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Epidemiology
• Epilepsy affects 0.8-1.0 % of population worldwide

50 million people worldwide

third most frequent neurological disease

(Haedache and CVD)

• Around 70% of patients have seizures controlled by drugs

• 30% are Drug Resistant Epilepsy:

• 30% of all epilepsies

• > 50% of focal epilepsies

• Italy

• 5-600.000 epileptic patients

• 150-200.000 drug resistant

• Tuscany

• 36.000 epileptic patients

• >10.000 drug resistant

Drug-resistant epilepsy is a severe health problem, associated with increased 
mortality, morbidity, and reduced HRQOL for patients and their caregivers. 
It is associated with high unmet needs, especially regarding the availability of 
treatment alternatives that provide added efficacy over existing therapeutic 
alternatives.



Predictive factors of DRE

- early age at onset of the disease

- presence of interictal epileptiform activity

- history of status epilepticus 

- febrile seizures 

- symptomatic etiology 

- multiple seizure types 

- comorbidity of neuropsychiatric or neurological disorders

- retardation in the neurodevelopment process
Voll 2015, Yldiz 2018; Nogueira 2017, Wang Xue-Ping 2019 

DRE “failure of adequate trials of two tolerated, appropriately chosen and used ASM

schedules (in monotherapy or in combination) to achieve sustained seizure freedom for
12 months or three times the preintervention interseizure interval, whichever is longer
(ILAE -Kwan et al., 2010).”



Neural network: recurrent epileptic seizures in DRE generate neural death and the formation of 
aberrant and excitatory circuits. (MRI PET: identifying both poor anatomical and functional 
connectivity during epileptic activity as well as during brain activity at rest)

Intrinsic severity:  is associated with a high release of 
glutamate
(detected in the epileptic focus of patients with drug-
resistant
TLE during the ictal and interictal activity) induces 
excitotoxicity and the formation of aberrant neuronal 
circuits 
(a condition associated with the neural network 
hypothesis)
Glutamate favors the overexpression of P-glycoprotein

Genetic variation: 
-Gene variants associated with the protein expression of 
GABAA, ion channels, enzymes of the cytochrome P450 
family and drug transporters
-Epigenetic changes alter gene expression through 
chromatin modifications without altering the DNA 

activation or silencing of gene expression 

Therapeutic target: molecular changes in therapeutic targets 
with  lack of efficacy of AED
. i.e  changes in the voltage-dependent sodium channels 
or  Alterations in the distribution and expression of GABAA

Drug transporter: elevated expression of drug transporters in BBB
with low concentrations of AED at the brain parenchyma and 

a decrease in their effectiveness . 
P-glycoprotein is overexpressed in neurons, astrocytes,cardiomyocytes 
as a consequence of repeated seizures or status epilepticus.
The overexpression of P-glycoprotein is associated with an 
increase in the membrane depolarization potential and 
increased neuronal excitability 
(in cardiomyocytes can relates with SUDEP) 

Pharmacokinetic: DRE as  a consequence of alterations in the cytochromes and drug transporters involved in the metabolism and elimination of antiepileptic drugs. 
Polymorphisms in the CYP3A isozyme are related to drug-resistant epilepsy because they are associated with decreased plasma levels of several antiepileptic drugs 
and a poor therapeutic response

Possible interplay between the theories of DRE 



In controlled epilepsy, normal quality of life 

In DRE the quality of life is poor, associated, among the others, with the occurrence of ASD-related adverse events
(especially those affecting mood, cognition and coordination.)

NO SIDE EFFECTS



DRE higher frequency of 

- comorbidities 

- behavioral, motor and cognitive deficits

- higher suicidal tendency (Lhatoo and Sander, 2005; Mesraoua et al., 2020) 

- ASD-induced side effects (such as dizziness, weight gain, and 
sexual dysfunction) (Hermann et al., 2006; Alexopoulos et al., 2007; McCagh et al., 2009; Atif 

et al., 2016). 

- higher mortality rates (2–10- times) compared with the 
general population (Chapell et al., 2003; Gaitatzis et al., 2012; Trinka et al., 2013)

“sudden unexpected death in epilepsy” (SUDEP)  a principal 
cause of high mortality rates (Tomson et al., 2008; DeGiorgio et al., 2017). 

• 1/150 PWE dies from SUDEP

• Leading epilepsy related cause of death

• Issue rarely addressed (18% )

Clinical Outcome 
in DRE



Psycho-Social 
Outcome in DRE

• Lack of access to or change in employment or education 

• Loss of a driving licence

• Marital and social problems 

• Physical inactivity 

• Experience of stigma and discrimination 

• Psychological comorbidities such as anxiety, depression and sleep disturbance 

• Cognitive disturbances  (learning disabilities, memory, attention)





• Insufficient number of referrals to specialized epilepsy units            misdiagnosis, late detection, 
and delayed instauration of effective therapies 

• Lack of effective pharmacological treatments. 

• Availability of resources at regional level

• Dependence on family : High unemployment rates and occupational incapacity 

• Negative impact of DRE in healthrelated quality of life (HRQOL) in patients and caregivers

More than one-third of patients need a caregiver for day life activities

Unmet Needs



• The costs associated with the treatment of DRE consumes a high percentage of healthcare 
resources 

• DRE results in a considerable budgetary impact for patients and their families/caregivers, 
particularly in rural and remote regions where equity of access to necessary resources and skilled 
medical care can be difficult

Unmet Needs



Key Skills in Managing DRE

Knwoledge of anti seizure medications 

Knowledge of electroclinical features -
Precision Therapy

Taylored therapy (surgery)



II-Use ASDs adapted to the patient’s epilepsy syndrome.

I-Alternative Monotherapy or Adjunctive Therapy?

a second ASD could render 11% additional patients seizure-free
Third AED or more provided less than 5% additional probability 
of seizure freedom

(Chen, 2018)



Lifetime Prevalence of Epilepsy

• PATIENT’S AGE: impact of ASD on cognitive functioning (VPA in children) risk of imbalance (sodiumchannel blockers), impaired 
alertness (BDZ)

• PATIENT’S GENDER: risk of malformations and/or cognitive deficit in children after inutero exposition to ASD
• RISK OF DRUG–DRUG INTERACTIONS (between ASDs and/or with non-ASD molecules)
• PATIENTS’ COMORBIDITIES

Choosing ASD Upon Their Safety Profile



III- Drugs acting on Disease-Specific Pharmacological targets?
Precision Therapy

• Genetic abnormalities cause 70% of epileptic syndromes

• Multigene panel

• Clinical exome testing

• Clinical genome testing

• Chromosomal Microarray

• Next generation sequencing

a personalization of treatments that ideally should be targeted 
towards the precise molecular pathogenesis of disease

Need for genetic counseling



Tuberous Sclerosis Complex
• Mental retardation
• Multiorgan lesions
• Brain tumor
• Encephalopathy
• Drug resistant epilepsy

Mutations of TSC1 or TSC2 genes (95% of patients) cause suppression of 
mTOR (mechanistic target of rapamycin) inhibition 
Everolimus, a drug inhibiting the mTOR pathway, significantly
reduces seizure frequency in patients with TSC



• Dravet Syndrome 

loss of function in the SCN1A gene encoding the α1 subunit of the sodium channel gene SCN1A

avoided treatment with sodium channel blockers (CBZ, PHT) 

• Developmental epileptic encephalopathy 

gain of function in the SCN2A and SCN8A genes encoding subunits of the neuronal voltage-gated sodium channel

main therapeutic strategy use of sodium channel blocking

Retigabine a potassium channel opener drug restoring normal channel function (KCNQ2 -encephalopathy 
associated with loss-of-function mutations) (adverse effects including skin and retinal pigmentation 
potentially leading to visual loss)

ketogenic diet –standard choice-
it provides ketone bodies for brain energy metabolism and thus compensates the 
brain energy failure syndrome caused by impaired glucose transport across brain 
tissue barriers.



Epilepsy Surgery

Resective Palliative
• VNS

• DBS

• Callosotomy

• Others





TREATMENT 
DELAY

18 YEARS
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Multidisciplinary Approach to Drug Resistant Epileptic Patient



NAEC defines four levels of epilepsy care:

• Level 1 epilepsy care typically occurs at an emergency room or a primary care physician’s 
office with an epilepsy evaluation.

• Level 2 epilepsy care involves a consultation with a general neurologist. This consultation 
may occur at a specialized epilepsy center.

• Levels 3 epilepsy centers provide basic neurodiagnostic evaluations (medical, 
neuropsychological, and psychosocial treatment). Some level 3 centers offer noninvasive 
evaluation for epilepsy surgery, straight-forward resective epilepsy surgery, and 
implantation of the vagus nerve stimulator. These centers do not perform intracranial 
evaluations or other more complex epilepsy surgery.

• Level 4 center provides the more complex forms of intensive neurodiagnostic monitoring, 
as well as more extensive medical, neuropsychological, and psychosocial treatment. Level 
4 centers also offer a complete evaluation for epilepsy surgery, including intracranial 
electrodes and a broad range of surgical procedures for epilepsy.



Centri riconosciuti dalla LICE ad indirizzo medico o chirurgico, 
classificati in diversi livelli in base alla tipologia organizzativa e alle prestazioni strumentali e terapeutiche che 
possono essere erogate presso le diverse strutture



Nel 2019:

Piemonte, Toscana ed Emilia Romagna risultano le uniche tre Regioni italiane ad avere un Piano 

Diagnostico Terapeutico Assistenziale (PDTA) dedicato alla patologia. 

Nel Lazio e in Abruzzo è in corso di elaborazione. 

Emilia Romagna, Toscana e Lombardia, inoltre, le sole Regioni ad avere proprie Linee Guida Terapeutiche 

dell’epilessia.
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PEDIATRIC
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In progress….in collaboration with LICE Tuscany coordinators (E. Rosati & R. Galli)

Update Mapping of Epilepsy Care facilities in Tuscany

to allow an easier accessibility to the best possible care

related to each individual person with Epilepsy needs  

Without the need of super abilities





• Epileptic patients well controlled General Neurologist
• Epileptic patients controlled but «special patients»

polytherapy

elderly General Neurologist Epilepsy Center 

pregnancy

• Drug Resistant Epileptic patients Medical/Surgical Epilepsy Center

Complexity levels



Decision tree 

(Yoo and Panov, 2019)



• The minimum duration required to evaluate the response to an ASD might vary across patients

• The threshold of two ASD may look arbitrary

• Only half of patients with uncontrolled seizures might meet the ILAE criteria of DRE (divergences 
related to ASD dosage and/or adverse events e/or the choice of the previously failed ASD.)

• Distinguishing drug-resistance from “pseudoresistance”:

-Treatment compliance needs to be systematically evaluated

-Psychogenic non-epileptic seizures (up to 20 to 25% of pseudo-resistance)

- Inefficacious, or even worsening, ASD for a dedicated epilepsy syndrome (i.e 
carbamazepine, phenytoin or gabapentin, can aggravate seizure frequency or precipitate status 
epilepticus in IGE) 

Need to be underscored


