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Abstract
BACKGROUND
Neurosurgical treatment of severe bilateral occipital lobe epilepsy usually involves two operations several mos apart. 

AIM
To evaluate surgical resection of bilateral occipital lobe lesions during a single operation as a treatment for bilateral occipital lobe epilepsy. 

METHODS
This retrospective case series included patients with drug-refractory bilateral occipital lobe epilepsy treated surgically between March 2006 and November 2015.

RESULTS
Preoperative evaluation included scalp video-electroencephalography (EEG), magnetic resonance imaging, and PET-CT. During surgery (bilateral occipital craniotomy), epileptic foci and important functional areas were identified by EEG (intracranial cortical electrodes) and cortical functional mapping, respectively. Patients were followed up for at least 5 years to evaluate treatment outcome (Engel grade) and visual function. The 20 patients (12 males) were aged 4-30 years (median age, 12 years). Time since onset was 3-20 years (median, 8 years), and episode frequency was 4-270/mo (median, 15/mo). Common manifestations were elementary visual hallucinations (65.0%), flashing lights (30.0%), blurred vision (20.0%) and visual field defects (20.0%). Most patients were free of disabling seizures (Engel grade I) postoperatively (18/20, 90.0%) and at 1 year (18/20, 90.0%), 3 years (17/20, 85.0%) and ≥ 5 years (17/20, 85.0%). No patients were classified Engel grade IV (no worthwhile improvement). After surgery, there was no change in visual function in 13/20 (65.0%), development of a new visual field defect in 3/20 (15.0%), and worsening of a preexisting defect in 4/20 (20.0%). 

CONCLUSION
Resection of bilateral occipital lobe lesions during a single operation may be applicable in bilateral occipital lobe epilepsy.
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Core Tip: The main finding of this case series of patients treated surgically for bilateral occipital lobe epilepsy is that bilateral resection during a single operation was a very effective treatment, with the vast majority of patients (85%) free of disabling seizures at 5 years after neurosurgery and no patients exhibiting no worthwhile improvement. Two interesting additional observations in this study were a reduction in the number and sizes of facial sebaceous adenoma lesions in one patient and the resolution of drug-resistant psoriatic lesions in another patient after surgery.


INTRODUCTION
Occipital lobe epilepsy[1] is an uncommon form of epilepsy that accounts for only 2%-13% of cases of symptomatic focal epilepsy[1-6]. The symptoms of occipital lobe epilepsy are mainly visual and oculomotor manifestations and include visual illusion, elementary visual hallucinations, blinking, a sensation of eye movement, nausea, dizziness, ictal blindness, and contralateral eye and head deviation[1,5-9]. The diagnosis of occipital lobe epilepsy can be challenging because of the rapid spread of the seizure to the frontal, temporal and parietal lobes and the midbrain tegmentum[5,6,10]. Therefore, achieving a definitive diagnosis generally requires the use of scalp electroencephalograms (EEGs), magnetic resonance imaging (MRI), fluorodeoxyglucose positron emission tomography (FDG-PET), single-photon emission computed tomography (SPECT), and/or video-EEG monitoring with intracranial electrodes[4,7,9,11-13].
Although pharmacologic therapies are available for focal epilepsy[14], some cases are resistant to drugs and require neurosurgical intervention[7,15-18]. A small number of reports have described the surgical management of intractable occipital lobe epilepsy, and the techniques used included lesionectomy, corticectomy, and lobectomy[7-9,15,17,19-29]. However, the majority of previous clinical investigations have focused on patients with unilateral occipital lobe epilepsy, and there are very few published studies describing the surgical management of patients with bilateral occipital lobe epilepsy[30]. Generally, the neurosurgical management of bilateral occipital lobe epilepsy involves resection of the lesion on one side, a 6 mo recovery period, and finally resection of the lesion on the other side. Although this approach is considered relatively safe, it requires two surgical procedures spaced 6 mo apart. The surgical treatment of bilateral occipital lobe epilepsy during a single operation would have several potential advantages, such as a reduced number of surgeries and hospitalizations, a shorter treatment time, lower treatment costs, and decreased psychological stress for the patients and their families. However, to the best of our knowledge, no previous studies have reported the treatment of bilateral occipital lobe epilepsy using a single surgical procedure.

MATERIALS AND METHODS
Study design and patients
This retrospective case series included 20 patients with bilateral occipital lobe epilepsy refractory to medical therapy who were treated surgically at the Epilepsy Center, General Hospital of the Beijing Military Command Region and the Epilepsy Center, Dongzhimen Hospital affiliated to Beijing University of Chinese Medicine between March 2006 and November 2015. The inclusion criteria were: (1) A diagnosis of bilateral occipital lobe epilepsy based on the medical history, seizure characteristics, EEG, and imaging investigations; (2) Frequent occurrence of seizures that severely affected the quality of life; (3) Seizures refractory to drug therapy; and (4) Bilateral occipital lobe lesions were treated surgically during a single operation. The diagnosis of bilateral occipital lobe epilepsy was based on the following features: (1) Scalp video-EEG monitoring showed abnormal firing in both sides of the occipital lobe, with some seizures originating from the left side and other episodes originating from the right side; (2) Imaging examinations showed abnormalities of the bilateral occipital lobe (a negative result did not exclude bilateral occipital lobe epilepsy); and (3) The form of the episode was related to the side of the occipital lobe in which it originated, and the seizure side was sometimes on the left and sometimes on the right. The exclusion criteria were: (1) A definitive diagnosis of bilateral occipital lobe epilepsy could not be made; (2) Epileptogenic lesions outside the occipital lobe; (3) Infrequent occurrence of episodes that did not merit surgery; and (4) Other serious diseases or contraindications to surgery.
The ethics committee of Beijing university of Chinese medicine dongzhimen hospital approved this study. All patients provided written consent for surgery after being informed of the potential benefits and risks. Informed consent for inclusion was waived because the analysis was retrospective.

Baseline demographic and clinical characteristics
Preoperative evaluation: All patients underwent scalp video-EEG for 48-170 h to record abnormal discharges during the interictal period as well as more than five seizures. The patients were also evaluated using MRI (3D thin-layer T1-weighted and T2-weighted scanning and T2-FLAIR imaging). In addition, PET-CT was used for individual patients with an unclear diagnosis based on video-EEG and MRI.

Neurosurgery: All operations were presided over by the same senior chief physician who had many years of clinical neurosurgery experience, including the resection of epileptogenic lesions under video-EEG monitoring. Surgery for each patient was planned and carried out by a multi-disciplinary team of doctors and nurses. The bilateral occipital lobe lesions were resected during a single surgical procedure in all patients.
First, a bilateral occipital craniotomy was performed (Figure 1A and B). Intracranial cortical electrodes (AD-Tech Medical, Oak Creek, WI, United States) were placed on the surface of the bilateral occipital lobe (Figure 1C), and EEG monitoring (128-channel video EEG monitoring system; Nicolet, Natus Medical Incorporated, United States) was carried out to determine the epileptic foci. Next, the important functional areas that needed protecting during surgery were identified by cortical functional mapping, and the scope of the resection and the areas to be protected were determined. Then the lesions in the bilateral occipital lobe were surgically resected (Figure 1D). During surgery, particular attention was paid to the following: (1) To ensure full exposure of the bilateral occipital lobe, the lower level of the incision was extended to reach the level of the transverse sinus so that the sinus confluence and part of the transverse sinus were exposed; (2) The bone flap was removed without a midline bone bridge; (3) Great care was taken to avoid severe bleeding caused by injury to the sagittal sinus, sinus confluence, and transverse sinuses; (4) The locations and numbers of cortical electrodes were determined according to the results of preoperative EEG monitoring to avoid the omission of epileptogenic foci; and (5) The location and scope of the resection were determined according to the results of cortical EEG monitoring and cortical function mapping to optimize complete resection of the epileptogenic lesions while protecting brain function to the maximal extent. In general, the resected area of the occipital lobe could be extended to the temporo-occipital junction laterally, to the posterior part of the parietal lobe, and to below the precuneus. When the occipital lobe showed definite morphologic changes, the epileptogenic foci surrounding the lesions were removed as much as possible. If the lesion was located outside the calcarine fissure, individually tailored cortical resection was used to minimize injury to the visual cortex.

Follow-up and outcome measures
All patients underwent reexamination and postoperative follow-up at least once each year for a minimum of 5 years to evaluate the effects of treatment on the incidence of seizures and visual function (including visual fields). The outcome of epilepsy surgery was graded I-IV according to the Engel classification[31]. Visual function in cooperative patients was assessed by clinical examination of vision and the visual fields. The visual function of patients who could not cooperate with a full vision examination, for example, due to young age, was assessed from their behavioral activity and information provided by the parents. In addition, any other notable changes in physical or psychological status during follow-up were recorded.

Statistical analysis
A descriptive statistical approach was used for the analysis, which was performed using SPSS 22.0 (IBM Corp., Armonk, NY, United States). Data are presented as n (%) or median (range).

RESULTS
Baseline clinical characteristics of the study participants
The baseline clinical characteristics of the 20 patients (12 males) with bilateral occipital lobe epilepsy included in the study are presented in Table 1. The patients were aged 4-30 years with a median age of 12 years. The time since disease onset ranged from 3-20 years, and all patients had been experiencing frequent episodes of drug-refractory epilepsy (median frequency of 15 episodes per mo). The most common clinical manifestations (see Table 1) were elementary visual hallucinations (13/20, 65.0%), flashing lights (6/20, 30.0%), blurred vision (4/20, 20.0%) and visual field defects (4/20, 20.0%).

Outcome of epilepsy surgery assessed using the Engel classification
All patients underwent resection of bilateral occipital lesions, and the hospitalization time ranged from 15-20 d. The surgical outcomes are presented in Table 2. The vast majority of patients were seizure-free (Engel grade I) in the postoperative period (18/20, 90.0%) and at 1 year (18/20, 90.0%), 3 years (17/20, 85.0%) and ≥ 5 years (17/20, 85.0%). Importantly, no patients were classified as Engel grade IV (no worthwhile improvement) at any of the follow-up time points.
 
Postoperative changes in visual function
Visual field changes after surgery are summarized in Table 3. After the operation, 13 patients (65.0%) showed no change in visual function, three patients (15.0%) developed a new visual field defect, and four patients (20.0%) exhibited worsening of a defect that had been present preoperatively. Four patients (20.0%) had partial visual field loss or increased visual field loss after surgery, and one patient (5.0%) experienced temporary postoperative blindness with the recovery of visual acuity within the subsequent mo. One patient (5.0%) had severe visual impairment before surgery that did not change postoperatively. Two patients (10.0%) showed a notable improvement in visual acuity after surgery. One was a 10-year-old boy who complained of dizziness when wearing glasses to correct his vision before surgery; the patient no longer needed glasses after surgery, which had the added benefit of avoiding the occurrence of dizzy spells. The other was a 16-year-old girl with poor vision preoperatively; after surgery, her vision improved sufficiently such that she no longer needed assistance or the use of handrails to walk or ascend/descend stairs.

Other postoperative changes
A 7-year-old boy with facial sebaceous adenoma exhibited a substantial reduction in lesion number and size after surgery. In addition, a 30-year-old male had postoperative resolution of multiple psoriatic lesions that had been resistant to medical treatment for many years. 

Case 1: A 15-year-old male patient had a history of asphyxia at birth associated with cyanosis and lethargy on the fourth day after birth. An episode of right limb rigidity developed on day 55 after birth, but this resolved after treatment. Absence seizures began to occur when the patient was 4 years old, and at the age of 6 years, the patient started to experience episodes approximately once per mo in which the eyeballs and head turned to the left, and the right limbs twitched. The patient was given various medications, including carbamazepine and dianxianling, but the seizures were not fully controlled. One mo before admission, the patient experienced an episode in which he was described as suddenly falling backward with flexion of the left limbs, erthyphoria of both eyes, and foaming at the mouth; the episode persisted for about one minute. The patient was admitted on August 20, 2007. Physical examination was unremarkable. Video-EEG monitoring revealed abnormal discharges in the bilateral occipital regions, with episodes originating from different areas of the bilateral occipital lobe (Figure 2A). MRI demonstrated abnormal signals in the bilateral occipital lobe (Figure 2B and C), and T2-FLAIR imaging showed irregular high signals in the bilateral occipital lobe that were suggestive of ischemic changes (Figure 2D). After a thorough preoperative evaluation, it was decided that bilateral occipital lobe surgery should be performed as the treatment strategy. After adequate preoperative preparation, a bilateral occipital craniotomy was performed under general anesthesia, and a subdural grid electrode was placed (Figure 2E and F). The intracranial electrode detected abnormal discharges that originated in both the left and right sides of the occipital lobe (Figure 2G-I). Bilateral resection was performed after the determination of the origins of the seizures and localization of cortical function. Postoperative cranial CT demonstrated the changes following bilateral occipital lobe surgery (Figure 2J). The patient recovered well after surgery with good limb function and no defects in vision or the visual fields. The patient has not experienced any seizures during the 12 years since surgery was performed.

Case 2: An 11-year-old male patient (an elder twin) presented with a history of convulsions that began three d after birth. He was diagnosed as having a subarachnoid hemorrhage secondary to dystocia and was hospitalized for 11 d at XXX Hospital to receive treatment. At the age of 5 years, the patient began to experience transient facial convulsions characterized by small movements such as winking. The episodes occurred once every mo for several mos and were not associated with falling to the ground or loss of consciousness. A diagnosis of epilepsy was made on the basis of EEG investigations. By 9 years of age, the patient was experiencing seizures that were more frequent (typical interval of 5-7 d, with a maximum of 7 episodes in one day) and severe (all grand mal seizures). Treatment with oral Depakine (valproate sodium) was ineffective, so the medication was changed to Topamax (topiramate, 100 mg/d). However, the symptoms had worsened further by the time the patient was 10 years old, with typical convulsive episodes lasting 1-2 minutes and involving turning of both eyes, upper limb flexion, clenching of both hands, and loss of consciousness but no vomiting or urinary/fecal incontinence. By this stage, the seizures were frequently occurring (4-5 times/d), and the patient was showing poorer physical and intellectual development than his peers. There were no hereditary or similar diseases in the family, and the patient’s brother developed normally. At presentation, physical examination indicated that the patient had a short stature for his age (113 cm), but otherwise, the findings were unremarkable. Scalp video-EEG detected a total of 4 episodes in 24 h, with two originating in the left occipital lobe and two originating in the right occipital lobe (Figure 3A and B). MRI showed bilateral occipital dysplasia and a high signal on T2-FLAIR imaging that was obvious on the right side (Figure 3C-E). After bilateral occipital craniotomy and subdural grid electrode placement (Figure 3F), the EEG recording detected a total of 4 episodes in 24 h, with two episodes originating on each side. This confirmed the diagnosis of bilateral occipital lobe epilepsy. After surgical resection of the identified lesions, cranial CT was performed (Figure 3I). The patient was completely blind immediately after surgery, but visual function showed partial recovery by the time of discharge and was fully restored at 1 mo. The patient recovered well after surgery with good limb function and no complications. No seizures have occurred during the 12 years since surgery.

DISCUSSION
The main finding of this case series of patients treated surgically for bilateral occipital lobe epilepsy is that bilateral resection during a single operation was a very effective treatment, with most patients (85%) free of disabling seizures at 5 years after neurosurgery and no patients exhibiting no worthwhile improvement. Furthermore, most patients (65%) showed no visual field changes after surgery, although 15% developed a new visual field defect, and 20% exhibited worsening of a preexisting defect. Taken together, our results indicate that the resection of bilateral occipital lobe lesions during a single operation is an effective and safe treatment for bilateral occipital lobe epilepsy.
The clinical manifestations of bilateral occipital lobe epilepsy in our cohort of 20 patients were elementary visual hallucinations, flashing lights, blurred vision, visual field defects, blindness, visual illusions, blinking, a sensation of eye movement, dizziness, and deja vu. These manifestations are typical of the visual and oculomotor symptoms of occipital lobe epilepsy reported by others[1,7-9,15,19-30]. Although the pathology underlying occipital lobe epilepsy can vary, the pathologic diagnoses made in our patients have also been reported previously[7-9,19-29].
In the present study, 90% of the patients were classified as seizure-free (Engel grade I) postoperatively and at the 1-year follow-up, while 85% were considered seizure-free at 3 years and ≥ 5 years. In previous clinical research, the proportions of patients with occipital lobe epilepsy achieving a postoperative seizure-free status were reported to be 100%[27], 71%[7], 69%[23], 67%[28], 64%[8], 63%[24], 62%[9], 60%[29], 58%[21], 55%[26], 50%[19,25], and 46%[20,22]. Thus, the effectiveness of our surgical technique was at least comparable to that described in the above studies and in a recent meta-analysis[16]. This would imply that resecting epileptic foci from both sides of the occipital lobe during a single operation does not compromise the clinical effectiveness of surgery. 
Lesions to the occipital lobe, which plays a central role in visual function, can result in visual field defects[32]. Thus, occipital lobe surgery for epilepsy is associated with a substantial risk of aggravating existing visual field defects or creating new ones[26]. In previous clinical research, surgical treatment of occipital lobe epilepsy was reported to induce new visual field defects or worsen preexisting visual field defects in 81%[9], 76%[7], 62%[8], 57%[25], 50%[28], 42%[23], and 30%[24] of cases. In the present study, only 15% of patients developed a new visual field defect, and only 20% exhibited aggravation of a preexisting defect. Notably, two of the patients in the present study exhibited substantial improvements in visual function after surgery (as described in the Results section), suggesting that the removal of lesions improved the functioning of remaining healthy brain tissue. Thus, the safety of our technique regarding the preservation of the visual fields appears to be, at the very least, comparable to that described in earlier studies, and some patients may show better visual function after one-stage surgery.
Two interesting additional observations in this study were a reduction in the number and sizes of facial sebaceous adenoma lesions in one patient and the resolution of drug-resistant psoriatic lesions in another patient after surgery. The reasons for these unexpected findings are not known. However, psychological distress is prevalent in people with epilepsy[33], and stress is acknowledged as an aggravating factor for psoriasis[34,35]. Thus, it is possible that the successful surgical treatment of drug-resistant epilepsy had other beneficial effects mediated via reduced levels of psychologic stress. 
This study has some limitations. First, this was a retrospective analysis and hence was potentially prone to selection bias and information bias. Second, this was a two-center study with a small sample size, so the generalizability of our findings is not known. Third, we did not include a comparator group in which a two-stage (conventional) surgical resection was carried out. A prospective, randomized clinical trial with a comparator group is needed to confirm our results. 

CONCLUSION
In conclusion, the resection of bilateral occipital lobe lesions during a single operation is an effective and safe treatment for bilateral occipital lobe epilepsy. The use of this approach would provide several benefits over conventional two-stage treatment, including a shorter treatment cycle, fewer operations/hospitalizations, and lower cost.

ARTICLE HIGHLIGHTS
Research background
Neurosurgical treatment of severe bilateral occipital lobe epilepsy usually involves two operations several mos apart.

Research motivation
The surgical treatment of bilateral occipital lobe epilepsy during a single operation would have several potential advantages, such as a reduced number of surgeries and hospitalizations, a shorter treatment time, lower treatment costs, and decreased psychological stress for the patients and their families.

Research objectives
To evaluate surgical resection of bilateral occipital lobe lesions during a single operation as a treatment for bilateral occipital lobe epilepsy.

Research methods
This retrospective case series included patients with drug-refractory bilateral occipital lobe epilepsy treated surgically between March 2006 and November 2015.

Research results
Most patients were free of disabling seizures (Engel grade I) postoperatively (18/20, 90.0%) and at 1 year (18/20, 90.0%), 3 years (17/20, 85.0%) and ≥ 5 years (17/20, 85.0%). No patients were classified Engel grade IV (no worthwhile improvement). After surgery, there was no change in visual function in 13/20 (65.0%), development of a new visual field defect in 3/20 (15.0%), and worsening of a preexisting defect in 4/20 (20.0%).

Research conclusions
Resection of bilateral occipital lobe lesions during a single operation may be applicable in bilateral occipital lobe epilepsy.

Research perspectives
A prospective, randomized clinical trial with a comparator group is needed to confirm our results.
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Figure Legends
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Figure 1 Surgical resection of bilateral occipital lesions. A and B: The extent of the bilateral occipital craniotomy; C: Intracranial cortical electrodes were placed on the surface of the bilateral occipital lobe during surgery to enable monitoring of the electroencephalography; D: Photograph taken after resection of the lesions in the bilateral occipital lobe.
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Figure 2 Clinical findings in a 15-year-old male patient with bilateral occipital lobe epilepsy. A: Scalp video-electroencephalography (EEG) recordings demonstrated abnormal discharges in the right occipital region during the interictal period; B and C: magnetic resonance imaging (MRI) revealed abnormal signals in the bilateral occipital lobe; D: T2-FLAIR MRI showed irregular high signals in the bilateral occipital lobe that suggested ischemic changes; E: A subdural grid electrode was placed during surgery under general anesthesia; F: Anteroposterior and lateral head X-rays (taken after closure of the craniotomy) showing the position of the subdural grid electrode; G-I: Representative EEG recordings made using the subdural grid electrode showing abnormal discharges arising from both sides of the occipital lobe; The upper half of each trace shows recordings obtained from the left occipital lobe, and the lower half of each trace shows recordings obtained from the right occipital lobe; J: Postoperative cranial computed tomography.
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Figure 3 Clinical findings in an 11-year-old male patient with bilateral occipital lobe epilepsy. A: Representative scalp video-electroencephalography (EEG) recording demonstrating abnormal discharges originating in the left occipital region during the interictal period; B: Representative scalp video-EEG recording demonstrating abnormal discharges originating in the right occipital region during the interictal period; C-E: magnetic resonance imaging showing bilateral occipital dysplasia and a high signal on T2-FLAIR imaging that was obvious on the right side; F: Anteroposterior X-ray illustrating the position of the subdural grid electrode; G and H: Representative EEG recordings made using the subdural grid electrode showing abnormal discharges arising from both the left (G) and right (H) sides of the occipital lobe; I: Postoperative cranial computed tomography.

Table 1 Baseline clinical characteristics of the 20 patients treated surgically for bilateral occipital lobe epilepsy
	Clinical characteristic
	Value

	Gender, n (%)
	

	Male
	12 (60.0)

	Female
	8 (40.0)

	Age (yr), median (range)
	12 (4-30)

	Age at disease onset (yr), median (range)
	5 (1-11)

	Frequency of epilepsy (episodes per mo), median (range)
	15 (4-270)

	Time since disease onset (yr), median (range)
	8 (3-20)

	Pathology, n (%)
	

	Inflammation 
	6 (30.0) 

	Cortical dysplasia
	5 (25.0) 

	Dysplasia
	3 (15.0) 

	Nodular sclerosis
	2 (10.0) 

	Vascular malformation
	2 (10.0) 

	Multiple nodular sclerosis
	1 (5.0) 

	Lobe atrophy
	1 (5.0) 

	Clinical manifestations, n (%)
	

	Elementary visual hallucinations
	13 (65.0)

	Flashing lights
	6 (30.0)

	Blurred vision
	4 (20.0)

	Field defect
	4 (20.0)

	Blindness
	3 (15.0)

	Visual illusion 
	3 (15.0)

	Blinking 
	2 (10.0)

	Sensation of eye movement
	1 (5.0)

	Deja vu
	1 (5.0)

	Dizziness 
	1 (5.0)

	Nausea
	0 (0.0)

	Fear 
	0 (0.0)

	Epigastric rising sensation
	0 (0.0)





Table 2 Surgical outcomes assessed using the Engel classification
	Follow-up time point and outcome
	n (%)

	Postoperative period
	

	Engel grade I
	18 (90.0) 

	Engel grade II
	1 (5.0) 

	Engel grade III
	1 (5.0) 

	1 yr
	

	Engel grade I
	18 (90.0) 

	Engel grade II
	1 (5.0) 

	Engel grade III
	1 (5.0) 

	3 yr
	

	Engel grade I
	17 (85.0) 

	Engel grade II
	2 (10.0) 

	Engel grade III
	1 (5.0) 

	5 yr or more
	

	Engel grade I
	17 (85.0) 

	Engel grade II
	2 (10.0) 

	Engel grade III
	1 (5.0) 





Table 3 Visual field changes after surgery
	Parameter
	n (%)

	Visual field before surgery
	

	Normal
	9 (45.0)

	Quadrantanopia
	2 (10.0)

	Hemianopsia
	0 (0.0)

	Other types of defect
	9 (45.0)

	Visual field change after surgery
	

	Normal to normal
	6 (30.0)

	Normal to defect
	3 (15.0)

	Worsening of defect
	4 (20.0)

	No change in defect
	7 (35.0)
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