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BACKGROUND Drug-resistant epilepsy leads to significant morbidity and mortality. Epilepsy surgery for resection of seizure foci is underused,
particularly when a seizure focus is located in eloquent cortex. Epileptogenic networks may lead to neurological deficits out of proportion to a causative
lesion. Disruption of the network may lead not only to seizure freedom but also reversal of a neurological deficit.

OBSERVATIONS A 32-year-old male with new-onset generalized tonic-clonic seizure was found to have an occipital lobe cavernous malformation. On
visual field testing, he was found to have a right-sided hemianopsia. He did not tolerate antiepileptic drugs and had a significant decline in quality of
life. Resection was planned using intraoperative electrocorticography to remove the cavernous malformation and disrupt the epileptogenic network.
Immediate and delayed postoperative visual field testing demonstrated improvement of the visual field deficit, with near resolution of the deficit 6 weeks
postoperatively.

LESSONS Epilepsy networks in eloquent cortex may cause deficits that improve after the causative lesion is resected and the network disrupted,
a concept that is underreported in the literature. A subset of patients with frequent epileptiform activity and preoperative deficits may experience
postoperative neurological improvement along with relief of seizures.
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Epilepsy is a common condition with a reported prevalence of 1
in 200 people.1 Despite optimal pharmacotherapy, 20%–40% of
patients with epilepsy have inadequate seizure control, known as
drug-resistant epilepsy (DRE).2 In such patients with localizable sei-
zure foci, resection is an effective treatment that may render pa-
tients seizure-free, reduce antiepileptic drug (AED) adverse effects,
and improve quality of life.3,4 Epilepsy surgery should be considered
in patients with DRE and seizures that result in an increased morbidity,
mortality, or disruption in quality of life.5 Despite outreach efforts,
epilepsy surgery is still underused in patients with DRE, with the mean
time from onset of DRE to surgical treatment being 20 years.4,6,7 With
eloquent cortical seizure foci, the concern for new postoperative neuro-
logical deficits explains some of this hesitancy.8

The current goal and primary objective of epilepsy surgery is the
resection of the seizure focus and epileptogenic zone to achieve sei-
zure freedom. Driven by advances in imaging and electrophysiological

techniques, the established concept a of a discrete seizure focus is
being supplanted by new theories of epileptogenic networks. The the-
ory suggests that local neurons produce and propagate epileptogenic
activity to distant neurons, which then to recruit more distant
neurons.9,10 In the context of epilepsy surgery, epileptogenic networks
are important to anatomically identify because the success of a sur-
gery may depend not only on resection of the seizure focus and epi-
leptogenic zone but also on the disruption of this network.9,10

An epileptic network within eloquent cortex may itself generate
focal neurological deficits, particularly in patients with frequent sei-
zure activity or focal status epilepticus.11 In such patients, resec-
tions that simply interrupt the epileptogenic network can lead to a
paradoxical situation where neurological improvement occurs after
an eloquent cortical resection. In this report, we describe a patient
with occipital lobe seizures and a large preoperative visual field def-
icit who experienced improvement in his visual fields postoperatively
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along with resolution of his seizures. We postulate that frequent epi-
leptiform discharges in an occipital epileptogenic network caused
the visual field deficit. Resection of a small causative lesion sufficed
to disrupt the network and led to overall neurological improvement.

Illustrative Case
A 32-year-old previously healthy male presented for neurosurgical

evaluation after a new-onset seizure and was found to have a small
left occipital lesion consistent with vascular malformation. Although
the patient had no recollection of the event, a witness described a
generalized tonic-clonic seizure directly after the patient cried out,
“I can’t see.” The patient also reported that for several weeks prior
he had experienced transient episodes of blurry vision and “squiggly
lines” in his right visual field.

Magnetic resonance imaging of the brain with contrast demon-
strated a 5 � 7–mm lesion in the left occipital lobe. A cerebral angio-
gram did not show any evidence of arteriovenous malformation, and
overall the radiological findings were most consistent with a cavern-
ous malformation and associated developmental venous anomaly
(Fig. 1). On ophthalmological evaluation, the patient had a right-sided
congruous homonymous visual field deficit (Fig. 2, upper).

He was started on levetiracetam and lamotrigine but did not toler-
ate the AEDs, experiencing significant weight loss. He also continued
to experience multiple daily visual phenomena in the right hemifield
despite multiple AEDs. He had significant decline in his quality of life

because of medication side effects and remained legally unable to
drive and work. Given these issues, he opted for resection.

We performed an occipital craniotomy using frameless stereotac-
tic neuronavigation and intraoperative electrocorticography (ECoG).
Preresection ECoG was performed using a four-contact strip,
demonstrating frequent burst episodes of spike epileptiform activ-
ity (Fig. 3A and B). Microdissection under the microscope was per-
formed to develop a corridor along the tentorium inferior to the
occipital lobe. The cortex overlying the lesion was entered and the lo-
cation confirmed using frameless stereotactic neuronavigation. The
lesion, hemosiderin-stained tissue, and approximately 1-cm margin of
normal tissue surrounding the lesion were resected. Postresection
ECoG revealed the absence of epileptiform activity (Fig. 3C).

The 3-day postoperative visual field testing revealed that there
was near-complete resolution of the homonymous inferior quadran-
tanopia and improvement of the right paracentral upper quadranta-
nopia. However, there was also a new deficit in the central region
of the right superior quadrant. Repeat visual field testing 6 weeks
postoperatively showed near resolution of the preoperative right
paracentral quadrantanopia. There was also continued improvement
of the new postoperative deficit in the right superior central quad-
rant. At 6 months, the patient did not have significant limitations
and was able to safely return to his job. Eight months postopera-
tively, the patient remained seizure-free and was receiving lamotri-
gine, which he was tolerating well.

FIG. 1. Magnetic resonance imaging showing an occipital lobe lesion (upper row) and postoperative resection (lower row). On T1-weighted imaging
(T1WI), the lesion was heterogeneously iso- and hypointense on axial (A) and sagittal (B) sequences. Intrinsic contrast enhancement was evident (C) with
hypointensity on T2-weighted imaging (T2WI; D). Postoperatively, there was evidence of complete resection of the lesion on T1WI (E and F), contrast-
enhanced imaging (G), and T2WI (H).
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Discussion
Observations

DRE is a malignant condition with significant morbidity, mortal-
ity, and negative influence on quality of life.12–14 Resection of a
seizure focus is a common and effective intervention for DRE.
However, seizure foci in eloquent cortex present a significant man-
agement challenge due to the risk of new postoperative deficits
with resection.15–17 Nonresective alternatives, such as multiple
subpial transections or responsive neurostimulation, unfortunately
are rarely curative.18–21

This report describes a clinical situation in which patients stand
to doubly benefit from eloquent cortical resection with regard to sei-
zure outcome and neurological function. Although only a minority of
patients with eloquent cortical lesions are likely to fall into this cate-
gory, it is nonetheless important to recognize them, given the pro-
found benefit resective surgery may offer. We were able to find only

one similar case reported in the existing literature.22 Furthermore,
our case is unique in providing intraoperative ECoG data as well as
visual field assessments at multiple stages of recovery that allow
delineation of the improved preoperative deficit from the new post-
operative deficit.

The neurological improvement in this case is best understood
through the network model of epilepsy, where clinical manifestations
are related to neural network dynamics and functional connectivity
ranging from the microscale (neuronal level) to macroscale (brain
areas).9 This model is replacing older concepts of epilepsy that de-
scribe seizures as “focal” or “generalized” and instead describes
seizures as a result of paroxysmal and pathological activation
of specific neuronal connections.23,24 In this model, lesions may be
synaptically connected to physiological neural networks such that
epileptic activity propagates along the connecting pathways.25

Viewed within this framework, there are several strategies for
surgical management of refractory epilepsy. One is to disrupt the
network by resection of a causative lesion, as in this case. Mini-
mally invasive treatments are also available and are able to
achieve high rates of seizure freedom in patients.26 Image-guided
radiofrequency ablation and laser interstitial thermotherapy can
target deep brain structures that would be difficult to access with
an open approach. Alternatively, when there is no discrete lesion,
modulation of the entire network is possible through stimulation of
the thalamus or vagus nerve or responsive neurostimulation of the
specific regions.21

The clinical pattern in this case should be recognized as a situ-
ation where eloquent cortical resection may lead to neurological
improvement: a causative lesion with deficits greatly out of propor-
tion to the lesion’s size combined with frequent (multiple per day)
episodes of clinical and/or electroencephalographic epileptiform
activity. Even without ECoG confirmation, it can be deduced that
the lesion is causing broad network dysfunction that could be in-
terrupted by resection.

However, resection of lesions, particularly in the eloquent cortex,
is not without risk and should always be considered on a case-
by-case basis. In a review by Hader et al.,27 rates of minor and
major neurological complications after resective surgery were
10.9% and 4.7%, respectively. The most common neurological com-
plication was minor visual field deficit. Other deficits can include
hemiparesis, cranial nerve deficits, dysphagia, and cognitive defi-
cits. In addition, certain types of lesions may increase the risk of
deficit. In this case lesson, we presented a cavernous malformation
that was well demarcated without functional brain tissue. Other types
of lesions may result in increased risk of deficit, such as with focal
cortical dysplasia, where borders are less well defined.

Lessons
This case illustrates an important lesson that eloquent cortical

resections in epilepsy do not always cause neurological worsening.
A subset of patients with frequent epileptiform activity and preopera-
tive deficits may experience postoperative neurological improvement
along with relief of seizures. Importantly, this case lesson does not
imply that these resections do not cause deficits. Indeed, this
patient had a small new area of superior quadrant visual loss post-
operatively consistent with the resection. Nonetheless, given the
persistent underuse of epilepsy surgery in appropriate candidates,
this lesson merits awareness.28 Given the malignant nature of medi-
cally refractory epilepsy and the persistent underuse of epilepsy

FIG. 2. Patient visual fields preoperatively (upper), immediately postop-
eratively (center), and 6 weeks postoperatively (lower). The preopera-
tive visual field demonstrated a partial right hemianopsia (upper).
Visual fields were examined 3 days postoperatively (center) and dem-
onstrated improvement of the visual deficit and a residual superior right
quadrantanopia. Six weeks postoperatively (lower), visual fields contin-
ued to improve with near resolution of the quadrantanopia. OD = right
eye; OS = left eye.
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surgery, we advocate that in the appropriate patient population,
epilepsy surgery may be appropriate for seizure foci located within
eloquent cortex.
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