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I

1. Introduction

The principal aim of the candidate’s course was to advance in the skills of research in the complex and evol-

ving context of therapeutic strategies for medical refractory epilepsy in pediatric age. 

As a neurosurgeon graduate and consultant, part of a neurosurgical department, the candidate work consisted 

in two principal field of clinical practice-derived research: surgical treatment of hemispheric epilepsy in 

young infants and Ma.

Hemispheric surgery is a subject of great interest as it represents an effective option for severe forms of epi-

lepsy with high neurological morbidity, linked to developmental delay and that could be life-threatening, 

especially in very young infants. Studies focusing on first infancy are rare and more data are needed in litera-

ture. The second topic represents an important innovation in the Giannina’s Gaslini neurosurgical treatment 

offer. MRg-LiTT is a novel approach for the cure of refractory epilepsy, especially linked to hypothalamic 

hamartomas, with a significant shift in benefit-risk ratio, giving the opportunity to lower the high neurologi-

cal morbidity linked to more traditional open-surgery approaches. The technique consists in the stereotactic 

introduction of a laser diode fiber inside a cerebral epileptogenic region (e.g. hypothalamic hamartomas, tu-

berous sclerosis, cavernomas, seizure onset zones), that is ablated by the high temperature delivered at the tip 

of the catheter, protecting the important surrounding structures using a near real-time MRI thermography 

technology.

2. Background

Epilepsy, in form of recurrent epileptic seizure, is a widespread condition, affecting 1 to 2% of children 

among the general population, with peak incidence in the first year of life and decreasing after 10 years of 

age, as reported. (1) (2)

As already stated in previous publications, it is estimated that in up to 30% of the all-age general population 

with epilepsy worldwide, antiepileptic drug (AED) treatment is not sufficient to achieve seizure control with 

a similar percentage in children (3). Among all-age patients with no sufficient response to their first AED, the 

percentage that subsequently will become seizure-free it is estimated to be only about 11% (4)

Furthermore, after two consecutive AEDs trials, the probability of achieving freedom from seizures with a 

third drug it is even lower, although a prospective investigation by Berg et al. on children with a second AED 

failure showed  better remission rates (5). These results are, however, achieved after a long delay from the 



epilepsy onset and following several subsequent AED therapies, without necessarily prevent final intractabi-

lity. Plus, different factors ( e.g. neonatal seizures, high initial seizure frequency, status epilepticus, develop-

mental retardation, structural brain lesions, are directly associated with a lower chance of seizure remission. 

(6)

Progressive advances in the field of neuroimaging and in neurosurgical techniques have contributed to  im-

prove the number of children evaluated  for epilepsies refractory to the medical treatment. 

Thus, referral of pediatric age patients with epilepsy for surgical consideration has consequentially augmen-

ted internationally. It is of the utmost importance to consider that epilepsy surgery in children who have been 

thoroughly evaluated can result in either seizure freedom or a marked (>90%) reduction in seizures in appro-

ximately 75% of cases of intractable seizures, as suggested in previous reports, considering adult and pedia-

tric population. (7) (8) (9)

Cognitive and behavioral impairments are serious and debilitating neurological disorders that could be often 

associated to seizures in the context of a medical refractory epilepsy. 

The mechanisms underlying cognitive impairments have been characterized recently and should be more and 

more systematized as they could pave the way to novel approaches that will improve the quality of life of 

children and adults with epilepsy. (10) (11)

A wide variety of physiological and molecular alterations at the level of changes in the genome, gene expres-

sion, receptor characteristics, peptides, and brain injury, could be involved in the functional abnormalities 

underlying the cognitive impairment. Likely, several of these mechanisms are occurring at the same time. 

The net effects of these alterations onto the neural networks should be understood as this may also lead to 

novel interventions that could improve outcomes. 

The mentioned neurological syndromes in the context of a refractory epilepsy are a consequence of complex 

interactions among the etiological factors of the epilepsy, the actual seizures, interictal discharges, and  effec-

ts of antiepileptic drugs (12) (13)

The cognitive deficits are quantifiable in a diminished average IQ that leads to require special education in-

terventions for many children affected. More specific abnormalities are often identified in reading skills (in-

cluding single-word, phonological awareness, comprehension, and speed or fluency deficits) and, in many 

cases, in mathematical skills. (14) (15)

As predictable, children with epilepsy can frequently show more general deficits in memory and attention 

function.

Different studies to identify predictors of cognitive impairments have concentrated on seizure-related factors, 

namely early onset of seizures, high seizure frequency and time from epilepsy onset. Pediatric patients with a 

diagnosis of specific epileptic syndrome such as Dravet, infantile spasms, Lennox-Gastaut, are clearly more 

likely to have cognitive impairment but it is at the same time evident that there may be more subtle cognitive 



deficits in children with other epilepsy syndromes, such as benign rolandic epilepsy or childhood absence 

epilepsy. (16) !



3. Historical perspective

A comprehensive and fascinating narrative review of the history of epilepsy surgery has been recently publi-

shed by J. Engel (17). This work by one of the masters of epilepsy surgery, suggests that a more effective 

education of patients, relatives and family physicians, as well as specialists, about the advantages of surgical 

therapy, would offer the best chance for increasing application of this therapy in the present and in the future.

The first foundational contribution to the birth of the modern epilepsy surgery is generally considered to be 

the paper of Sir Victor Horsley published in the British medical journal in 1886, (18) based on localizing in-

formation of ictal semiology determined by Johns Hughlings Jackson from studies of pathological substrates 

and confirmed by David Ferrier by stimulation of monkey brains (published in the years 1873, 1875, 1883). 

The mentioned paper by Horsley described three surgical procedures, performed on three patients with focal 

seizures operated on at Queen Square,  London"s National Hospital for the Paralysed and Epileptic, earlier 

that same year of the publication. In the same operating theater for these foundational procedures, Sir Hor-

sley was accompanied by Jackson and Ferrier, representing  the disciplines of neurology, and clinical neuro-

physiology. These latter, along with neurosurgery, represents the three disciplines on which epilepsy surgery 

still is based  nowadays. 

Horsley"s paper was the first work to draw the attention of mainstream neurologists and neurosurgeons to-

ward the emerging epilepsy surgery, but was also, without any doubt,  the first surgical intervention in history 

to propose to correct natural, rather than trascendental causes of seizures. 

The first paper reporting a  successful series of surgical operation for the cure of epilepsy was published by 

Benjamin Winslow Dudley in 1829. The five surgical procedures (performed between 1818 and 1828 in Le-

xington, Kentucky) were intended to correct a palpable traumatic skull defects causing epileptic seizures and 

lead to a seizure-free condition in three patients, with another two patients reporting marked improvement.

(19)

Subsequently, neurologists and neuroscientists gave a more scientific perspective to the field, elucidating the 

concept of the different localization of function in the brain. 

Franz Joseph Gall introduced phrenology in Vienna at the turn of the 19
th 

century, conceiving a system to 

diagnose personality inclinations by the shape of prominence on the head, and  was so fiercely adversed by 

the scientific community that the same concept of localization of function in the brain was unaccepted for 

decades. It was not until the work by Pierre-Paul Broca that an interest for functional topography in the 

brain. The french surgeon was the first of his era that used neurological signs and symptoms to operate on a 

macroscopically normal brain,  basing on post mortem localization of motor language (Broca"s area).  



Later, Jackson, deepened the study of ictal semiology, correlating the different behaviors with structural le-

sions observed post mortem (20) (21). The derived maps of cerebral function were later used to localize epi-

leptogenic zones in the brain. 

Meanwhile in Germany, Gustav Theodor Fritsch and Eduard Hitzig, were using faradic stimulation to map 

the motor function in the cerebral cortex of dog.(22) David Ferrier in London utilized the same technique in 

several species including the monkey, and succeeded in reproducing the ictal behavior described by Jackson 

in patients (23), taking a crucial confirmatory step in Horsley"s decision to operate on the basis of initial ictal 

behavior. 

Antiseptic and anesthetic techniques introduction in the mid to late 1800s made brain surgery more common 

both in North America and Europe; William Macewen, working in Glasgow in 1879, was the first to publish 

about the resection of an invisible lesion to treat epilepsy, based on Jackson"s localizatory approach. Then, 

Macewen published a series of neurosurgical procedures in 1881 and 1888 that included several patients with 

epilepsy who were operated on using ictal semiology for localization, well before Horsley. (24) (25) (26)

Likely, other surgeons in England and in Italy may have performed epilepsy surgery prior to Horsley (see 

Engel, 1993a, 2005). The fact that Horsley generally receives credit for initiating the modern era of epilepsy 

surgery is a sort of testament to the preeminence of Queen Square and the British Medical Journal in the En-

glish-speaking world. 

In the subsequent century, Feodor Krause in 1909 (27) and Otfrid Foerster in 1925 used Jacksonian localiza-

tion concepts and electrical stimulation to identify and resect epileptogenic lesions.

Foerster is for sure most recognized for his famous pupil, Wilder Penfield, who carried this approach to epi-

lepsy surgery to Canada, in 1928, founding the Montreal Neurologic Institute in 1934,  and, with his collea-

gue Jasper, utilized intraoperative stimulation to localize the epileptogenic lesion and also to create detailed 

maps of motor and sensory function in the human brain (28).

The development of roentgenographic techniques (specifically pneumoencephalography by Walter Dandy in 

1919), and cerebral angiography by Egas Moniz (Moniz, 1934), represented two of the discoveries that  

greatly enhanced the efficacy of lesion-directed epilepsy surgery in the early part of the 20
th 

century. None-

theless, the most important advancement of modern epilepsy surgery was likely the discovery of electroen-

cephalography (EEG) by Hans Berger in 1929 (29), basing on previous animal research by Richard Caton. 

(30) Berger published the first paper on human EEG and it was largely met with skepticism. 

EEG then rapidly gained importance in clinical neurology as the only objective non-invasive measure of 

brain function. 



The field of epilepsy surgery has continued to progress in the 21
st 

century, considering the presurgical eva-

luation, the different surgical procedures and the patient population eligible for surgery (31). This progress 

was particularly characterized by increasing application of epilepsy surgery to the pediatric patient popula-

tion, as evidence by several consensus conferences and a textbook (e.g. Arzimanoglou et al., 2016) (32).  

These works all emphasize the importance of a timely referral for surgery in the diagnostic and therapeutic 

workup of a pediatric epilepsy. 

In a global perspective, surgical therapy was seen as a luxury, possible only in industrialized countries, but in 

recent decades, the diffusion of the techniques composing the presurgical evaluation procedures has made 

epilepsy surgery available in many developing countries with limited resources, where it has proven to be 

highly cost-effective (33,34). 

Also, and most important, the last decades have seen an increase in application of surgical treatment to the 

pediatric population, particularly for infants and young children with life-threatening epilepsies that have 

now been demonstrated to result from large, but resectable, dysplastic cortex (Mathern et al., 1999). 

At the same time,  the numbers of neocortical resections have also augmented globally, as a result of the 

amelioration of the capability of high- resolution MRI to identify small lesions like focal cortical dysplasias 

(FCDs) (35). 

Since the beginning of the 21
st 

century, there have been three randomized controlled trials of epilepsy surge-

ry, two for temporal lobe epilepsy (36, 37) and one for pediatric epilepsy (38). After the first randomized 

controlled trial, a Practice Parameter was published by the American Academy of Neurology, in association 

with the American ILAE chapter and the American Association of Neurological Surgeons, recommending 

surgical intervention as the treatment of choice for drug-resistant temporal lobe epilepsy (39). Nonetheless, 

surgical referrals have continued to decline in North America and Europe. A very small percentage of patien-

ts with drug-resistant epilepsy are referred to epilepsy centers, but those who are referred for surgery it is at 

an average of over 20 years after onset of their epilepsy (40), often too late to reverse longstanding psycho-

logical and social disability when seizures have been successfully eliminated. Two studies have demonstra-

ted that this delay to surgical referral remains the same despite the first randomized controlled trial and Prac-

tice Parameter (41; 42).



II

1. Numbers at Giannina Gaslini Hospital

 

The crucial contribution for the foundation and the development of epilepsy surgery program at Giannina 

Gaslini Institute was offered by the group of Centro Munari per la Cura dell’Epilessia, based in Niguarda 

Hospital in Milan, and in particular by Dr. M. Cossu.

Cases were collected in our centre database. In the last three years: 15 operations in 2019, 12 in 2020, 14 in 

2021.

In 2020, MRI-guided laser interstitial thermotherapy has been been introduced in our centre, among the dif-

ferent neurosurgical procedures available for epilepsy. Since then, the new technique has been used in 12 

cases of refractory epilepsy, 8 hypothalamic Hamartomas, one case of tuberous sclerosis (with two different 

targets), one case of residual dysembrioblastic neuroepithelial tumor, one case of residual epilepsy after cor-

tical resection for left parietal focal cortical dysplasia, one case of ablation of SEEG identified epilepsy onset 

zone. 

2. Multimodal visualization background and workflow at our institution.

Neuroimaging is an essential element of the presurgical workup for pediatric epilepsy. Magnetic resonance 

images, acquired in high-field machines, are used in combination with advanced functional imaging techni-

ques to better define the surgical objective and to  make surgery safer, reducing the risk of neurological com-

plications. In our routinary preoperative workup, we integrate a standard subtractive angiography direct and 

with 6° inclination, in order to achieve a stereoscopic vision when using the coupled radiological projections. 

Magnetic Resonance (1,5 or 3 T in our facilities) is the principal radiological technique used. Standard and 

contrast enhanced T1, Fluid attenuation inversion recovery (FLAIR), Phase contrast venous angiographic 

sequence, different T2 modalities are usually acquired, as well as diffusion tensor imaging sequences and 

functional MRI if needed.

The different images datasets are then combined in one visualization with the following aims: improving the 

understanding of all the characteristics of surgical anatomy, improving adherence of surgical maneuvers to 

the preoperatory planning and integration of data with neuro navigation systems, to ultimately lead to a bet-

ter epileptological outcome

Using the analysis output generated by an array of different software, 3d models  of the different structures 

involved by the surgery are created. Tipically: cortex (white and grey matter) tumoral or displastic lesions (if 

present), vascular anatomy (arterial from arterial spin labelling sequences or superficial venous anatomy by 



phase contrast sequence ), white matter tracts anatomy - fiber tracking from diffusion tensor imaging sequen-

ces. 

The analysis pipeline used in our centre (as derived by Munari Centre in Milan) is constituted by Three diffe-

rent software: FSL, Freesurfer, 3DSlicer.

FSL Mostly used for automatic registration with FLIRT algorhytm (linear registration tool). The same soft-

ware is also used for 3d modeling of cortical surface with “brain extraction tool” function

Freesurfer is an automated analysis that match patients anatomical data with built in atlas.

3DSlicer is a  multi-platform open source software for segmentation, registration and visualization of multi-

modality medical imaging data, developed by a multi centric consortium (NIH funded).

2.1 Magnetic Resonance Imaging

The foundational imaging modality for the diagnostic workup of epilepsy is magnetic resonance imaging 

(MRI), usually utilizing a dedicated epilepsy protocol that is specifically designed towards a higher-resolu-

tion assessment of the cerebral cortex and associated signal abnormalities. To optimize the diagnostic yield 

for the  type of lesion usually involved in epilepsy,  both a higher field strength 3T magnet and a multichan-

nel 32 or 64 channel head coil are used. 

The reference sequence is generally a T1 weighted sequence, as the foundation for providing anatomic detail 

of the brain. Usually, an isotropic fluid attenuated inversion recovery (FLAIR) sequence is used to increase 

the probability to detect any signal abnormalities in the brain. 

The mentioned sequences are also useful for co-registration with other structural and functional imaging 

techniques. Dedicated thin section coronal T2 and T2 FLAIR sequences angled perpendicular to the hippo-

campi are very useful sequences as this orientation provides improved visualization of the medial temporal 

lobe morphology. Susceptibility weighted imaging (SWI) could be useful to detect

either hemosiderin and calcification. Diffusion tensor imaging (DTI) is also useful for both the detection of 

diffusion signal abnormalities and for the post processing of white matter fiber tracts.

2.2 Diffusion Tensor Imaging

The magnitude and direction of the microscopic motion of water molecules can be assessed by diffusion ten-

sor imaging methodic. The directional information of white matter tracts obtained through DTI permits the 

three- dimensional reconstruction of white matter fiber tracts. 

Through an array of post-processing software, the fiber tracts can be reconstructed in 3D models and integra-

ted to the structural sequence for a more precise anatomic localization.

The proximity of an epileptogenic focus to the fiber tract is evaluated during the surgical planning to help 

predict morbidity, and also, reconstruction are integrated in neuronavigation software to reduce the risks of 

postoperative neurological impairment. 



Reconstruction of optic radiations, for example, in patients with anterior lobe epilepsy,  can be useful in the 

prediction of postoperative visual field deficits. Other parameters can be evaluated with DTI, such as white 

matter fractional anisotropy (FA) and mean diffusivity (MD). These values can be correlated with memory 

and language impairments in temporal lobe epilepsy which could contribute in predicting neuropsychologi-

cal status in patients with epilepsy. 3

2.3 Functional MRI 

Functional MRI (fMRI) is a fundamental tool to identify eloquent cortex for surgical planning, using blood 

oxygen level dependent (BOLD) imaging. The basic principles of this technique is that the intensification of 

cerebral blood flow corresponds to the areas of augmented neuronal activity, in MRI sequences acquired du-

ring specific tasks. 

Commonly used paradigms for studying neuronal activity include motor, sensory, speech, and visual tasks. In 

a pediatric setting, the use of adult paradigms is extremely difficult, given that, for accomplishing the plan-

ned task, the patient should be awake and cooperative during the exam but also motionless. The BOLD ima-

ging sequence is highly susceptible to movement artifacts and dental hardware so the accurate selection of 

the patient  for this particular exam is essential. A common use for fMRI for epilepsy pre-surgical planning is 

language lateralization to help predict post-operative language deficits.4

2.4 Fluorodeoxyglucose positron emission tomography 

Fluorodeoxyglucose positron emission tomography (FDG-PET) is a tool used to assess metabolic brain acti-

vity. The brain tissue normally demonstrates high FDG uptake as normal metabolically active neuronal cells 

readily utilize glucose. The FDG isotope is injected intravenously and after an approximate thirty-minute 

uptake time, imaging is acquired. . The patient is usually constantly monitored with EEG during the isotope 

uptake and can be scanned to monitor for the presence or absence of seizure activity. In the absence of seizu-

re activity, a seizure focus is usually recognized as hypometabolic (decreased uptake of FDG). One context 

in which FDG-PET has been proven useful is the diagnostic evaluation of seizures in the setting of a normal 

brain MRI.

During ictal isotope uptake, a seizure focus tends to be hyperperfused. Ictal and interictal images may be 

post processed to produce a subtracted image series which may further highlight an area of abnormal brain 

perfusion. The use of this ictal- interictal subtraction technique with fusion to MRI has been proven to assist 

in the detection of a seizure focus.



2.5 Team conference

In our practice, indication for surgery is achieved by a consensus where epileptologists, neurosurgeons and 

neuroradiologists concur to find a correlation between structural and functional neuroradiological data,  neu-

roelectrophisiology, clinical presentation of the patient, history, neuropsychiatric tests and seizure semiology.

This type of multidisciplinary epilepsy conference is, in our advice, an ideal setting to integrate information 

on already performed test, in order to form a unique preparatory plan, propose a surgical solution or discuss 

new study modality for each case. This team strategy is effective and reliable and permits the final goal of 

optimizing the patient’s postoperative epileptologic and cognitive outcome. !



Fig 1 Multimodal visualization (3D Slicer) for a case of left temporal cortical dysplasia. Alongside normal 

radiological orthogonal visualization, 3d models of: giro-sulcal anatomy (brain surface), cortical veins (based 

on 3d phase contrast angiographic sequence) and white matter tracts are displayed. Diffusion tensor imaging 

has been elaborated by FSL algorithms to reconstruct the probabilistic position of Cortico-spinal tract 

(green), optic radiation (yellow), arcuate fasciculus (red) !



Fig 2 Multimodal visualization (3D Slicer) for a case of right frontal cortical dysplasia. !



Fig 3 Multimodal visualization (3D Slicer) for a case of left temporal focal cortical dysplasia (type IIa at hy-

stopathology). 3D model reconstruction of left optic radiation !



III

1. Hemispheric surgery in first infancy

The first research project in which the candidate was involved during the last three years was a retrospective 

analysis of cases of hemispheric surgery under three years of age performed at our centre or at Munari centre 

for epilepsy in Niguarda Hospital, Milan. Results has been presented in a paper that has been published in 

2021  (43)

Subsequent chapters report the structures and describe the content of the original submentioned paper.

1.1 Introduction

Catastrophic, diffuse hemispheric epilepsy (DHE) is a disease of infancy and early childhood that can be lin-

ked to the consequences of different several congenital, acquired and progressive pathologies that involve an 

entire hemisphere. Refractory severe epilepsy can be derived from hemispheric cortical dysplasia, hemime-

galencephaly and polymicrogyria considering the first group; encephalomalacia from remote aetiologies is an 

example of acquired condition and Rasmussen encephalitis and Sturge-Weber syndrome could be progressi-

ve pathologies leading to the epileptic condition. All of these are associated with developmental delay.

Resective or disconnective hemispheric surgery  has proved to be effective in controlling seizures and, sub-

sequently, in  improving the cognitive development (44-47). 

In the recent past, different series of hemispheric surgery in children with a form of diffuse hemispheric epi-

lepsy have demonstrated that achieving seizure freedom is a possible in a majority of cases, including those 

operated on in early infancy ( 48-51). 

Surgery at younger ages seems to be linked to a larger postoperative increases in developmental quotient 

(DQ)  ( 51-57) and has been recommended in order to prevent the negative effects on the developing brain 

caused by high-frequency intractable seizures (58) . 

Due  to the consistent rate of  mortality and morbidity, hemispheric resections (or  #anatomic hemispherec-

tomy"") have been scarcely proposed in early infancy in the past. Negative surgical outcome could be conse-

quence of the massive amount of of brain tissue removal and, of the intraoperative blood losses in patients 

with a low body weight (59) (60), and mechanisms of superficial hemosiderosis and hydrocephalus (61-63). 

Shifting from anatomical hemispherectomy to disconnective surgical procedures, removing small amounts of 

tissue while disconnecting the residual hemisphere significantly reduced the complications associated with 

hemispheric surgery,  with  comparable functional results to those of anatomical hemispherectomy, and with 

a low complication rate (61) (64). The work by Rasmussen about “functional hemispherectomy”, described a 



disconnective technique, which was named after him (65). Removal of the temporal lobe and of a considera-

ble amount of the suprasylvian region, with disconnection of the frontal and parieto-occipital remainders of 

the hemisphere through an intraventricular commissurotomy are the surgical steps described in the procedu-

re. In more recent years, different procedures of hemispheric deafferentation (called ``hemispherotomy"") 

were progressively introduced, furthermore limiting brain resections as well as more brain was disconnected 

(66-70). These techniques, with more or less modifications, are the procedures of choice adopted in the majo-

rity of epilepsy surgery centers, with excellent surgical on the epileptological and functional plans. 

It is important to mention that these techniques,  having significantly decreased the risks and complications 

associated with hemispheric surgery,  are  actually recognized as the most appropriate  epileptological treat-

ment strategy in very young children  nowadays (71). 

Although some surgical series of children under three years of age have been reported, recent data specifical-

ly on hemispheric surgery in this specific age group are difficult to infer from the available literature  (45) 

(58) (72-76). 

1.2 Materials and methods 

The candidate and the other authors retrospectively reviewed the clinical records and the prospectively main-

tained databases of patients who received surgery for refractory epilepsy at two epilepsy surgery centres in 

Italy (IRCCS Istituto Giannina Gaslini, Genoa, Italy and Niguarda Hospital, Milan, Italy), during the period 

2008-2018. Patients selection had to meet the following criteria: hemispheric surgery (either resective or di-

sconnective) for diffuse hemispheric pathology, under three years of age at the time of surgery, and postope-

rative follow-up of at least 12 months. 

Presurgical evaluation 

The database was designed to report: complete personal and medical history, family history of epilepsy, age 

at seizure onset, type of seizures, epilepsy duration, comorbidities, estimated seizure frequency, neurological 

exam and evaluation of psychomotor development (77). Considering the retrospective nature of the study 

and the dishomogeneous developmental tests performed, we recognized as DD  a delay in two or more deve-

lopmental areas, identified principally on clinical and neurological evaluation (gross motor, fine motor, co-

gnition, speech/language, personal/social, or activities of daily living). DD was considered mild at a functio-

nal age of 66% of chronological age, moderate at 34% to 66%, and severe if below 33% (78,79). Active and 

and previous antiepileptic medications were reported. Routine interictal electroencephalogram (EEG) and 

ictal video-EEG recording were acquired. Brain magnetic resonance imaging (MRI) was performed in all 

patients under deep sedation using an Achieva 1,5T or 3T magnet (Philips Health- care; Best, The Nether-

lands). MRI phase-contrast angiographic sequences, as well as X-ray digital subtractive angiography, were 

also acquired in order to study vascular brain anatomy. 



As already described in previous section of this work, the indication for surgery was discussed in a multi- 

disciplinary consensus conference and based on MRI images of a unilateral brain abnormalities and on the 

lateralization of interictal and ictal EEG abnormalities to one affected hemisphere, clearly compatible with 

clinical semiology and MRI findings. Noteworthy, the propagation of interictal and/or ictal EEG abnormali-

ties to the contralateral hemisphere was not a reason to exclude surgery (80)

Surgery 

The most appropriate surgical technique was selected according to aetiology and considering anatomical, 

EEG and clinical findings.

Cases with hemimegalencephaly and hemispheric cortical dysplasia were treated with anatomical hemisphe-

rectomy (removal of the entire affected hemisphere) (81) and functional hemispherectomy (temporal lobec-

tomy, resection of the rolandic-perirolandic region, disconnection of the residual frontal and posterior resi-

dual tissue, according to Rasmussen (65) a lateral (or peri-insular) hemispherotomy (hemispheric disconnec-

tion through a peri-insular approach, following resection of infra- and supra-sylvian opercula, as  described 

by Villemure and Mascott (63) was performed in cases with an atrophic hemisphere. All the procedures were 

performed using neuronavigation (StealthStation® S7® System, Medtronic, Minneapolis, Minnesota, USA). 

Intraoperative blood loss was calculated using Moore"s formula for estimating total blood volume and Gross"$

method for estimating blood loss (82). 

An immediate control CT scan immediately after surgery to rule out perioperative complications, patients 

were monitored for 12 to 24 hours in the intensive care unit. According to previously released recommenda-

tions (83), pathological analysis has been performed on operators specimens. 

Histopathological analysis of surgical specimens was performed for all patients, according to previously re-

leased recommendations (83). 

Postoperative evaluation 

In the case of more than one surgery, we considered the last surgery as the index procedure, reporting the 

first surgical approach as well. Surgical complications and eventual acute post-oper- ative seizures were re-

corded. Seizure outcomes were classified according to Engel"s outcome classification at the last available 

follow-up visit (84). 

Routine EEG, brain MRI and neurologcal examination six months after surgery were performed and then 

yearly controls with clinical examination and routine EEG. Psychomotor development, was evaluated at the 

last available follow-up visit. Vineland Adaptive Behaviour Scales were administered if the family accepted 

to complete a developmental questionnaire. 



1.3 Results 

Fourteen patients (seven males and seven females) who met the inclusion criteria were identified, repre sen-

ting 1.1% (14/1240) and 29.8% (14/47) of all patients and patients under three years of age, respectively, 

who received resective epilepsy surgery during the study period (2008-2018) at the two participating instiu-

tions. 

Presurgical evaluation 

Mean age at seizure onset: 1.3 months (range: 0-7 months). Ten patients had seizures within three days after 

birth. Mean age at surgery was 14.5 months (range: 2-29); 12 patients underwent surgery ≤18 months and 

five before 12 months. Mean time from epilepsy onset to surgery was 13.2 months (range: 2-29). At the time 

of surgery, seizures occurred daily in11cases,weekly in two and monthly in one. Six patients experienced 

status epilepticus before surgery (three of them underwent surgery during the status; Patients 3, 6 and 7). 

The preoperative neurological evaluation revealed contralateral hemiparesis in 11 cases, asymmetric quadri-

paresis in one (Patient 7) and hypotonia in eight. Severe DD was present in 10 patients, moderate in two ca-

ses and mild in two. None of the patients could walk autonomously or with help and only four could sit au-

tonomously. 

MRI findings were suggestive of large unilateral hemispheric malformations of cortical development in nine 

cases (hemimegaloencephaly in six cases), post-haemorrhagic poroencephalic cysts in two, perinatal ische-

mic lesions in two and hemispheric atrophy in one. Seven patients showed atrophy of the cerebral peduncle 

ipsilateral to the affected hemisphere (including all those with perinatal damage or hemispheric atrophy). 

Interictal EEG abnormalities were confined to the affected hemisphere in 11 cases, while involvement of the 

contralateral hemisphere was shown in three cases. The ictal video-EEG showed a discharge originating on 

the affected hemisphere in all cases, with contralateral diffusion recorded in seven subjects. 

Surgery and postoperative course 

We performed nine lateral peri-insular hemispherotomies, three functional hemispherectomies and two ana-

tomical hemispherectomies. Three patients were operated on twice. Two did not benefit from a previous po-

sterior quadrant disconnection and received a functional hemispherectomy (Patient 4) and a lateral peri-insu-

lar hemispherotomy (Patient 5), respectively. In the remaining patient, an anatomical hemispherectomy was 

carried out after that a lateral peri-insular hemispherotomy failed to control seizures (Patient 6). 

Mean estimated blood loss volume (EBLV) was 234.9 mL (range: 98-472.9 mL), representing a mean 29.9% 

of estimated total blood volume (ETBV) (range: 7-72%). 

Regarding surgical complications, two patients presented with acute hydrocephalus, which cleared after pla-

cement of a temporary external CSF (cerebrospinal fluid) shunt in one and ventriculo-peritoneal shunt in the 



other. One child (Patient 6) had a haemorrhagic complication followed by infection after a first surgical ap-

proach with lateral peri-insular hemispherotomy; after ventriculo-peritoneal shunting for secondary ventricle 

dilatation, a second approach with anatomical hemispherectomy was performed without complications. 

Two patients suffered with acute post-operative seizures (Patients 7 and 9), in one case associated with dia-

betes insipidus which regressed after appropriate medical treatment. 

Histology disclosed type II FCD in five cases (type IIb in three and IIa in two), type Ia FCD in one, type IIId 

in two, and gliosis in two. In four subjects, findings were compatible with hemimegalencephaly. 

Mean post-operative follow-up was 30.8 months (range: 12-90). At the final available assessment, 10 patien-

ts (71.4%) were classified as Engel Class I (eight Class IA, one Class 1B, and one Class 1C). One patient 

was classified as Engel Class IID, two as Class III, and one as Class IV. Both patients who experienced acute 

postoperative seizures had unsatisfactory seizure control at the last follow-up visit (Engel Class III and IID, 

respectively). Postoperatively, 11/14(78.9%) patients benefited from discontinuation (three cases) or reduc-

tion (eight cases) of antiepileptic drugs.  

The Vineland Adaptive Behaviour scale was administered at the last follow-up visit in 9/13 patients. Total IQ 

(intellectual quotient) scores resulted from low to moderately low (range: 43-86). The lowest scores were 

recorded on the motor skills subscale (range: 37-82) and the highest scores on socialization and communi- 

cation skills subscales.

1.4 Discussion 

Our series confirms that hemispheric surgery offers a significant opportunity to achieve seizure control and 

improve psychomotor developmental outcome in infants younger than three years, affected by severe/ cata-

strophic DHE (47, 50, 61, 73-77, 85). Moreover, our results confirm that this type of surgery, if performed in 

paediatric epilepsy surgery centres with a solid expertise in hemispheric procedures, can be carried out with 

an excellent safety profile. 

In this case series, the choice of surgical techniques depended mainly on aetiology. Anatomical and func- 

tional hemispherectomy were preferred in cases with hemispheric dysplasia or hemimegalencephaly, as tis-

sue exuberance and anatomical abnormalities may obscure landmarks that are essential to complete an effec-

tive disconnection. Anatomical hemispherectomy may be the ideal option after failure of disconnective tech-

niques. A typical case is represented by Patient 6, who presented with DHE, symptomatic of left hemimega-

lencephaly, and was rendered seizure-free by anatomical hemispherectomy after a failed lateral peri-insular 

hemispherotomy. A lateral peri-insular approach was always chosen in cases with an atrophic hemisphere, 

which allows easier access to the ventricular cavities. Vertical parasagittal hemispherotomy (VPH) (71) was 

not performed in any of our patients. It has been reported that the disconnection length is shorter and blood 

loss is lower with VPH compared to lateral approaches, and that this might represent an advan- tage in very 

young infants with low total blood volume. Nevertheless, all three neurosurgeons (MC, GLR, AC) who per-



formed the surgical procedures in our case series were trained in lateral approaches, and we believe that one 

of the factors that impacts surgical safety and effectiveness is the choice of technique based on that best ma-

stered by the surgeon. 

The vast majority of our patients presented with highly frequent seizures (daily occurrence) and three of 

them underwent surgery during status epilepti- cus. In all subjects, video-EEG recording documented 

seizures originating from the anatomically abnormal hemisphere with contralateral diffusion in half of them, 

confirming that this latter aspect does not represent an exclusion criterion for surgery  (81). 

The predominant presurgical MRI findings were hemimegalencephaly (six patients) and sequelae of ische-

mic or haemorrhagic events (four patients). Seven patients showed evident atrophy of the cerebral peduncle 

ipsilateral to the affected hemisphere; this data was observed in all patients with perinatal dam- age or hemi-

spheric atrophy (five patients). The type of hemispheric surgery was tailored to the individual case, on the 

basis of the anatomical-electro-clinical features and the type and degree of alteration of the hemispheric ana-

tomy, reserving the most aggressive approaches (anatomical and functional hemispherectomy) for those ca-

ses in which the surgical anatomy was more subverted (as in some hemispheric cortical malformations) and 

where, consequently, it would have been more difficult to recognize the anatomical landmarks to perform 

disconnective approaches. We performed an anatomical hemispherectomy in two cases (in one following a 

previous lateral peri-insular hemispherotomy), a functional hemispherectomy in three patients (in one follo-

wing previous temporo-parieto-occipital disconnection), and a lateral peri-insular hemispherotomy in the 

remaining patients (in one following previous temporo-parieto-occipital disconnection). The reason for a 

second surgical approach was, in all three re-operated cases, the persistence of severe drug-resistant seizures. 

No deaths occurred in our sample. Surgical complications were reported in three patients (21.4%), with ne-

cessity of permanent ventriculo-peritoneal shunt in two of them. This rate of complications is comparable to 

what has been reported in other recent similar surgical series (46, 50). 

The most common aetiologies in our patients were malformations of cortical development, in line with pre-

vious studies on the same age group (47, 60, 73- 77, 86). 

After a mean post-operative follow-up of 30.8 months (range: 12-90), we observed a total of 10/14 (71.4%) 

patients in Engel Class I, with eight of these in Class Ia. Moreover, a withdraw or reduction of the antiepi- 

leptic regimen was obtained in 78.6% of our patients. These positive results are in line with those reported by 

studies conducted on similar populations showing percentages of seizure-free subjects (Engel Class I)  ran-

ging from 60% to 80% (47, 50, 60, 75, 87). None of the two patients with acute post-operative seizures (Pa-

tient 7 and 9; one in the context of diabetes insipidus), resulted seizure-free at the end of follow-up, confir-

ming that post-operative seizures appear to be a negative prognostic indicator for the success of this kind of 

surgery (88, 89). 



Previous studies have reported significant worse out- come in patients with a developmental pathology with 

respect to those with an acquired pathology (71, 90, 91). However, other studies did not reveal any correla-

tion between seizure outcome and etiology (92). The relative small size of our series does not allow for a 

definitive evaluation of this aspect, how- ever, our data do not suggest different outcomes related to aetiolo-

gy. 

Catastrophic and drug-resistant epilepsy can manifest from very early infancy, often leading to a life-threate-

ning condition with dramatic effects on cognitive and behavioural development (13). In DHE, the severity of 

motor and cognitive impairment can be the consequence of both structural brain alteration and epileptic acti-

vity itself. All of our patients showed DD before surgery that was severe in 10, moderate in two and mild in 

two patients. At the last follow-up visit, an amelioration from severe to moderate DD was observed in 5/13 

(38.5%) patients; no information was available concerning psychomotor development in one patient during 

follow-up. Before surgery, 11 patients had clear hemiparesis and one presented with asymmetric quadripare-

sis; only four were able to sit independently and none were able to walk, even when helped. During follow-

up, all the evaluated patients had motor deficits disclosed by neurological examination, including the two 

cases with no previous hemiparesis. However, we observed a progressive improvement in motor deficit over 

months. Indeed, eight patients could walk (autonomously in five cases and with assistance in three). On the 

other hand, it is important to point out that these patients still had an intellectual deficit based on post-opera-

tive evalua- tion, with a total IQ score from low to moderately low and higher scores in socialization and 

communication skills subscales with respect to motor skill subscales. In conclusion, our results confirm that 

early hemispheric surgical procedures in children younger than three years, affected by severe/catastrophic 

epilepsy related to DHE, are sufficiently safe, with positive effects not only on seizures but also on develop-

men- tal outcome and motor autonomy, highlighting spe- cific features of brain plasticity in infants. 

For one patient (Patient 8), we had no available data concerning psychomotor development at follow-up. At 

the last available psychomotor and neurological evaluation, 13 patients presented with motor deficits (hemi-

paresis in 12 and asymmetric quadriparesis in one) on neurological examination. Eight of 10 patients, who 

were able to sit autonomously, could walk (autonomously in five cases and with assistance in three). In one 

patient (Patient 8), neurological and psychomotor evaluation was not possible as the patient lived abroad, 

and only data on seizure outcome was available. DD was present in all cases (severe in four cases and mode-

rate in nine cases). In five patients, the degree of DD changed from severe to moderate. These results confirm 

that an early hemispheric surgery in children younger than three years, affected by severe/catastrophic epi-

lepsy related to DHE, is a safe procedure, with effects on seizures and on developmental outcome and motor 

autonomy, highlighting the great potential of brain plasticity in infants. 





2. Introduction of a new technique at Gaslini Hospital: MRI guided laser interstitial thermotherapy

During the third year, the candidate, as an attending neurosurgeon, contributed to the introduction of the 

mentioned technique among the available treatment for epilepsy surgery at Gaslini Children’s Hospital. The 

clinical and radiological data were carefully collected and analyzed. The results from this work has been pu-

blished recently under the title “Laser Interstitial Thermal Therapy (MR-gLiTT) in Pediatric Epilepsy Surge-

ry: State of the Art and Presentation of Giannina Gaslini Children's Hospital (Genoa, Italy) Series. “ (93) The 

following chapters report the structure and the content of the original paper.

2.1 Introduction

Magnetic resonance-guided laser interstitial thermal therapy (MR-gLiTT) is a minimally invasive therapeutic 

approach with two major indications: drug-resistant focal epilepsy and brain tumors (94). The key concept of 

the technology is tissue ablation by heat generated by the light absorption of tissue (95). The physical basic 

principle of this technique is the denaturation of tissue proteins that starts at a temperature above 50
%

C, 

when applied for a variable time frame (96). 

Even if the use of lasers is not new in neurosurgery., LiTT introduces two innovations: firstly, the laser diode 

is implanted intracranially without a craniotomy, in a stereotactic field and second, the continuous MRI con-

trol through thermographic sequences (97). Each type of tissue has a peculiar energy absorption coefficient, 

called proton resonance frequency (PRF) that is usually greater in pathological tissues (98). This aspect pro-

motes normal tissue is sparing during the ablation of contiguous pathologic tissue. The result is the formation 

of a transition zone of approximately 1 mm between the ablation zone and normal brain tissue, which is mo-

nitored in near real time (6 seconds time frame) by MR thermometry (99, 100). MR-gLiTT uses synchroni-

zed T1- weighted images. Once the laser is activated, the hydrogen bonds decrease in the area of ablation. 

This determines an increase in tissue penetrability. MR thermography measures temperature differences by 

subtracting thermal fast-spoiled gradient-recalled phase images obtained after administration of thermal 

energy from a reference fast-spoiled gradient-recalled phase image obtained at body temperature before any 

energy pulse is delivered; therefore, accuracy on baseline temperature is critical to the software"s ability to 

predict the ablation damage (101). The thermal mapping is updated every 3, 6, and 8 s for single, biplanar, 

and triplanar viewing, respectively (102). 

Both the two available commercial system systems use color-coded thermal maps superimposed on MR and 

implement a software visualization tool that, that estimates areas of irreversible damage (cell death) on the 

temperature and time dependence of protein denaturation processes (100). MRgLiTT has been licensed for 

use in Europe in spring 2018. 

Different pathologic entities that could be treated are the following.



2.1.1 Hypothalamic Hamartoma (HH) 

Hypothalamic hamartomas (HHs) are rare malformative tumor-like, and non-progressive  lesions, developing 

during the fetal life from ventral hypothalamus (103). This pathologic entity presents great  variability in the 

clinical picture, mainly based on the localization of the lesion; symptoms generally occur during childhood 

or adolescence and are usually characterized by endocrinological disorders (especially precocious puberty), 

epilepsy, and cognitive– behavioral disorders, (104). Epilepsy usually occurs during the first year of life and 

is characterized by typical gelastic or, less frequent dacrystic seizures. 

Several classifications have been proposed for HHs but the classification of Delalande remains the most wi-

dely adopted at present (105). These classifications play a less relevant role in MR-gLiTT, which can also be 

planned in multiple steps for particularly voluminous lesions (106). Treatment of HH-associated epilepsy 

using LiTT is providing eencouraging results, both in absolute terms and in comparison with other treatment 

options (e.g., open surgery, endoscopic, radiosurgery) (94, 107). In a recent review, seizure control achieved 

by LiTT in patients with a follow-up of at least 1 year was 87% in patients with gelastic seizures and 60% in 

patients with other type of seizures (108). These data are even more relevant when compared with other 

forms of treatment. LiTT can be used both as a first treatment of HH and in unsuccessful previous treatment

Either for LiTT and for other treatment options, the disconnection of the hamartoma from the epileptogenic 

network, rather than its ablation or resection, is often sufficient to achieve seizure freedom (109). 

Complications with LiTT are often temporary, but can be more severe. In their recent series of 18 patients, 

Xu et al. (110) reported a 39% (7/18) incidence of new neurological deficits (including hemiparesis and vi-

sual disturbances) and an 11% (2/18) incidence of short-term memory problems as immediate complications. 

At the last follow-up, many patients with initial neurologic deficits had improved, with 22% (4/18) having 

persistent deficits but only 1 (6%) having functional impact. Hypothyroidism was the only long-term endo-

crine deficit (11%, 2/18). Over time, some patients (22%, 4/18) reported new subjective problems with short-

term memory, weight gain, or increased appetite. Memory problems can be caused by a mono- or bilateral 

involvement of the mammillothalamic tract which, although some authors believe that mnestic dysfunctions 

occur more frequently in patients who have already undergone other types of epilepsy surgery (111). Other 

adverse events include intracranial hemorrhage and fluid omehostasis imbalance (108). 

2.1.2 Tuberous Sclerosis Complex (TSC) 

TSC is a neurocutaneous syndrome that can interest the brain, skin, kidney, heart, and lungs. Epilepsy, thehe 

most common clinical manifestation of TSC, occurrs in approximately 90% of cases (112). Epileptogenesis 



has been theorized to result from different morphological and molecular abnormalities observed in the corti-

cal tubers and the perituberal cortex (113). The cortical tubers are often multifocal and located within deep 

brain structures. The anatomical features of these 

lesions make LiTT a valid therapeutic option because, through this technique, it is possible to treat multiple 

epileptogenic lesions without the need to perform multiple craniotomies. Tovar-Spinoza and colleagues re-

ported on seven patients with TS and drug-resistant epilepsy who underwent LiTT of cortical tubers. Two 

patients had a single procedure, and five patients had staged procedures. All of the patients had a meaningful 

reduction in seizure frequency, and more than 70% experienced a reduction in antiepileptic medications. Th-

ree of the four patients who presented with neuropsychiatric symptoms had some improvement in these do-

mains after laser ablation, although the authors did not have data from formal neuropsychological evaluation 

to support their observations. No perioperative complications were noted. The authors stated that laser abla-

tion represents a minimally invasive alternative to resective epilepsy surgery and is an effective treatment for 

refractory epilepsy due to cortical tubers (114). 

2.1.3 Cavernoma-Related Epilepsy 

Cavernomas are mulberry-like vascular malformations often found in brain and spinal cord. Brain caverno-

mas can determine irritation (epilepsy) or deficiency symptoms (115). LiTT has increasingly been offered as 

an alternative minimally invasive treatment for cavernoma-related epilepsy (116,117). The published case 

histories are currently quite small in number. However, the very satisfactory epileptological outcome repor-

ted in the aforementioned case reports, coupled with excellent overall clinical conditions [e.g., Engel class I 

in 80% of patients and zero adverse events reported by McCraken et al. (117)], makes it important to conti-

nue studying the use of LiTT in the treatment of cavernoma-related epilepsy. 

2.1.4 SEEG-Guided Seizure Onset Zone Ablation 

The SEEG is a method of Functional and Stereotactic Neurosurgery that allows an invasive EEG study in 

order to identify the seizure onset zone (SOZ) in cases where non-invasive diagnostic studies have not pro-

duced good anatomo-electro- clinical correlations (118). More recently, it has also been used as a possible 

therapeutic weapon, for example in radiofrequency thermocoagulation of heterotopic cortical nodules (119). 

A topic closely related to SEEG studies is that of MR-negative epilepsies, which are a crucial field of inve-

stigation in Epilepsy Surgery. When, in MR-negative epilepsies a SOZ is identified and delineated by SEEG, 

ablation of the SOZ by LiTT can be considered in selected cases. Of course, further studies will be needed to 

define the potential role of a SEEG-guided LiTT in the thermoablative treatment of a SOZ. 



2.1.5 Corpus Callosotomy 

Huang et al. recently published a retrospective study of a case series of six patients (three children and three 

adults) who underwent callosotomy using LiTT. Engel outcomes for completion corpus callosotomy by LiTT 

were similar to reported outcomes of open completion callosotomy, with seizure reduction primarily obser-

ved in adult patients (120). As with other new indications for LiTT, future in-depth studies will be needed for 

callosotomy using LiTT. 

2.1.6 Periventricular Nodular Heterotopia 

Periventricular nodular heterotopias (PNHs) are malformations of cortical development characterized by di-

sorganized but histologically normal aggregates of neuronal and glial cells. They are often associated with 

drug-resistant epilepsy (121). The anatomic electro-clinical characteristics of PNHs have prompted conside-

ration in the relevant literature of a number of minimally invasive approaches, such as stereotactic radiosur-

gery and stereotaxy-guided radiofrequency lesioning. Moreover, the possibility of treating these malforma-

tions, after adequate epileptological diagnostic procedure, by a minimally invasive surgical approach such as 

LiTT, especially when they are located in high functional areas, has already been described (122). While data 

concerning seizure outcome within the pediatric population are still somewhat limited, results in the adult 

population are very good, with seizure freedom up to 100% and no adverse events after LiTT treatment (94). 

These data are striking, as epilepsy involving a PNH can be multifocal, with complex and distributed epilep-

togenic networks. However, focal resections/ablations can be successful if the role of the PNH within the 

epileptogenic network is understood. It is therefore more than reasonable to assume that as Epilepsy Surgery 

centers will increase their experience with LiTT, the trend of LiTT treatment outcomes of PNHs will be the 

same or even more positive within the pediatric population. 

2.1.7 Mesial Temporal Lobe Epilepsy 

Treatment of mesial temporal lobe epilepsy (MTLE) by means of LiTT has been addressed by some studies 

concerning the adult population (123, 124). It can be reasonably assumed that this was for epidemiological 

reasons related to this type of epilepsy. Nevertheless, the technical considerations can be considered applica-

ble to the pediatric population as well. In MTLE, the percentage of patients seizure-free after LiTT is lower 

than in cases treated with open surgery (about 50%) (8). It can be speculated that this is partly due to the par-

ticular complexity of the epileptogenic network in MTLE, which may consequently lead to partial or com-

plete error in identifying the target of LiTT. However, it is important to note that LiTT treatment can be re-

peated, even multiple times, and that it does not preclude further treatment, surgical or otherwise (125). 



2.1.8 Insular Epilepsy 

Insular epilepsy is another potentially interesting area of application of LiTT in pediatric epilepsy surgery 

(126). The insula is indeed a deep encephalic structure with a rich and complex vasculature (127). Therefore, 

an open surgical approach to the insula, in addition to requiring considerable technical expertise, may be 

burdened by significant ischemic complications. Perry et al. (128) described 20 pediatric patients with insular 

epilepsy who underwent 24 LiTT procedures. After a mean follow-up of 20.4 months after their last treat-

ment, 10 patients (50%) were in Engel Class I, 1 (5%) in Engel Class II, 5 (25%) in Engel Class III, and 4 

(20%) in Engel Class IV at the last follow- up. Patients were discharged within 24h of the procedure in more 

than 60% of cases. Transient complications were registered after seven (29%) procedures: mild hemiparesis 

in six cases (all patients experienced complete resolution or had minimal residual dysfunction by 6 months), 

and expressive language dysfunction in another one (resolved by 3 months). More recently, another recent 

study by Hale et al. (129) compared LiTT and surgical resection of at least some portion of the insular cor-

tex, concluding that both surgical resection and LiTT are valid management options in the treatment of me-

dically refractory insular/opercular epilepsy in children. At present, therefore, and pending further and more 

in-depth studies, LiTT can certainly be considered an effective and low-risk alternative to open surgery for 

insular epilepsy. 

2.1.9 Other Epileptogenic Lesions 

Focal cortical dysplasias and dysembryoplastic neuroepithelial tumors (DNETs) are the most frequent causes 

of drug-resistant epilepsy in children (130). Nevertheless, the literature data on the use of LiTT in the treat-

ment of these diseases are still scarce and patchy, when compared with other epileptogenic conditions, such 

as HH (131-133). Other conditions associated with drug- resistant epilepsy, the treatment of which by LiTT 

has been sporadically reported to date, are Rasmussen"s encephalitis and parasitic lesion (131). 

2.2 MR-gLiTT in pediatric epilepsy surgery: outlines of technical principles 

The use of MR-gLiTT in Epilepsy Surgery requires the placement, through a micro-hole drill, of a laser fiber 

within an intracranial lesion target using stereotactic methods (frameless, robotic, or frame-based). A skull 

anchoring system is mounted on a steel rod and is screwed into the microhole at the calculated angle, for-

ming a solid anchor point for insertion of the laser fiber. The laser probe is then positioned through the above 

system until it reaches the intracranial target. Heat delivery is monitored in near real time by MR thermogra-

phy, as explained above, until the desired ablation is achieved; multiple heat deliveries may be required du-

ring the single procedure, and repositioning of the laser probe may be necessary (97). 



2.3 Gaslini Children’s Hospital series 

Overall, the age of the patients ranged from 11 months to 15 years. The mean age at surgery was 6 years (73 

months). Six of eight (75%) patients were male. Pathologies were represented by HH in six patients, TSC in 

one case, and DNET (residual lesion) in another one. Precocious puberty was present in three patients with 

HH (pt nr. 1, 7, 8); two of them received pharmacological treatment before surgical intervention. 

Patients were studied with prolonged video-EEG monitoring and brain MRI. 

Preoperative seizure frequencies ranged from 1 event per month to more than 40 per day. Seizure types were 

gelastic and dacrystic seizure in the six HH patients, five of them presented 

with additional seizure types (two focal seizures with impaired awareness—patient nr. 1 and 4—and one 

with spasms—pt. nr. 2). In patient nr 7 and 8, we could not assess the level of awareness impairment during 

the seizure (young age in pt 7, intellectual disability in pt 8). Patients affected with DNET and TSC presented 

with focal seizures with preserved awareness. 

In the HH cases, the EEG data, together with anatomical localization of the hamartoma, were used to decide 

the side of the entry point of the laser fiber on the skull. 

The trajectories of the laser fiber were designed using the following principles. For the HH cases, the target 

point of the laser probe was placed at a point between the lateral two-thirds and the mesial third of the ma-

ximum diameter of the lesion, measured on coronal and axial planes. Then, the intralesional target point was 

shifted slightly in a caudal and dorsal direction in the sagittal plane to maximize heat dissipation by the #heat 

sinks,” represented by the basal arachnoid cisterns and blood vessels. The trajectories of the laser probe were 

planned in order to avoid structures that could potentially be damaged mechanically or by the heat developed 

by the laser, such as cerebral blood vessels, optic tracts and/or optic chiasm, mammillothalamic tracts, and 

fornices. The laser system used (Medtronic Visualase
TM

) made it possible to monitor in almost real time the 

temperature variations reached at certain points, in order to avoid damage to the perilesional nervous structu-

res, automatically stopping laser delivery in the event of an increase in temperature beyond a previously set 

level (usually 45
%

C). In the patient with TSC, we performed a double ablation of two cortical tubers, during 

a single therapeutic session, using two laser fibers, monitoring temperature increments to protect ipsilateral 

optical radiation. In the case of treatment of residual parietal DNET, we paid special attention to avoid dan-

gerous temperature increases at the level of the corticospinal tract. Postoperative outcomes after laser abla-

tion, as characterized by the Engel Epilepsy Surgery Outcome Scale, ranged from class I to class IV. 

Three of the eight patients (two HH, one DNET) were completely seizure-free after the procedure. 



One patient (HH) experienced two focal episodes in the 2 months after the procedure; to date, he is seizure-

free with only one anti-seizure medication (ASM). 

Two patients with HH experienced rare, non-disabling seizures after the procedure (classified as Engel Ib). 

One patient with HH (#7) showed no seizure improvement (it is worth noting that the patient presented with 

a large HH). 

In the TSC patient with drug-resistant epilepsy associated with multiple cortical tubers, a significant reduc-

tion in seizure frequency (from two to three episodes per day to <1 episode per week) was achieved, along 

with an improvement in his behavioral hyperactivity. 

Postoperatively, no patients experienced new neurological morbidity or endocrine dysfunction, with two of 

them experiencing acute postoperative seizures (APOS). The mean hospital stay was 6 days, and 100% of 

patients regained normal preoperative motility and activity on the second day after the procedure. In three 

patients, neurodevelopmental assessment (Vineland scales) before and after the surgical procedure (at 6 mon-

ths in one patient, at 12 months in 2 patients) showed improvement in cognitive and social behavior. 

Although follow-up is overall very short (in two cases is shorter than 3 months) and the number of patients is 

still quite small, our data are globally consistent with those reported in literature, showing that the high majo-

rity of HH patients become seizure free after the procedure (108-110). Only one patient with a large HH has 

not shown an improvement after the intervention. 

In our opinion, besides from seizure outcome, the most striking aspect of the procedure is the regain of habi-

tual motility and functioning in such a short time compared to traditional surgery, with a reduced hospital 

stay and convalescence time (mean hospital stay 6 days vs. 12 days). 

The relevance of the technique is also fundamental in treatment of multiple tubers as in TSC cases: such a 

minimally invasive procedure could potentially make it possible to perform multiple surgeries on multiple 

tubers, something that is not advisable with a classical open technique. 

2.4 Discussion, general consideration, conclusion 

Although the evidence on the therapeutic results of LiTT in the pediatric setting is still limited in terms of 

both quantity and scientific quality, there is no doubt that, at least in perspective, it may represent a first line 

of minimally invasive treatment of diseases associated with drug-resistant epilepsy. This consideration is par-

ticularly pertinent for those brain lesions difficult to access with the methods of traditional surgery. The ove-

rall complication rate is considered more than acceptable compared to traditional surgical techniques, the 

epileptological outcome obtained with LiTT is commonly evaluated as good. It remains to be clarified what 

will be the real economic costs of this innovative technique on the various health systems. Carefully desi-

gned scientific studies will in any case have to 



take into account not only the currently high costs of this new technology but also the indirect cost savings 

through a shorter duration of hospitalizations, cost savings on ASMs, and medium- and long-term follow-up. 

Ultimately, although future prospective, multicenter studies will better define the role of LiTT in neurosurge-

ry, it is more than reasonable to believe that, with increasing ease of use and a more robust demonstration of 

efficacy, LiTT will rapidly become an extremely attractive therapeutic method for the treatment of many 

conditions associated with drug-resistant epilepsy. 



Fig 4 Two different cases of LiTT procedures for Hypothalamic hamartomas. Neuronavigation visualization 

of LiTT fiber placement for hypothalamic hamartoma. Orthogonal plains and “probe’s eye” visualization 

(lower, right) for checking the trajectory conflict with vascular anatomy to avoid hemorrhagic risk !



Fig 5 Red dot: entry point at the hamartomas dome, crossing the middle point of a line connecting forex 

(orange arrow) and mamillo-thalamic tract (red arrow), in order to lower memory impairment and endocrino-

logical disfunction. !



Vid.1 LiTT: video summarization of LiTT procedure for hypothalamic hamartoma (coronal view). Left: 

thermographic map with color coded color range. Right: software reconstruction of time-dependant tissue 

damage

Vid.2 Same procedure, second operative projection (axial view) !



Fig. 6 Software reconstruction  of time-dependent tissue damage

Fig. 7 Software reconstruction  of time-dependent tissue damage in a different case. Low temperature limit 

markers (blue) and high limit markers (red) are displayed. The latter, placed on noble structures surrounding 

the lesions, represents an automated protective system able to stop the energy delivery, in order to avoid  po-

stoperative neurological deficit. 



Vid.3 Using LiTT on two lesions in a child affected by Tuberous Sclerosis complex.
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