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BACKGROUND Surgical treatment of intractable epilepsy caused by porencephaly can be difficult because of poorly localizing or lateralizing electroclinical
findings. The authors aimed to determine whether noninvasive evaluations are sufficient in these patients.

OBSERVATIONS Eleven patients were included in this study. The porencephalic cyst was in the left middle cerebral artery (MCA) area in 9 patients,
the left posterior cerebral artery area in 1 patient, and the bilateral MCA area in 1 patient. Interictal electroencephalography (EEG) revealed
multiregional, bilateral, interictal epileptiform discharges in 5 of 11 patients. In 6 of 10 patients whose seizures were recorded, the ictal EEG was
nonlateralizing. Nine patients underwent ictal single-photon emission computed tomography (SPECT), which revealed lateralized hyperperfusion in 8 of
9 cases. Fluorodeoxyglucose positron emission tomography (FDG-PET) was useful for identifying the functional deficit zone. No patient had intracranial
EEG. The procedure performed was hemispherotomy in 7 patients, posterior quadrant disconnection in 3 patients, and occipital disconnection in 1
patient. A favorable seizure outcome was achieved in 10 of 11 patients without the onset of new neurological deficits.

LESSONS Ictal SPECT was useful for confirming the side of seizure origin when electroclinical findings were inconclusive. Thorough noninvasive
evaluations, including FDG-PET and ictal SPECT, enabled curative surgery without intracranial EEG. Seizure and functional outcomes were favorable.

https://thejns.org/doi/abs/10.3171/CASE21121
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A porencephalic cyst is a rare condition of cerebrospinal fluid
(CSF) accumulation within the brain parenchyma, with an incidence
of 3.5 to 5.2 cases per 100,000 live births.1,2 It is usually related to
perinatal vascular events, including cerebral ischemia or hemor-
rhage.1 The cyst is usually single and unilateral, but multiple or bilat-
eral cysts have also been reported. These cysts can have a wide
array of clinical presentations, including epilepsy.3 Although children
are rarely affected by ischemic or hemorrhagic stroke, up to two-
thirds of patients who experience perinatal infarction will eventually
develop epilepsy, and in 25% of these cases, the seizures will be
medically intractable.4,5 Compared with the number of reports of sur-
gical treatment for childhood epilepsy secondary to malformations of

cortical development and benign tumors, few reports have focused
on epilepsy due to stroke or other vasculogenic causes in children,
including porencephaly. Determining the best surgical strategy for
these candidates can be difficult because the cortical injury can be
widespread or multilobar, electroclinical findings can be multifocal or
poorly lateralizing, and functional reserve can be limited. However,
some reports suggest that intracranial electroencephalography (EEG)
or intraoperative electrocorticography can be useful for presurgical
decision-making for epilepsy secondary to porencephaly.6–8 In 11 pa-
tients with porencephaly, we performed thorough noninvasive presur-
gical evaluations followed by curative epilepsy surgery and obtained
favorable outcomes. In the present study, we aimed to determine

ABBREVIATIONS CSF = cerebrospinal fluid; EEG = electroencephalography; FDG-PET = fluorodeoxyglucose positron emission tomography; FLAIR = fluid-attenuated
inversion recovery; IED = interictal epileptiform discharge; MCA = middle cerebral artery; MRI = magnetic resonance imaging; SISCOM = subtraction ictal single-photon
emission computed tomography coregistered to magnetic resonance imaging; SPECT = single-photon emission computed tomography.
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whether noninvasive preoperative evaluations are sufficient to accu-
rately identify the epileptogenic zone in these patients.

Study Description
Study Design and Ethics Approval

The ethics committee at the National Epilepsy Center, NHO Shi-
zuoka Institute of Epilepsy and Neurological Disorders approved the
protocol for this study in accordance with the principles of the Dec-
laration of Helsinki. Participants in this study were identified via ret-
rospective electronic chart review at the National Epilepsy Center,
NHO Shizuoka Institute of Epilepsy and Neurological Disorders.
Written informed consent was obtained from all patients or their
families.

Patients
Using the electronic medical records in our institute between Oc-

tober 2009 and April 2020, we investigated patients of all ages who
were diagnosed with intractable focal epilepsy caused by porence-
phaly. Of this group, only the patients who underwent epilepsy sur-
gery were included in this study. We examined their clinical
characteristics, the results of comprehensive presurgical evalua-
tions, the surgical technique used, surgical complications, postoper-
ative follow-up duration, postoperative seizure outcomes, and
postoperative neuropsychological and developmental outcomes.

We diagnosed porencephaly when a lesion fulfilled the follow-
ing magnetic resonance imaging (MRI) criteria: a cyst lined by
white matter and containing CSF that has low signal intensity on
T1-weighted and fluid-attenuated inversion recovery (FLAIR) se-
quences, high signal intensity on T2-weighted sequences, and no
restricted diffusion.9

Comprehensive Preoperative Evaluations
We reviewed the results of presurgical examinations in the pa-

tients included in the study. Comprehensive preoperative evalua-
tions included neurological examinations (especially motor and
visual field tests), neuropsychological tests, head MRI, long-term
video-EEG monitoring, fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET), interictal and ictal single-photon emission com-
puted tomography (SPECT), and the Wada test. The standard
10–20 system of electrode placement was used for EEG recording.
Brain MRI was performed at 3.0 T in 9 patients and at 1.5 T in 2
patients. Axial, coronal, and sagittal T1-weighted, T2-weighted, and
FLAIR images were acquired. Ictal SPECT was performed in pa-
tients with frequent seizures. Whenever possible, isotope injection
was performed during video-EEG monitoring, and the delay be-
tween seizure onset and injection was recorded. Neuropsychologi-
cal testing was performed using the Japanese version of the
Wechsler Adult Intelligence Scale 3rd edition in 2 patients, the
Wechsler Intelligence Scale for Children 4th edition in 1 patient,
the Tanaka-Binet test in 1 patient, and the Kyoto Scale of Psycho-
logical Development 2001 and Tsumori developmental inquiry
schedule in 7 patients.

Outcome Measurement
Postoperative seizure outcomes were determined in accordance

with Engel’s criteria10 from information obtained at the most recent
visit. In addition, in 6 patients, we compared the results of neuro-
psychological tests administered 2 years after surgery with those of
the same battery of tests administered preoperatively.

Patient Characteristics
We identified 25 patients who were diagnosed with epilepsy

caused by porencephaly, and among them, 11 patients underwent
curative surgery for porencephalic epilepsy. Thus, we included these
11 patients in this study. In the same period, 559 patients underwent
resective epilepsy surgery in our institute. Demographics are shown in
Table 1. In 14 patients who did not undergo epilepsy surgery, all had
head MRI and scalp EEG, and 3 of them underwent comprehensive
preoperative evaluations. The breakdown of their reasons for not hav-
ing surgery were the following: satisfactory seizure control in 6, patient
refusal of proposed surgery in 5, and severe motor and intellectual
disability not amenable to surgery in 3. All 11 patients who underwent
surgery had a history of perinatal stroke events and were affected on
the left side of the brain. There was no other medical history, such as
status epilepticus, head trauma, or central nervous system infections.
One patient experienced meconium aspiration syndrome and had sev-
eral febrile convulsions. Preoperative neurological examination revealed
right hemiparesis involving loss of fine finger movements in 10 patients
(7 ambulatory and 3 needing a wheelchair). Formal visual field testing
was performed in 3 patients; 2 had right hemianopia, and 1 had right
lower quadrantanopia (Table 2). Formal visual field testing was not pos-
sible in the remaining 8 patients because of young age or intellectual
disability.

Preoperative Evaluations
All 11 patients underwent long-term video-EEG monitoring, head

MRI, interictal SPECT, and neuropsychological testing. Ten patients
(90.9%) had interictal FDG-PET, 9 (81.8%) had ictal SPECT, and 4
(36.4%) had a Wada test. No patient underwent intracranial EEG.

In head MRI findings, 10 patients had porencephaly in the circu-
lation area of the middle cerebral artery (MCA), and 1 patient had
porencephaly in the circulation area of the posterior cerebral artery
(Fig. 1). All 10 patients who had porencephaly in the MCA area
also demonstrated pyramidal tract disconnection and left cerebral
peduncle atrophy. Ten patients were affected on the left side, and 1
patient was affected bilaterally. The porencephaly was located in

TABLE 1. Patient demographics and preoperative studies (N = 11
patients)

Characteristic Value

Female sex, no. (%) 6 (54.5)

Age at seizure onset, mean (range), yrs 3.13 (0–14)

Age at surgery, mean (range), yrs 9.55 (4–23)

Epilepsy duration, mean (range), yrs 6.42 (3–22.5)

Follow-up duration, mean (range), mos 29.9 (7–60)

Head MRI, no. (%) 11 (100)

Long-term scalp EEG, no. (%) 11 (100)

Interictal SPECT, no. (%) 11 (100)

Neuropsychological testing, no. (%) 11 (100)

Interictal FDG-PET, no. (%) 10 (90.9)

Ictal SPECT/SISCOM, no. (%) 9 (81.8)

Wada test, no. (%) 4 (36.4)

Intracranial EEG, no. (%) 0 (0)
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the frontoparietotemporal area in 9 cases, in the parieto-occipital
area in 1 case, and in the frontal area in 1 case.

Habitual seizures were recorded during video-EEG monitoring
in 10 of the 11 patients. Eight of the 10 patients whose seizures
were recorded during video-EEG monitoring showed lateralizing
signs in semiology, such as tonic activity of the right limbs, right
version, and a right figure 4 sign. The remaining 2 patients had
no definite lateralizing signs. On EEG, regional interictal epilepti-
form discharges (IEDs) were seen exclusively on the left side in
4 patients (cases 3, 4, 5, and 9) and in the midline in 2 (cases 7
and 11). In the remaining 5 patients (cases 1, 2, 6, 8, and 10),
multiregional IEDs were seen in both hemispheres. Ictal EEG re-
vealed regional onset in the left side in 2 patients (cases 5 and 9)
and regional onset in the midline in 2 (cases 7 and 11). However, in
the remaining 6 patients, ictal EEG revealed nonlateralizing onset.

Ten patients underwent FDG-PET, which showed hypometabolism
in various regions in the left hemisphere (Table 3). Nine patients
underwent ictal SPECT and had subtraction ictal SPECT coregistered
to MRI (SISCOM). The timing of isotope injection was available in
8 of the 9 patients and ranged from 2 to 50 seconds. The regions of
hyperperfusion varied in location and extent, but all were in the left
hemisphere (Table 3). The Wada test demonstrated that language
dominance was on the right side in all 4 patients in whom it was per-
formed. Neuropsychological tests indicated some degree of intellectual
disability in all patients.

Surgical Procedures
The procedures performed were hemispherotomy via a lateral

approach in 7 patients (63.6%), posterior quadrant disconnection in
3 patients (27.3%), and occipital disconnection in 1 patient (9.1%).
One patient developed hydrocephalus after hemispherotomy and
needed a ventriculoperitoneal shunt, but no patient developed a
new, permanent neurological deficit postoperatively.

Seizure Outcome and Neuropsychological Outcome
A favorable outcome (Engel class I and II) was obtained in

90.9% of the 11 patients (Table 3). No significant neuropsychologi-
cal worsening was seen in the 6 patients whose data were avail-
able (Table 3).

Illustrative Cases
Favorable Outcome: Case 6

The patient was a 5-year-old boy at the time of surgery. He
was born at 41 weeks 2 days and weighed 3,196 g. His Apgar
score was 8/9. At birth, he had meconium aspiration syndrome
and needed respiratory management for 2 days. On day 5, head
computed tomography led to a diagnosis of left hemisphere infarc-
tion caused by left MCA occlusion. His other medical history
included uncomplicated febrile convulsions. His seizures began when
he was 1 year old. Medical therapy was started, but sei-zures could
not be controlled even with 6 medications (clobazam, clonazepam,

TABLE 2. Clinical characteristics of the 11 patients

Case No. Diagnosis Sex
Age at

Epilepsy Onset
Age at
Surgery Clinical History Motor Deficit

Visual Field
Defect Seizure Type (frequency)

1 SLRE F 3 mos 5 yrs Perinatal ischemia Hemiparesis;
wheelchair

NA Focal tonic seizure (daily)

2 SLRE F 3 mos 5 yrs Perinatal ischemia Hemiparesis;
wheelchair

NA Focal tonic seizure (daily)

3 OLE F 14 yrs 21 yrs Perinatal ischemia Hemiparesis;
ambulatory

Rt 1/2 Focal visual seizure, focal
automatism seizure, FBTCS

(weekly)

4 SLRE F 1 yr 4 yrs Perinatal hemorrhage Hemiparesis;
ambulatory

NA Focal impaired awareness
automatism seizure (monthly)

5 OLE M 7 yrs 12 yrs Perinatal ischemia None Rt lower
1/4

Focal visual seizure, FIAS
(weekly)

6 SLRE M 1 yr 5 yrs MAS, FC, perinatal
ischemia

Hemiparesis;
ambulatory

NA Focal tonic seizure, MS (daily)

7 WS, SLRE F 6 mos 23 yrs Perinatal ischemia Hemiparesis;
ambulatory

NA Focal motor seizure (monthly)

8 SLRE M 6 mos 5 yrs Perinatal ischemia Hemiparesis;
ambulatory

NA Focal tonic seizure, focal MS
(daily)

9 PCE M 10 yrs 16 yrs Perinatal ischemia Hemiparesis;
ambulatory

Rt 1/2 Focal impaired awareness
motor seizure (weekly)

10 WS, SLRE M 4 mos 4 yrs Perinatal ischemia Hemiparesis;
ambulatory

NA Focal ES (daily)

11 PCE F 7 mos 5 yrs Perinatal ischemia Tetraparesis;
wheelchair

NA Focal tonic seizure (startle), MS
(daily)

ES = epileptic spasms; FBTCS = focal to bilateral tonic-clonic seizure; FC = febrile convulsion; FIAS = focal impaired awareness seizure; MAS = meconium aspiration
syndrome; MS = myoclonic seizure; NA = not available; OLE = occipital lobe epilepsy; PCE = posterior cortex epilepsy; SLRE = symptomatic localization-related epilepsy;
WS = West syndrome.
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gabapentin, levetiracetam, sulthiame, and zonisamide). At 4 years
old, he visited our epilepsy center. He had right hemiparesis but was
able to walk by himself. He could not grasp with his right hand. He
had daily focal motor seizures characterized by tonic extension of the
arms bilaterally, predominantly on the right side, and he occasionally
fell to the ground. He also had myoclonic seizures during sleep. Inter-
ictal EEG revealed spikes in the left frontal, left occipital, and right oc-
cipital regions; the ictal discharges were nonlateralizing but larger in
amplitude on the right. MRI demonstrated a large porencephalic cyst
in the left MCA territory (Fig. 2A). The pyramidal tract from the left
hemisphere was disconnected, and the left cerebral peduncle was
atrophic (Fig. 2B). There were no notable abnormalities in the right
hemisphere on MRI. FDG-PET demonstrated extensive hypometabo-
lism in the left hemisphere (Fig. 2C). Ictal SPECT showed hyperper-
fusion in the left frontal and left occipital areas (Fig. 2D). His
developmental quotient was 47 according to the Kyoto Scale of Psy-
chological Development 2001. Seizure onset lateralization could not
be determined on the basis of his semiology and EEG findings; how-
ever, ictal SPECT provided a strong indication that his seizures origi-
nated from the left hemisphere, ipsilateral to the porencephalic cyst.
He already had right hemiparesis, and FDG-PET suggested that his
functional deficit zone involved the whole left hemisphere. Left hemi-
spherotomy was performed. He became completely seizure free
(class Ia). A Tanaka-Binet test administered 2 years after surgery
revealed an intelligence quotient of 57.

Unfavorable Outcome: Case 1
The patient was a 5-year-old girl. She had no significant clinical

history other than perinatal ischemia. The age at seizure onset was
3 months. Her seizure type was daily focal tonic seizure of the right
arm. Her EEG showed bilateral multiregional IEDs and nonlateraliz-
ing ictal discharges. MRI demonstrated a porencephalic cyst in the
left MCA territory. FDG-PET was not performed. Ictal SPECT showed
hyperperfusion in the left frontal and parietal areas. On the basis of

these noninvasive data, we performed left hemispherotomy. One
month after surgery, she presented with hydrocephalus, and she
underwent ventriculoperitoneal shunt placement. She had been sei-
zure free for 2.5 years after surgery until a reduction of clorazepate.
Then, her focal tonic seizures recurred, and the seizures have been
intractable until now. It is possible that the reduction of antiepileptic
drug altered the seizure outcome in this patient.

Discussion
Observations

Previous reports have recommended intracranial EEG or intraoper-
ative electrocorticography to identify the site of epileptogenesis and to
plan a surgical strategy in patients with porencephaly.6–8 In this study,
we reviewed the cases of patients who underwent surgery to treat re-
fractory epilepsy secondary to porencephaly at our institute. None of
the 11 patients needed intracranial EEG monitoring, thereby sparing
them an invasive procedure that has definite risks, such as infection,
hemorrhage, and infarction. It is also important to avoid the costs of in-
tracranial EEG monitoring when it is not necessary. Ictal SPECT was
useful for confirming the side of seizure origin. Noninvasive evalua-
tions, including ictal SPECT and FDG-PET, contributed to final surgical
decision-making without intracranial EEG.

Etiology and Preoperative Neurological Function
All 11 patients had a history of perinatal stroke (10 ischemia, 1

hemorrhage) leading to porencephaly. Perinatal stroke, especially
cerebral artery occlusion, has been described as the most common
cause of porencephaly.11–14 All of our patients were affected on the
left side (with 1 patient affected on both sides), and 10 patients had
left MCA occlusion. This predominance of lesions on the left side
has been described previously15–17 and is thought to be attributable
to differences in vulnerability and maturation or to the presence of
vascular asymmetries.15 The left hemisphere might be vulnerable to
embolic lesions caused by hemodynamic differences from a patent

FIG. 1. Axial T1-weighted MRI scans showing the appearance of porencephaly in all patients of this study. Case numbers are shown. All patients experi-
enced perinatal ischemia, except for the patient in case 4, who experienced perinatal hemorrhage. The porencephalic cyst in the patient in case 4 occupied
the frontal area, that of the patient in case 5 the parieto-occipital area, and all others the frontoparietotemporal area.
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ductus arteriosus or through a direct route involving the left com-
mon carotid artery.15,16

Preoperatively, 10 patients had right hemiparesis, 7 of whom
were ambulatory and 3 of whom needed a wheelchair. Seven pa-
tients who underwent hemispherotomy had right hemiparesis
involving the loss of fine finger movements preoperatively, and
postoperatively they had no worsening of neurological deficits.
Previous reports have indicated that patients with congenital
hemiparesis are good candidates for hemispherectomy, which is
an appropriate surgical procedure for patients with porencephaly
secondary to prenatal stroke or perinatal MCA occlusion.18–21

Three patients had visual field defects confirmed by formal visual
field testing preoperatively. In the remaining 8 patients, formal vi-
sual field testing was not possible because of young age, intellec-
tual disability, or both, but they may also have had visual field
defects preoperatively, considering the presence and location of
the large porencephalic cysts on MRI.

Preoperative Evaluations and Surgical Strategy
Ictal onset lateralization was not determined in 8 patients, includ-

ing 2 patients with regional midline onset. Even EEG did not allow us
to definitively determine the lateralization of seizure onset in these
patients. Evaluation of contralateral epileptogenesis is important for

deciding whether hemispherotomy is indicated, and ictal SPECT pro-
vides useful information regarding the seizure onset zone in this con-
text. SISCOM revealed ictal hyperperfusion on the left side ipsilateral
to the porencephalic cysts in 8 patients and hyperperfusion bilaterally
in 1 patient. Ictal SPECT was therefore useful for the final surgical
decision-making and removed the need for intracranial EEG, which
Ghatan et al. reported to be helpful in ruling out bilateral epileptogen-
esis in suspected bilateral cases.7 However, in the present study, ictal
SPECT was very useful for the same purpose. From a functional
standpoint, all 7 patients who underwent hemispherotomy had right
hemiparesis preoperatively, and MRI revealed disruption of the pyra-
midal tract; thus, hemispherectomy was not expected to produce fur-
ther deficits. FDG-PET was also helpful for confirming that the left
hemisphere was dysfunctional and the right hemisphere maintained
function. The Wada test was considered necessary in 4 cases, in-
cluding 1 patient who underwent hemispherotomy, to confirm that the
surgical hemisphere had no language function.

In 4 patients, including 3 who underwent posterior quadrant dis-
connection and 1 who underwent occipital disconnection, electroclinical
features provided sufficient information to localize the seizure origin. Ictal
SPECT was performed in 3 of these 4 patients and provided concordant
data in all 3. We considered intracranial EEG to be unnecessary in
these patients as well.

FIG. 2. Preoperative imaging studies in case 6. A: T1-weighted axial MRI showing a porencephalic cyst in
the left frontoparietotemporal area. B: Coronal MRI study showing the left pyramidal tract disconnection
and cerebral peduncle atrophy. C: FDG-PET showing extensive hypometabolism in the left hemisphere.
D: SISCOM showing hyperperfusion (blue) in the left frontal and occipital areas.
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Thus, patients with intractable epilepsy caused by large porencephalic
cysts can proceed to surgery after a thorough noninvasive evaluation. In
these patients, ictal SPECT provides useful information, especially when
semiology and EEG findings are nonlateralizing. The functional deficit
zones in these patients are usually widespread, and neurological exami-
nations and evaluation of cerebral dysfunction by FDG-PET are essen-
tial. Extensive noninvasive evaluations including ictal SPECT and
FDG-PET obviate the need for intracranial EEG.

Postoperative Outcome
Ten (90.9%) of the 11 patients had a favorable seizure outcome

(Engel class I, II) at the last follow-up evaluation. In 1 of 3 patients
who underwent posterior quadrant disconnection, the Engel class
was IId. In this patient, seizures originating from the left frontopolar
region were recorded on EEG during sleep. She is not aware of
her seizures, and the seizures are not disabling; however, the out-
come might have been better if we had performed a hemispheroto-
my in this case. There was also 1 case with Engel class III after
hemispherotomy, suggesting that an epileptogenic focus was also
present in the contralateral side. In this case, preoperative interictal
EEG revealed multiregional spikes in both hemispheres, and ictal
EEG was nonlateralizing. We believe that our patients’ outcomes
are consistent with those in prior surgical series.22,23

Limitations of this study include the retrospective design, lack of
a control group, and small sample size. Nonetheless, we hope that
the data presented here will help clinicians and patients with refrac-
tory epilepsy secondary to porencephaly make appropriate deci-
sions regarding surgery.

Lessons
Ictal SPECT was useful for confirming the side of seizure origin,

especially when electroclinical findings were inconclusive. Thorough
noninvasive evaluations, including FDG-PET and ictal SPECT, led
to curative surgery without the need for intracranial EEG. Seizure
and functional outcomes were favorable.
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