspikes. BIRDs showing a brief burst of spikes lasting longer
than 0.5 s, were also identified on intraoperative electrocorticography (ECoG) and helped define the extent of resec-
tion. The patient obtained an Engel Outcome Class IA at 6 years of follow-up.

Conclusions The atypical BIRDs on ECoG can be used as a prognostic biomarker for prolonged seizure-freedom
outcome in patients with epilepsy. Additional reports are needed in developing countries with and without brain MRI
lesions to advance outpatient presurgical evaluations despite limited resources.
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Background

Epilepsy surgery is being carried out more frequently
in low- and middle-income countries; however, it is
mainly limited to patients with temporal lobe epilepsy
[1]. Reports of epilepsy surgery in Peru have been lim-
ited to case series [2]. Frontal lobe epilepsy is the sec-
ond most common type of focal epilepsy with poor
outcomes due to high connectivity and network com-
plexity, with focal cortical dysplasia (FCD) being one of
the leading causes of drug-resistant epilepsy [2—4]. The
lack of resources in Peru results in diverse challenges in
presurgical evaluation, limited access to electroenceph-
alography (EEG) machines, limited number of qualified
technologists, and inadequate infrastructure, making
it challenging to perform prolonged video-EEG moni-
toring. In selected cases, intraoperative electrocorti-
cography (ECoG) is an indispensable tool for surgical
decision-making [2].

Electrophysiological biomarkers, such as focal brief
potentially ictal rhythmic discharges (BIRDs) [1] char-
acterized by a sharply contoured delta activity and
low-voltage ictal fast activity (LVFA), are crucial for
identifying the seizure-onset zone in patients with neu-
ronal migration disorders [2, 3, 5]. In this case report, we
describe a patient with FCD who showed atypical BIRDs
[1] on ECoG and scalp EEG. This patient became seizure-
free following a surgical resection.

Case presentation

A 21-year-old right-handed female with drug-resistant
focal epilepsy was admitted to the epilepsy unit of the
National Institute of Neurological Sciences in Lima-Perd
with convulsive status epilepticus. The patient’s seizure
onset occurred at the age of 9 without any epilepsy risk
factors and the seizures were characterized by daily sud-
den-onset left-hand dystonic posturing with impaired
awareness evolving to bilateral tonic-clonic seizures.
Neurological examination revealed mild weakness in
the left upper extremity and slight left hyperreflexia. The
seizures persisted despite treatment with valproate, car-
bamazepine, and clobazam. She finally underwent pre-
surgical assessment.

A 3-T brain magnetic resonance imaging (MRI) with an
epilepsy protocol revealed a right frontal lesion of FCD
involving the premotor area (Fig. 1). The 6-h video-EEG
showed focal BIRDs characterized by a sharply contoured
rhythmic delta activity, with a maximum at F4 within a
bilateral parasagittal field (with right-sided predomi-
nance), lasting less than 10 s at a frequency of 2.5-3 Hz.
Ictal EEG was characterized by an abrupt onset of low-
voltage fast activity maximal over the F4-C4 electrode
derivation (Fig. 2). Blood tests, including complete blood
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count, electrolytes, thyroid profile, and liver and kidney
function tests, were normal.

Neuropsychological evaluation revealed right fronto-
temporal lobe dysfunction due to compromise of execu-
tive functions, specifically inhibitory control, visual span,
phonological fluency, semantics, and visual memory
(visual memory reserve 26.6%), language dominance was
localized in the left hemisphere. These results were con-
sistent with the EEG and imaging findings. Intraoperative
electrocorticography and functional brain mapping were
performed using direct electrocortical stimulation spar-
ing the motor cortex, with the objective of better defining
the resection borders of the lesion. The lesion was located
approximately 2 cm from the central sulcus. Intraopera-
tive electrocorticography showed continuous polyspikes
present over a 16-channel 4 x4 subdural grid placed over
the right premotor cortex with inter-electrode distances
of 1 cm, and BIRDs characterized by a burst of spikes
lasting more than 0.5 s and with higher amplitude over
electrodes #9 and #10 (Fig. 2). The resected area cor-
responded to the position of the electrodes #9 and #10
because they showed atypical BIRDs, which led to the
addition of non-lesional resection. The polyspikes were
not considered for resection because they were too dif-
fuse and were suspected of overlapping with the eloquent
cortex (Fig. 2). Postoperative biopsy revealed pathology
of FCD type Ila. The patient was seizure-free and antisei-
zure medication was gradually withdrawn by the 2-year
follow-up. The patient remained on an IA Engel Class
outcome at the 6-year follow-up.

Discussion

ECoG is a readily available technique in developing coun-
tries for evaluating patients for epilepsy surgery, in con-
trast to the limited availability of long-term video-EEG
monitoring due to a lack of access to EEG equipment,
qualified technologists, infrastructure, and hospital beds
[2]. FCD is associated with various patterns on interictal
EEG and ECoG recordings, including continuous epi-
leptiform discharges, rhythmic epileptiform discharges
(type 1: trains of repetitive, rhythmic 4-10 Hz spikes/
sharp waves lasting 1-4 s; type 2: quasi-continuous,
slower, rhythmic 2—-7 Hz sharp waves), focal polyspikes,
frequent rhythmic bursting epileptiform activity, and
repetitive epileptiform discharges [3]. Likewise, high-fre-
quency oscillations on ECoG have been associated with
a seizure-free outcome following complete resection [5,
6]; during frontal lobe seizures, rapid propagation occurs
after seizure onset, often resulting in non-localized sei-
zure onset and subsequently a poor surgical outcome
[6, 7]. Low-voltage fast activity predicts favorable sur-
gical outcomes in patients with frontal lobe epilepsies
[8, 9]. The ictal pattern of low-voltage fast activity and



Sanchez-Boluarte et al. Acta Epileptologica

(2023) 5:18

Fig. 1 Brain MRI showed cortical thickening and loss of corticosubcortical differentiation in the premotor area on axial T1 (a), coronal T2-FLAIR (b),
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axial T2-FLAIR (c), and coronal T2 (d) images. Brain MRI performed after the procedure showed complete resection of the lesion on axial T2-FLAIR (e)

and coronal T2-weighted (f) images

gamma activity has been associated with seizure freedom
after epilepsy surgery, while it is uncommon in epilepsy
patients with recurrent seizures after surgery [5, 7].

In the present case, the lesion was localized by high-
resolution, epilepsy-protocol brain MRI (3T). For lesional
epilepsy, MRI is critical for the diagnosis and for deter-
mining the presurgical workup, leading to better out-
comes. Emerging higher-strength magnets (i.e., 7T) offer
a significantly greater resolution. However, they are not
readily available in developing countries, which hinders
the visualization of structural lesions, and requires the
alternative use of intracranial EEG and ECoG [10]. The
decision to move to ECoG can be made with high clini-
cal suspicion of localization based on semiology, scalp
EEG, and lesional and functional deficit zones [2]. In this
case, we found atypical BIRDs on ECoG, which were also
observed on scalp EEG.

BIRDs have been identified using scalp EEG in
critically ill patients, and they are correlated with a
higher risk of seizures, worse outcomes, and a higher

likelihood of acute brain injury. In the non-critically ill
population, BIRDs are associated with drug-resistant
epilepsy and appear to have a value in localizing the
seizure onset zone. In this case we found BIRDs on
scalp EEG [11]. Intraoperative intracranial EEG record-
ings revealed similar features. Although even lesional
focal epilepsies due to FCD are not 100% seizure-free,
the finding of BIRDs raises the question of whether this
biomarker may have the same clinical significance as
BIRDs on scalp EEG in critically ill patients. Compara-
tive trials are needed to answer this critical question.
We noted some atypical features, suggesting flexible
use of this terminology over the intensive care unit
(ICU) EEG recordings to allow evolution and variability
of this crucial finding.

Since BIRDs on intracranial EEG show similar frequen-
cies as those of electroclinical seizures on scalp EEG and
may potentially represent ictal recordings, we propose
that intracranial EEG may frequently detect subclinical
seizures [12, 13].
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Fig. 2 a Scalp EEG showed brief 2.5-Hz potentially ictal periodic discharges, with a maximal at F4 within a bilateral parasagittal field. b Ictal

EEG showed diffuse low-voltage fast activity. ¢ Intra-operative electrocorticography showed frequent polyspikes present diffusely and focal
atypical BIRDs over a 16-channel 4 x4 subdural grid placed over the right premotor cortex. d Electrocorticography after lesion resection showed
no evidence of ongoing epileptiform activity. The labels on the photograph do not represent a particular area

In this patient, surgical resection of the regions show-
ing focal atypical BIRDs led to the elimination of the
previously seen polyspikes when the subdural grid was
placed immediately after the resection. No periopera-
tive complications occurred. We speculate that localized
atypical BIRDs on intraoperative ECoG may be a reliable
biomarker for postsurgical outcomes [14].

To our knowledge, this is the first description of BIRDs
as a part of an intraoperative ECoG-based interictal-ictal
continuum in pathologically proven FCD Ila, in a patient
with focal BIRDs on scalp EEG. Furthermore, this report
has particular implications for developing countries
where short-term video-EEG is used on patients with
drug-resistant focal epilepsies to provide prolonged sei-
zure-freedom outcomes after surgical resection. Further
neurophysiologic studies are needed to better understand
the value of BIRDs.

Conclusions

We report the potential use of BIRDs on short-term
intraoperative ECoG for localization purpose for suc-
cessful epilepsy surgery. Our report is particularly rele-
vant to others in developing countries where resources

are limited. We extend the interictal-ictal continuum
to include BIRDs recorded in the operating room and
further emphasize its impact and disease-independent
specificity.
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BIRDs Brief potentially ictal rhythmic discharges
ECoG Electrocorticography

EEG Electroencephalography

FCD Focal cortical dysplasia

LVFA Low-voltage ictal fast activity

MRI Magnetic resonance imaging

Acknowledgements
We would like to acknowledge the National Institute of Neurological Sciences
for their support in presenting this case.

Authors’ contributions

WDR participated in the conception, data collection, data analysis and final
version approval; SSB and WAQ participated in data analysis and interpre-
tation, critical review of the manuscript, and final version approval; MHA
and WOT participated in critical review of the manuscript and final version
approval.

Funding
There is no funding for this paper.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.



Sanchez-Boluarte et al. Acta Epileptologica (2023) 5:18

Declarations

Ethics approval and consent to participate

We have obtained approval from the Institutional Review Board of the
National Institute of Neurological Sciences (N°23-009299-001) and written
informed consent has been obtained from the patient.

Consent for publication
The informed consent for the publication of this case report has been
obtained from the patient.

Competing interests
The authors declare that they have no competing interest.

Received: 25 March 2023 Accepted: 6 July 2023
Published online: 18 July 2023

References

1. Hirsch LJ, Fong MWK, Leitinger M, LaRoche SM, Beniczky S, Abend NS,
et al. American clinical neurophysiology society’s standardized critical
care EEG terminology: 2021 version. J Clin Neurophysiol. 2021;38(1):1-29.

2. Watila MM, Xiao F, Keezer MR, Miserocchi A, Winkler AS, McEvoy AW, et al.
Epilepsy surgery in low- and middle-income countries: a scoping review.
Epilepsy Behav. 2019,92:311-26.

3. Epitashvili N, San Antonio-Arce V, Brandt A, Schulze-Bonhage A. Scalp
electroencephalographic biomarkers in epilepsy patients with focal corti-
cal dysplasia. Ann Neurol. 2018;84(4):564-75.

4. Blumcke |, Spreafico R, Haaker G, Coras R, Kobow K, Bien CG, et al. Histo-
pathological findings in brain tissue obtained during epilepsy surgery. N
Engl J Med. 2017,377(17):1648-56.

5. Wetjen NM, Marsh WR, Meyer FB, Cascino GD, So E, Britton JW, et al.
Intracranial electroencephalography seizure onset patterns and surgi-
cal outcomes in nonlesional extratemporal epilepsy. J Neurosurg.
2009;110(6):1147-52.

6. Fisher RS, Webber WR, Lesser RP, Arroyo S, Uematsu S. High-frequency
EEG activity at the start of seizures. J Clin Neurophysiol. 1992,9(3):441-8.

7. Holtkamp M, Sharan A, Sperling MR. Intracranial EEG in predicting surgi-
cal outcome in frontal lobe epilepsy. Epilepsia. 2012;53(10):1739-45.

8. Rowland NC, Englot DJ, Cage TA, Sughrue ME, Barbaro NM, Chang EF. A
meta-analysis of predictors of seizure freedom in the surgical manage-
ment of focal cortical dysplasia. J Neurosurg. 2012;116(5):1035-41.

9. Lagarde S, Bonini F, McGonigal A, Chauvel P, Gavaret M, Scavarda D, et al.
Seizure-onset patterns in focal cortical dysplasia and neurodevelopmen-
tal tumors: relationship with surgical prognosis and neuropathologic
subtypes. Epilepsia. 2016;57(9):1426-35.

10. Téllez-Zenteno JF, Herndndez Ronquillo L, Moien-Afshari F, Wiebe S. Surgi-
cal outcomes in lesional and non-lesional epilepsy: a systematic review
and meta-analysis. Epilepsy Res. 2010;89(2-3):310-8.

11. Yoo JY, Marcuse LV, Fields MC, Rosengard JL, Traversa MV, Gaspard N,
et al. Brief potentially ictal rhythmic discharges [B()RDs] in noncritically ill
adults. J Clin Neurophysiol. 2017,34(3):222-9.

12. Yoo JY, Jetté N, Kwon CS, Young J, Marcuse LV, Fields MC, et al. Brief
potentially ictal rhythmic discharges and paroxysmal fast activity as scalp
electroencephalographic biomarkers of seizure activity and seizure onset
zone. Epilepsia. 2021,62(3):742-51.

13. Hirsch LJ, Mirro EA, Salanova V, Witt TC, Drees CN, Brown MG, et al. Mesial
temporal resection following long-term ambulatory intracranial EEG
monitoring with a direct brain-responsive neurostimulation system.
Epilepsia. 2020;61(3):408-20.

14. Tassi L, Garbelli R, Colombo N, Bramerio M, Russo GL, Mai R, et al. Electro-
clinical, MRI and surgical outcomes in 100 epileptic patients with type Il
FCD. Epileptic Disord. 2012;14(3):257-66.

Page 5 of 5

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Brief potentially ictal rhythmic discharges on intraoperative electrocorticography predict a good outcome of focal cortical dysplasia after surgical resection: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


