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ARTICLE INFO ABSTRACT

Objective: The aim of this study was to determine the potential risk factors for de novo psychiatric syndromes after
epilepsy surgery.

Methods: Refractory epilepsy surgery candidates were recruited from our Refractory Epilepsy Reference Centre.
Psychiatric evaluations were made before surgery and every year, during a 3-year follow-up period.
Demographic, psychiatric, and neurological data were recorded. The types of surgeries considered were resective
surgery (resection of the epileptogenic zone) and palliative surgery (deep brain stimulation of the anterior nuclei
of the thalamus (ANT-DBS)). A survival analysis model was used to determine pre- and postsurgical predictors of
de novo psychiatric events after surgery.

Results: One hundred and six people with refractory epilepsy submitted to epilepsy surgery were included.
Sixteen people (15%) developed psychiatric disorders that were never identified before surgery. Multilobar epi-
leptogenic zone (p = 0.001) and DBS of the ANT-DBS (p = 0.003) were found to be significant predictors of these
events.

Conclusion: People with more generalized epileptogenic activity and those who undergo ANT-DBS seem to pres-
ent an increased susceptibility for the development of mental disorders, after neurosurgical interventions, for the
treatment of refractory epilepsy. People considered to be at higher risk should be submitted to more frequent
routine psychiatric assessments.
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1. Introduction

More than 50 million people around the world have epilepsy [1], a
debilitating neurological disorder associated with several comorbidities,
particularly, psychiatric conditions [2]. Indeed, it is estimated that up
to 60% of this population suffer some psychiatric disorder, and the
risk of death from suicide may be 5.8 times higher than in the general
population [3,4].

About one-third of people with epilepsy do not respond to adequate
antiepileptic drug treatment [5]; they are considered to have refractory
epilepsy and may be candidates for epilepsy surgery. Resective surgery
is the most common procedure for those who have a well-localized
epileptogenic zone, and about 70% of those submitted to this procedure
became seizure-free [6]. The most common type of localized epilepto-
genic zone affects the temporal lobe, particularly, mesial structures. A
smaller proportion affects neocortical zones [7,8].
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Those who are not candidates for resective surgery, generally, be-
cause of multiple epileptogenic zones or lack of an identifiable epilepto-
genic zone, may undergo palliative surgery, such as neuromodulation
interventions. Vagus nerve stimulation (VNS), or more recently, cortical
responsive stimulation (CRS) or deep brain stimulation (DBS), targeting
the anterior nucleus of the thalamus (ANT), bilaterally, are currently the
most frequently employed techniques.

Despite the high rates of success of resective surgery in the control of
epileptic seizures, about 20% of people with refractory epilepsy may
develop de novo psychopathology after surgery [9], most commonly,
adjustment disorders and depression [10].

Few studies have focused on predictors of de novo adverse psychiat-
ric events after resective surgery, such as major depression, mania, and
psychosis. Some have found that receiving psychiatric treatment or a
history of mental illness, namely, depression or anxiety, before surgery,
was a risk factor for psychopathology after resective surgery [11,12].
However, this association may only reflect the natural history of
previous disorders. Other potential risk factors include higher preva-
lence of mood disorder among first- and second-degree relatives [13],
preoperative bilateral electroencephalogram (EEG) abnormalities [14],
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preoperative history of secondarily generalized tonic-clonic seizures
[15], persistence of seizures after resective surgery, history of fear
auras [16], and temporal versus extratemporal surgery [17].

Concerning ANT stimulation, the most common modality of DBS
(ANT-DBS), some studies suggest that it might have a positive impact
on mood [18,19] while others found worse depression scores after this
procedure [20,21].

Establishing potential risk factors for de novo psychopathology
would allow clinicians to inform people with refractory epilepsy better
before surgery and to be more attentive to those presenting these
factors.

We aimed to study the potential risk factors for de novo psychopa-
thology following epilepsy surgery, either resective surgery or DBS of
the anterior nucleus of the thalamus (DBS-ANT).

2. Methods

This ambispective cohort study was conducted at the Neurosciences'
Department that includes the Psychiatric, the Neurological, and
Neurosurgical Departments of Hospital de Santa Maria (Lisbon),
between May 2004 and May 2018. Subjects were recruited from the
Refractory Epilepsy Reference Centre and the Epilepsy Surgery Group
of our institution. The considered total follow-up period was
36 months, after surgery, although not all subjects were followed during
this entire period because of loss of follow-up. Patients were evaluated
by the psychiatrist belonging to both the center and group before sur-
gery and after 12, 24, and 36 months. Follow-up time was measured
in months. The diagnosis of refractory epilepsy was made according to
the International League Against Epilepsy [22].

Presurgical surgery evaluation, in our group, includes at least a
video-EEG monitoring, a 3-Tesla brain magnetic resonance with
epilepsy protocol, and neuropsychological and psychiatric evalua-
tion. Our reference center includes patients with temporal and
extratemporal epileptogenic zones. The location of the epileptogenic
zone is determined using surface preoperative magnetic resonance
imaging (MRI), functional magnetic resonance imaging (fMRI), and
positron emission tomography scans and video-EEG. In our institution,
the majority of people with refractory epilepsy who underwent surgery
are submitted to resective surgery, a smaller proportion of VNS or ANT-
DBS. People submitted to VNS will not be included in this study given
the lack of enough follow-up data.

Data concerning demographic (gender, age, employment status,
marital status, etiology of epilepsy, the topography of the epileptogenic
zone, the age of onset, time to surgery) and Engel Class [23] after sur-
gery were collected during interviews and from medical and surgical re-
cords. In the presurgical period, patients were under, at least, two
antiepileptic drugs, but their type and dosages were not addressed in
this study because there was considerable variability between patients
as it is usually in people with refractory epilepsy. However, in our cen-
ter, patients keep the same antiepileptic drugs and therapeutic schemes
for at least 2 years after surgery.

During follow-up, patients were seen regularly by the members of
the Epilepsy Surgery Group and referred to psychiatry if they develop
de novo psychopathology after surgery. Information concerning the re-
ferral to psychiatry was also registered.

This study has been performed in accordance with the ethical
standards of the 1964 Declaration of Helsinki and its later amend-
ments and was approved by the Ethics Committee of Santa Maria
Hospital. All participants evaluated prospectively signed an in-
formed consent.

2.1. Subjects
Participants older than 18 years, submitted to resective surgery or

DBS, were included in the study. Patients with other neurological dis-
eases or intellectual disability were excluded from the analysis. One

hundred and eighty-one consecutive people with refractory epilepsy
who were proposed to presurgical evaluation were enrolled. Fifteen
were secondarily excluded because of intellectual disability (Intelli-
gence quotient < 70), 13 because they did not undergo surgery, 44 be-
cause of loss of follow-up, 1 because he has undergone VNS, and
finally, 1 died and 1 refused to participate. Thus, a total of 106 individ-
uals were included in the study.

2.2. Psychiatric evaluation

Psychiatric evaluations include a clinical psychiatric history
(demographic data, previous psychiatric history, psychiatric medica-
tion, family history, use of substances as well as other relevant clinical
data). The evaluation also included the following psychopathological
tests:

2.2.1. The Hamilton Anxiety Rating Scale (HARS)

This rating scale was developed to measure the severity of anxiety
symptoms consisting of 14 items and measures both phobic anxiety
and somatic anxiety [24].

2.2.2. The Hamilton Depression Rating Scale (HDRS)

This is the most widely used rating scale used to access depression.
The version used corresponds to the original 17-item version and has
a particular focus on melancholic and physical symptoms [25].

2.2.3. Brief Psychiatric Rating Scale (BPRS)

This rating scale is one of the most widely used scales to measure
psychotic symptoms and is based on the interview with the patient,
his speech, and behavior.

2.2.4. Symptom Checklist-90 (SCL-90)

This multidimensional instrument is a 90-item self-report symptom
inventory developed to measure psychological symptoms and psycho-
logical distress. There are three global indices for the SCL-90: the Global
Severity Index (GSI), the Positive Symptom Distress Index, and the
Positive Symptoms Total. The GSI is suggested to be the best single
indicator of the current level of the disorder.

After this initial evaluation, people with refractory epilepsy present-
ing major psychiatric disorder or considered to have a higher risk of de-
veloping psychiatric disorder were referred to a psychiatric outpatient
clinic of one of the investigators.

De novo major psychiatric disorders were classified according to the
International Statistical Classification of Diseases and Related Health
Problems (ICD-10) [26]. Lifetime prevalence of psychiatric syndromes
was determined using information from patients and family members,
accompanying the patient, at the presurgical evaluation moment.

2.3. Statistical analysis

The statistical analysis was performed using Stata software (version
14.2; StataCorp, Texas, USA). Descriptive statistics were used to report
the analysis of data presented as mean 4 standard deviation or number
and proportions. Student's t-test and the Mann-Whitney U test were
used for parametric and nonparametric data, respectively. As the popu-
lation studied is an open cohort, person-time variables were taken into
account in a time-to-event analysis. Potential risk factors were analyzed
using the Cox proportional hazards model.

First, we performed univariate analysis including variables that were
considered to have clinical relevance both for epilepsy and psychiatric
disorders. These variables include sex, age at surgery, years of education,
duration of epilepsy, and age at onset of epilepsy, analyzed as continu-
ous variables. Employment and marital status, epileptogenic zone side
(right, left, or bilateral cerebral hemispheres), epileptogenic zone to-
pography (temporal, extratemporal, or multilobar) were considered as
categorical variables. As Engel Classes (], II, III, or IV) reflect progressive
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stages of prognosis with Class I meaning “Seizure-free or no more than a
few early, nondisabling seizures; or seizures upon drug withdrawal
only” and IV reflecting “No worthwhile improvement; some reduction,
no reduction, or worsening are possible” [23], we treated these variables
as continuous in order to increase the power of our analysis. Previous
history of other mental disorders, family history of psychiatric disorders,
epileptogenic zone concerning one (unilobar) versus more than one
lobe (multilobar), and resective surgery vs ANT-DBS were analyzed as
binary variables.

The outcome variable, de novo psychopathology, was coded as a bi-
nary variable (0 = no event; 1 = at least one event).

Variables achieving statistical significance as predictors of de novo
psychopathology were included in a multivariate analysis.

The assessment of model assumptions was tested using Schoenfeld
residuals test.

Measures of association were expressed as hazard ratios. A signifi-
cant p value from the Cox proportional hazards model was set at
<0.004, after a Bonferroni correction was made, considering the number
of tests performed (14).

Ties were handled using the Efron method for ties.

3. Results

3.1. Demographic and clinical findings of the people with refractory
epilepsy with and without de novo psychopathology (Table 1)

The study included 106 persons with refractory epilepsy. Ninety-two
(88%) had a temporal epileptogenic zone, 57 (62%) had mesial sclerosis,
and 34 (37%) with other pathologies; 1 had a parietal epileptogenic
zone, 7 a frontal epileptogenic zone, and 5 had an epileptogenic zone
affecting more than one brain lobe.

After surgery, the majority of people were considered to be Class
Engel I (75%). No statistically significant differences were found,
concerning these variables, between patients with and without
follow-up.

Regarding lifetime psychiatric history, no statistical differences were
found between patients submitted to resective surgery or ANT-DBS. In
the first group, 62 patients had no previous psychiatric history, 36 had
a history of depression, 6 had a history of an anxiety disorder, 3 had a
history of a psychotic disorder, 6 had a history of alcohol or drug
abuse, and the rest of the sample had other pathologies. In the second
group, 3 had no previous diagnosis and 4 had a lifetime history of de-
pression. At the presurgical evaluation, patients had a medium HARS

Table 1
Clinical characteristics and sociodemographical of the participants.

Clinical and sociodemographical
characteristics

Mean &+ SD Range

Age, years 37.6 +£10.7 18-65
Sex/males, n (%) 40 (37.7)
Education, years 10.2 + 44 1-18
Active workers, n (%) 57 (58.8)
Married, n (%) 49 (49)
Age at onset, years 144 + 10.1 1-58
Duration of epilepsy, years 232+ 129 3-59
Temporal epileptogenic zone, n (%) 92 (87.6)
Extratemporal epileptogenic zone, n (%) 8(7.6)
Multilobar epileptogenic zone, n (%) 5(4.8)
The side of the epileptogenic focus

« Left 50 (47.2)

* Right 52 (49.1)

* Bilateral 4(3.8)
Number of antiepileptic drugs 23+ 0.6 1-4
Type of surgery, n (%)

* Resective surgery 99 (934)

« Deep brain stimulation 7 (6.6)

score of 8.6 + 6.9, a medium HDRS score of 8.3 &+ 7.7, a medium BPRS
of 27.4 + 8.9, and the medium score of the GSI of SCL-90 of 0.9 + 0.6.
No statistical differences were found concerning surgical groups.

3.2. De novo major psychopathology

After surgery, 16 patients (15%) developed a major psychiatric syn-
drome that has never been reported before surgery. The incidence rate
was 0.005 events per month. The mean time until the first psychiatric
event was 13 months, and the median was 7 months (ranging from 1
to 36 months). Nine had a de novo depressive episode (F32) (8% of the
sample), 6 had an acute and transient psychotic disorder (F23) (6%), 2
had a manic episode (F30) (2%), and 1 patient had a de novo anxiety
disorder (F41) (1%). Four patients had 2 events during the follow-up
period. Treatment and psychiatric follow-up were offered to all these
patients and all improved with treatment.

3.3. Results from the Cox regression model

Multilobar epileptogenic zone, bilateral epileptogenic zone, ANT-DBS,
and higher Engel Class were found to be significant predictors of de novo
major psychopathology, after surgery, with hazard ratios of 13.24 (Confi-
dence Interval (CI) 95%: 4.22-41.49; p <0.001), 7.68 (CI 95%: 1.90-31.01;
p = 0.004), 7.84 (CI 95%: 2.58-25.22; p < 0.001), and 2.18 (CI 95%: 1.36-
3.49; p = 0.001), respectively.

On the multivariate model, laterality and Engel Class after surgery
were not significant predictors. Using backward selection, only vari-
ables concerning unilobar versus multilobar epileptogenic zone and
type of surgery were included in the final model with hazard ratios of
9 (CI195%: 2.60-31.19; p = 0.001) and 6.81 (CI 95%: 1.95-23.78; p =
0.003), respectively.

Schoenfeld residuals test showed no statistically significant results
allowing us to assume that there is no departure from the proportional
hazards assumption.

Multicollinearity was not detected using the variance inflation factor
test.

Kaplan-Meier curves showed a much shorter time to event for
patients with multilobar compared with unilobar epileptogenic zone
(Fig. 1) and for those submitted to ANT-DBS comparing with resective
surgery (Fig. 2).

Kaplan-Meier survival estimates
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Fig. 1. Kaplan-Meier estimates of survival comparing multilobar with unilobar
epileptogenic zone (p < 0.001).
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Fig. 2. Kaplan-Meier estimates of survival comparing resective surgery with DBS (p <
0.001).

4. Discussion

This cohort study was conducted in a reference center for refractory
epilepsy using a sample of people who underwent surgery. Our aim was
to identify clinically relevant risk factors for the development of major
psychopathology that was not identified in these patients' life, before
surgery.

Forty-two percent of the surgical candidates, of this sample, had a
lifetime history of at least one psychiatric disorder. This high prevalence
is in line with other studies using a sample of patients with refractory
epilepsy [27,28].

After the surgical procedure, although the overall quality of life and
psychiatric symptomatology improvement have been reported, for the
majority of people with refractory epilepsy [29], a significant proportion
of patients may develop serious psychiatric episodes [12]. In our sample,
15% of participants developed major psychiatric episodes that were
never reported before surgery. However, these events were transient
and responded to pharmacotherapeutic intervention. This incidence
rate is higher than what would be expected in the general population
in the same 3-year period [30,31] and appears to be surgery related as
half of the patients with de novo psychopathology had the first event
up to 7 months after surgery.

The main predictors of major psychiatric events were an epilepto-
genic zone affecting more than one lobe and being submitted to ANT-
DBS. People with multilobar epileptogenic zone were 9 times more
likely to develop new psychiatric events after surgery, and those sub-
mitted to DBS were almost 7 times more likely to develop these events.

A multilobar epileptogenic zone reflects a more widespread brain
epileptogenicity. This finding is in line with previous studies, showing
an association between a more general attainment of the brain such as
bilateral functional and structural abnormalities, bilateral interictal dis-
charges, and frontal hypometabolism after temporal lobe surgery and
the emergence of new psychopathology after surgery [14,32,33].

Generalized epileptiform activity may disrupt important circuits
involved in the control of mood and behavior, leaving patients more
vulnerable to develop these disorders after a major neurosurgical
procedure.

The second significant predictor was the type of intervention. Pa-
tients submitted to ANT-DBS have a higher hazard of developing psychi-
atric disorders after surgery. In previous literature, the stimulation of
the ANT, in refractory epilepsy, has been associated with higher rates
of self-reported depression [34]. A more recent study, with 22 patients
submitted to ANT-DBS for the treatment of refractory epilepsy, showed

that 2 patients, with a history of depression, developed depressive
symptoms, and 2 others, with no history of psychosis, developed clear
paranoid symptoms and anxiety [35].

Earlier studies concerning DBS use on Parkinson's disease and dysto-
nia have found an association between this procedure and other serious
psychiatric events such as hypomania/mania [36], psychotic disorders
[37], and suicidal ideation/attempts [38]. There seems to be a different
risk of developing mania or depression according to the location of the
electrodes [39,40]. Older patients might also be particularly vulnerable
to adverse psychiatric events [41].

Patients with refractory epilepsy submitted to this type of surgery
may, likewise, be at a higher risk of the same psychiatric adverse events.
This can be explained by the fact that although there are different
targets, according to the disease that is intended to be treated, these
structures participate in circuits that have implications for the control
of mood and cognition.

This study has some limitations. It was an observational
ambispective study with a retrospective component. There are
some missing data and loss of follow-up. To account for this limita-
tion, we used a survival analysis model. Secondly, as only annual
evaluations were carried on, interevaluation disturbances may
have been missed. Notwithstanding, psychiatrists involved were
in constant communication with other members of the Epilepsy
Surgery Group involved in the follow-up of participants, and,
every time a psychiatric disturbance was identified, they were
promptly referred to a psychiatric consultation. We did not control
for the type of antiepileptic drugs or changes in dosages. Some an-
tiepileptic drugs may have different effects on mood and behavior,
however, as previously stated, for the majority of patients, no
changes were made during the follow-up period. Moreover, we
did not analyze each type of psychiatric episode separately. Al-
though they have different clinical presentations, only major epi-
sodes and serious adverse psychiatric events were considered. The
occurrence of any of these events is always an important factor
that has a major impact on quality of life of people with epilepsy.

Another important limitation is related to the possibility that, during
presurgical evaluation, patients and families underreport psychiatric
symptoms because they may be considered it a “natural reaction” to ep-
ilepsy or because of their fear of not being qualified for surgery. This may
lead to an overestimation of what could be considered de novo psycho-
pathology. Furthermore, as the sample size is relatively small, there are
only a few numbers of events limiting the statistical power and stability
of our models.

Despite these constraints, our study allows the identification of clin-
ical variables that could be associated with an increased risk for de novo
psychiatric events and a shorter time-to-event after surgery. Moreover,
it may suggest potential biological mechanisms involved in postsurgery
psychiatric morbidity. New studies with larger number of patients sub-
mitted to DBS and resective surgery for epilepsy are required to confirm
these results. Our study also reinforces the need for a comprehensive as-
sessment of patients, the importance of adequate counseling presur-
gery, and psychiatric follow-up. We suggest that patients with a
multilobar epileptogenic zone and those submitted to invasive proce-
dures for the treatment of epilepsy-like refractory epilepsy, particularly
DBS, should be submitted to more frequent psychiatric routine assess-
ments after surgery.

In conclusion, our study identified two important factors that are
highly associated with an increased risk of developing a serious psychi-
atric event after surgery, a wider epileptogenic zone, and thus, a more
general involvement of the different areas and brain circuits and the
neurosurgical procedure to which patients are submitted.

Conflict of interest

None.



208 F. Novais et al. / Epilepsy & Behavior 90 (2019) 204-208

Disclosures

The main author is responsible for data collection and integrity.
This work has not been published or presented before.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Author’s contributions

The study design was developed by FN and JP. Data collection was
made by MA, SL, and LCP. FN was responsible for data collection, data
analysis, and wrote the manuscript draft. MLF and JP reviewed the
manuscript draft. All authors have approved the final manuscript.

Acknowledgments

We sincerely thank all patients for their participation in the study.
We gratefully acknowledge Professor Ebrahim Barkoudah and
Dr. Alexandre Campos for reviewing the manuscript. We also thank all
members from Refractory Epilepsy Reference Centre and the Epilepsy
Surgery Group, of our institution, for their contribution to patients'
evaluation.

References

[1] Woldeamanuel YW, Girma B. Contributing towards the betterment of translational
epilepsy research in Africa: needs, challenges, resources, and opportunities. Curr
Neurol Neurosci Rep 2014;14:480. https://doi.org/10.1007/s11910-014-0480-6.

[2] Chang H-J, Liao C-C, Hu C-J, Shen WW, Chen T-L. Psychiatric disorders after epilepsy
diagnosis: a population-based retrospective cohort study. PLoS One 2013;8:€59999.
https://doi.org/10.1371/journal.pone.0059999.

[3] de Boer HM, Mula M, Sander JW. The global burden and stigma of epilepsy. Epilepsy
Behav 2017;12:540-6. https://doi.org/10.1016/j.yebeh.2007.12.019.

[4] Rafnsson V, Olafsson E, Hauser WA, Gudmundsson G. Cause-specific mortality in
adults with unprovoked seizures. Neuroepidemiology 2001;20:232-6.

[5] Gooneratne IK, Green AL, Dugan P, Sen A, Franzini A, Aziz T, et al. Comparing
neurostimulation technologies in refractory focal-onset epilepsy. ] Neurol Neurosurg
Psychiatry 2016;87:1174 LP-1182.

[6] BC ], GD C. Resective epilepsy surgery for drug-resistant focal epilepsy: a review.
JAMA 2015;313:285-93.

[7] Cascino GD. Surgical treatment for epilepsy. Epilepsy Res 2004;60:179-86. https://
doi.org/10.1016/j.eplepsyres.2004.07.003.

[8] Caciagli L, Bernhardt BC, Hong S-J, Bernasconi A, Bernasconi N. Functional network
alterations and their structural substrate in drug-resistant epilepsy. Front Neurosci
2014;8:411. https://doi.org/10.3389/fnins.2014.00411.

[9] Predicting and preventing psychopathology following temporal lobe epilepsy sur-
gery. Epilepsy Behav 2013;26:322-34. https://doi.org/10.1016/].YEBEH.2012.09.038.

[10] Macrodimitris S, Sherman EMS, Forde S, Tellez-Zenteno JF, Metcalfe A, Hernandez-
Ronquillo L, et al. Psychiatric outcomes of epilepsy surgery: a systematic review.
Epilepsia 2011;52:880-90. https://doi.org/10.1111/.1528-1167.2011.03014.x.

[11] Iranzo-Tatay C, Rubio-Granero T, Gutierrez A, Garcés M, Conde R, Gémez-Ibafiez A,
et al. Psychiatric symptoms after temporal epilepsy surgery. A one-year follow-up
study. Epilepsy Behav 2017;70:154-60. https://doi.org/10.1016/].YEBEH.2017.02.
029.

[12] Cleary RA, Baxendale SA, Thompson PJ, Foong J. Predicting and preventing psycho-
pathology following temporal lobe epilepsy surgery. Epilepsy Behav 2017;26:
322-34. https://doi.org/10.1016/j.yebeh.2012.09.038.

[13] Alper K, Devinsky O, Westbrook L, Luciano D, Pacia S, Perrine K, et al. Premorbid psy-
chiatric risk factors for postictal psychosis. ] Neuropsychiatry Clin Neurosci 2001;13:
492-9. https://doi.org/10.1176/jnp.13.4.492.

[14] Shaw P, Mellers ], Henderson M, Polkey C, David AS, Toone BK. Schizophrenia-like
psychosis arising de novo following a temporal lobectomy: timing and risk factors.
] Neurol Neurosurg Psychiatry 2004;75:1003-8.

[15] A.CR,]J. TP, Zoe F, Jacqueline F. Predictors of psychiatric and seizure outcome follow-
ing temporal lobe epilepsy surgery. Epilepsia 2012;53:1705-12. https://doi.org/10.
1111/j.1528-1167.2012.03604.x.

[16] G.KC, A. CM, Warren B, ]. OM, R. SM. Association of fear auras with mood and anx-
iety disorders after temporal lobectomy. Epilepsia 2001;42:674-81. https://doi.org/
10.1046/§.1528-1157.2001.42600.x.

[17] Wrench J, Wilson SJ, Bladin PF. Mood disturbance before and after seizure surgery: a
comparison of temporal and extratemporal resections. Epilepsia 2004;45:534-43.
https://doi.org/10.1111/§.0013-9580.2004.48803.x.

[18] Salanova V, Witt T, Worth R, Henry TR, Gross RE, Nazzaro JM, et al. Long-term effi-
cacy and safety of thalamic stimulation for drug-resistant partial epilepsy. Neurology
2015;84:1017-25. https://doi.org/10.1212/WNL.0000000000001334.

[19] Chan AY, Rolston JD, Rao VR, Chang EF. Effect of neurostimulation on cognition and
mood in refractory epilepsy. Epilepsia Open 2018;3:18-29. https://doi.org/10.1002/
epi4.12100.

[20] Troster Al, Meador K], Irwin CP, Fisher RS. Memory and mood outcomes after ante-
rior thalamic stimulation for refractory partial epilepsy. Seizure 2017;45:133-41.
https://doi.org/10.1016/j.seizure.2016.12.014.

[21] Fisher R, Salanova V, Witt T, Worth R, Henry T, Gross R, et al. Electrical stimulation of
the anterior nucleus of thalamus for treatment of refractory epilepsy. Epilepsia 2010;
51:899-908. https://doi.org/10.1111/j.1528-1167.2010.02536.x.

[22] Kwan P, Arzimanoglou A, Berg AT, Brodie M], Allen Hauser W, Mathern G, et al. Def-
inition of drug-resistant epilepsy: consensus proposal by the ad hoc Task Force of
the ILAE Commission on Therapeutic Strategies. Epilepsia 2009;51:1069-77.
https://doi.org/10.1111/j.1528-1167.2009.02397 x.

[23] Thaddeus W. In: Engel Jr Jerome, editor. Surgical treatment of the epilepsies. 2 ed.
New York: Raven Press; 1993 [786 pp., illustrated, $135.00].

Ann Neurol 1993;35:252. https://doi.org/10.1002/ana.410350236.

[24] Hamilton M. The assessment of anxiety states by rating. Br ] Med Psychol 1959.
https://doi.org/10.1111/j.2044-8341.1959.tb00467 ..

[25] Hamilton M. A rating scale for depression. ] Neurol Neurosurg Psychiatry 1960.
https://doi.org/10.1136/jnnp.23.1.56.

[26] World Health Organization. International Statistical Classification of Diseases and
Related Health Problems, vol. 41; 1992 [doi:http://www.who.int/classifications/
icd/ICD-10_2nd_ed_volume2.pdf].

[27] Filho GM de A, Mazetto L, Gomes FL, Marinho MM, Tavares IM, Caboclo LOSF, et al.
Pre-surgical predictors for psychiatric disorders following epilepsy surgery in pa-
tients with refractory temporal lobe epilepsy and mesial temporal sclerosis. Epilepsy
Res 2012;102:86-93. https://doi.org/10.1016/j.eplepsyres.2012.05.005.

[28] de Araujo Filho GM, Furlan AER, Ribeiro AESA, Marques LHN. Psychiatric disorders as
“hidden” contraindications for presurgical VEEG in patients with refractory epilepsy:
a retrospective cohort study in a tertiary center. Epilepsy Behav 2015;45:35-8.
https://doi.org/10.1016/j.yebeh.2015.02.026.

[29] Ives-Deliperi V, Butler JT. Quality of life one year after epilepsy surgery. Epilepsy
Behav 2017;75:213-7. https://doi.org/10.1016/J.YEBEH.2017.08.014.

[30] M. MJ,R. MR, M. LN, M. SA, H. LA. Studying the incidence of depression: an ‘interval’
effect. Int ] Methods Psychiatr Res 2006;9:184-93. https://doi.org/10.1002/mpr.92.

[31] Lasalvia A, Bonetto C, Tosato S, Zanatta G, Cristofalo D, Salazzari D, et al. First-contact
incidence of psychosis in north-eastern Italy: influence of age, gender, immigration,
and socioeconomic deprivation. Br ] Psychiatry 2014;205:127-34. https://doi.org/
10.1192/bjp.bp.113.134445.

[32] Matsuura M. Indication for anterior temporal lobectomy in patients with temporal
lobe epilepsy and psychopathology. Epilepsia 2000;41(Suppl. 9):39-42.

[33] Anhoury S, Brown R], Krishnamoorthy ES, Trimble MR. Psychiatric outcome after
temporal lobectomy: a predictive study. Epilepsia 2000;41:1608-15.

[34] Sprengers M, Vonck K, Carrette E, Marson AG, Boon P. Deep brain and cortical stim-
ulation for epilepsy. Cochrane Database Syst Rev 2014. https://doi.org/10.1002/
14651858.CD008497.pub2.

[35] Jarvenpdd S, Peltola ], Rainesalo S, Leinonen E, Lehtimdki K, Jarventausta K.
Reversible psychiatric adverse effects related to deep brain stimulation of the ante-
rior thalamus in patients with refractory epilepsy. Epilepsy Behav 2018;88:373-9.
https://doi.org/10.1016/j.yebeh.2018.09.006.

[36] Antosik-Wéjcifiska A, Swiecicki £, Dominiak M, Sottan E, Biefikowski P, Mandat T.
Impact of STN-DBS on mood, drive, anhedonia and risk of psychiatric side-effects
in the population of PD patients. ] Neurol Sci 2017;375:342-7. https://doi.org/10.
1016/j,jns.2017.02.020.

[37] Qureshi AA, Cheng JJ, Sunshine AN, Wu A, Pontone GM, Cascella N, et al. Postopera-
tive symptoms of psychosis after deep brain stimulation in patients with Parkinson's
disease. Neurosurg Focus 2015;38:E5. https://doi.org/10.3171/2015.3.FOCUS1523.

[38] S.AB, S.DP, Alan R, V. RP. Psychiatric and neuropsychiatric adverse events associated
with deep brain stimulation: a meta-analysis of ten years' experience. Mov Disord
2007;22:1722-8. https://doi.org/10.1002/mds.21551.

[39] Follett KA, Weaver FM, Stern M, Hur K, Harris CL, Luo P, et al. Pallidal versus subtha-
lamic deep-brain stimulation for Parkinson's disease. N Engl ] Med 2010;362:
2077-91. https://doi.org/10.1056/NEJM0a0907083.

[40] Chopra A, Tye SJ, Lee KH, Sampson S, Matsumoto |, Adams A, et al. Underlying neu-
robiology and clinical correlates of mania status after subthalamic nucleus deep
brain stimulation in Parkinson's disease: a review of the literature. | Neuropsychiatry
Clin Neurosci 2012;24:102-10. https://doi.org/10.1176/appi.neuropsych.10070109.

[41] Cozac VV, Ehrensperger MM, Gschwandtner U, Hatz F, Meyer A, Monsch AU, et al.
Older candidates for subthalamic deep brain stimulation in Parkinson's disease
have a higher incidence of psychiatric serious adverse events. Front Aging Neurosci
2016;8:132. https://doi.org/10.3389/fnagi.2016.00132.


https://doi.org/10.1007/s11910-014-0480-6
https://doi.org/10.1371/journal.pone.0059999
https://doi.org/10.1016/j.yebeh.2007.12.019
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0020
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0020
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0025
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0025
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0025
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0030
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0030
https://doi.org/10.1016/j.eplepsyres.2004.07.003
https://doi.org/10.1016/j.eplepsyres.2004.07.003
https://doi.org/10.3389/fnins.2014.00411
https://doi.org/10.1016/J.YEBEH.2012.09.038
https://doi.org/10.1111/j.1528-1167.2011.03014.x
https://doi.org/10.1016/J.YEBEH.2017.02.029
https://doi.org/10.1016/J.YEBEH.2017.02.029
https://doi.org/10.1016/j.yebeh.2012.09.038
https://doi.org/10.1176/jnp.13.4.492
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0070
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0070
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0070
https://doi.org/10.1111/j.1528-1167.2012.03604.x
https://doi.org/10.1111/j.1528-1167.2012.03604.x
https://doi.org/10.1046/j.1528-1157.2001.42600.x
https://doi.org/10.1046/j.1528-1157.2001.42600.x
https://doi.org/10.1111/j.0013-9580.2004.48803.x
https://doi.org/10.1212/WNL.0000000000001334
https://doi.org/10.1002/epi4.12100
https://doi.org/10.1002/epi4.12100
https://doi.org/10.1016/j.seizure.2016.12.014
https://doi.org/10.1111/j.1528-1167.2010.02536.x
https://doi.org/10.1111/j.1528-1167.2009.02397.x
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0115
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0115
https://doi.org/10.1002/ana.410350236
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/http://www.who.int/classifications/icd/ICD-10_2nd_ed_volume2.pdf
https://doi.org/http://www.who.int/classifications/icd/ICD-10_2nd_ed_volume2.pdf
https://doi.org/10.1016/j.eplepsyres.2012.05.005
https://doi.org/10.1016/j.yebeh.2015.02.026
https://doi.org/10.1016/J.YEBEH.2017.08.014
https://doi.org/10.1002/mpr.92
https://doi.org/10.1192/bjp.bp.113.134445
https://doi.org/10.1192/bjp.bp.113.134445
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0165
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0165
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0170
http://refhub.elsevier.com/S1525-5050(18)30773-X/rf0170
https://doi.org/10.1002/14651858.CD008497.pub2
https://doi.org/10.1002/14651858.CD008497.pub2
https://doi.org/10.1016/j.yebeh.2018.09.006
https://doi.org/10.1016/j.jns.2017.02.020
https://doi.org/10.1016/j.jns.2017.02.020
https://doi.org/10.3171/2015.3.FOCUS1523
https://doi.org/10.1002/mds.21551
https://doi.org/10.1056/NEJMoa0907083
https://doi.org/10.1176/appi.neuropsych.10070109
https://doi.org/10.3389/fnagi.2016.00132

	Predicting de novo psychopathology after epilepsy surgery: A 3-�year cohort study
	1. Introduction
	2. Methods
	2.1. Subjects
	2.2. Psychiatric evaluation
	2.2.1. The Hamilton Anxiety Rating Scale (HARS)
	2.2.2. The Hamilton Depression Rating Scale (HDRS)
	2.2.3. Brief Psychiatric Rating Scale (BPRS)
	2.2.4. Symptom Checklist-90 (SCL-90)

	2.3. Statistical analysis

	3. Results
	3.1. Demographic and clinical findings of the people with refractory epilepsy with and without de novo psychopathology (Table 1)
	3.2. De novo major psychopathology
	3.3. Results from the Cox regression model

	4. Discussion
	Conflict of interest
	Disclosures
	Funding sources
	Author's contributions
	Acknowledgments
	References


