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Agenesis of the corpus callosum is a brain malformation that can occur in isolation or in conjunction with 

other congenital or developmental defects. The clinical sequelae of this condition include epilepsy, 

cognitive deficits, developmental delay, and various neurological and psychiatric disorders. Here we 

present the case of a patient with congenital complete agenesis of the corpus callosum and medically 

refractory epilepsy who underwent stereoelectroencephalography. This identified a left frontal ictal focus 

and revealed that contralateral spread occurred though the anterior commissure, a rare and interesting 

occurrence. Left frontal resection resulted in significant improvement. This demonstrates the role of the 

anterior commissure in ictal spread and the potential for novel methods of seizure spread in patients with 

temporal lobe epilepsy that must be considered in a surgical approach. (2021;11:100-105)
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Introduction

Agenesis of the corpus callosum (ACC) is a malformation in which 

there is partial or complete absence of the corpus callosum. This dis-

order is the most common cerebral malformation, and the incidence 

of ACC agenesis has been reported to be between 0.05 and 0.7%.1 

Genetic studies have revealed various chromosomal abnormalities 

and mutations that may play a role in ACC.2 The heterogeneity of 

presentation as well as many common co-morbities seen in ACC pa-

tients make it difficult to identify a specific genetic cause.3 In addi-

tion, environmental factors such as alcohol consumption and recrea-

tional drug use during pregnancy may play a factor in the develop-

ment of this condition.4,5

ACC can be an isolated finding or appear in conjunction with other 

developmental or congenital disorders. One study by Romaniello et 

al.,6 identified schizencephaly and polymicrogyria as the most com-

mon associated cerebral malformations. Brainstem involvement and 

urological malformations are also seen but are less common. Isolated 

ACC has been shown to be associated with better clinical outcomes, 

with complete agenesis rather than partial, showing the best profile.6 

ACC can be asymptomatic at one extreme, with individuals display-

ing essentially normal cognitive and social skills, and at the other ex-

treme is associated with severe cognitive deficits, impairments in 

gross and fine motor control, and speech, and epilepsy.7,8 Cognitive 

deficits have been reported to encompass broad defects in complex 

intellectual functions, social function, and emotional processing.8,9

The corpus callosum is a common pathway through which seizures 

spread from one hemisphere to another. As such, corpus callosotomy 

is an available treatment for intractable, multifocal, or diffuse 

epilepsies.10 Studies have shown the effectiveness of corpus callos-

otomy in treating tonic and atonic seizures as well as secondarily 

generalized epilepsies, Lennox-Gastaut syndrome, and West syn-

drome, where the procedure resulted in the majority of patients ex-

periencing disruption of generalized discharges.10 Secondarily gener-

alized seizures can also be seen in patients with partial or complete 

ACC, indicating that alternative pathways exist for seizure spread.11

Additional pathways such as the hippocampal commissure and an-

terior commissure have been posited as methods for seizure 

spread.12,13 We present here a patient with drug-resistant epilepsy who 

underwent invasive monitoring with stereoelectroencephalography 

(SEEG) which revealed focal left frontal onset with rapid spread to the 

right hemisphere through the anterior commissure, showing a novel 
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Figure 1. Preoperative magnetic resonance imaging displaying agenesis of corpus callosum (A), foci of gray matter heterotopia on the left frontal lobe (B), 

colpocephaly (C), and polymicrogyria/focal cortical dysplasia on the left superior frontal gyrus (D).

Figure 2. Stereoelectroencephalography plan demonstrating bilateral frontal implantation with coverage of motor area, supplemental motor area, and 

orbitofrontal cortex.

route of seizure spread that is rarely reported.

Case Report

This patient was first seen at our institution at the age of 18 years. 

She had been previously diagnosed with ACC and had severe devel-

opmental delay, with an IQ of 44. She had been experiencing re-

fractory seizures since the age of 6 years despite treatment with mul-

tiple anti-epileptic drugs and had undergone vagus nerve stimulator 

(VNS) implantation 3 years before. Due to lack of improvement, the 

VNS had been turned off 1 year after implantation. Her most com-

mon seizure type was a focal aware seizure in which she would grasp 

her left hip with her left hand while elevating her right hand. These 

lasted 15 seconds and were triggered by startle, occurred 1-3 
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Figure 3. Stereoelectroencephalography demonstrating seizure spread through the anterior commissure. There is initial ictal activity seen in the left frontal heterotopia 

and left orbitofrontal regions, with nearly simultaneous involvement of the left anterior commissure, then rapid spread to the right frontal lobe.

Figure 4. Tractography showing the fibers connecting left-sided seizure onset 

zones and right-sided seizure spread in the supplemental motor area.

times/day, and would cause the patient to fall suddenly if standing, 

leading to injuries. She had had simple partial status epilepticus 

twice, both following a prolonged seizure-free period, beginning in a 

similar fashion as her typical seizures. She also had focal to bilateral 

tonic-clonic seizures, lasting 1 to 2 minutes, with postictal left facial 

droop, confusion, and fatigue lasting 30 minutes, although these on-

ly occurred three times in her life and were associated with preceding 

illness or vomiting. Lastly, her family reported tremulous shaking epi-

sodes from age 3 to 6, which were attributed to separation anxiety 

and had not recurred. The patient had severe cognitive impairment 

with inability to perform simple calculations and could only follow 

simple one-step commands that did not cross the midline. The rest of 

the exam was normal. She was taking carbamazepine, lacosamide, 

topiramate, and fluoxetine.

Magnetic resonance imaging confirmed complete ACC and also 

showed polymicrogyria within the left frontal lobe as well as a small 

2 mm gray matter heterotopia within the left frontal white matter. 

Additionally, she had enlargement of the temporal horns and colpo-

cephaly of the lateral ventricles (Fig. 1). Interictal scalp electro-

encephalography (EEG) showed left frontal spike, polyspike, and 

sharp and slow wave discharges, often with a broad field. Ictal scalp 

EEG showed bilateral attenuation of background frequencies with 

diffuse low voltage fast activity at seizure onset. After discussing the 

data at the multidisciplinary Epilepsy Surgery Conference, a decision 

was made to proceed with SEEG to determine if either focal resection 

or cortical stimulation were feasible. The SEEG implantation strategy 

(Fig. 2) aimed at extensive sampling of the left frontal lobe, including 

contacts adjacent to the anterior commissure, as well as sampling 

right frontal lobe, including motor area, supplemental motor area, 

and orbitofrontal cortex. The SEEG showed bifrontal slow waves in-

terictally, along with high amplitude spike bursts in the left hemi-

sphere maximal in the left dorsolateral frontal lobe. Stereo EEG 
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Figure 5. Postoperative magnetic resonance imaging depicting a partial left frontal lobectomy.

showed ictal onset in the left dorsolateral frontal lobe with clear ictal 

spread within 100 msecs from the left to right hemisphere through 

the anterior commissure (Fig. 3). In addition, tractography was per-

formed between the contacts involved in seizure onset (left frontal 

lobe) and the contacts where seizure spread was detected (right sup-

plementary motor area) (Fig. 4).

A decision was made to offer a partial left frontal lobectomy as a 

palliative procedure given the severity of her symptoms. This was per-

formed, resecting gray matter involved in the SEEG seizure onset 

(Fig. 5). She had no motor or speech deficits post-operatively, only 

some mild personality changes and increased irritability, for which 

she was referred for cognitive behavioral therapy; these later 

resolved. Two years after surgery, the patient reported milder focal 

aware seizures. Of note, the startle-triggered focal seizures no longer 

caused a complex bilateral stereotyped movement; rather, she would 

briefly laugh and have momentary left arm and leg weakness on 

average 1-2 times/week.  She would more gradually lower herself to 

the ground at times with seizures, but no longer suddenly collapsed 

as she did preoperatively, and did not injure herself. She has not had 

postoperative EEG monitoring.

Discussion

Corpus callosum and epilepsy

The corpus callosum is the largest commissure of the brain with 

about 190 million axons crossing the midline.14 This structure is in-

volved in the spread of excitatory/inhibitory signals between the two 

hemispheres playing an important role in bilateral movements, in-

tegration of bilateral sensory and visual information, language, 

handedness, emotion, behavior, cognition, and memory.10,15 Two 

major types of structural pathologies of the corpus callosum can be 

associated with epilepsy: microstructural changes and devel-

opmental anomalies.16 ACC has been extensively associated with 

seizures, with epilepsy reported in up to two thirds of patients with 

complete or partial agenesis.10 However, given the often-asympto-

matic nature of isolated ACC, the presence of seizures with con-

genital callosal abnormalities may hint at another brain pathology. In 

a case series of 73 patients with ACC, Nieto-Barrera et al.,11 reported 

25 presenting with seizures and 24 had other associated brain 

abnormalities. Taylor and David,16 reported a case series of 56 pa-

tients with ACC, 57% (32) of whom had some form of epilepsy.

Anterior commissure – anatomy, connections, and 

role in epilepsy

The anterior commissure has been implicated in attention, visual 

processing, and color perception.17 However, the role of the anterior 

commissure in the spread of generalized seizures has not been well- 

investigated. One study by Miró et al.,18 showed that the anterior 

commissure played a contributory role in the spread of temporal lobe 

epilepsy in patients with hippocampal sclerosis. However, a previous 

study by Lieb et al.,19 suggested that the anterior commissure, along 

with the hippocampal commissure and parts of the corpus callosum, 

were noncontributory for the interhemispheric spread of mesial tem-

poral epilepsy. This subject is obscured due to the relative lack of 

high-quality imaging such as tractography available in this very select 

group of patients. The anterior commissure may be involved in the 
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spread of seizures in patients that undergo corpus callosotomy, but 

its importance in the development of generalized seizures is un-

derscored in this case study. A case report by Barr et al.20 reported an 

enlarged anterior commissure in a patient with ACC which was pos-

ited to contribute to the patient’s relative lack of cognitive disability 

when compared to another patient with ACC who had a normal an-

terior commissure. This suggestion of the anterior commissure serv-

ing to compensate for the lack of interhemispheric connection in pa-

tients with ACC is supported by the EEG findings in this patient.

Other commissures

Along with the aforementioned anterior commissure and corpus 

callosum, other structures are responsible for seizure propagation: 

the posterior commissure, commissure of the fornix or the hippo-

campal commissure, and the habenular commissure. The role of the 

other, smaller commissures in generalized epilepsy is not strongly 

characterized, but the hippocampal commissure has been described 

the most extensively in relation to epilepsy. A case report by 

Rosenzweig et al.,21 showed seizure spread utilizing the dorsal hip-

pocampal commissure, and suggested this commissural pattern of 

seizure spread to be associated with pure amnestic seizures. An early 

case series by Harbaugh et al.,22 showed positive results utilizing 

separation of the corpus callosum and underlying hippocampal com-

missure, but it is unknown if this additional separation confers addi-

tional seizure protection versus standard corpus callosotomy. In a 

more recent study, Rashid et al.,23 showed seizure reduction with low 

frequency stimulation of the ventral hippocampal commissure in a rat 

model of human temporal lobe epilepsy.

In addition, midline thalamic and subcortical nuclei have been im-

plicated in limbic epilepsy and may play a role in both initiation and 

spread of seizures.24,25

Limitations

Although depth electrodes allow for deep structures to be sam-

pled, the location and the number of electrodes that can be im-

planted without increasing the risks is limited. The implantation 

strategy is based on the hypothesis formulated with data gathered 

during phase I monitoring. In this case, the SEEG recording was able 

to demonstrate seizure propagation through the anterior commis-

sure; however, there were no electrodes targeting the posterior com-

missure, hippocampal commissure, or the interthalamic adherence, 

and thus neuronal activity was not sampled in those structures. There 

is a chance the other commissures were also involved in the con-

tralateral spread and to assert that only the anterior commissure was 

involved, additional electrodes would be necessary. In addition, fail-

ure to achieve complete seizure freedom suggests the possibility of 

an independent epileptogenic area in the right hemisphere.

Conclusion and review

In this case we present a patient with ACC and medically re-

fractory epilepsy who underwent SEEG. Focal seizure onset was dem-

onstrated on invasive monitoring and the patient underwent left 

frontal lobe resection after which less frequent and milder focal 

aware seizures were observed. The spread of the generalized seiz-

ures in this patient through the anterior commissure as shown on 

SEEG is discussed. While the connectivity of the anterior commissure 

has been well explored, the contribution of the anterior commissure 

to ictal spread has been poorly investigated and additional electro-

stimulation and ictal tractography studies are needed to further clar-

ify this structure’s role in ictal spread. Patients with ACC can experi-

ence improvement using conventional resective methods, but clini-

cians should be aware of the existence of alternative pathways of 

seizure spread and possible clinical sequalae.

Conflict of Interest

The authors declare that they have no conflicts of interest.

References

 1. Moutard ML, Ponsot G. Isolated corpus callosum agenesis [Internet].  
Paris: Orphanet, 2001 [cited 2019 Jul 2]. Available at : http://www.orpha. 
net/data/patho/GB/uk-cca.pdf.

 2. Silfverberg T, SahlSherr EH, Owen R, et al. Genomic microarray analysis 
identifies candidate loci in patients with corpus callosum anomalies. 
Neurology 2005;65:1496-8.

 3. O'Driscoll MC, Black GC, Clayton-Smith J, Sherr EH, Dobyns WB. 
Identification of genomic loci contributing to agenesis of the corpus 
callosum. Am J Med Genet A 2010;152A:2145-59.

 4. Edwards TJ, Sherr EH, Barkovich AJ, Richards LJ. Clinical, genetic and 
imaging findings identify new causes for corpus callosum development 
syndromes. Brain 2014;137:1579-613.

 5. Dominguez R, Aguirre Vila-Coro A, Slopis JM, Bohan TP. Brain and ocular 
abnormalities in infants with in utero exposure to cocaine and other 
street drugs. Am J Dis Child 1991;145:688-95.

 6. Romaniello R, Marelli S, Giorda R, et al. Clinical characterization, genet-
ics, and long-term follow-up of a large cohort of patients with agenesis 



 Velagapudi L, et al. Seizure Spread through AC 105

www.kes.or.kr

of the corpus callosum. J Child Neurol 2017;32:60-71.
 7. D'Antonio F, Pagani G, Familiari A, et al. Outcomes associated with iso-

lated agenesis of the corpus callosum: a meta-analysis. Pediatrics 
2016;138:e20160445.

 8. Palmer EE, Mowat D. Agenesis of the corpus callosum: a clinical approach 
to diagnosis. Am J Med Genet C Semin Med Genet 2014;166:184-97.

 9. Anderson LB, Paul LK, Brown WS. Emotional intelligence in agenesis 
of the corpus callosum. Arch Clin Neuropsychol 2017;32:267-79.

10. Unterberger I, Bauer R, Walser G, Bauer G. Corpus callosum and 
epilepsies. Seizure 2016;37:55-60.

11. Nieto-Barrera M, Rodríguez-Criado G, Carballo M. Corpus callosum 
agenesis and epileptic seizures. Rev Neurol 1999;28 Suppl 1:S6-13.

12. Gloor P, Salanova V, Olivier A, Quesney LF. The human dorsal hippocampal 
commissure. An anatomically identifiable and functional pathway. Brain 
1993;116:1249-73.

13. Adam C. How do the temporal lobes communicate in medial temporal 
lobe seizures? Rev Neurol (Paris) 2006;162:813-8.

14. Paul LK. Developmental malformation of the corpus callosum: a review 
of typical callosal development and examples of developmental disorders 
with callosal involvement. J Neurodev Disord 2011;3:3-27.

15. Bloom JS, Hynd GW. The role of the corpus callosum in interhemispheric 
transfer of information: excitation or inhibition? Neuropsychol Rev 2005; 
15:59-71.

16. Taylor M, David AS. Agenesis of the corpus callosum: a united kingdom 
series of 56 cases. J Neurol Neurosurg Psychiatry 1998;64:131-4.

17. Winter TJ, Franz EA. Implication of the anterior commissure in the alloca-
tion of attention to action. Front Psychol 2014;5:432.

18. Miró J, Gurtubay-Antolin A, Ripollés P, et al. Interhemispheric micro-
structural connectivity in bitemporal lobe epilepsy with hippocampal 
sclerosis. Cortex 2015;67:106-21.

19. Lieb JP, Hoque K, Skomer CE, Song XW. Inter-hemispheric propagation 
of human mesial temporal lobe seizures: a coherence/phase analysis. 
Electroencephalogr Clin Neurophysiol 1987;67:101-19.

20. Barr MS, Corballis MC. The role of the anterior commissure in callosal 
agenesis. Neuropsychology 2002;16:459-71.

21. Rosenzweig I, Beniczky S, Brunnhuber F, Alarcon G, Valentin A. The dorsal 
hippocampal commissure: when functionality matters. J Neuropsychiatry 
Clin Neurosci 2011;23:E45-8.

22. Harbaugh RE, Wilson DH, Reeves AG, Gazzaniga MS. Forebrain commis-
surotomy for epilepsy. Review of 20 consecutive cases. Acta Neurochir 
(Wien) 1983;68:263-75.

23. Rashid S, Pho G, Czigler M, Werz MA, Durand DM. Low frequency stim-
ulation of ventral hippocampal commissures reduces seizures in a rat 
model of chronic temporal lobe epilepsy. Epilepsia 2012;53:147-56.

24. He X, Chaitanya G, Asma B, et al. Disrupted basal ganglia-thalamocort-
ical loops in focal to bilateral tonic-clonic seizures. Brain 2020;143: 
175-90.

25. Bertram EH. Neuronal circuits in epilepsy: do they matter? Exp Neurol 
2013;244:67-74.


