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Objectives: People with refractory epilepsy submitted to surgery may improve or deteriorate their
cognitive and emotional functions. The aim of this study was to determine the predictors of longitudinal
changes in psychopathological symptomatology, one year after epilepsy surgery, considering clinical and
demographic characteristics.
Methods: People with refractory epilepsy referred to epilepsy surgery were included in this ambispective
study. Psychiatric evaluations were made before surgery and one year after the procedure. Demographic,
psychiatric, and neurological data were recorded. Linear regression was used to analyze longitudinal data
regarding the Global Severity Index and 9 symptom dimensions of Symptom Checklist-90 (SCL-90).
Results: Seventy-six people were included. Bilateral epileptogenic zone, lack of remission of disabling
seizures, and deep brain stimulation, targeting the anterior nucleus of the thalamus (ANT-DBS), were the
most important predictors of an increase in SCL-90 scores, after surgery.
Conclusion: Some individual factors may have an impact on the development or worsening of the previous
psychopathology. This study identifies clinical aspects associated with greater psychological distress, after
surgery. These patientsmay benefit frommore frequent psychiatric routine assessments for early detection.
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1. Introduction

About one-third of people with epilepsy do not respond to adequate
antiepileptic drug treatment [1]. These people are considered to have
refractory epilepsy, a chronic and debilitating condition with a great
impact on patients' quality of life [2,3].

Not surprisingly, previous studies have reported high rates ofmental
disorders and psychopathological symptoms in people with epilepsy,
particularly in those suffering from refractory epilepsy [3–5]. The most
commonly reporteddisorders are affective and anxiety syndromes [6,7].

Most people with refractory epilepsy display a well-characterized
lesion considered to be the epileptogenic zone. Focal epilepsy affects,
most frequently, the temporal lobe, particularly mesial structures –
the hippocampus and the amygdala [6,7]. These people may be eligible
for resective surgery, a procedure that is effective in the remission
of seizures of about 70% of the cases [8]. For those whom, by any
reason, surgical resection is not feasible, other options may be consid-
ered, namely, neuromodulation interventions, such as vagus nerve
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stimulation (VNS) or deep brain stimulation, targeting the anterior
nucleus of the thalamus (ANT-DBS) [1].

Epilepsy surgery improves quality of life, even in those who are not
seizure-free [9] plus may have a positive impact on the severity of
depression, anxiety, and total psychiatric symptoms [10–12].

Previous studies, focusing on psychopathological dimensions after
epilepsy surgery, have reported that psychiatric symptoms tend to
decrease over time [10,13]. Although most patients seem to achieve a
general improvement, others develop de novo psychopathology or
may worsen their previous psychiatric condition [14]. In fact, epilepsy
surgery has been associated with a high risk of mortality secondary to
suicide [15]. Death from suicide occurs even after successful surgery in
those people who became seizure-free [16].

Meldolesi et al. have shown a decrease of some state and trait
emotional variables, as well as personality variables, such as inter-
personal sensitivity, irritability, social introversion, and paranoia,
at 1-year and 2-year follow-up evaluations, after surgery [13].
Similarly, Prayson et al. reported improvement in some subscales
of the Personality Assessment Inventory that differed according
to the surgical side and location, highlighting the importance of
considering psychological changes according to patient's clinical
characteristics [17].
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Table 1
Demographic and clinical characteristics of participants.

Sociodemographical and
clinical characteristics

Age, years 39.0 ± 11.7
Males, n (%) 28 (36.8)
Education, years 10.6 ± 4.5
Active workers, n (%) 41 (54.7)
Unemployed, n (%) 21 (28.0)
Retired, n (%) 13 (17.3)
Married, n (%) 37 (49.3)
Single or divorced, n (%) 38 (49.3)
Age at onset, years 17.2 ± 11.8
Duration of epilepsy, years 21.7 ± 14.1
Temporal epileptogenic zone, n (%) 63 (85.1)
Extratemporal epileptogenic zone, n (%) 7 (9.5)
Multilobar epileptogenic zone, n (%) 4 (5.4)
Side of the epileptogenic focus

• Left 32 (42.7)
• Right 38 (50.7)
• Bilateral 5 (6.7)

Number of antiepileptic drugs 2.4 ± 0.6
Type of surgery, n (%)

• Resective surgery 69 (90.8)
• Deep brain stimulation 7 (9.2)

Fig. 2. Longitudinal changes in GSI, according to the Engel Class.
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Regarding ANT-DBS, some studies suggest that it might have a
positive impact on mood [18,19], while others found that it could
worse depression scores [20,21]. The anterior nucleus of the thalamus
has a critical position in the “Papez circuit”, a group of brain regions
with an important role on emotional and cognitive control. Deep brain
stimulation, targeting the anterior nucleus of the thalamus may disrupt
this circuit. It has been demonstrated that this procedure has deleteri-
ous effects on cognitive control and emotion–attention interaction
[22]. Consequently, it may lead to dysfunctional mood and cognitive
regulation, as well as, to an increased risk of psychopathological symp-
toms and psychiatric disorders.

While epilepsy surgery seems to have an impact on the psycho-
pathological outcome, some authors suggested that presurgical
psychopathology could also have an impact on the neurological
outcome [23] suggesting a bidirectional relationship between these
entities. However, a recent large cohort study by Altalib et al. did
not confirm this association [24].

Despite the growing interest in psychopathology, both before and
after surgery, there is a paucity of studies concerning the influence of
different clinical features and surgical procedures on the postsurgical
Fig. 1. Longitudinal changes in GSI, according to the epileptogenic zone side.
psychopathological symptoms of people with epilepsy. The purpose of
this study was to address this issue.

2. Methods

This ambispective observational study was conducted at the
Neurosciences' Department, of our institution, between February 2008
and October 2018. Retrospective and prospective data collection started
after the study's approval by our Local Ethics Committee in 2015.
Subjects were recruited consecutively from the Refractory Epilepsy
Reference Center and the Epilepsy Surgery Group. The follow-up period
was 12 months after surgery. Participants were evaluated by the
psychiatrist belonging to both the Center and Group. The diagnosis
of refractory epilepsy was made according to the definition of the
International League Against Epilepsy [25].

Presurgical surgery evaluation, in our Group, includes, at least,
a video electroencephalography (EEG)monitoring, a 3-Tesla brainmag-
netic resonance with an epilepsy protocol, and a neuropsychological
and psychiatric evaluation. Most patients are submitted to resective
surgery, a smaller proportion of them undergo ANT-DBS or VNS. Only
patients submitted to resective surgery or deep brain stimulation
(DBS) were enrolled in this study because of a lack of detailed
follow-up data of patients submitted to VNS.
Fig. 3. Longitudinal changes in GSI, according to the type of surgery.



Fig. 4. Longitudinal changes in somatization subscale, according to the Engel Class. Fig. 6. Longitudinal changes in interpersonal sensitivity subscale, according to the Engel Class.
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Demographic (gender, age, employment status, marital status) and
clinical data (etiology of epilepsy, the topography of the epileptogenic
zone, the age of onset, time to surgery, and Engel Class [26]), registered
one month after surgery, were collected during interviews and from
medical and surgical records. In the presurgical period, people were
under, at least, two antiepileptic drugs, but their type and dosages
were not addressed in this study because there was considerable
variability between people, as it usually is in this population. However,
in our center, people keep the same antiepileptic drugs and therapeutic
schemes for at least 2 years after surgery.

Awritten consent formwas obtained fromparticipants evaluated pro-
spectively, and the study was approved by the Local Ethics Committee.

2.1. Subjects

Participants older than 18, submitted to resective surgery or DBS,
were included in this study. People with other neurological diseases or
intellectual disability were excluded.

2.2. Psychiatric evaluation

Psychiatric evaluations were performed, before and 12 months
after surgery, by one of the 3 psychiatrists from our group (LCP, FN, SL)
and include a clinical psychiatric history (demographic data, previous
Fig. 5. Longitudinal changes in theobsessive–compulsive subscale, according to the Engel Class.
psychiatric history, family history, use of substances as well as other rele-
vant data) and Symptom Checklist-90 (SCL-90). This multidimensional
instrument is a 90-item self-report symptom inventory developed
to measure psychological symptoms and psychological distress. It has
the following 9 subscales evaluating different symptom dimensions: so-
matization, obsessive–compulsive, interpersonal sensitivity, depression,
anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism
and a global scale called Global Severity Index (GSI) [27].

2.3. Statistical analysis

The statistical analysis was performed using Stata software (version
14.2; StataCorp, Texas, USA). Descriptive statistics were presented as
mean ± standard deviation or as the number of subjects/cases
and proportions.

A paired t-test was used to compare pre- and posttotal medium
GSI scores.

For the longitudinal evaluation of SCL-90 subscales and GSI scores,
after epilepsy surgery, as outcome variables, we performed linear re-
gression. A set of predictor variables, clinically relevant both for epilepsy
and psychiatric disorders, were included, as well as the SCL-90 baseline
scores as a covariate.

Predictor variables include sex, age at surgery, duration of epilepsy,
and age at onset of epilepsy, analyzed as continuous variables.
Fig. 7. Longitudinal changes in depression subscale, according to the Engel Class.



Fig. 8. Longitudinal changes in hostility subscale, according to the epileptogenic zone lobe. Fig. 10. Longitudinal changes in hostility subscale, according to the type of surgery.
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Epileptogenic zone side (right, left, or bilateral cerebral hemispheres)
and epileptogenic zone topography (temporal, extratemporal,
or multilobar), and Engel Classes (I, II, III, or IV) [26] were analyzed
as categorical variables. Mesial versus nonmesial temporal epilepto-
genic zone and resective surgery vs ANT-DBS were analyzed as
binary variables.

Normality of residuals was tested for each model.
Measures of association were expressed as coefficients, and a

p-value ≤0.05 was considered statistically significant.
3. Results

3.1. Demographic and clinical findings (Table 1)

One hundred and eight consecutive people with refractory epilepsy
proposed to presurgical evaluationwere enrolled. Tenwere secondarily
excluded because of intellectual disability (intelligence quotient
[IQ] b 70), 18 because they did not undergo surgery, 2 because
they underwent VNS; finally, 1 died and 1 refused to participate.
Thus, a total of 76 individuals were included in the study.

Demographic and clinical characteristics are described in Table 1.
Sixty-three (85%) people had a temporal, 7 a frontal, and 4 an

epileptogenic zone affecting more than one cerebral lobe. Regarding
Fig. 9. Longitudinal changes in hostility subscale, according to the Engel Class.
participants with temporal epilepsy, 35 (56%) had mesial sclerosis and
28 (35%) other pathologies.

One month after surgery, the outcomes of the majority of people
(80%) were classified as Engel Class I.
3.2. Analysis of longitudinal changes in GSI of SCL-90 considering the total
sample

At the presurgical and one-year evaluation, participants had a
medium GSI score of 0.82 ± 0.61 and 0.82 ± 0.68, respectively.
No significant differences were found considering the total sample.
3.3. Analysis of longitudinal changes in each SCL-90 symptom dimensions
scores considering subgroups according to clinical predictors

Some subgroups of patients were found to have increased scores
on some of the symptom dimensions and GSI, according to the
defined predictors.

Figs. 1 to 17 represent all positive findings regarding longitudinal
changes in SCL-90 subscales and GSI.

A summary of all positive findings has also been illustrated in
Table 2.
Fig. 11. Longitudinal changes in phobic anxiety subscale, according to the Engel Class.



Fig. 12. Longitudinal changes in phobic anxiety subscale, according to the type of surgery. Fig. 14. Longitudinal changes in paranoid ideation subscale, according to the Engel Class.
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4. Discussion

Considering the total sample, no significant differences were found
regarding GSI, before and one year after surgery, although most of
these patients have been free of seizures.

However, our study showed that some clinical factors may contrib-
ute to worse GSI scores, reflecting a postsurgery more severe general
psychopathological profile in some subgroups of patients: those with
a bilateral epileptogenic zone, those submitted to ANT-DBS, and those
whose outcome was classified as Engel Class II.

Having an Engel Class II compared to Engel Class I was a predictor of
higher scores one year after surgery, affecting all SCL-90 domains, as
well as the GSI. These data are in line with previous studies showing
an association between lack of seizure control after surgery and
increased psychopathological symptoms [28,29].

Some hypothesis may explain this association, namely, the unmet
expectations of patients and families. A mismatch between anticipated
and real results, particularly, in those that do not become seizure-free,
may lead to family and individual distress and frustration. Patients
with seizure recurrence may become significantly disappointed or
have a sense of “failure”, these negative feelings may be reinforced by
surgery complications or de novo psychiatric disorders [30,31].

Continued epileptogenic activity, after a major neurosurgical proce-
dure, may also have a role in the increased psychological stress of
Fig. 13. Longitudinal changes in phobic anxiety subscale, according to the epileptogenic
zone side.
patients without seizure remission. Abnormal electric activity may
affect, directly or indirectly, brain circuits that have important roles in
the control of emotions and cognition [28,29].

After surgery, a bilateral epileptogenic zone was associated with
increased phobic anxiety and paranoid ideation scores whereas
multilobar epileptogenic zone was associated with higher hostility
scores.

These two characteristics could reflectmore diffuse epileptogenicity,
and are in accordance with previous findings, suggesting that a more
generalized brain dysfunction could be associated with an increased
risk for postoperative mental symptoms. Such findings also include a
preoperative history of secondarily generalized tonic–clonic seizures
[23], frontal hypometabolism in temporal lobe epilepsy [33], and preop-
erative bilateral independent spike discharges [28]. Dysfunctionality in
different brain areas and circuits probably constitutes an important
risk factor for the emergence of psychopathological symptoms after a
major biological stressor such as epilepsy surgery.

Finally, the type of surgery, namely, being submitted to ANT-DBS in
comparison to resective surgery, also contributed to the increased
scores, after surgery, in the hostility, the phobic anxiety, and the para-
noid ideation domains, aswell as in the global scale. There are few stud-
ies reporting psychopathological outcomes after ANT-DBS for the
treatment of refractory epilepsy. Findings include an increased risk of
depression, paranoid, and anxiety symptoms after surgery [34,35]. It is
Fig. 15. Longitudinal changes in paranoid ideation subscale, according to the epileptogenic
zone side.



Fig. 16. Longitudinal changes in paranoid ideation subscale, according to the type of surgery.

Fig. 17. Longitudinal changes in psychoticism subscale, according to the Engel Class.
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uncertain intowhat extent this proceduremay contribute to the disrup-
tion of important circuits involved in mood regulation.

A meta-analysis of psychiatric and neuropsychiatric adverse events
associated with DBS, including different sites of stimulation, reported
mixed findings regarding mood and behavior measured with the men-
tation, behavior, and mood (MBM) subscale of the unified Parkinson's
disease rating scale. About half of the studies reported an improvement,
Table 2
Summary of predictors of higher SCL-90 scores one year after surgery.

Predictors of higher SCL-90 scores one year after surgery
Coefficients (95% CI)

Engel Class II (compared to Engel Class I) Bilater

Somatization 1.32 (0.73,1.90)
Obsessive–compulsive 1.62 (0.61,2.62)
Interpersonal sensitivity 0.88 (0.11,1.65)
Depression 1.60 (0.69,2.51)
Hostility 0.77 (0.13,1.41)
Phobic anxiety 0.94 (0.18,1.71) Left: 0

Right:
Paranoid ideation 1.44 (0.66,2.23) Left: 1

Right:
Psychoticism 0.97 (0.22,1.73)
Global Severity Index 1.19 (0.54,1.85) Left: 0

Right:
33% reported a worsening of symptoms and 11% reported no changes
[36]. The fact that the majority of studies included in this analysis
reported an improvement in psychopathological scores contrasts with
our findings. However, this study includes many different stimulation
sites and indications including depression and obsessive–compulsive
disorder. Moreover, many of the studies did not report any outcomes
regarding psychopathological outcomes. Interestingly, thalamus stimu-
lation was associated with a higher risk of suicide, suggesting that this
might be a particularly vulnerable structure [36]. Clearly, there is a
need for further studies examining the psychopathological outcome
after ANT-DBS.

This study has some limitations. The first is that this was an observa-
tional ambispective study with an important retrospective component.
Missing information may introduce bias; however, different informa-
tion sources were consulted to minimize the lack of data.

Epilepsy and psychiatric pharmacological treatments were not con-
trolled and might have an impact on participant psychopathological
symptoms. Nonetheless, all patients with clinically significant mental
symptoms were referred to a psychiatrist and submitted to treatment.
We do not expect that the predictors found in our models would
influence the probability of being treated.

Finally, the sample size is relatively small, increasing the risk of a
type II error.

Despite these constraints, important conclusions may be drawn
from our study. Our findings suggest that the lack of complete seizure
remission, more global epileptogenicity, and ANT-DBS are associated
with more psychological distress after surgery. This research also offers
some insights into what may constitute potential biological mecha-
nisms involved in the development of psychiatric disorders and should
be enhanced by prospective studies with more robust samples.
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