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Purpose: We present our experience with the national epilepsy surgery program 
in Armenia by tracing the development of epilepsy surgery in the largest pediatric 
neurology department at “Arabkir” Medical Center. This development was possible 
on the basis of a strong collaboration with the Epilepsy Surgery center at the 
University Hospital “Sofia St. Ivan Rilski,” Sofia, Bulgaria.

Materials and methods: Our material included 28 consecutive patients with 
lesional drug-resistant epilepsy evaluated. All patients underwent 3  T MRI and 
Video-EEG monitoring. Brain 18FDG-PET was done in 13 patients in St. Petersburg. 
Fifteen patients (53%) had preoperative neuropsychological examination before 
surgery. All operations were done by the same neurosurgical team on site in 
Arabkir Hospital.

Results: The majority of the patients in our cohort benefited from the epilepsy surgery 
as 25 (89%) are free of disabling seizures (Engel class I) and three patients (11%) did 
not improve substantially (Engel class IV). Eleven patients (39%) are already ASM-free 
after surgery, 4 (14%) are on monotherapy, 11(39%) get two drugs, and 2(7%) are on 
polytherapy, one of them still continues having seizures. In 12 patients (43%), we were 
able either to withdraw therapy or to decrease one of the ASM.

Conclusion: We believe that, although small, yet encompassing patients along 
the usual age spectrum and with the most frequent pathologies of drug-resistant 
epilepsies, our experience can serve as a model to develop epilepsy surgery in 
countries with limited resources.
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Introduction

Armenia is a developing country located in Southern Caucasus with a population of 3 
million people. In early 2018, the World Bank upgraded Armenia’s status from a “lower middle-
income” to an “upper middle-income” nation, with health expenditure per capita reaching 524 
USD.1 Given the epilepsy prevalence rate of 5 per 1,000 person-years (1), the estimated number 

1 data.worldbank.org/
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of people with active epilepsy in the country is 15,000 at any given 
point. Considering that about 30% of these patients have drug-
resistant epilepsy and half of them are potential candidates for epilepsy 
surgery (2), there are at least 2,000 surgical candidates. Currently, 
there are over 200 adult neurologists, 40 pediatric neurologists, and 40 
neurosurgeons working in the country, and two epilepsy centers serve 
the pediatric and adult population.

Epilepsy surgery has proven to be  very effective in treating 
refractory focal epilepsies in children and adults by achieving seizure 
freedom or seizure control well beyond any other medical or dietary 
therapies (3). It still remains inaccessible in countries with limited 
resources for economic reasons and lack of well-organized epilepsy 
surgery centers. A 2006 survey conducted by the World Health 
Organization, the International League Against Epilepsy, and the 
International Bureau of Epilepsy found that epilepsy surgery was 
available in only 13% of Low Middle Income Countries (LMIC) as 
compared to 66% of high-income countries (4).

Here, we present our experience with the national epilepsy surgery 
program in Armenia by tracing the development of epilepsy surgery 
in the largest pediatric neurology department at “Arabkir” Medical 
Center and by analyzing our results in the cohort of operated patients 
for the period 2016–2022. This development was possible on the basis 
of a strong collaboration with the Epilepsy Surgery center at the 
University Hospital “Sofia St. Ivan Rilski,” Sofia, Bulgaria.

Materials and methods

Our material included 28 consecutive patients with drug-resistant 
epilepsy evaluated and operated on in Arabkir Medical Center, 
Armenia between 2016 and 2022. Drug-resistant epilepsy was defined 
as the failure of two tolerated, appropriately chosen and used 
antiepileptic drugs (AEDs) to achieve sustained seizure freedom (5). 
All patients had a lesion on the brain MRI and underwent long-term 
video-EEG monitoring (LT-VEEG) in our Epilepsy Monitoring Unit. 
The LT-VEEG was performed for minimum 24 to maximum 48 h, 
with anti-seizure medication (ASM) withdrawal or transient ASM 
reduction before and during the examination. Brain 18FDG-Positron 
Emission Tomography (PET) was done in 13 patients in St. Petersburg 
(“Institute of Human Brain”).

Fifteen patients (53%) had preoperative neuropsychological 
examination before surgery by Epitrack or EpiTrack Junior, Boston 

Naming Test (BNT), Grober & Buschke verbal memory test, Beck 
Depression Inventory, Rey Complex Figure Test, Montreal Cognitive 
(MoCa) Test, Children’s Memory Scale (CMS), and Wechsler 
Intelligence Scale for Children (WISC V) (Table 1). The results showed 
full concordance with EEG and MRI data. Due to lacking financial 
coverage neuropsychological testing, including post-operative 
assessment was not possible in all patients.

The results from the presurgical work-up were discussed in 
multidisciplinary on-line conferences including neurologists, 
neurosurgeons, and neuropsychologists from both centers. The type 
and extent of surgical resection were defined according to the limits 
of the presumable epileptogenic zone (EZ) and its relationships with 
the functional zones. If invasive EEG exploration was indicated for 
precise localization of EZ, its relationships with eloquent cortex, and 
the feasibility of a tailored surgical resection (6) the patient was 
referred for SEEG and surgery to Epilepsy Surgery Center in Sofia.

All operations were done by the same neurosurgical team (KM, 
KG, and SB) on site, in Arabkir Hospital. All operated patients 
underwent LT-VEEG and control MRI 2 months after surgery and had 
a regular follow-up visits every 6 months thereafter.

Surgery outcome was assessed by Engel Outcome Scale (7) and 
classified into following categories: Engel class I  (free of disabling 
seizures), Engel class II (rare disabling seizures [“almost seizure-free”]), 
Engel class III (worthwhile improvement), and Engel class IV (no 
worthwhile improvement). As “disabling” we qualified focal seizures with 
impairment of consciousness and focal to bilateral tonic–clonic seizures.

Results

A total of 28 epilepsy surgeries (16 pediatric cases) were done 
between September 2016 and March 2022. The mean follow-up period 
was 4 years (1 year–7 years). The patients (14:14 sex ratio) were at an 
age from 2 to 37 years (mean 17 years). Epilepsy onset was in the age 
range 1–19 years (mean 6 years), with six of the patients (21%) 
experiencing seizures in the first year of life. The mean duration of 
epilepsy was 10 years (range 1–33 years). Ten patients (36%) had daily, 
8 (29%)—weekly, and 10 (36%)—monthly seizures. Seizures during 
LT-VEEG were recorded in 25 patients (89%). In three patients with 
tumors and rare seizures, we  considered well-localized and 
corresponding to the lesion (lateralization and localization) interictal 
discharges on LTM-VEEG sufficient to propose surgical intervention.

TABLE 1 The results of presurgical neuropsychological assessment.

Pathology Side Intelligence 
(N  =  4)

Visuo-
spatial 

memory 
(N  =  14)

Language 
(N  =  13)

Executive 
function 
(N  =  14)

Verbal 
memory 
(N  =  15)

Mood 
(N  =  1)

HS R 3 2 3 2

L 3 2 5 3 1

Residual change R

L 2 2 2 2

FCD R 2 1

L 1 1

LEAT R

L 1 2 1
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Seven patients (25%) were preoperatively receiving one ASM, 15 
patients (54%)—two ASM, and 6 (21%) were on polytherapy with ≥3 
ASM. Co-morbidities were present in 10 cases (35%): four patients 
(14%) had intellectual disability, five patients (18%) had learning 
disability, and one child (4%) had autism.

The baseline characteristics of patients are presented in Table 2.
All patients had focal lesional epilepsy, including four children 

(14%) with hemispheric pathology. Nineteen patients (68%) had 
temporal lobe epilepsy (nine left-sided and 10 right-sided lesions), and 
five patients (18%) had extratemporal epilepsies. The most frequent 
histopathological finding was hippocampal sclerosis (10 cases), 
followed by focal cortical dysplasia (FCD; eight cases), Long-term 
Epilepsy Associated Tumors (LEATs; seven cases), and residual post-
hypoxic–ischemic/post-hemorrhagic changes (three cases). Epilepsy 
surgery was temporal in 19 (68%) and extratemporal in 5 (18%). In 
four cases (14%), we  performed disconnective surgeries: 
hemispherotomy (n = 2) and tailored disconnections (n = 2).

In two patients, we performed intraoperative neuromonitoring 
(IONM) under general anesthesia for mapping of motor cortex and 
corticospinal tract, and in one patient IONM was done in awake 
condition for language mapping.

Epilepsy surgery outcome

Majority of our patients benefited from the epilepsy surgery as 25 
(89%) were free of disabling seizures (Engel class I) and three patients 
(11%) did not improve substantially (Engel class IV). Among the 
seizure-free patients, 17 (68%) had temporal lobe epilepsy, 3 (12%)—
frontal lobe epilepsy, 2 (8%)—parietal lobe epilepsy, and 3 (12%)—
hemispheric epilepsy.

The best outcome was observed in the “residual lesions” 
group, where all three patients have Engel class I  outcome, 
followed by HS group (nine out of 10 seizure-free), FCD group 
(seven out of 8 seizure-free), and LEATs (six out of seven 
seizure-free).

In our patients with excellent post-surgical outcome an epilepsy 
duration of less than 10 years was almost twice as prevalent as a longer 
epileptic disorder (17 vs.11 patients).

We were able to stop ASM in 11 patients (39%), while four 
patients (14%) are on monotherapy, 11 (39%)—on two drugs, and two 
(7%)—on polytherapy (one still having seizures).

Five patients (18%) experienced early post-operative seizures 
during the first week after operation. In none of them treatment was 
stopped. In one patient with big dysplasia and tailored disconnective 
procedure (“everything-but-motor”; case 2, Table 3), the change in 
ASM led to >1-year seizure control; therefore we could consider this 
case made “drug-sensitive” by the epilepsy surgery. In three patients 
the seizures spontaneously stopped.

We had three cases of epilepsy surgery failure: (1) one adult with 
right-sided HS, concordant results of all presurgical examinations, 
right ATLE, and presumable “temporal-plus” epilepsy due to probable 
insular involvement (not possible to invasively explore at the time of 
the epilepsy surgery); (2) one child with right frontal FCD, complete 
removal of the visible lesion and 1-year seizure-freedom without 
ASM, with a relapse of new seizure type suggesting a larger EZ; (3) one 
child with complete removal of a right temporal isomorphic 
astrocytoma, 1-year seizure freedom, relapse on withdrawal of ASM, 
whose re-introduction was not efficient, thus suggesting a genetic 

epilepsy background (not previously excluded as the patient had only 
negative SCN1A sequencing due to febrile seizure clusters preceding 
the epilepsy).

TABLE 2 Baseline characteristics of patients.

Total number of 
patients—28

Febrile seizures 10 (35%)

Co-morbidities 10 (35%)

Types of seizures

  Focal seizures 12 (43%)

  Focal and focal-to-bilateral 9 (32%)

  Focal-to-bilateral only 3 (11%)

  Spasms 4 (14%)

Investigations

  Ictal EEG 25 (89%)

  3T MRI 27 (96%)

  1.5 T MRI 1 (4%)

  PET 13 (46%)

  Genetics 1 (4%)

Pathology

  LEAT 7 (25%)

  DNET 3 (43%)

  Pilocytic astrocytoma 1 (14%)

  Isomorphic astrocytoma 1 (14%)

  Pilomyxoid astrocytoma 1 (14%)

  Ganglioglioma 1 (14%)

  FCD 8 (28%)

  Temporal 4 (50%)

  Frontal 3 (37%)

  Hemispheric 1 (13%)

  HS 10 (36%)

  Residual posthypoxic-ischemic/posthemorrhagic 3 (11%)

Type of surgery

  Tumor resection 7 (25%)

  ATLE + AHE 10 (39%)

  Hemispherotomy 2 (7%)

  Tailored disconnection 2 (7%)

  Lesionectomy 7 (25%)

Surgeries

  Temporal 19 (68%)

  Extratemporal 5 (18%)

  Temporal + Extratemporal 4 (14%)

Outcome

  I 25 (89%)

  II -

  III -

  IV 3 (11%)

Free of ASM 11 (39%)
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The results of surgeries are presented in Table 2.

Post-surgical complications

None of the patients had persistent postoperative neurological 
deficit. In two cases, transient motor deficit due to SMA syndrome 
and/or edema resolved in 2–4 weeks.

We have observed unusual postoperative fever in two patients 
(7%). The elevated cerebro-spinal fluid (CSF) pleocytosis prompted 
antibacterial treatment for meningitis in these cases, although no 
bacterial microorganism was detected in the CSF culture. Another 
patient (4%) had local staphylococcal facial skin infection adjacent to 
a pin insertion site and was treated with antibiotics.

In two patients (7%) with large disconnective surgeries signs of 
increased intracranial pressure (somnolence, weakness, and bilateral 
abducens palsy) required a lumbar tap that proved a 2-fold increase in 
CSF pressure. In one of these patients the lumbar puncture led to a 
dramatic improvement, whereas the other needed a ventriculo-peritoneal 

shunting. No deaths or new neurological deficits were related to the 
epilepsy surgery.

Discussion

Development of epilepsy surgery program

The epilepsy surgery program in Armenia was not blindly 
modeled after patterns followed in the Western world, where the 
epilepsy surgery centers (e.g., in most European countries) 
developed in neurosurgery or neurology departments (8). To the 
best of our knowledge, Armenia stands as the first example of an 
epilepsy surgery program that emerged within a pediatric 
neurology department. This accomplishment was possible due to 
the prioritization of our hospital’s project, “Improving epilepsy 
patients’ care.” For more than 10 years, the Pediatric Epilepsy 
Center provides care for over 3,600 Armenian children 
with epilepsy.

TABLE 3 Complex epilepsy surgery cases with IONM.

Clinical data Pre-operative MRI Post-operative CT/MRI

Patient 1 Pathology: Residual left-hemispheric pathology.

M, 12 years Seizures: Daily asymmetric tonic spasms provoked by unexpected tactile and 

auditory stimuli.

Neurological examination: Mild right-sided hemiparesis.

MRI: Axial T2 with a small cortical remnant on the left parasagittal (white 

arrow in Figure A).

Wada test: Confirmed right leg motor functionality of the parasaggital cortical 

remnant.

Surgery: Modified hemispherotomy after intra-operative monitoring (IONM) 

and preservation of the right leg motor function (early sagittal CT showing 

the descending fibers from that area, white arrow on Figure B).

Follow-up: Early postoperative seizures for 1 week, then >1 year seizure-free.

Patient 2 Pathology: Large cortical malformation of the left hemisphere (white oval on 

axial T2-MRI, Figure A1).

F, 2 years Seizures: Daily asymmetric spasms and right hemifacial seizures

Neurological examination: Normal

Surgery: IONM during extensive frontal lobectomy up to the motor cortex; 

and temporal disconnection. Early postoperative axial CT scan (Figure B1) 

demonstrating the cystic cavity on the left frontal (bold white arrow) and 

small subdural hygroma with air collection (thin white arrows).

Follow-u p: No motor deficit. Early postoperative seizures with excellent effect 

of Carbamazepine introduction.

Patient 3 Pathology: Left parietal tumor adjacent to eloquent areas (supramarginal 

gyrus) as seen on sagittal T2-MRI (hyperintensity lesion, white arrow, Figure 

A2).

Seizures: Head deviation to the right with bilateralization.

M, 13 years Surgery: Awake craniotomy with IONM and simultaneous testing of language 

functions allowed complete tumor resection (white arrow on sagittal and thin 

cystic cavity on 6-month post-operative contrast-enhanced T1-MRI, Figure 

B2).

Follow-up: Seizure-free and no ASM for >5 years.
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Lack of resources and trained staff appeared a huge hindrance 
toward starting a specialized epilepsy surgery program (9–11). In our 
settings, the well-trained epilepsy specialists could define patients 
eligible for surgery, yet for many years the lack of LT-VEEG, high 
quality MRI, and of neurosurgery department contributed to the 
substantial delay in providing a thorough presurgical work-up and 
surgical treatment for drug-resistant patients (Table 3).

During this period, we  made a remarkable progress in the 
presurgical evaluation work-up (phase 1). We  started with a 
32-channel video-EEG workstation and between 2017 and 2019 
our center was equipped by four video-EEG stations, including one 
64-channel. One local neurosurgeon and a neurosurgery trainee 
have joined our epilepsy team. The local epilepsy specialist, 
neurosurgeon, and EEG technician accomplished various training 
programs at epilepsy and neurosurgery centers in Europe and the 
United  States, including multiple visits to our partner, the 
University Hospital “St. Ivan Rilski” in Sofia. Two experienced 
neurodevelopmental pediatricians received virtual and in-person 
training from experts in Bulgaria and the United  States in 
neuropsychological testing, including testing during the Wada 
procedure. Furthermore, the newly established neurosurgery 
department at the “Arabkir” Medical Center has undergone 
significant and continuous upgrades.

Indications and pathology

We have restricted our selection criteria to well-defined lesional 
cases. This approach reflected the stepwise experience of epilepsy 
surgery programs in the developed countries that started with 
resections of structural epileptogenic lesions and had high success 
rates due to good correlation of the lesion and the EZ (8, 12, 13). In 
the selected, lesional only, cases excellent postoperative outcome was 
highly probable even by relatively inexpensive and non-invasive 
technologies. As already emphasized, this approach primarily depends 
on locally available settings and expertise without compromising the 
patient safety (8).

In our cohort HS (63%; adults), FCD (23%; children), and LEATs 
(23%), were the most common pathologies, which is a finding fully 
concordant with the results of experienced centers (14). Although 
we aimed to obtain ictal EEG recordings in most patients, in three 
cases with LEATs surgeries were performed based on interictal EEG 
findings and led to seizure-freedom. Our confidence relied on already 
described good correlation of seizure-onset zone with structural 
abnormalities seen in MRI in tumor-related epilepsies (9, 15–17).

In high risk surgeries where EZ may possibly overlap with 
eloquent cortex, brain mapping with functional MRI and invasive 
evaluation by SEEG or subdural grids could help in preoperative 
planning of the resection. Inborn and acquired lesions may 
provoke functional reorganization and important changes in the 
map of eloquent cortex and in such cases awake surgery and/or 
IONM are important options to intraoperatively adapt the 
preoperative plan in order to avoid permanent postoperative 
neurologic deficit and achieve good seizure outcome (18). 
We  found IONM affordable and feasible method for complex 
epilepsy surgeries in a setting with limited resources (Table 2). 
Based on our, though small, experience we believe that tailored 
disconnective surgeries in carefully selected patients with unilateral 

MRI pathology and EEG abnormalities could be a successful and 
safe intervention without intraoperative neuroimaging, and is 
essentially dependent on the neurosurgeon’s experience and skills.

Seizure outcome

The best postsurgical outcomes in our cohort were observed in the 
“residual lesions” group (100% seizure freedom, three out of three 
children) followed by “pure” temporal lobe epilepsy (89% seizure 
freedom, 17 out of 19 patients). The first result is not surprising as 
residual hemispheric epilepsy is usually treated by large disconnective 
surgery, primarily hemispherotomy, which is one the most effective 
surgical procedure with pooled seizure-free rate of 73% in a recent 
meta-analysis (19). In general, the efficacy rate of epilepsy surgery in 
our cohort is comparable with that of other centers having the best 
outcomes in electro-clinically concordant MRI lesions (60–70% 
seizure freedom) (12, 13). In accordance with international data (13), 
we found that in our seizure-free group (n = 24) temporal lobe surgery 
prevailed (68%, n = 17) as well as shorter epilepsy duration (68%, 17 
patients with surgery within 10 years after epilepsy onset).

Regarding drug discontinuation after successful epilepsy surgery, 
which was possible to achieve in almost 40% (n = 11) of our patients 
at 1–5 years post-operation, this result is again consistent with recent 
findings (14–51% drug freedom at 5 years) in the large retrospective 
multicenter European study (14), including almost twice as big 
proportion of seizure-free and drug-free pediatric cases (7 children vs. 
4 adults).

All seizure-free or improved patients and/or their relatives 
reported marked improvement in neuropsychological functioning, 
which, unfortunately, cannot be objectivize by formal post-operative 
neuropsychological testing for previously mentioned reasons. Nearly 
half of our adult patients were able to secure employment.

Complications

Complication rates for focal resective epilepsy surgery have 
decreased dramatically over time. Minor and major medical 
complications were reported in 5.1 and 1.5% of patients, respectively, 
and perioperative mortality was very low after epilepsy surgery, 
occurring in only 0.4% of temporal and 1.2% of the extratemporal 
epilepsy patients (20). In particular, the risk of permanent neurological 
deficits was very low (5.2% in temporal versus 19.5% in extratemporal 
group) (21) and can be explained by the use of intraoperative 
monitoring (18), which, we believe is the reason for lack of any 
persistent neurological deficit in our group.

It has been established that the frequency and nature of specific 
complications of epilepsy surgery vary depending on the type and 
extent of surgery (disconnective, resective, and invasive exploration), 
the location of the resection (temporal vs. extratemporal), and the age 
of patient (pediatric vs. adult) (20, 22). Not surprisingly, in our cohort, 
the most serious complications (increased intracranial pressure) 
occurred in two (out of 4) children with large disconnections and 
fortunately, only one of them (25%) needed a permanent ventriculo-
peritoneal anastomosis. This incidence is similar to the serious 
complications rate (between 5.2 and 27.5%) in hemispherotomies 
found by bigger and more experienced centers (20).
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The complication rate for wound infection/meningitis dropped 
to 1.1% in temporal and 1.9% in extratemporal surgeries as found 
by a large meta-analysis for the period 1980–2012 (23). In pediatric 
population infectious complications rate are even lower: 0.2% for 
osteomyelitis, 0.4% for wound infection (significantly lower than 
1.1% in adults) (24), and 0.7% for meningitis (25). In our cohort 
infectious complications occurred in three patients (11%), which 
is considerably higher than the above rates (4) but remained 
without any sequelae. It is well known, that the rate of surgical 
wound infections is strongly influenced by operating theater 
quality (26) and appropriate post-surgical care. Surgical site 
infection rates can be improved by acting upon various factors—
from the surgical environment itself to procedural aspects and staff 
behavior. We appreciate that the higher infectious complications 
rate in our cohort is most probably related to all these factors, as 
epilepsy and functional brain surgery were performed for the first 
time in our hospital and in the country, and environmental 
improvement and staff education were achieved throughout the 
development of our epilepsy surgery program.

Future perspectives

Similarly to other epilepsy surgery programs, where patients and 
their caregivers bear the cost of medical care, majority of our patients 
were not able to afford expensive investigations (3, 10), this way 
preventing the more rapid implementation of new technologies in 
difficult case scenarios, which then could be considered surgically 
remediable and proceed to surgery. With more experience and the 
availability of newer technologies, more complex cases could 
be  selected and operated. The recently acquired Electa Leksell 
Stereotactic System will facilitate our next step—the implementation 
of stereo-EEG explorations in our epilepsy surgery program.

Conclusion

In general, the seizure outcome and general post-surgical 
complication rate (except the minor infectious complications) in our 
cohort align with international results (20). We believe that, although 
small, yet encompassing patients along the usual age spectrum and 
with the most frequent pathologies of drug-resistant epilepsies, our 
experience can serve as a model to develop epilepsy surgery in 
countries with limited resources.
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