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BACKGROUND Frontal disconnection surgery is a useful surgical option for patients with frontal epilepsy whose seizure onset zones are exceedingly
large and thus are not amenable to conventional resective surgery. While it has the advantage of avoiding sequelae stemming from a large resection
cavity, the impact of radical anatomofunctional disconnection of such a vast frontal region is not fully understood.

OBSERVATIONS The authors have identified secondary degeneration in the striatum ipsilateral to the frontal disconnection surgery in two adult
patients who had otherwise favorable postoperative outcomes following the surgery. On serial postoperative magnetic resonance imaging, the striatum
showed transient restricted diffusion in the caudate head and rostral putamen around several weeks postoperatively and subsequent atrophy in the
caudate head. The affected striatal regions (i.e., the anterior portion of the striatum) were congruent with the known fronto-striatal connectivity
corresponding to the disconnected frontal regions anterior to the primary and supplementary motor areas. Both patients achieved 1-year seizure
freedom without apparent disability related to the surgery.

LESSONS The benign postoperative course despite the marked degenerative changes in the ipsilateral striatum supports the feasibility of the frontal
disconnection surgery in otherwise inoperable patients with broad frontal epileptogenicity.

https://thejns.org/doi/abs/10.3171/CASE21644
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Frontal disconnection surgery, also called peri-insular anterior quadran-
totomy, has been proposed as an effective surgical option for drug-resis-
tant epilepsy with widespread frontal epileptogenicity.1,2 This technique
involves functional disconnection of the frontal lobe harboring a vast epi-
leptogenic zone while preserving the eloquent areas. Such disconnective-
type surgery allows avoiding cavity-related complications (e.g., hematoma,
hydrocephalus) associated with a large brain resection.3

Literature on this procedure is still scarce. In fact, the disconnec-
tive technique involving the frontal lobe has been reported in recent
years,1,2 and thus far, only a single case series has assessed the
efficacy and the safety of this procedure.2 While it appears to be a
viable surgical option, the impact of such extensive anatomofunc-
tional disconnection is not fully understood.

Herein we report two patients who had successful outcomes
after frontal disconnection surgery despite leaving behind secondary
degenerative changes in the ipsilateral striatum.

Illustrative Cases
Case 1

A 37-year-old right-handed female nursery teacher experienced
the onset of epilepsy at age 15. She did not have any prior medical
conditions or family history of epilepsy. Her seizure semiology con-
sisted of coordinated repetitive tapping movements with both her
arms while maintaining her consciousness. She described her ictal
motor behavior as “being unable to stop clapping.” Her seizures
were brief, lasting 10 to 15 seconds without impaired awareness

ABBREVIATIONS 18FDG-PET = [18F]-fluorodeoxyglucose positron emission tomography; EEG = electroencephalography; FLAIR = fluid-attenuated inversion recovery;
MRI = magnetic resonance imaging; SEEG = stereo-electroencephalography.
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FIG. 1. Noninvasive and invasive investigation results for case 1. A: MRI showing a widespread dysplastic cortex in the right frontal lobe (upper, highlighted with
a yellow rectangle) and 18FDG-PET showing a hypometabolism in the same region (lower). B: SEEG investigation. The intracortical electrode positions are indi-
cated by white dots on the MRI. Ictal fast discharges were widely distributed in the frontal lobe, but the posterior frontal (midcingulate) and temporal regions
were spared (indicated by blue and orange arrowheads, respectively). The frontal disconnection line was set at the rostral limit of the supplementary motor
area, which was indicated by the midcingulate electrode (see upper right MRI for the medial disconnection line). We did not explore the primary motor area due
to the absence of tonic-clonic contractions during her seizures. The lateral disconnection line was therefore set anterior to the precentral gyrus (not shown).
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(i.e., focal aware automatism seizure), followed by abrupt resumption
of normal motor control. Despite trials of multiple antiepileptics, her
seizures occurred several times a day, both during the daytime and
sleep, and thus seriously affected her professional life as a nursery
teacher. Her interictal scalp electroencephalography (EEG) showed
frequent Fp2-F8 spikes or spike bursts. Her seizures started with a
large-amplitude initial spiking with a predominance in the right frontal
region (F8, F4), followed by low-amplitude fast discharges in the
same distribution. Cranial magnetic resonance imaging (MRI) showed
dysplastic sulci and atrophy with mild T2-fluid-attenuated inversion
recovery (FLAIR) hyperintensities in the right orbitofrontal cortex
and the middle frontal gyrus (Fig. 1A). [18F]-fluorodeoxyglucose posi-
tron emission tomography (18FDG-PET) showed a hypometabolism

involving the entire right frontal lobe (Fig. 1A). Stereo-electroenceph-
alography (SEEG) revealed broadly distributed ictal fast discharges in
the orbitofrontal region, medial as well as lateral prefrontal regions,
and the premotor region (Fig. 1B). Due to the lack of a focal onset
amenable to standard corticectomy or lobectomy, she underwent a
right frontal disconnection surgery while sparing the primary and sup-
plementary motor areas. A small corticectomy was performed in the
posterodorsal portion of the middle frontal gyrus (i.e., the premotor
region), but histological examination using this tissue specimen
yielded no specific findings. She had no neurological deficits, and
postoperative MRI 1 day after surgery confirmed the successful dis-
connection without perioperative ischemic/hemorrhagic complications
(Fig. 2A). Abrupt seizure cessation after surgery was accompanied

TABLE 1. Pre- and postoperative neuropsychological performance

Case 1 Case 2

Test Preoperative Postoperative Preoperative Postoperative

WAIS-III, VIQ 78 82 64 93

WAIS-III, PIQ 74 80 71 94

WAIS-III, FSIQ 74 76 64 93

WAIS-III, WMI 76 79 69 79

WAIS-III, VCI 64 82 64 97

WAIS-III, PSI 78 89 75 84

WAIS-III, PRI 83 79 83 108

WMS-R, Verbal memory 81 83 68 75

WMS-R, Visual memory 90 108 100 81

WMS-R, Total memory 81 88 74 74

WMS-R, Delayed recall 70 88 68 68

WMS-R, Attention 94 94 87 79

FSIQ = full scale intelligence quotient; PIQ = performance intelligence quotient; PRI = perceptual reasoning index; PSI = processing speed index; VCI = verbal compre-
hension index; VIQ = verbal intelligence quotient; WAIS-III = Wechsler Adult Intelligence Scale 3rd edition; WMS-R = Wechsler Memory Scale-Revised; WMI = working
memory index.

FIG. 2. Serial postoperative MRI for case 1. On the first postoperative day (A), no abnormal signal other than the periprocedural one (i.e., the disconnection
line) was observed on the diffusion-weighted image (DWI). On the 32nd postoperative day (B), the DWI showed high signals in the caudate head, and
also slightly in the rostral putamen (highlighted with a yellow rectangle in the left image). The apparent diffusion coefficient (ADC) map showed a low signal
in the corresponding striatal region, thus exhibiting a restricted diffusion pattern (upper right). The FLAIR image showed a high signal in the same region
(lower right). On the 113th postoperative day (C), the restricted diffusion had completely resolved, but the caudate head was found to be atrophied.
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by a transient depressive state with anxiety (i.e., alternative psychosis)
lasting approximately 3 months postoperatively. Follow-up MRI on the
32nd postoperative day revealed restricted diffusion with T2-FLAIR sig-
nal hyperintensity in the right caudate nucleus and, to a lesser degree, in
the rostral putamen (Fig. 2B). Magnetic resonance angiography was nor-
mal. On the 113th postoperative day, these signal abnormalities resolved
spontaneously, but the head of the caudate nucleus was atrophied

(Fig. 2C). No cognitive decline was observed postoperatively (Table 1).
She remained seizure-free at 1-year follow-up.

Case 2
A 46-year-old right-handed male ironworker experienced the onset

of epilepsy at age 27. He had no past or family history of neurological
conditions other than his epilepsy. His seizures started with sudden,

FIG. 3. Noninvasive and invasive investigation results for case 2. A: MRI showed no abnormality (left), whereas 18FDG-PET disclosed a vast hypometabolism
in the right hemisphere, mainly involving the fronto-temporal region (right). B: SEEG investigation. The intracortical electrode positions are indicated by white
dots on the MRI. Ictal fast discharges involved the entire prefrontal and orbitofrontal regions, and they spread rapidly to the lateral temporal neocortex. Only
the supplementary and primary motor (precentral) areas were spared from the ictal discharges (indicated by blue and orange arrowheads, respectively). The
upper right MRI shows the medial disconnection line crossing the rostral supplementary motor area. The lateral disconnection line was set anterior to the pre-
central gyrus (not shown). A corticectomy (subpial aspiration) was performed in the lateral temporal region (see also the upper right MRI).
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repetitive stroking of the head with his right hand while lacking his
awareness (i.e., focal impaired awareness automatism seizure), fol-
lowed by verbalization of nonsense words and purposeless coordi-
nated waving movements of his upper limbs. Each seizure lasted less
than 20 seconds and ended with an immediate resumption of normal
voluntary activity. They were resistant to antiepileptics and were wit-
nessed almost daily by his coworkers. Interictal scalp EEG showed
F4-F8 spikes, often with wide distribution in the right hemisphere. Ictal
EEG showed a similar spike and succeeding low-amplitude fast dis-
charges in the right frontotemporal distribution. Brain MRI was unre-
vealing, whereas 18FDG-PET disclosed a vast right frontal as well as
lateral temporal hypometabolism (Fig. 3A). Consistent with these
noninvasive results, SEEG showed widespread ictal fast discharges
over the right fronto-temporal region: only the primary and supple-
mentary motor areas were spared from the seizure discharges in the
frontal lobe, and early propagation to the superior and middle tempo-
ral gyri was observed (Fig. 3B). He underwent a frontal disconnection
surgery combined with the subpial aspiration of the two temporal gyri.
The frontal disconnection line was set anterior to the primary and sup-
plementary motor areas. Histopathologic examination was not avail-
able since we did not perform en bloc resection. Postoperatively he
experienced no neurological or neuropsychological complications.
Because of the previous experience with the patient in case 1, we
performed serial follow-up MRI. On the 12th postoperative day, there
was slightly restricted diffusion in the right caudate head (Fig. 4,
upper). There was no indication of vasospasm. On the 29th postoper-
ative day, the signal abnormalities became even more intense and
also involved the rostral putamen (Fig. 4, middle). No signal abnor-
malities were observed on the 85th postoperative day, but there was
atrophy of the caudate head (Fig. 4, lower). He achieved 1-year sei-
zure freedom, and an overall improvement in his cognitive perfor-
mance was also observed (Table 1).

Discussion
Observations

SEEG demonstrated broad frontal epileptogenicity anterior to the
primary and supplementary motor areas in both patients. The

absence of tonic/clonic contractions during their seizures reflected
the lack of propagation in these posterior frontal regions. Therefore,
the frontal disconnection was a suitable measure to achieve seizure
freedom. Their postoperative outcomes regarding both seizures and
cognitive functioning were favorable, despite the gradual develop-
ment of striatal abnormalities ipsilateral to the disconnection surgery.

The frontal disconnection surgery is a practical surgical option in
cases where intracranial EEG investigation is confronted with broa-
dly distributed epileptogenic foci involving the anterior noneloquent
frontal region.2 However, such widespread disconnection is likely to
have a nonnegligible impact on the remaining brain networks. Obvi-
ously, the rich fronto-striatal connections4–7 are widely disrupted by
this procedure. In our patients, the serial postoperative follow-up
MRI showed transient restricted diffusion with subsequent atrophy
in the ipsilateral striatum. Perioperative ischemia in the anterior per-
forator territory8 was unlikely because the restricted diffusion devel-
oped gradually over a month and was not accompanied by clinical
signs of acute ischemia, angiographic evidence of vasospasm, or
chronic signal changes suggesting the vascular etiology (see the
next paragraph for further details). Such late occurrence of
restricted diffusion in the striatum suggests secondary neurodegen-
eration (i.e., Wallerian degeneration) due to the widespread fronto-
striatal disconnection and has been reported to occur in a propor-
tion of patients with resective-type frontal surgery.9 The restricted
diffusion was transient, reaching their peaks around 2 to 3 weeks
after the surgery9 as in our patients. However, similar findings have
not yet been reported in patients who underwent frontal disconnec-
tion surgery.2 The lack of specific neurological symptoms is proba-
bly the reason to have missed the appropriate time window to
observe the transient striatal signal abnormalities in the previous
cases of frontal disconnection.

One may raise the possibility of delayed-onset vasospasm
involving the Heubner’s and/or lenticulostriate arteries as the under-
lying etiology. However, magnetic resonance angiography did not
suggest this possibility, and the gradual intensification of signal
changes over a month is unlikely to occur in vasospasm. In addi-
tion, there were no signs of acute ischemia involving the caudate
and adjacent regions such as contralateral hemiparesis, dysarthria,

FIG. 4. Serial postoperative MRI for case 2. The restricted diffusion pattern and T2 hyperintensity were emerging in the caudate head and the rostral puta-
men on the 12th postoperative day (upper). The signal abnormalities became intense on the 29th postoperative day (middle). These signal abnormalities
had completely resolved, but there was atrophy of the caudate head on the postoperative day 85 (lower). DWI = diffusion-weighted image; ADC = apparent
diffusion coefficient.
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behavioral changes (e.g., abulia, slowness of thought, or restless-
ness/agitation), or choreoathetosis.10 The postoperative depression
with anxiety in the patient in case 1 was dissimilar to these behavioral
changes and can be explained by the alternative psychosis. Further-
more, ischemic lesions show more or less edema unless the image
was taken in the hyperacute period, and they also develop residual
T2-FLAIR hyperintensity or a cavitary change in the chronic period.
Our patients developed none of these secondary signal changes.

The reduced diffusion was limited to the caudate head and the
rostral putamen. The anterior striatum is densely connected with
the orbitofrontal, prefrontal, and anterior cingulate cortices but less
with the premotor and motor cortices, and vice versa for the poste-
rior striatum.4–7 As the supplementary and primary motor areas
were the only frontal regions preserved in our patients, the posterior
striatum was spared from the Wallerian degeneration.

We acknowledge that there was a slight technical modification
from the originally proposed disconnection procedure:1,2 the anterior
corpus callosotomy was not performed because it was considered
nonessential in our patients. However, this did not affect their sei-
zure outcomes, nor appeared to be related to the occurrence of
striatal degeneration.

Lessons
In conclusion, our cases showed that the ipsilateral striatum can

undergo secondary neurodegeneration following the frontal discon-
nection surgery. The striatal signal abnormalizes should not be con-
fused with perioperative ischemic stroke.9 They may pass unnoticed
due to the lack of obvious neurological symptoms likely because
the procedure is performed in patients with a vast frontal lesion or
hypometabolism. The benign postoperative course despite the stria-
tal degeneration supports the use of this surgical procedure in oth-
erwise inoperable patients with broad frontal epileptogenicity.
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