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Left Hemisphere Lateralization of Epileptic Focus 
Can Be More Frequent in Temporal Lobe Epilepsy 
Surgical Patients with No Consensus Associated with 
Depression Lateralization
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Abstract
Temporal lobe epilepsy (TLE) is considered to be the most 
common form of epilepsy, and it has been seen that most 
patients are refractory to antiepileptic drugs. A strong asso-
ciation of this ailment has been established with psychiatric 
comorbidities, primarily mood and anxiety disorders. The 
side of epileptogenic may contribute to depressive and anx-
iety symptoms; thus, in this study, we performed a system-
atic review to evaluate the prevalence of depression in TLE 
in surgical patients. The literature search was performed us-
ing PubMed/Medline, Web of Science, and PsycNet to gather 
data from inception until January 2019. The search strategy 
was related to TLE, depressive disorder, and anxiety. After 

reading full texts, 14 articles meeting the inclusion criteria 
were screened. The main method utilized for psychiatric di-
agnosis was Diagnostic and Statistical Manual of Mental Dis-
orders/Structured Clinical Interview for DSM. However, most 
studies failed to perform the neuropsychological evaluation. 
For those with lateralization of epilepsy, focus mostly oc-
curred in the left hemisphere. For individual depressive di-
agnosis, 9 studies were evaluated, and 5 for anxiety. There-
fore, from the data analyzed in both situations, no diagnosis 
was representative in preoperative and postoperative cases. 
In order to estimate the efficacy of surgery in the psychiatry 
episodes and its relation to seizure control, the risk of de-
pression and anxiety symptoms in epileptic patients need to 
be determined before surgical procedures. Rigorous preop-
erative and postoperative evaluation is essential for psychia-
try conditions in patients with refractory epilepsy candidates 
for surgery. © 2021 S. Karger AG, Basel
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Introduction

The most common form of focal epilepsy is temporal 
lobe epilepsy (TLE). Most of the patients are refractory to 
antiepileptic drugs (AEDs), about 75% presenting resis-
tance to medical treatment [1–3]. Psychiatric comorbidi-
ties, such as anxiety disorders, are often expressed among 
patients with TLE [4–7]. The exact mechanism behind this 
association remains to be explored; however, the major 
findings indicate that these comorbidities and TLE share 
similar neuroanatomic localization [3, 8]. Another factor 
that remains uncertain and may contribute to anxiety and 
depressive symptoms in TLE is the side of the epileptogen-
ic focus. Research has documented the prevalence of inter-
ictal depression in left-sided seizure foci [9, 10], while oth-
ers illustrate a tendency for greater depressive symptoms in 
presurgical right-sided seizure foci patients [11, 12].

Depressive and anxiety symptoms in epilepsy patients 
are evaluated by the scales and inventories established. A 
quantitative measure of recurrent and severity of mood 
symptomatology experienced by them can be recorded by 
these tests [13, 14]. Neuropsychological functions in TLE 
patients can also be influenced by antagonist effects such 
as underlying injury, mood disorders, and AEDs treat-
ment. In this regard, neuropsychological assessments are 
substantial to comprehend better the impact of those 
variables on the lives of patients. The interaction between 

laterality of TLE, usage of AEDs, depressive symptoms, 
and neuropsychological functions remains to be elucidat-
ed. For a better comprehension of this association, we 
proposed a systematic and comprehensive literature re-
view searching for the outcomes of the correlation be-
tween these aspects in surgical patients.

Methods

A systematic review was conducted using the methodology 
outlined in the Cochrane Handbook for Systematic Reviewers 
[15]. The data were reported following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses [16]. The review 
protocol was registered under the number CRD42019104443 in 
the International Register of Prospective Systematic Reviews.

Database Search
A literature search was performed in PubMed/Medline, Web 

of Science, and PsycNet to obtain data from inception until Janu-
ary 2019. The following keywords and medical subject headings 
(MeSH) were used in the search strategy: “epilepsy,” “temporal 
lobe” OR “epilepsy” AND “temporal” AND “lobe” OR “temporal 
lobe epilepsy” OR “temporal” AND “lobe” AND “epilepsy” AND 
“depressive disorder” OR “depressive” AND “disorder” OR “de-
pressive disorder” OR “depression” OR “depression” OR “anxiety” 
OR “anxiety.” The strategies for other databases are available on 
request. Articles published in all languages were included. The bib-
liography of the included articles was screened manually. The titles 
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Records after duplicates removed
(n = 2,385)

Records screened
(n = 2,385)

Full-text articles assessed
for eligibility

(n = 55)

Records excluded
(n = 2,330)

Articles excluded
- Non surgical patients (n = 32)
- Experimental studies or commentary
 paper (n = 9)

Studies included in
qualitative synthesis

(n = 14)

Fig. 1. Summary of evidence search and 
study selection.
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and abstracts of all studies identified in the search based on the 
abovementioned terms and MeSH were evaluated independently 
by 2 authors (E.L.C. and F.S.S.). Disagreements were resolved by 
consensus or by a third reviewer (G.R.).

Eligibility Criteria
The inclusion criteria for the present review were as follows: ar-

ticles without language restriction; diagnosis of epilepsy by electro-
cardiogram or magnetic resonance imaging; psychiatric diagnosis 
(PD) (by scales, interviews, diagnostic manuals – Diagnostic and Sta-
tistical Manual of Mental Disorders [DSM] and ICD-10); study de-
sign (case series with >10 patients, retrospective and prospective, 
clinical, human); unilateral or bilateral TLE; surgical patients. Stud-
ies of systematic reviews, letters, and experimental studies; children 
under 16 years; patients with dysphoria; patients with generalized 
epilepsy (multiple foci); non-surgical patients were the exclusion cri-
teria. Figure 1 displayed a flowchart of study selection and inclusion.

Data Extraction
The databases were investigated, and duplicate entries were 

eliminated. The full-text articles whose abstracts did not provide 
sufficient information regarding the inclusion and exclusion crite-

ria were selected for evaluation. In the second phase, the same re-
viewers independently evaluated the full text of these articles and 
made their selection based on the eligibility criteria. Data on the 
following were collected: the number of patients, method of PD, 
symptoms diagnosis criteria, diagnostic scales, neuropsychologi-
cal tests, report of the number of AEDs, lateralization of the epi-
leptic focus, individual depression symptoms, lateralized depres-
sion symptoms, individual anxiety symptoms, lateralized anxiety 
symptoms, and the design/classification of evidence.

Results

The search retrieved 2,971 potentially relevant cita-
tions from the electronic databases. By removing dupli-
cate titles, 55 articles were eliminated. After screening ti-
tles and abstracts, only 14 articles met the inclusion crite-
ria (Fig.  1). The clinical design approach included 
prospective (28.5%), retrospective (28.5%), cross-sec-
tional follow-up (21.4%), and cohort (7.14%). Most of 
them were single-center studies (85.7%).

Overall, 14 surgical studies with TLE were evaluated, 
and DSM/Structured Clinical Interview for DSM was 
the main method used for PD (35.7%). However, about 
50% of the studies did not employ any kind of PD. 
Moreover, the neuropsychological evaluation was not 
explored by most of the studies (71.5%). From 11 stud-
ies that portrayed clinical cases of lateralization of the 
epileptic focus, most of them were found to occur in the 
left hemisphere (483 patients) (Table 1). Nine studies 
were evaluated for individual depressive diagnosis and 
5 to anxiety; therefore, from the data analyzed in both 
situations, no diagnosis was representative in preopera-
tive and postoperative cases (p < 0.05) (Table  2). Re-
garding the types of treatment using AED, most studies 

Table 1. Clinical characteristics of surgical patients with TLE 
related to the diagnosis and treatment

Study N (%)

Sample (n = 14)
Mean (SD) 103.14 (±107.44)

Design
Cross-sectional follow-up 3 (21.4)
Prospective 6 (28.5)
Retrospective 4 (28.5)
Cohort 1 (7.14)

Trail
Single-center 12 (85.7)
Multi-center 2 (14.2)

Method of PD
DSM/SCID 5 (35.7)
CIDI 2 (14.3)
None 7 (50)

Neuropsychological evaluation
Yes 4 (28.5)
No 10 (71.5)

Lateralization of epileptic focus (n = 11)
Right 457
Left 483
Bilateral 2

Use of AEDs
Reported 6 (42.8)
Not reported 8 (57.2)

DSM, Diagnostic and Statistical Manual of Mental Disorders; 
SCID, Structured Clinical Interview for DSM; CIDI, Composite 
International Diagnostic Interview; AEDs, antiepileptic drugs; 
TLE, temporal lobe epilepsy; PD, psychiatric diagnosis.

Table 2. Clinical characteristics related to the lateralization of 
epileptic focus and depression and anxiety symptoms of surgical 
patients with TLE

Individual depressive diagnosis

preoperative postoperative χ2 (p value)

Studies – depression (n = 9 studies)
Yes 221 111 <0.001
No 773 883

Studies – anxiety (n = 5 studies)
Yes 122 86 0.006
No 561 597

TLE, temporal lobe epilepsy.



Radaelli et al.Dev Neurosci 2021;43:1–84
DOI: 10.1159/000513537

failed to report the treatment utilized (57.2%). More de-
tails about each study evaluated above are summarized 
in Tables 3 and 4.

Discussion

Several beneficial outcomes, such as reduced seizure 
frequency, improved quality of life, and mood dysfunc-
tion, have been known to be associated with surgical pro-

cedures for treating refractory epilepsy [17, 18]. Tempo-
ral lobectomy could be a resolution for depression and 
anxiety symptoms in epileptic patients since the limbic 
system plays a crucial role in increasing the risk of these 
conditions [19]. Studies documented that for the patients 
with seizure focus in the temporal lobe, depression symp-
toms are more frequent as compared to those with an 
epileptic focus in extratemporal lobe regions, and the ep-
ilepsy surgery could resolve the depression symptoms in 
some of the patients [19]. Reduction in depression symp-

Table 3. Clinical characteristics related to the diagnosis and treatment of surgical patients with TLE

References N Method  
of PD

Symptoms  
diagnosis criteria

Diagnostic scales Neuro-
psychological 
tests

Report of the  
number of AEDs

Without lateralized depression symptoms
Burton et al. [34] 19 No A questionnaire 

constructed by the 
authors

A questionnaire 
constructed by the 
authors

No No

Mayanagi et al. [43] 100 No No No WAIS-R, 
WMQ-R

No

Reuber et al. [4] 94 No BDI score >12, SRAS 
score ≥35

BDI, SRAS No Preoperative – monotherapy: 
20; polytherapy: 73; none: 1

Devinsky et al. [36] 360 CIDI BDI score ≥16, BAI 
score ≥16

BDI, BAI WAIS-R All patients were using at least 
2 AEDS

Salzberg, et al. [44] 23 DSM-IV No No No Unspecified number

Meldolesi et al. [20] 52 No BDI score ≥16, STAI 
score >70, MMPI ≥70

BDI, STAI, QOLIE-31, 
WHOQOL-100, STAE, 
MMPI

No No

Pintor et al. [23] 70 SCID No No No No

Paparrigopoulos et al. [35] 35 No BDI score ≥10, BAI 
score ≥7

BDI, BAI No No

De Araujo Filho et al. [42] 115 DSM-IV No No No All patients were using at least 
2 AEDS

Dias et al. [45] 91 No BDI >13 BDI-II, QOLIE-31, AEP RAVLT Preoperative: 1.94±0.65; 
postoperative: 1.13±0.88

Altalib et al. [22] 334 CIDI No BAI, BDI-II No All patients were using at least 
2 AEDS

With lateralized depression symptoms
Altshuler et al. [19] 62 SCID No No No Unspecified number (2–3 in 

several patients)

Glosser et al. [46] 44 DSM-III-R No BAI, STAI, BPRS, 
POMS

WAIS-R No

Lackmayer et al. [21] 45 No BDI ≥11 BDI No No

BDI, Beck Depression Inventory; STAI, State Trait Anxiety Inventory; AEDS, antiepileptic drugs; BAI, Beck Anxiety Inventory; DSM-III-R, Diagnostic 
and Statistical Manual of Mental Disorders-III-Revised; SCID, Structured Clinical Interview for DSM; BPRS, Brief Psychiatric Rating Scale; BDI-II, Beck 
Depression Inventory-II; QOLIE, Quality of Life in Epilepsy; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders-IV; WAIS-III, Wechsler Adult 
Intelligence Scale-Revised-III; MMPI-2, Minnesota Multiphasic Personality Inventory-2; BNT, Boston Naming Test; DCS-R, Diagnostikum für Cere-
bralschädigung; VLMT, Verbal Learning and Memory Test; QOL, Quality of Life; POMS, Profiles of Mood States; TLE, temporal lobe epilepsy; PD, psychi-
atric diagnosis; CIDI, Composite International Diagnostic Interview.
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toms post-surgery has been reported by some studies, es-
pecially when patients presented decreased seizure fre-
quency [4]. Contrary to this finding, Meldolesi and col-
leagues [20] showed that though there was a reduction in 
anxiety symptoms after epilepsy surgery, depression per-
sisted, even with the decline of seizure frequency in the 
majority of the patients. Studies also indicated that the 
diagnosis of depression prior to the surgery did not affect 
the surgical outcome for seizure control [21, 22]. How-
ever, Pintor et al. [23] could relate the prevalence of psy-
chiatric symptoms before surgery with the occurrence of 
psychiatric conditions post-surgery. Furthermore, stud-
ies have highlighted the manifestation of anxiety in most 

of the epilepsy surgery candidates [24]. Anxiety can re-
main during the first year post-surgery [4] and can de-
pend on the seizure control after surgery [25]. According 
to the literature on the subject, depression and cognitive 
dysfunction are not always associated with epilepsy. A 
part of population with the disease may not present cog-
nitive or emotional impairment. These variables may de-
pend on numerous factors such as frequency of crises, 
location and lateralization of the epileptic focus, other 
neurological pathology comorbid to the disease, and even 
the adequate control of the crises [26].

Though a number of treatments are available to reduce 
seizure frequency, its effect on depression or anxiety 

Table 4. Clinical characteristics related to the lateralization of epileptic focus and depression and anxiety symptoms of surgical patients 
with TLE

References Lateralization of  
epileptic focus

Individual depression symptoms Lateralized  
depression  
symptoms

Individual anxiety 
symptoms

Lateralized 
anxiety 
symptoms

Without lateralized depression symptoms
Burton et al. [34] Right: 11; left: 8 No No No No

Mayanagi et al. [43] No They report only 1 patient with 
postoperative depressive mood

No They report 4 
patients with 
postoperative 
anxiety state

No

Reuber et al. [4] Right: 41; left: 51; 
bilateral: 2

Preoperative: 32; postoperative: 19 No Preoperative: 43; 
postoperative: 39

No

Devinsky et al. [36] Right: 184; left: 176 Preoperative: 75; postoperative: 26 No Preoperative: 59; 
postoperative: 29

No

Salzberg, et al. [44] No Preoperative: 9; postoperative: 13 No No No

Meldolesi et al. [20] Right: 28; left: 24 Preoperative: 20 No Preoperative: 14 No

Pintor et al. [23] Right: 32; left: 31; 
bilateral: 1

Preoperative: 12; postoperative: 6 No Preoperative: 6; 
postoperative: 4

No

Paparrigopoulos et al. [35] Right: 19; left: 16 Preoperative: 10 No Preoperative: 7 No

De Araujo Filho et al. [42] Right: 40; left: 75 Preoperative: 27; postoperative: 14 No Preoperative: 11; 
postoperative: 10

No

Dias et al. [45] Right: 33; left: 38 Preoperative: 35; postoperative: 12 No No No

Altalib et al. [22] No Preoperative: 75 No Preoperative: 59 No

With lateralized depression symptoms
Altshuler et al. [19] Right: 23; left: 26 24 (2 nonsurgical patients) 

After surgery 17 (no nonsurgical 
patients)

Right: 8; left: 14 
After surgery right: 
6; left: 11

3 No

Glosser et al. [46] Right: 23; left: 16  
(5 dropouts in the 
follow-up)

Preoperative: 7; postoperative: 3 Right: 5; left: 2  
After surgery right: 
3; left: 0

Preoperative: 3; 
postoperative: 4

Right: 2; left: 1 
After surgery 
right: 3; left: 1

Lackmayer et al. [21] Right: 23; left: 22 Preoperative: 20 Right: 10; left: 10 No No

TLE, temporal lobe epilepsy.
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symptoms in epileptic patients should also be verified. 
The AEDs used for the treatment were not mentioned in 
most of the studies, considered for the present review. 
However, it is an important aspect since AEDs may be 
responsible for an increase or decrease in depression and 
anxiety symptoms in epileptic patients [27]. Moreover, 
some antidepressant drugs may contribute to the altera-
tion of seizure frequency [28]. Besides, it is also important 
to report any change in the number of AEDs prescribed 
to the patients after surgery. Prayson and colleagues [29] 
demonstrated that the quantity of AEDs was reduced in 
only 28% of the patients after surgery, whereas 58% of the 
patients continued with the same AEDs after surgery. It 
is evidenced by the literature that the non-control of epi-
leptic seizures directly impacts the patient’s quality of life; 
thus, the higher the frequency/intensity of the seizures, 
the more prevalent are the desadaptive emotional symp-
toms. The prevalence of depression varies from 20 to 55% 
in patients with recurrent seizures and from 3 to 9% in 
patients with controlled seizures [30, 31].

In the present review, the majority of the evaluated 
studies have shown lateralization of epileptic focus oc-
curred in the left hemisphere. However, no clear consen-
sus is present regarding the association of depression lat-
eralization and epileptic focus. Some studies depicted 
that depression occurs more frequently after lesions or 
seizure focus in the left hemisphere [32, 33]. According 
to Burton and Labar [34], increased depression was re-
ported by patients who were subjected to left temporal 
lobectomy in comparison to the patients with right tem-
poral lobectomy. Besides, a correlation between the se-
verity of depression and the extension of hippocampus 
and amygdala resection, especially in left temporal lobec-
tomy, was established by Paparrigopoulos et al. [35]. Fur-
thermore, surgical laterality and location can be predis-
posing factors for psychological outcomes in epileptic 
patients post-surgery. Prayson et al. [29] elucidated more 
significant depression and anxiety symptoms among pa-
tients with left TLE before surgery as compared to the 
patients with left frontal lobe epilepsy. On the other 
hand, Devinsky et al. [36] demonstrated no association 
between the presence or absence of depression and anxi-
ety and the lateralization or localization of the seizure 
onset before surgery. Besides, Manchanda et al. [24] also 
failed to establish any correlation between the laterality 
of seizure focus and depression symptoms. A study car-
ried out in 2009 by Wrench et al. [37] compared the pre 
and postoperative depression scores between 2 groups of 
patients with epilepsy: with a mesial and non-mesial ep-
ileptogenic focus. The preoperative result indicates sim-

ilarity in the depression scores of the 2 groups. However, 
a higher percentage of patients with mesial TLE showed 
symptoms of depression when compared to the group of 
non-mesials in the postoperative period [37]. The litera-
ture suggests that depression after surgery is associated 
with significantly smaller volumes of the hippocampus 
and amygdala contralateral to resection. Other factors, 
such as being free of crises after surgery and not having 
symptoms of depression in the previous period, predict 
a better outcome of the surgery in relation to emotional 
aspects [38, 39].

In this present systematic review, the evaluated data 
related to individual depressive diagnosis and anxiety, in 
both situations, no diagnosis was representative in preop-
erative and postoperative cases. Any kind of PD or neu-
ropsychological evaluation was not executed by most of 
the evaluated studies in this review. The included studies 
that performed PD the primary method utilized was 
DSM/Structured Clinical Interview for DSM. Different 
methods of depression diagnosis may lead to distinct con-
clusions and create hurdles in generalizing the outcomes 
[40]. Besides, some studies have recognized the preopera-
tive depression diagnosis as potential complications in 
the postoperative seizure outcome of patients with refrac-
tory epilepsy [41]. De Araujo Filho and co-authors [42] 
also demonstrated the absence of depression diagnosis 
preoperative or postoperative was associated with favor-
able seizure outcomes after surgery.

Conclusions

The prevalence of psychiatric disorders among refrac-
tory epileptic patients undergoing surgical procedures 
has been documented by various studies. However, no 
clear association has been elucidated, so far, between lat-
eralization of seizure focus and the existence of depres-
sion and anxiety conditions. Surgery is considered the 
best treatment option for refractory epileptic patients. 
Determination of the risk of depression and anxiety 
symptoms in epileptic patients before surgical procedures 
is important to estimate the efficacy of surgery in the psy-
chiatry episodes and its relation to seizure control. Be-
sides, identification of these symptoms prior to surgery is 
vital to distinguish those patients who will require a lon-
ger specific psychological surveillance after surgery. Thus, 
rigorous preoperative and postoperative evaluation of 
psychiatry conditions is essential in patients with refrac-
tory epilepsy candidates for surgery.
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