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Introduction

According to International League Against Epilepsy 
(ILAE) definition, “epilepsy is a disorder of the brain charac-
terized by an enduring predisposition to generate epileptic 
seizures, and by the neurobiologic, cognitive, psychological, 
and social consequences of this condition” [1]. Cognitive 
impairments, as well as mood and behavioral issues, repre-
sent common comorbidities of epilepsy [2, 3]. Despite the 
availability of antiseizure drugs for symptomatic treatment 
of epileptic seizures, about one-third of patients have drug- 
resistant epilepsy [4, 5]. Epilepsy surgery represents an elec-
tive treatment and cognitive decline is the most frequent 
comorbidity associated with this procedure [6-10]. 

The main aim of the surgery procedure is to improve 
the person’s health-related quality of life and to obtain the 
seizure freedom [11]. Moreover, early epilepsy surgery im-
proves the quality of life, cognitive and developmental out-
comes and allows the person to regain a normal life [12]. 
Furthermore, a successful epilepsy surgery focuses to pre-
serve or even to improve the patient’s functional capabili-
ties, emotional state, and behavior, including social cogni-
tive function [13]. However, 30% to 50% of surgery patients 
have a risk of additional postoperative memory impairment 
[14]. The major determinant of surgical cognitive outcome 
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is the “functionality” of brain areas affected by epilepsy 
which needs to be resected and the second determinant is 
the “functionality” of brain areas and functions that are not 
affected by epilepsy or surgery, also called patient’s mental 
reserve capacity.

 In the context of epilepsy surgery, a neuropsychologi-
cal assessment is considered mandatory and should form 
an integral component of the presurgical evaluation and as-
sessment of postoperative outcome for all epilepsy surgery 
patients [6, 15, 16]. In addition, the determination of lan-
guage lateralization is very important in planning surgical 
resections and predicting cognitive outcomes [6, 17, 18].

According to the special report of the ILAE Neuro-
psychology Task Force, Diagnostic Methods Commission: 
2017-2021, Neuropsychological assessment in epilepsy sur-
gery [6], a neuropsychological assessment plays a vital role 
during the two main phases of the neurosurgical manage-
ment: the first phase is the preoperative assessment, which 
implies the diagnosis of the impact of a lesion on cognitive 
functions and the second phase includes the postoperative 
or post-traumatic one, which will evaluate the cognitive re-
sult of the injury or the surgical treatment.

A neuropsychological assessment is a comprehensive 
and exhaustive assessment of skills and abilities linked to 
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brain function, which provide an overview of a person’s 
functioning, drawing on the person’s history, the clinician’s 
observations, and test scores in various cognitive domains 
[7, 19, 20]. The evaluation quantifies such domains as 
memory, IQ, language, attention, executive functioning, vi-
suospatial skills, cognitive abilities, emotional functioning, 
and behavior [14, 20, 21]. The aim of a neuropsychological 
evaluation is to assess and identify attentively and compre-
hensively the behavioral strengths and weaknesses beyond 
the multiple cognitive areas [22, 23]. 

The neuropsychological assessment contributes to a 
number of important decisions in medical aspects, such as 
identification of candidates for surgery, potential risk, ben-
efits and efficacy of treatments and rehabilitation, as well as, 
identification of epilepsy-related cognitive impairments and 
their etiologic attribution to lesions [24, 25]. The assessment 
also determines whether developmental problems are pres-
ent, establishes a diagnosis, guides treatment and educa-
tional planning, measures progress and demonstrates eligi-
bility for special education services [21]. According to K.B. 
Casaletto and R.K. Heaton [26], the primordial purposes of 
neuropsychological assessment remain constant, viz: (1) de-
tect cognitive dysfunction and guide differential diagnosis, 
(2) characterize changes in cognitive strengths and weak-
nesses over time, and (3) guide recommendations regarding 
everyday life and treatment planning.

Presurgical neuropsychological assessment
The primary role of neuropsychological assessment is to 

assess all cognitive, emotional and behavioral domains and 
to use the results from the presurgical assessment to estab-
lish a baseline assessment against which cognitive change 
can be measured after the surgery [6, 24]. The presurgical 
assessment also provides the teamwork with seizure de-
scription, lateralization, and localization, as well as with 
evidence-based predictions of cognitive results associated 
with the proposed surgery, including risk of amnesia, psy-
chologic and psychiatric issues [27-29]. The assessment 
should include formal measures of psychosocial function 
and health-related quality of life, and it is important to in-
clude the parental/caregiver or teacher evaluations of be-
havior, mainly in children [6].

After the assessment, it is vital to provide feedback 
and preoperative counseling including investigations of 
patient and family expectations of surgical treatment [6]. 
Communication of the results of the neuropsychological as-
sessment to the patient is an integral part of the presurgical 
evaluation. This will help the surgical candidate and their 
family understand the etiology of any cognitive or behavior-
al difficulties identified. The results of neuropsychological 
assessment contribute to the prediction of the postsurgical 
deficit risk. The most considerable predictors of neuropsy-
chological outcomes include the performance of presurgical 
tests, which reflect the functional integrity of the resected 
tissues and cognitive reserve capacities [7].

A preoperative neuropsychological assessment should 
include standardized tests of cognitive function and be-

havioral, emotional, and psychosocial functions [6, 21]. 
In general, a neuropsychological assessment will typically 
include assessment of intellectual functioning (IQ), verbal 
and visual memory, language, attention, executive function, 
visual-spatial and visual-perceptual skills, visual-motor and 
fine motor coordination as well as emotional and behavioral 
functioning [8, 20, 21, 24, 25, 30].

Postsurgical neuropsychological assessment
A postsurgical neuropsychological assessment is neces-

sary in evaluating the outcome because cognitive decline is 
one of the most significant sequelae of the epilepsy surgery. 
A postsurgical neuropsychological assessment should be an 
integral part of the epilepsy surgery [6]. The same principles 
that inform the comprehensive nature of the preoperative 
neuropsychological assessment should guide the assessment 
of postoperative outcome. The postoperative assessment 
should address all aspects of cognitive and behavioral func-
tion, as assessed prior to the surgery [6, 7]. In addition, a 
detailed picture of postoperative changes in seizure control 
should form an important part of the postoperative neu-
ropsychological assessment since the relationship between 
postoperative seizure control and cognitive change is a com-
plex one [31]. There is some evidence that cognition and 
memory improves with seizure control following successful 
epilepsy surgery, at least in some patients, while other stud-
ies have found no association or report greater cognitive 
declines in those with ongoing seizures following surgery 
[10, 31-35]. After surgery, children demonstrate faster reha-
bilitation from surgically caused impairments than adults; 
there is evidence of a greater plasticity and compensational 
capacity in childhood [36, 37].    

Additionally, the psychiatric comorbidities can occur 
independently or arise from the same organic substrate as 
the seizures and cognitive impairment [14]. Risk factors for 
psychiatric illness include a previous patient or family his-
tory, a structural brain abnormality, seizure frequency, med-
ication effects, cognitive impairment, personality traits, and 
social and family functioning [22, 25, 38, 39]. In some cases, 
psychotherapeutic support is welcome to help surgical can-
didates maximize their postoperative potential [6, 32]. 

Clinical case study
Neuropsychological assessment is recognized as a core 

investigation in presurgical planning for children with epi-
lepsy. The present case study evaluated an 11-year-old child, 
left-handed. The study was carried out at the Institute of 
Emergency Medicine and National Center for Epileptol-
ogy during 2019-2020. The patient was referred by his epi-
leptologist for a neuropsychological assessment because of 
his epileptic seizures and the diagnosis of a tumor in the 
temporal-parietal left hemisphere. As a result, the patient 
underwent an epilepsy/tumor neurosurgery. To assess the 
risk of cognitive decline and emotional and behavioral risk, 
the patient’s cognitive function was evaluated before and 
6 months after the neurosurgery. The neuropsychological 
assessment in this case, comprised 6 presurgical and post-
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surgical standardized tests. To assess the cognitive function, 
we used the following psychological instruments: Clinical 
interview; The Raven’s Progressive Matrices Test [40]; Rey 
auditory verbal memory test (RAVLT) [41, 42]; Rey Com-
plex Figure for visual memory test [43]; COWAT test for 

verbal fluency [44], the Cube coping and the Clock drawing 
test [45, 46].

Results

The neuropsychological test results are presented in ta-
ble1 2 and 3.

Table 1
neuropsychological assessment. Presurgical and postsurgical results organized by domain of function

Presurgical assessment Postsurgical assessment

Domain of function Scores Domain of function Scores

Intellectual functioning  Intellectual functioning 

Matrices Progressive Raven IQ=118 Matrices Progressive Raven IQ=121

Memory function Memory function

Rey auditory verbal memory test 
(RAVLT)

8/15; 8/15; 12/15; 11/15; 12/15 
List B – 8/15  
List A – 11/15 
after 30 min 15 words from 15

Rey auditory verbal memory test 
(RAVLT)

9/15; 11/15; 11/15; 13/15; 15/15 
list B 5/15 
List A – 13/15 
after 30 min 12 words from 15

Visual memory. Rey Complex Figure Test  Visual memory. Rey Complex Figure Test 

                 Copy - 90 percentiles
             Immediate recall - 90 percentiles
                Time – 3 min 18 sec

            Copy - 80 percentiles
         Immediate recall - 80 percentiles
            Time – 4 min 8 sec

Language. Verbal Fluency  Language. Verbal Fluency 

Phonemic: COWAT test – F-5; A-12; S – 9
Semantic: Animals – 15

Phonemic: COWAT test – F-5; A-11; S -8
Semantic: Animals - 13

Visual spatial skills  Visual spatial skills 

Clock drawing test 
Copied from the 3-rd trial.
Minutes – incorrect Clock drawing test 

Drawing from the 1st trial.
Minutes – incorrect

Cube copy test Copied from the 3-rd trial Cube copy test Copied from the 2-nd trial.

Table 2
Visual spatial skills, constructive disabilities

Image 1. Presurgical Clock Drawing Test Image 2. Postsurgical Clock Drawing Test

1st trial 1st trial

2nd trial

3rd trial
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Discussion

According to data shown in tab.1, a significant post-
surgical improvement in the intellectual performance can 
be observed. Before surgery the IQ of the patient was 118 
which corresponds to high average level, subsequently after 
the surgery the patient reached superior higher  level with 
IQ=121. 

According to the results of the Rey auditory verbal 
learning test (RAVLT), it can be concluded that the patient 
proved improvement in the first five recalling trials after the 
surgery; however, a decrease was noticed at the interference 
trial and after 30 min. It can be presumed that the concen-
tration and the short verbal memory improved, however the 
long-term verbal memory slightly decreased.

On the Rey complex figure test, the presurgical results 
were better than the postsurgical outcomes. Before surgery, 
the patient obtained 90 percentiles at reproducing and im-
mediate recall test and after the surgery the score was 80 per-
centiles at the same test trials. Another important observa-
tion regarding this test is the time for performing the Rey 
figure.  Prior to the surgery, the patient copied the Rey figure 
in 3 min. 18 sec. and after the surgery; he copied and recalled 
the same figure in 4 min. 8 sec. It can be hypothesized that 
the processing and reaction speed became slower after the 
surgery. Additionally, this test revealed a high level of anxiety 
before surgery, this was emphasized by the manner of draw-
ing, whereas the lines of the figure were repeatedly aggres-
sively accentuated. Later, the patient,s mother confirmed that 
the patient did not know about his health condition and his 

future surgery. After the surgery, the patient manifested ir-
ritability, which disappeared over a few months.

Nevertheless, the patient faced difficulties at the lan-
guage test (COWAT); his performance on confrontation 
naming, phonemic and semantic fluency was impaired 
equally before and after the surgery. However, it is difficult 
to assume if his verbal fluency was affected by epileptic sei-
zures, tumor or both.

While performing the Clock test, the patient was con-
fused, thus, before surgery (tab. 2, image 1) he had 3 attempts 
to draw the clock and he accomplished it from the third trial 
with mild error at ticking the minutes. Postsurgically (tab. 2, 
image 2), he drew the clock from the first trial and repeated 
the same mistake prior the surgery, and he reproduced more 
exactly the third presurgical trial. Almost the same difficul-
ties were encountered when coping the cube test. Before 
surgery (tab. 3, image 1) the patient reproduced the cube 
from the third trial and after the surgery (tab. 3, Image 2) 
from the second trial.

Thus, the neuropsychological assessment before the sur-
gery, revealed impairment in visual spatial skills, namely in 
the clock drawing and cube coping test. His performance 
was a borderline, with soft decline on measures of psycho-
motor processing speed, confrontation naming and seman-
tic fluency. Otherwise, the verbal, visual memory and intel-
ligence level were in the normal limits. Postsurgically, we 
noted an improvement in intelligence level and visual spa-
tial skills, however a slight decline but in normal limits were 
registered in verbal and visual memory.

Table 3
Visual spatial skills, constructive disabilities

Image 1. Presurgical Cube Coping Test Image 2. Postsurgical Cube Coping Test

1st trial 1st trial

2nd trial 2nd trial

3rd trial
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In conclusion, we can affirm that epilepsy surgery pro-
vided seizure freedom, improvement of intellectual level, 
positive changes in behavioral and emotional domains and 
a better quality of life of the patient and his family. 

This result confirms the findings of previous study con-
ducted by C. Cunningham et al. [47], who described an 
8-year-old boy with a history of intractable epilepsy who 
underwent a left frontal temporal-parietal resection. He 
passed a neuropsychological testing prior to and following 
surgery. Presurgical results indicated that his IQ was within 
the low-average range, whereas visual-perceptual abilities, 
the motor tasks and attention domains indicated some diffi-
culties. Postsurgical neuropsychological evaluation revealed 
a positive outcome. IQ remained in the low average range 
and there was a mild improvement in visual-perceptual/
visual-constructional areas. 

Regarding intelligence, E. Wyllie et al. [48] studied sei-
zure outcome in 136 pediatric patients who underwent 
surgery for intractable epilepsy and showed that IQ level 
tended to be higher in adolescents (85) than in children 
(76), whereas the full scale IQ tended to be highest for pa-
tients who underwent temporal resection. Another study 
[49] concluded that intelligence level remained stable two 
years after epilepsy surgery in 94 children and adolescents. 
A seizure-free outcome was the most important factor for 
the prognosis of cognitive development, regardless of the 
intellectual level of the child before surgery. On the other 
hand, U. Gleissner et al. [50] revealed in their study that the 
postoperative cognitive result was not dependent on seizure 
outcome, while IQ alone is not a good predictor of postop-
erative outcome in pediatric patients with epilepsy.

A long-term follow-up study of 42 children, who under-
went temporal lobe surgery after an average postoperative 
period of 9 years, reported that the surgery performed in 
childhood results in excellent long-term seizure control 
and favorable cognitive outcome along with positive effects 
on brain development [51]. A study from Khajavi et al. 
[52], which included 34 pediatric patients with medically 
refractory epilepsy and primary brain tumors who under-
went the neurosurgery, reported that completeness of tu-
mor resection is the most important factor in determining 
seizure outcome. 

A retrospective study comparing preoperative evalua-
tion and postoperative outcomes demonstrated that the re-
section surgery is an effective and safe intervention in early 
stages and in strictly selected pediatric patients with refrac-
tory epilepsy [53]. 

A. Miserocchi et al. [54] evaluated the relevance of the 
presurgical workup and the postoperative outcome in 68 
children who underwent temporal lobe epilepsy surgery 
(TLE), and concluded postoperatively that the percentage 
of patients with a pathological score invariably decreased 
compared with the results from the preoperative evaluation 
in all cognitive domains. Results of the neuropsychological 
evaluation indicated a long-term improvement in cognitive 
performance in all the explored domains after TLE surgery.

Conclusions

This article shows the importance of the neuropsycho-
logical assessment in epilepsy surgery as an obligatory and 
valuable part of the presurgical and postsurgical assessment. 
The article provides a comprehensive overview of the role of 
neuropsychological assessment in the presurgical and post-
surgical evaluation of epilepsy patients undergoing epilepsy 
surgery. The neuropsychological profile may have a predic-
tive role for the identification of the cognitive risks, out-
comes, and treatment. The neuropsychologist, along with 
other specialists from the multidisciplinary team, plays an 
important role in both the presurgical process and postsur-
gical rehabilitation and is a support to the patient and his 
family.

Therefore, new researches about neuropsychological as-
sessment may provide many relevant answers regarding the 
outcome of the epilepsy surgery as well as to influence the 
quality of life of the patient and his family.
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