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CASE REPORT

Ganglioglioma surgery associated 
with postoperative status epilepticus: a case 
report
Irena Grubor1*   , Maria Compagno Strandberg2 and Johan Bengzon3 

Abstract 

Background:  Gangliogliomas are brain tumors associated with drug-resistant focal epilepsy. In most cases, seizures 
improve after surgical treatment. It is still not concluded to what extent the lesion itself or the perilesional area con-
tributes to the epileptogenicity.

Case presentation:  In the case presented in this report, the patient, a 24-year-old Caucasian male, developed a 
refractory status epilepticus after a surgical attempt to remove a cerebral ganglioglioma. The postoperative magnetic 
resonance imaging revealed that the lesion was intact, and that inadvertently only the perilesional area and adjacent 
cortex had been resected. The patient underwent a new surgical procedure where the ganglioglioma was removed, 
and the status epilepticus cessated.

Conclusions:  This clinical case suggests that the lesion itself plays an important role in seizure generation and propa-
gation, and notably, that the surrounding cortex by an inhibitory action can act as a gate to seizure spread.

Keywords:  Postoperative complication, Epilepsy surgery, Seizures, Epileptogenicity, Seizure outcome

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visithttp://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Background
Gangliogliomas are slow-growing brain tumors that, 
in general, have a benign course although malignant 
transformation may occur [1]. They are very frequently 
associated with drug-resistant focal epilepsy [2]. Gan-
gliogliomas are usually treated by surgery and the rate 
of  long-term seizure improvement following surgery is 
80% [2]. A majority of patients do not have seizure or 
tumor recurrences, and long-term survival is good [1].

In order to achieve seizure freedom in epilepsy sur-
gery it is necessary to completely resect or disconnect the 
epileptogenic zone [3]. However, in ganglioglioma, the 
extent of the epileptogenic zone is unclear and the patho-
physiological mechanisms underlying epileptogenicity 

are not well characterized. It is still not concluded 
whether ganglioglioma seizure onset and propagation is 
due to the dysfunctional neurons within the tumor itself, 
or if the perilesional area participates in the seizure ini-
tiation and propagation [4–7].

Here we present a case of ganglioglioma surgery where, 
inadvertently, only cortex adjacent to the lesion and per-
ilesional area were resected, with immediate postopera-
tive worsening of seizures as a result. To our knowledge, 
this is the first reported case of postoperative status epi-
lepticus after incomplete resection of ganglioglioma. The 
case proposes that the lesion itself is key in the seizure 
initiating zone, and importantly, the adjacent cortex, 
by an inhibitory action, can act to dampen seizure spread.

Case presentation
The patient, a Caucasian right-handed male, presented 
with a few nocturnal generalized tonic and  clonic sei-
zures at the age of 10 months. Computed tomography 
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(CT) of the brain and electroencephalogram (EEG) ini-
tially produced normal findings. It became evident that 
the seizures were actually focal-onset motor seizures, 
starting with tonic seizures in the left hand. Seizures 
were scarce, one per year until the age of four, whereaf-
ter there was a temporary seizure remission. At the age 
of seven years seizures relapsed and the patient com-
menced antiepileptic medication. A new CT scan showed 
an area of low attenuation in the right parietal operculum 
(gyrus supramarginalis). Magnetic resonance imaging 
(MRI) of the brain confirmed a cortical and subcortical 
lesion in the same area, with high T2 signal, and no con-
trast enhancement (Fig.  1a). Neoplasm was suspected, 
however, follow-up MRI exams showed partial regres-
sion of the lesion, which contested the initial diagnosis 
and instead, focal cortical dysplasia was suspected. EEG 
revealed a few focal fronto-central spikes on the right 
side, but was otherwise normal. Consistently, semiol-
ogy showed strictly nocturnal focal onset motor seizures 
with impaired awareness of 15–20  s duration, starting 
with a panting followed by focal tonic seizure in the left 
hand, with a subsequent generalization into bilateral 
tonic–clonic seizures. Some of the seizures were accom-
panied by an aura of tingling in the left hand. Between 
the age of 10  and 14  years, the patient was seizure free 
with antiepileptic drugs. At the age of 14 years seizures 
relapsed. Despite multiple antiepileptic drugs, the patient 
developed daily seizures, approximately 20 per week 
(Table  1). EEG demonstrated interictal spikes and sei-
zure onset zone localized to the right frontal lobe. The 
patient was evaluated for epilepsy surgery and functional 
MRI implied motor and sensory activity of the tongue, 
in direct relation to the lesion. As the lesion was close 
to eloquent areas, and a focal cortical dysplasia was sus-
pected, the patient underwent an invasive investigation 
with subdural grids and strips. Unfortunately, the patient 
suffered from a large postoperative subdural hematoma, 
which had to be surgically evacuated. Nevertheless, the 
lesion in the right supramarginal gyrus was found to be 
the seizure onset zone. Functional stimulation of the 
subdural electrodes showed sensory symptoms in the 
left hand and motor symptoms of the tongue near the 
lesion. The epilepsy surgery team at that time conferred 
with the family, and surgical treatment was deferred due 
to the risk of postoperative sequelae. During subsequent 
years semiology was constant. However, a decade later, at 
the age of 24 years, seizure frequency increased to more 
than 20 per week, with seizures  occurring also  at day-
time. The previous aura of tingling in the left hand had 
disappeared, and instead the patient sometimes expe-
rienced a feeling of disappearing or being controlled 
at onset. Both types of seizures with non-impaired and 
impaired awareness  occurred. The seizures started with 

a twitching in the left hand, spreading to face and there-
after leg, sometimes with generalization. No postictal 
paresis  occurred. The patient suffered several traumatic 
injuries, including clavicle fracture and elbow fracture 
due to seizures. Radiology was unchanged and focal cor-
tical dysplasia was still suspected. A re-evaluation was 
made by a new epilepsy surgery team, who assessed that 
the risks caused by a lesionectomy were low and were 
outweighed by the patient’s dreadful seizure situation, 
and the patient accepted surgery (Table 2).

The surgical strategy was to perform a complete 
removal of the lesion and removal of adjacent cortex by 
endopial emptying of the supramarginal gyrus. The sur-
gical procedure was uneventful. However, immediately 
after the operation, the patient had an increasing number 
of seizures, with focal left-sided motor and sensory symp-
toms and initially non-impaired awareness. Postoperative 
CT was unremarkable, but clinically the patient deterio-
rated to have focal motor seizures with impaired aware-
ness and progressed into a status epilepticus requiring 
intubation and sedation. An extra-cranial EEG showed 
no epileptiform activity; however, it was performed when 
the patient was under sedation, with no clinical seizures. 
A postoperative brain MRI on the second postoperative 
day revealed resection in the area of the angular gyrus 
and perilesional area of the tumor. Thus, even though 
neuronavigation had been used during surgery, there was 

Table 1  Antiepileptic drug medication

Abbreviations CBZ Carbamazepine, LTG Lamotrigine, VPA Valproate, LEV 
Levetiracetam, OXCA Oxcarbazepine, TOP Topiramate, NIF Nifedipine, GBP 
Gabapentin, CLOB Clobazam, LAC Lacosamide

Age Antiepileptic drug

0–6 years 0

7–13 years CBZ

14–17 years CBZ + LTG

CBZ + VPA

CBZ + VPA + LTG

CBZ + LEV

OXCA + LEV

OXCA + GBP

OXCA + VPA

OXCA + VPA + CLOB

OXCA + VPA + NIF

OXCA + VPA + TOP

OXCA + VPA

First diagnostic surgery

OXCA + VPA + CLOB

OXCA + VPA + LTG

24 years Surgery with lesionectomy

OXCA + VPA + LTG

26 years OXCA + LAC
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an intact remaining tumor in the supramarginal gyrus 
(Fig. 1b). The patient underwent a new attempt of surgi-
cal resection of the lesion. He was extubated three hours 
postoperatively and became  awake, with a slight left-
sided hemiparesis and left-sided hemisensory symptoms. 
He presented with a few novel focal onset motor seizures 
with non-impaired awareness; waving of the right arm 
followed by laughter. EEG was unremarkable. On the 
following days, the seizures completely resolved. After 
a period of neurorehabilitation, the patient improved 
neurologically. Follow-up brain MRI demonstrated that 
the lesion had been completely resected (Fig. 1c). At the 
two-year follow up, the remaining sequelae was a slight 
sensory deficit, especially for proprioception, in the left 
leg and foot. Currently, the patient reported noctur-
nal seizures two to three times a year, which occurred 
only when inadvertently skipping antiepileptic medica-
tion, as compared to two to three seizures a day before 
surgery. He was still on two antiepileptic drugs. How-
ever,  the patient was pleased with the outcome. Pathol-
ogy report from the first attempt of lesionectomy showed 
normal brain. Pathology report from the reoperation 
showed a ganglioglioma grade 1 (Fig. 2). The evaluation 
was made by multiple experienced neuropathologists, 
including a second opinion from an external epilepsy 
neuropathologist.

Discussion
Gangliogliomas are more common in children, consti-
tuting 10% of primary brain tumors as opposed to 1% 
in the adult population. The majority of ganglioglio-
mas are considered to be  low-grade tumors (WHO 
grade1). The tumor is composed of a mixture of glial 
and neuronal elements, including atypical neurons and 
neoplastic proliferative astrocytes [8, 9]. Low-grade 
gangliogliomas have dysplastic features, and share 

similarities with malformations of cortical development 
[10].

Gangliogliomas are surrounded by cortical disorgani-
zation [11]. They are difficult to diagnose, even with 
immunohistochemistry,  as the histopathological vari-
ability is significant [9]. The inter-observer concord-
ance for histopathological diagnosis is poor, around 
50% [12].

The underlying physiological basis of the epilep-
togenicity of gangliogliomas is still not elucidated. 
Increased excitability due to abnormal glutamater-
gic transmission, as well as alterations in GABA-ergic 
networks, has been implicated in epileptogenesis [13]. 
There are reports of overexpression of glutamatergic 
neurotransmitter receptors in intralesional neurons of 
gangliogliomas, but also in reactive astrocytes in the 
perilesional cortex [5]. Further, data support dysfunc-
tion of the GABAA-ergic system in perilesional cortex 
in ganglioglioma [6]. However, there is also reduced 
GABAA expression in ganglioglioma neurons relative 
to adjacent cortical neurons [7]. Taken together, studies 
support roles for both tumor-intrinsic mechanisms in 
seizure generation as well as cortical perilesional sec-
ondary alterations of excitability.

 Although  the surgical aim is complete removal of 
ganglioglioma, divergent results on seizure outcome 
have been published in relation to the extent of resec-
tion. Gross total resection (GTR) is reported to be a 
strong significant predictor of excellent seizure control 
[14, 15]. However, patients with a partial resection of 
a ganglioglioma may be seizure free, and, conversely, 
patients with radiological GTR can continue to have 
seizures [16].

It seems that in either case, patients with gangli-
oglioma respond well to surgery in view of seizure out-
come. However, in our case the actual lesion was not 

Table 2  Epilepsy surgery evaluation before lesionectomy

Seizure type Focal onset left motor seizures to bilateral tonic clonic. Impaired and non- impaired awareness

Seizure frequency 20 seizures per week

Symptomatogenic zone Right frontal lobe

Radiology Structural lesion in the right supramarginal gyrus

Irritative zone Surface EEG: Initially normal. Development of interictal spikes in the right frontocentral lobe, and later bilateral spikes
Dipole analysis: Right motor area

Ictal onset zone Video surface EEG: Right frontal lobe
Video EEG with subdural grid: Right supramarginal gyrus with spread to the frontal central areas

Functional deficit zone Face memory test decrement > 2.5 standard deviations, otherwise normal or supranormal results in neuropsychology evalu-
ation

Functional investigation Functional MRI: Motor and sensory activity of the tongue, in direct relation to the lesion
Functional-stimulation subdural grids: Sensory symptoms in the left hand and motor symptoms of the tongue near the lesion 
in the right supramarginal gyrus

Epileptogenic zone Preoperatively presumed to be the lesion and adjacent perilesional area in the right supramarginal gyrus
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resected at all, and  only the adjacent gyrus and some 
perilesional cortex  were resected. A possible explana-
tion for the  resection of the wrong area could be  the 
inaccuracy of neuronavigation, perhaps due to brain 
shift. Intraoperative electrocorticography (ECoG) was 
not used during the surgery. Reports on the usefulness 
of ECoG in resection of gangliogliomas are divergent. 
Studies of gangliogliomas are difficult to interpret and 
compare, as different definitions and terminology were 
used for the ECoG patterns. In a descriptive study, Fer-
rier [17] reported that continuous spiking was seen 
significantly more often during ECoG in focal corti-
cal dysplasia (FCD) versus gangliogliomas, and when 
present in gangliogliomas, indicated the coexistence 
of FCD. However, Rosenow [18], who found no corre-
lation between ECoG and seizure outcome, reported 
that ECoG spiking was more extensive in patients 
with gangliogliomas as compared to FCD. The same 
study revealed high-amplitude slow activity within 
intratumoral cortex of gangliogliomas, whereas the 
epileptogenic activity was mainly recorded from the 
surroundings of the tumor or even in remote areas. 
After the second surgery, complete lesionectomy 
resulted in seizure outcome ILAE III at the two year 
follow up. The persistence of seizures at this point indi-
cates that, probably, the epileptogenic zone still extends 
beyond the tumor area. It is less likely that there are 
seizure generating areas independent of the lesion. The 
many years of seizure duration might have established 
widespread ictogenic networks contributing to the per-
sistence of seizures. About 30% of gangliogliomas are 
associated with FCD, which are often connected to the 
tumor or directly adjacent to it [19]. The invasive pre-
operative investigation, which was limited to the area 
of the subdural grid and strips, did not indicate other 
nearby seizure-generating areas, and the pathology 
report did not indicate other lesions.

Rasmussen [20] reported that 30%–50% of the epi-
lepsy surgery patients with long-term seizure freedom 
have some attacks in the first postoperative months or 
years, before eventually becoming seizure free. Wing-
kun [21] found that recurrent seizures after extratem-
poral resections were more likely to persist in the 
subsequent years and more likely to become intractable 

Fig. 1  a Brain magnetic resonance imaging (MRI) sagittal sequence 
T2-weighted images demonstrating the lesion (ganglioglioma) in 
the supramarginal gyrus (as indicated by the white arrowhead). 
b Demonstration of an intact lesion (ganglioglioma) in the 
supramarginal gyrus (as indicated by the white arrowhead) after the 
first surgical resection. c Demonstration of complete resection of the 
ganglioglioma (indicated by the white arrowhead) after the second 
surgery
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than recurrent seizures after temporal lobe resections. 
Sarkis [22] reported that after epilepsy surgery (cases 
predominantly temporal), long-term follow-up indi-
cated new-onset status epilepticus in 2.2%. However, it 
is difficult to interpret if it was caused by the surgery 
itself, as it is known that 10%–15% of epilepsy patients 
develop status epilepticus at some point in their life. 
Nonetheless, the same author found that of those with 
new-onset status epilepticus after epilepsy surgery, a 
third developed the condition within 24  h from sur-
gery. There are reports on seizure worsening and even 
status epilepticus in the postoperative setting after 
resection of focal cortical dysplasia. Sarkis found that 
three out of eight patients developed focal status epi-
lepticus after resection of FCD type IIb in the rolandic 
area [23]. Seizures were terminated after reoperation 
with resection of the perilesional area. Interestingly, in 
those cases they interpreted the epileptogenic drive to 
emanate from the perilesional cortex. They speculated 
that perhaps removal of balloon cells that could have 
an inhibitory role, would lead to a release of excitatory 
environment in the surrounding cortex.

In our case report, there were no postoperative hem-
orrhagic, ischemic, infectious, metabolic, or phar-
macological explanations to the patient’s seizure 
deterioration after the first surgical attempt to remove 
the ganglioglioma. Neither the presurgical evaluation 
nor the postoperative MRI re-evaluation indicated any 
coexisting dysplasia or epileptogenic scarring from 
the primary surgery performed years before. The mild 
and transient acute postoperative seizures after the 
final surgery might possibly represent a running-down 
phenomenon.

Seizure generation is a result of imbalance between 
excitation and inhibition. Trauma per se can induce fac-
tors that may increase excitability [24]. Experimental 

models have demonstrated that undercutting the cortex 
causes an increase in both intrinsic and synaptic excit-
ability of neurons in adjacent intact cortex, sufficient 
for the generation of electrographic paroxysmal activity 
[25]. Surgical trauma damages axons and creates a par-
tial deafferentation [26]. Alterations in network activities 
can change the intrinsic properties of neurons, including 
the firing pattern [27]. In this case, surgical removal of 
perilesional cortex and severing of axons could possibly 
have silenced the short cortico-cortical associative fib-
ers destined for the adjacent gyrus containing the gan-
glioglioma, and through deafferentation have shifted the 
balance towards excitation.

Conclusions
Removal of the MRI-negative cortex adjacent to the gan-
glioglioma might have directly or indirectly eliminated 
inhibitory signals exerted by this area onto the seizure-
prone tumor tissue, releasing the brake which resulted in 
a refractory status epilepticus. This case might argue in 
favor of the presence of an inhibitory network in regions 
immediately adjacent to a ganglioglioma.

Abbreviations
CT: Computed tomography; ECoG: Electrocorticography; EEG: Electroen-
cephalogram; FCD: Focal cortical dysplasia; GTR​: Gross total resection; ILAE: 
International League Against Epilepsy; MRI: Magnetic resonance imaging.
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