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INTRODUCTION

Periventricular nodular heterotopia (PNH) is a cerebral malformation that occurs due to impaired 
neuronal migration. It is characterized by clusters of heterotopic tissue in the form of rounded or 
irregularly shaped nodules separated by layers of myelin. ese nodules can be found either lining 
the walls of the lateral ventricles or protruding into their cavity. ey may be unilateral or bilateral, 

ABSTRACT
Background: Periventricular nodular heterotopia (PNH) is a rare pathological condition characterized by the 
presence of nodules of gray matter located along the lateral ventricles of the brain. e condition typically presents 
with seizures and other neurological symptoms, and various methods of surgical treatment and postoperative 
outcomes have been described in the literature.

Case Description: We present a case study of a 17-year-old patient who has been experiencing seizures since 
the age of 13. e patient reported episodes of loss of consciousness and periodic freezing with preservation 
of posture. Two years later, the patient experienced his first generalized tonic-clonic seizure during nocturnal 
sleep and was subsequently admitted to a neurological department. A magnetic resonance imaging scan of the 
brain with an epilepsy protocol (3 Tesla) confirmed the presence of an extended bilateral subependymal nodular 
heterotopy at the level of the temporal and occipital horns of the lateral ventricles, which was larger on the left 
side, and a focal subcortical heterotopy of the right cerebellar hemisphere. e patient underwent a posterior 
quadrant disconnection surgery, which aimed to isolate the extensive epileptogenic zone in the left temporal, 
parietal, and occipital lobes using standard techniques. As of today, 6 months have passed since the surgery and 
there have been no registered epileptic seizures during this period following the surgical treatment.

Conclusion: Although PNHs can be extensive and located bilaterally, surgical intervention may still be an 
effective way to achieve seizure control in selected cases.
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small or large, and adjacent or nonadjacent. e main clinical 
manifestation of this condition is epileptic seizures, which are 
usually resistant to pharmacological treatment. Treatment of 
epilepsy in patients with PNH involves surgical intervention, 
but choosing the appropriate surgical approach can be 
challenging. In this article, we describe a clinical case of a 
patient with bilateral periventricular heterotopia.

CLINICAL CASE

Patient P, a 17 years old, presented with a history of seizures 
since the age of 13. e episodes involved loss of consciousness, 
periodic freezing with preservation of posture. Two years later, 
during nocturnal sleep, Patient P experienced a generalized 
clonic-tonic seizure for the first time and was hospitalized in 
a neurological department. An electroencephalography (EEG) 
was conducted and it showed sharp-slow wave complexes 
in the left occipital region with diffuse propagation. Brain 
magnetic resonance imaging (MRI) revealed heterotopia 
of the gray matter of the left hemisphere and nodules of the 
lateral ventricles. As a result, anticonvulsive therapy was 
prescribed, consisting of 500 mg of valproic acid twice a day. 
Subsequently, topiramate was added to the treatment. Despite 
receiving treatment, the patient continued to experience 
frequent seizures (up to three per week). However, after being 
prescribed carbamazepine, the frequency of seizures decreased 
and topiramate was discontinued. e patient’s seizure 
symptoms included stopping activity, turning his head to the 
right, automatisms in the hands, and swallowing movements. 
e seizures typically lasted up to 2  min and occurred once 
every 10–14 days. Due to the persistence of seizures and the 
presence of structural changes in the brain, the epileptologist 
recommended surgical treatment for the patient’s epilepsy. 
After consultation with a neurosurgeon, the patient was 
referred for a presurgical examination.

e child was given valproic acid 500  mg twice a day and 
carbamazepine 400  mg twice a day on admission. ere 
were no focal symptoms detected during the neurological 
examination. An MRI of the brain with epilepsy protocol 
(3 Tesla) confirmed the presence of an extended bilateral 
subependymal nodular heterotopy at the level of the 
temporal and occipital horns of the lateral ventricles. 
e heterotopy was larger on the left side [Figure  1]. In 
addition, there was a focal subcortical heterotopy of the right 
cerebellar hemisphere, as shown in Figure 2.We conducted a 
prolonged 24-h video-EEG monitoring with drug withdrawal 
[Figures 3 and 4]. During wakefulness, epileptiform activity 
was observed in the left temporoparietal regions (T5-P3-P9) 
and in the structure of transient deceleration in the same 
regions. During sleep, epileptiform activity was observed 
in the left centrotemporoparietal regions (C3-P3, T3-T5, 
and T9-P9), with a medium frequency of occurrence. In 
addition, continued deceleration was observed in the left 

Figure 1: Epilepsy 3T magnetic resonance 
imaging  -protocol of the brain. e red 
arrows indicate foci of extended bilateral 
subependymal nodular heterotopia at the 
level of temporal and occipital horns of 
the lateral ventricles.

Figure  2: Epilepsy 3T magnetic resonance 
imaging  -protocol of the brain. e red 
arrow indicates focal subcortical heterotopia 
of the right cerebellar hemisphere.

temporoparietal regions (T5-P3-P9) during sleep. Multiple 
subclinical patterns of focal seizures were also observed in 
the left centrotemporoparietal regions (C3-P3, T3-T5, and 
T9-P9) during sleep, lasting up to 43 s.

During the study, a focal motor seizure was recorded. It began 
during sleep, and then the person woke up and turned to the 
right. He withdrew his right arm, had inarticulate speech, 
and experienced faciobrachial clonies. en, he rolled over 
onto his stomach and froze before falling back asleep.

On the EEG, before clinical onset, there was a discharge of 
fast isolated activity in C3-P3-T3-T5-T9-P9, followed by 
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Figure  3: Scalp electroencephalography (EEG), 12  sec EEG page, longitudinal bipolar montage, 
passband of 0, 5–70 Hz with a gain of 10 µ V/mm. e results showed a run of left parieto-temporal 
spike-polyspike discharges.

Figure 4: Scalp electroencephalography, Left parietotemporal ictal onset of rhythmic theta activity.

a diffuse electrodecrement, and rhythmic left hemispheric 
activity with emphasis in the parietoposterior temporal area 
(P3-T5-T9). e EEG onset zone was identified as the left 
centro-parietal-temporal region (P3-P3-T3-T5-T9-P9).

Due to the extensive anatomical lesion and widespread ictal area, 
it was decided to proceed with invasive video-EEG monitoring. 
To accomplish this, depth electrodes were surgically implanted 
in the left temporo-parieto-occipital area. e localization 
of the depth electrodes for invasive EEG-monitoring stereo 
electroencephalography (SEEG) is found in Table 1.

e EEG was recorded for 6  days using the implanted 
electrodes [Figures 5 and 6].

During the study, 20 focal motor seizures were recorded, two 
of which progressed into bilateral tonic-clonic seizures. Most 
seizures were brief and went unnoticed by both the patient and 
the caregiver. ey typically occurred during wakefulness, with 

the patient opening his eyes, blinking frequently, looking to the 
right, and sometimes turning his head to the right. On SEEG, 
there was a focal electrodecrement, followed by low amplitude 
fast activity (LAFA) in the O-Ht inf (2, 3, 4) contacts, and 
rhythmic island-wave and peak-wave activity in the O-Ht post 
(2–4) and P1-Ht (1–3) contacts, sometimes with a wider spread.

e patient experienced two focal seizures, which developed 
into tonic-clonic seizures. Both seizures began during 
wakefulness and involved pronounced movements to the 
right side of the body. e seizures then progressed to 
orofacial and faciobrachial clonic movements to the right, 
followed by bilateral tonic-clonic seizures. In addition, three 
focal motor faciobrachial seizures to the right were observed.

During SEEG, a focal electrodecrement was noted, followed 
by LAFA in the O-Ht inf leads (2, 3, 4), and rhythmic isolated 
peak-wave activity in the O-Ht post contacts (2–4) and P1-Ht 
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Figure 5: Invasive electroencephalography (EEG), 12 sec intracranial EEG page (noisy and isoelectric 
channels excluded for clarity), bipolar montage, passband of 0, 3–150  Hz with a gain of 30 µV/
mm. Interictal synchronous spikes in the Occipital -heterotopia posterior (O-Ht post), Occipital 
-heterotopia inferior (O-Ht inf) electrodes as well as in the T1 electrode were observed.

Figure 6: Ictal onset with a baseline shift followed by low amplitude fast activity in the Occipital - 
heterotopia inferior (O-Ht inf) electrode (red box).

contacts (1–3). is activity then spread widely, with initial 
activity observed in the O-Ht inf contacts (2, 3, 4).

e location of the implanted depth electrodes was visualized 
through the fusion of MRI and computed tomography scans 
of the patient [Figure 7].

After the examination, the patient’s case was reviewed during 
the epilepsy conference. Based on the SEEG results, an 
extensive epileptogenic zone was identified with registration of 
interictal activity from electrodes located in the left temporal, 
parietal, and occipital lobes, as well as initial activity in the 
occipital area. Epileptiform activity was detected from contacts 
located both directly in the thickness of the heterotopia and 
in the localized cortex. Due to the extent of the heterotopia 
(including the temporal horn, atrium, and posterior parts of 
the body of the lateral ventricle) and the involvement of the 

neocortex in epileptogenesis, the effectiveness of isolated 
destruction of intraventricular nodules was considered 
uncertain. erefore, it was decided that it would be advisable 
to deactivate the entire epileptogenic zone.

Preoperative assessment of speech functions

e general mental status assessment revealed that the 
patient exhibited adequate behavior during preoperative 
examination of speech functions. e patient was able to 
communicate well with the speech therapist, demonstrated 
correct orientation in the environment and current situation, 
answered all questions, followed instructions, and reacted 
appropriately to success and failure with adequate emotional 
responses. e patient had no complaints and did not exhibit 
a reduced level of mental activity. e patient displayed 
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Figure 7: A  fusion of magnetic resonance imaging and computed tomography scans of the patient 
who underwent implantation of depth electrodes. e planned trajectories for electrode placement 
are represented by colored straight lines. In addition, one of the implanted electrodes is visible and 
indicated by the red arrow. Yellow - soft tissues and brain. Blue - skull bones.

good task engagement, stable voluntary attention, and work 
capacity. e patient was able to work productively for a 
period exceeding 45  min. Regarding education, the patient 
was a 10th-grade student in a secondary general school before 
the onset of the current medical condition. e patient’s 
academic performance was satisfactory and no speech 
disorders such as aphasia or dysarthria were detected in the 
status.[19]

To determine the dominance of the right hemisphere in 
speech function, functional MRI was performed, taking 
into account the localization of the epileptogenic zone in 

Table  1: Localization of depth electrodes for invasive 
EEG-monitoring (SEEG).

Electrode name Electrode location

Parietal 
1-heterotopia 
(P1-Ht)

Gyrus Supramarginalis–heterotopia

Parietal 
2-heterotopia 
(P2-Ht)

Gyrus Angularis–heterotopia

Occipital-
heterotopia 
posterior  
(O-Ht post)

Middle occipital gyrus–posterior edge of 
heterotopia

Occipital-
heterotopia 
inferior  
(O- Ht inf)

Middle occipital gyrus–lower edge of 
heterotopia

Temporal 1- 
heterotopia (T1 -Ht)

Posterior third of superior temporal gyrus–
heterotopia

Temporal 1 (T1) Middle third of superior temporal gyrus
Temporal 2 
- heterotopia 
(T2-Ht)

Middle temporal gyrus-heterotopia

SEEG: Stereo electroencephalography, EEG: Electroencephalography

the left hemisphere. During the assessment of active word 
pronunciation (Broca’s area), asymmetric activation was 

Figure  8: Magnetic resonance images of the patient after 
surgical intervention. As depicted in panels (a and b), a plane 
of disconnection is clearly visible, as indicated by the red 
arrows.

ba
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detected in the posterior third of the right inferior frontal 
gyrus and symmetric activation was observed in the 
precentral gyrus in the motor representation zone of the 
face. For passive listening (Wernicke’s area), asymmetric 
activation was found in the posterior third of the right 
superior temporal gyrus, while symmetric activation was 
observed in the projection of the primary auditory cortex on 
both the left and right sides. Based on these findings, it was 
determined that the right hemisphere dominated in speech 
function.

However, due to the extent of the proposed intervention, 
it was deemed necessary to conduct the Wade test to more 
reliably assess the dominance of the hemispheres in relation 
to speech function. e results of the study showed that 
the introduction of an anesthetic agent (propofol 10  mg) 
into the left internal carotid artery (ICA) had no effect on 
speech function. On the other hand, the introduction of an 
anesthetic agent (propofol 10 mg) into the right ICA resulted 
in a pronounced suppression of speech function. Based on 
the results of the Wada test, the presumed lateralization of 
speech was in the right hemisphere.

e patient underwent posterior quadrant disconnection 
(PQD) surgery, which aimed to isolate the extensive 
epileptogenic zone of the left temporal, parietal, and occipital 
lobes [Figure 8]. e standard technique was used for the 
surgery.[11] During the surgery, subependymal accumulations 
of gray matter were visualized along the lateral wall of the 
lateral ventricle.e postoperative period was uneventful and 
the patient did not experience any complications. In terms of 
neurological status, there were no symptoms observed apart 
from the predicted hemianopsia.

e patient underwent a postoperative assessment of speech 
functions. e general mental status of the patient was found 
to be adequate and he was able to communicate well with the 
speech therapist. e patient displayed correct orientation 
in their environment and situation, answered all questions, 
followed instructions, and reacted appropriately to success 
and failure with adequate emotional reactions. e patient did 
not report any active complaints. His level of mental activity 
was average, and he engaged well in the task. However, 
mild fluctuations of voluntary attention and work capacity 
were observed against the background of fatigue. After the 
surgery, the patient experienced speech impairments of 
amnestic aphasia type, which was of a mild degree of severity, 
as revealed by a standardized comprehensive assessment tool 
called “Russian Aphasia Test.”[17] e postoperative diagnostic 
data also showed background impairments of general mental 
status, such as fluctuations in mental activity, reduced of 
attention scores, and right-sided homonymous hemianopsia. 
ese factors contribute to the revealed speech defect, which 
can be considered a consequence of general difficulties in 
voluntary speech activity.

e patient was discharged after 13  days of hospitalization, 
and as of today, which marks the 6-month follow-up period, 
no epileptic seizures have been registered after the surgical 
treatment. e patient is still taking anticonvulsants.

DISCUSSION

PNH is a rare pathological condition. e literature only 
contains descriptions of isolated clinical observations, 
without any data on its frequency of occurrence.

e etiology of this condition is closely related to a mutation 
in the FLNA gene, which is more commonly found in women. 
is mutation results in a loss of function in the FLNA gene, 
leading to neuronal migration disorders. A less common cause 
is a mutation in the ARFGEF2 gene.[3] e impairment of 
neuronal migration occurs during the early period of fetal brain 
development, between the 6th and 24th weeks of gestation.[24]

e classic presentation of the FLNA gene mutation includes 
bilateral periventricular heterotopic gray matter nodules, 
which are mainly concentrated around the anterior horns 
and bodies of the lateral ventricles. In addition, dysplasia of 
the corpus callosum or hippocampus, cerebellar hypoplasia, 
polymicrogyria, and microcephaly may also be observed.[23]

PNH usually manifests with epileptic seizures, which are 
often focal and drug-resistant, and starts between the ages of 
2 and 14  years.[14] While cognitive impairment and delayed 
psychomotor development are less common, they may still 
be observed as symptoms of PNH.[30] Patients with PNH 
and normal IQ may also have reading disorders, particularly 
dyslexia.[16] Spasticity has been reported in a 2-year-old 
patient with generalized seizures.[14]

Periventricular heterotopia can be classified according to the 
location of the nodes, which can be bilateral and symmetrical, 
bilateral with single nodes, bilateral and asymmetrical, 
unilateral, or unilateral with spreading into the cortex.[4]

Studies have shown that there are differences in clinical 
manifestations and outcomes depending on the form of 
periventricular heterotopia.[30] Patients with simple forms of 
nodular heterotopia were found to have normal intellectual 
development, with some experiencing dyslexia.[16] e onset 
of seizures, which were often focal, was observed during 
adolescence. However, the course of the disease was favorable, 
with seizures disappearing or occurring less frequently due 
to anticonvulsant therapy. On the EEG, focal changes such 
as epileptiform discharges or nonspecific theta activity were 
observed against a normal basic rhythm.[16]

Diagnostics

e primary diagnostic method is brain MRI, which can 
identify the presence of periventricular accumulations of 
gray matter.[13]
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Brain computed tomography can also be used to reveal 
nodules isodense in relation to the gray matter. ese 
nodules are diffusely lining the lateral ventricles, which gives 
them an irregular and festooned appearance. However, these 
periventricular nodules do not accumulate contrast agent.[32]

One of the most important methods of examination for 
patients with pharmacoresistant epilepsy is 24-h scalp video-
EEG monitoring of the ictal and interictal periods. is method 
can help differentiate epileptic seizures from nonepileptic ones, 
classify seizures, and localize the seizure onset zone.[4,14]

Invasive examination is necessary to confirm the 
involvement of heterotopia in epileptogenesis, determine 
the dominant focus in a bilateral location, and clarify the 
degree of involvement of other anatomical structures. In 
addition, implanted depth electrodes can be used for further 
radiofrequency thermocoagulation.[9,19,20,22]

Observations have shown that seizures originating from 
the neocortex and hippocampus have been registered using 
intracranial depth electrodes, indicating the possibility that 
other anatomical structures may cause epileptic discharges in 
patients with bilateral periventricular nodal heterotopia.[2]

It is also important to note that we cannot rule out the 
possibility that bilateral periventricular nodal heterotopia 
may be the only source of epileptogenic activity.

Treatment

When drug treatment is ineffective in controlling epileptic 
seizures, surgical treatment becomes necessary. One option 
for surgical intervention is stereotactic destruction of 
small heterotopic nodes.[17] Another possible method is 
radiofrequency thermocoagulation ablation through depth 
electrodes that are implanted for SEEG.[6-8,20] is method has 
several advantages, including the presence of electrodes already 
inserted into the brain, the possibility of destroying the area 
corresponding to certain contacts, a large number of accessible 
coagulation sites, and the possibility of performing it without 
general anesthesia (Cossu et al., 2015). Laser interstitial 
thermal ablation under magnetic resonance monitoring (MRg-
LITT) is another option for minimally invasive intervention.
[18,20] e technique for treating epilepsy was initially described 
in Curry et al., 2012. Laser ablation systems, which are coupled 
with an MRI-compatible laser applicator, allow for the real-
time monitoring of the temperature of the area undergoing 
destruction through MR thermometry.[15,17,29]

Stereotactic radiosurgery (SRS)[31] and MR-guided focused 
ultrasound therapy (MRg-FUS)[25] are two stereotactic 
ablation techniques that could potentially be used to treat 
PNH. e use of SRS in three PNH patients was described, 
with two of them being treated with both gamma knife 
radiosurgery and the linear accelerator system.[31] Although 

all three patients eventually became seizure-free, two of them 
developed intracranial hypertension due to severe vasogenic 
edema, which resulted in irreversible visual impairment in 
one patient.[31]

MRg-FUS is a minimally invasive technique that was 
originally approved for the therapy of essential tremor. 
However, it is currently considered less suitable for PNH 
ablation, as the accuracy and extent of the lesion are inferior 
to other surgical methods. In fact, the error in this method 
can be as much as 3 cm.[10,21]

Another method of surgical treatment involves the removal 
of a heterotopic focus with local resection of the normotopic 
part of the cerebral cortex.[12,27] Many authors have described 
cases of successful surgical treatment of epilepsy in the 
presence of isolated PNHs.[26] In 2012, Agari et al. described 
a case of successful surgical treatment of a patient with 
pharmacoresistant epilepsy due to a single nodular heterotopy.[1] 
Despite the fact that presurgical examination of the patient, 
including stereo-EEG, showed a discrepancy between the 
seizure onset zone and the location of the heterotopy, the 
authors proceeded with resection of the periventricular node. 
e complex mechanism of epileptogenesis, which involves 
the formation of neuronal networks between the heterotopion 
and the surrounding cortex, is said to be the reason for this 
decision by the researchers.[5]

In cases where there is extended or bilateral periventricular 
heterotopia combined with the involvement of cortical 
structures in epileptogenesis, minimally invasive destruction 
of nodules or selective removal may not be sufficient. More 
extensive resections may be necessary.

e publication by Stepanenko et al. in 2013 describes 
the case history of a 15-year-old patient suffering from 
pharmacoresistant epilepsy. e patient had bilateral PNH, 
combined with cortical dysplasia in the right temporoparietal 
region, while the left hemisphere showed no signs of cortical 
dysplasia. e invasive monitoring revealed rhythmic theta-
delta activity during the interictal period and rapid activity 
at the beginning of the ictal pattern in the right temporal and 
parietal regions. e surgical procedure included an anterior 
temporal lobectomy, removal of the right heterotopic node, 
dissection of the posterior corpus callosum, and isolation of 
the temporoparieto-occipital complex by dissection behind 
the sensorimotor.[28]

Table  2 provides a summary of literature regarding the 
methods used for diagnosing and treating patients with PNH.

Here, we presented a case study of a patient with bilateral 
extended subependymal nodular heterotopia located at 
the level of the temporal and occipital horns of the lateral 
ventricles of the brain. e patient’s condition was clinically 
manifested by focal motor seizures that evolved into bilateral 
tonic-clonic seizures.
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Before the surgical intervention, the patient underwent a 
presurgical examination, including SEEG, which revealed 
an extensive epileptogenic zone in the left temporal, 
parietal, and occipital lobes. Due to the extent of the 
heterotopia (temporal horn, atrium, and posterior parts of 
the body of the lateral ventricle) as well as the involvement 
of the neocortex in epileptogenesis, surgical intervention 
was performed. e aim of the surgery was to isolate the 
extensive epileptogenic zone of the left temporoparietal-
occipital area.

e surgical intervention, in the form of PQD, did not result 
in deterioration of the patient’s neurological status, except for 
the predicted hemianopsia, and allowed for the achievement 
of seizure control.

CONCLUSION

Bilateral PNH is a rare genetic pathology that commonly 
leads to epileptic seizures that are resistant to drug therapy. 
Despite the bilateral location and extent of the heterotopias, 

surgical intervention in selected cases can be an effective 
method to control seizures.
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