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 

The aim of this study is to investigate the frequency of abnormal EEG (electroencephalography) findings in first 

episode mania and to determine whether EEG abnormality improves at the subsequent remission period. The 

secondary, to compare cases with or without abnormal EEG findings with regard to clinical characteristics of BD 

(bipolar disorder). In the present study, 86 consecutive first attack mania cases between the ages of 18-65 

diagnosed as BD, manic episode according to DSM-IV who referred to our outpatient clinic or emergency service 

whose informed consent form was signed by first degree relatives were evaluated. Inclusion criteria were not 

having previous depressive episode, absence of any neurologic disorder, especially epilepsy, absence of history 

head trauma, and/or loss of consciousness and were not using any drugs which can influence 

electroenecepholafraphic activity before EEG (antiepileptic, anxiolytic, antidepressant, and antipsychotics). 

Diagnostic interviews were made with SCID-I (DSM-IV Structured Clinical Interview) and information on disease 

was recorded with SKIP-TURK (Mood Disorder Diagnosis and Follow-up Form). EEG recordings were made with 

digital EEG device in 16 channels. EEG abnormality is more frequent in mania than remission period (p = 0.022) 

and occurs at the rate of 28.7%. All cases with continuing abnormal EEG findings in remission period are women. 

In cases with continuing EEG abnormality, the age of menarche is smaller (p = 0.032) but family history is less 

frequent (p = 0.008). Childhood trauma and history of suicide attempt is more frequent in cases with abnormal EEG 

in remission period as well (p < 0.001 and 0.005). Of the cases, whose abnormal EEG improved in remission period, 

83.3% were treated with anticonvulsants. In some bipolar cases, abnormal EEG is present from the onset of disease 

and it is associated with some clinical characteristics. Abnormal EEG returns to normal in half of the cases in 

remission period.  
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Introduction  

Data on BD (bipolar disorder) in epilepsy is more limited than that on depression. However, mood 

irregularity, mixed periods characterised by irritability and mania are more common in epilepsy than thought 

(Mula, Marotta, & Monaco, 2010). Actually, epilepsy and BD shares some common characteristics. Both 

course in episodes and may become chronic. Triggering phenomenon, neurotransmitter irregularities, 
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irregularity in voltage gated ion channels, and irregularities in secondary messenger systems are similar 

changes suggested to play role in the etiology of both diseases. In addition, changes in G proteins, 

phosphatidylinozitol, proteinkinase C, and calcium activity have been described in both diseases. Common 

mechanism in ion channels is antikindling effects of antiepileptics regulating potassium outflux and 

antagonistic to calcium (Grunze, 2010). 

In a study investigating epileptic phenomena in bipolar cases, in some cases with rapid cycles and positive 

family history, epileptiform activity characterised by bitemporal spike waves has been shown (Miller, Fox, 

Cohn, Forbes, Sherrill, & Kovacs, 2002). In another study drawing attention to the relation between negative 

family history and abnormal EEG (electroencephalography), small sharp spikes were demonstrated in nearly 

half of these cases (Kano, Nakamura, & Matsuoka, 1992). In some studies, relation was found between being 

refractory to treatment and some disorders in the form of sleep spindles detected in the awake EEG of some 

patients (Hudson, Lipinski, & Frankenburg, 1988). In another study, in BD, temporal epileptic discharges and 

absence episodes correlating with episodic psychiatric symptoms in BD were found (Field & Diego, 2008). In 

spite of all these findings, there is no specific and verified EEG finding for mania or BD, which can be 

disclosed with a rough visual analysis. Variations in EEG abnormalities reported in the literature and differing 

rates of EEG abnormalities reported may be accounted for by methodological differences. For mania, common 

results of qualitative EEG studies are dominant hemisphere dysfunction (Cook, Shukla, & Hoff, 1986).  

The aim of this study was to investigate the frequency of abnormal EEG findings in the first episode mania, 

determine whether EEG abnormality is resolved in the subsequent remission period, and compare the cases 

with or without EEG abnormalities in terms of clinical characteristics of BD.  

Method 

Sample  

In the present study, 86 consecutive cases referring to our outpatient clinic or emergency service within 

the last year, who are between the ages of 18-65, whose informed consent form was signed by first degree 

relatives and were diagnosed with BD manic period according to DSM-IV and their first attack were included. 

Inclusion criteria were as follows: absence of previous depressive episode, absence of a neurological disease, 

especially epilepsy, and of head trauma or loss of consciousness, not using drugs which may affect 

electroencepholagraphical activity before recording of EEG (antiepileptics, naxiolytics, antideopressants, and 

antipsychotics). Previous depressive episodes obtained in eight patients. Some cases were excluded from the 

study (n = 6) as they had be administered a pharmacological agent that may influence EEG before EEG 

recording, some patients since their diagnosis was changed to schizoaffective disorder or psychotic disorder (n 

= 3) and some others because they did not come to EEG recording in remission period (n = 7). Who did not 

come to EEG recording in remission period, they have not EEG abnormalities in manic episode. The data of 

remaining 62 patients were evaluated in the study.  

Tools  

SCID-I (DSM-IV Structured Clinical Interview). This form was developed by First, Spitzer, and 

Gibbon in 1997 in order to investigate first axis psychiatric disorders according to DSM-IV and its reliability 

and validity study in Turkish was carried out by Özkürkçügil, Aydemir, and Yıldız (1999).  

SKIP-TURK (Mood Disorders Diagnosis and Follow-up Form). It was used to investigate 
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sociodemographic and clinical characteristics of the patients (Özerdem, Yazıcı, & Tunca, 2004). 

YMRS (Young Mania Rating Scale). It was used to determine the severity of manic symptoms before 

treatment and to confirm the state of recovery. This form filled by interviewer was developed by Young, Biggs, 

Ziegler, and Meyer (1978) and its reliability and validity study in Turkish was carried out by Karadağ, Oral, 

and Yalçın (2001). 

Procedure 

Training and Research Hospital provided permission to conduct this study. YMRS was used in initial 

evaluation and in remission period. Following the diagnostic interviews (SCID-I), researchers initiated an 

open-ended interview with the BD patients relatives in order to complete the SKIP-TURK form. EEG of the 

cases was recorded prior to the onset of antimanic treatment. According to the severity of mania, in cases 

requiring sedation before EEG recording, haloperidol and quetiapine were preferred. The reason why they were 

preferred was that in the study of Centorrino et al. (2002) with 2,812 cases, haloperidol and quetiapine were 

established as the antipsyhotics with least effect on EEG activity. After manic episode EEG was recorded in 

each case, pharmacological treatment recommended by their own physician was commenced. In the present 

study, no intervention was made for mania treatment and investigators were blinded to treatment of mania. 

After remission was confirmed by YMRS (YMRS < 5) during at least two weeks, EEG recordings of remission 

period were made.  

All EEG recordings were made in Erenkoy Mental and Neurologic Disease Training and Research 

Hospital EEG laboratory by the same EEG technician, using 33 channel ESAOATE, Mizar, 2004/Italy 

barcoded digital EEG device in 16 channels and, 23 surface electrodes were placed according to international 

10-20 system. Recording electrodes are denoted by one letter or figure. Letter signifies the abbreviation of the 

region under the electrode: Prefrontal (FP), frontal (F), central (C), parietal (P), occipital (O), and auricular (A). 

Of the figures, odd numbers signify left side and even numbers the right side. Figures increase as distance from 

anterior posterior midline of the head increases (Fisch, 2008). EEG recordings were made at 70 Hz for 20 

minutes with the eyes closed. At 5th minute, hyperventilation was made for five minutes and at the 15th minute, 

photic stimulation was made for three minutes.  

It was determined: (1) whether EEG, was epileptic; and (2) if is not epileptic whether it involves other 

abnormal patterns (dysrhytmia, slow wave, amplitude abnormalities, and asymmetry).  

Statistical Analysis  

The comparison of numerical data was made with T-test and if they are not normally distributed with 

Mann Whitney-U test and comparison of categorical data was made using, Chi-square and Fisher Exact test. 

All tests were two ended and, p-value of less than 0.05 was considered significant. In order to determine 

predictive variables, regression analysis (forward) was used.  

Results 

Sample  

Of cases in the first episode mania, 45.2% was female and 54.8% male and age of mean for 62 bipolar 

patients was 25.6 ± 3.1.  

The frequency of epileptic and non-epileptic abnormal EEG in Mania and Remission. Among first 
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attack bipolar cases, epileptic abnormal EEG was found in 2 cases (3.2%), and non-epileptic abnormal EEG in 

20 cases (32.3%) (see Table1). Of cases with epileptic abnormal EEG, findings returned to normal in remission 

period in 1. Of 20 cases with non-epileptic abnormal EEG findings in manic episode, EEG returned to normal 

in remission period in 12 (60%), while it persisted in eight cases (40%). Epileptic or non-epileptic EEG 

abnormality was more frequent in mania than remission (p = 0.022, x2 = 11.326).  
 

Table1  

The Frequency of Epileptic and Non-epileptic Abnormal EEG in Mania and Remission  

 
Mania 
(n = 62) 

Remission 
(n = 62) 

Analysis 
x2; p 

Normal EEG 40 53  

Epileptic EEG 2 1 11.326; 0.022 

Non-epileptic abnormal EEG 20 8  
 

Comparison of cases with and without abnormal EEG in First Episode Mania. In first episode mania, 

abnormal EEG was more frequent in female sex (15/5 and 15/27) (p = 0.003, x2 = 7.064). Mean of age was 

similar between bipolar patients with and without abnormal EEG (25.8 ± 13.7 vs. 24.5 ± 9.3).  

Mode and complications of delivery, history of febrile convulsion was not different between two groups. 

Age of menarche is similar between two groups (13.8 ± 1.2 vs. 13.9 ± 1.2). Comorbid physical disease is 

present in all cases with abnormal EEG (20/0 and 14/28) (p < 0.001, x2 = 25.132). These comorbid physical 

disease were diabetes and hypertension.  

Childhood trauma was found to be more frequent (physical and/or sexual abuse) in BD cases with 

abnormal EEG than those without abnormal EEG (16/4 and 18/24) (p = 0.001, x2 = 12.916). Likewise, in those 

with childhood psychiatric disease history, abnormal EEG were more frequent than those without such history 

(14/6 and 16/26) (p = 0.005, x2 = 10.649) (see Table 2). These diagnosis include ADHS, learning difficulty, 

enuresis and separation anxiety. No difference was found between BD cases with abnormal EEG and those 

without abnormal EEG with respect to family history. History of suicide attempt was found to be more frequent 

in BD cases with abnormal EEG (3/11 and 3/44) (p = 0.005, x2 = 8.176). 
 

Table 2 

Comparison of Cases With and Without Abnormal EEG in Remission  

 
With abnormal EEG 
(n = 8) 

Without abnormal EEG 
(n = 12) 

Analysis 
x2/t; p 

Gender (F/M) 8/0 2/10 11.235; 0.001 

Age (Mean ± SD) 30.8 ± 14.1  28.3 ± 11.5 0.500; 0.590 

Age of menarche (Mean ± SD) 13.1 ± 0.8 14.8 ± 0.9 0.300; 0.032 

Childhood trauma (physical or sexual abuse) (%) 100 16.6 14.825; 0.001 

Childhood psychiatric diagnosis history (%) 75 83.3 1.095; 0.232 

Family history (%) 12,5 66.6 6.730; 0.008 

Psychotic finding (%) 50 66.6 1.447; 0.748 

Suicide attempt (%) 50 25 1.270; 0.050 
 

The frequency of psychotic findings and YMRS scores were similar between two groups (27.4 ± 4.1 vs. 

28.5 ± 4.9). 

Predictors of abnormal EEG in the first episode Mania. Childhood trauma was found to be predictor of 

EEG abnormality in first episode mania cases with regression analysis. In other words, childhood trauma 
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increased the risk of abnormal EEG in first episode BD cases by 10.8 fold (CI 95% 1.8-4.9, p = 0.004).  

Comparison of cases with and without abnormal EEG in Remission. All of the cases who have 

continuing abnormal EEG findings in remission period are women (8/0 vs. 2/10) (see Table 2). Mean of age is 

similar in both groups (30.8 ± 14.1 vs. 28.3 ± 11.5).  

Except for age of menarche in the groups with abnormal EEG (13.1 ± 0.8 vs. 14.8 ± 0.9) (p < 0.032, t = 

4.1), mode and complications of delivery, febrile convulsion history and comorbid physical disease were 

similar between the groups (see Table 2). Family history was found to be more common in the group whose 

without abnormal EEG (1/7 and 8/4) (p = 0.008, x2 = 1.130). Childhood trauma was present all cases with 

abnormal EEG while childhood history of psychiatric disease was found to be similar between those with and 

without abnormal EEG. Family history of suicide attempt was more frequent among cases with abnormal EEG 

(4/4 and 3/9) (p = 0.005, x2 = 1.270).  

Antimanic Treatment in Cases  

In the present study, antimanic treatment of first attack mania cases, was not controlled for. In the 

retrospective evaluation of these data, to which the investigators were blinded, it was found that the rate of 

anticonvulsant use was 83.3% (n = 10) in cases without abnormal EEG findings in remission period while there 

was no anticonvulsant use in cases with continuing abnormal findings.  

Discussion  

The rates of abnormal EEG in the present study, among bipolar cases in first episode mania, were found 

23.9%. These rates are similar to those reported by other authors (Cook, Shukla, & Hoff, 1986; Small, Milstein, & 

Medlock, 1997). The fact that our cases were first episode ones demonstrate that in BD, EEG abnormality is 

present form the onset of the disease in some cases. According to our results, EEG abnormality detected in mania 

continues in some cases during remission period while it returns to normal in some other cases. Namely, in some 

bipolar cases, EEG abnormality emerges during mania. In cases, with continuing EEG abnormality in remission 

period, if we consider this a phenomenon independent of mania (trait), in cases whose EEG abnormality is 

finished, this may be regarded as specific to mania (state). In cases with continuing abnormal EEG, to understand 

whether this phenomenon independent of mania is an endphenotype requires comparison with healthy controls 

and healthy first-degree relatives of the bipolar cases and should be investigated by further studies.  

In the present study, the emergence of EEG abnormality during mania and its disappearance with the end 

of mania in some bipolar cases disproves the previous claim that EEG may be used to distinguish primary 

mood disorders from secondary ones (Cook et al., 1986). In contrast, the relation of EEG abnormality with 

many variables makes it necessary to determine whether it is secondary to mania. Actually, in the present study, 

the influence of many clinical variables such as sex and age of menarche, family history, childhood trauma, and 

history of psychiatric diagnosis in childhood on EEG was demonstrated. In addition, comorbid physical disease 

was present in all cases with EEG abnormality. The physical diseases were diabetes and hypertension. While 

there is no EEG abnormality linked to hypertension, EEG abnormality in some individuals without any 

psychiatric disorder was linked to diabetes. In this relation, slow wave intensity was found to be associated with 

the number of glicemic attacks. While there is no case of EEG abnormality linked to hypertension in the 

literature, in individuals without any psychiatric disease EEG abnormality was found to be associated with 

diabetes (Brismar, 2007). Present information underscores the fact that the findings of electrophysiological 
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studies should be cautiously interpreted.  

In the present study, the history of childhood psychiatric disease was found to be more common in cases 

with abnormal EEG than those without abnormal EEG. However, this difference found in manic period was not 

found between cases whose abnormal findings persisted in recovery period and those whose abnormal findings 

disappeared. The diagnosis of childhood psychiatric disease history is ADHD, learning difficulty, enuresis, and 

separation anxiety. ADHS, learning difficulty and enuresis may lead to EEG abnormality. Actually, in children 

diagnosed with ADHS, the history of seizure was found at the rate of 8%, and abnormal EEG finding at 15.5% 

(Cornelio-Nieto, Borbolla-Sala, & Gallegos-Dimas, 2011). EEG abnormality in ADHS is related to inhibition 

control disorder (Hale et al., 2010). In one fourth of children with enuresis nocturna it was been (Kawauchi, 

Imada, Tanaka, Minami, Watanabe, & Shirakawa, 1998). EEG abnormalities may arise in many learning 

difficulties, particularly dyslexia (McArthur, Atkinson, & Ellis, 2009). Learning difficulty is associated with 

Gama activation in parietal, frontoparietal and temporal regions and correlates with impulsivity scores for the 

distractibility of attention (DePascalis, Varriale, & Rotonda 2011).  

EEG abnormality detected during first attack mania seems not to be related to the severity of mania, since 

in mania no difference was found between cases with EEG abnormality and those without it and between cases 

whose EEG abnormality continued in recovery period and those in whom it disappeared, in terms of YMRS 

scores. Consitent with this, the frequency of psyhotic findings was found to be similar between cases who are 

with and without EEG abnormality in mania and recovery.  

One of the variables linked to EEG abnormality in bipolar disease is family history. In the study of Small, 

Milstein, and Medlock in 1997 with a relatively large sample, a significant relation was found between 

moderate and severe EEG abnormality and negative family history. A similar result was obtained by Cook et al 

(1986) in a sample of 46 subjects. In the study of Vaaler, Morken, Iversen, Kondziella, and Linaker (2010) 

epileptic form activity was found to be more frequent in the group with family history. In the present study, no 

difference was found between bipolar cases with abnormal EEG findings and those without them with regard to 

family history. However, when evaluation is made separately in first degree and second degree relatives, it was 

seen that family history in first degree relatives was present in 70% of cases with EEG abnormality. Family 

history was found to be more frequent in bipolar cases whose abnormal findings stopped in recovery period 

than those in whom abnormality continued. In other words, in cases with EEG abnormality secondary to mania, 

family history was found to be more common than cases in whom there was trait EEG abnormality. Our 

findings support the relation between trait EEG abnormality and negative family history and are congruent with 

those of Cook et al. (1986) and Small et al. (1997). 

Childhood traumas have a high prevalence in BD and strong relation is present between physical abuse 

and mania (Levitan, Parikh, Lesage, Hegadoren, Adams, Kennedy, & Goering, 1998). In the present study, 

childhood trauma was found to be more common in cases which had EEG abnormality in manic period which 

continued in remission period. In addition, it was found to be a predictor of EEG abnormality in first attack 

bipolar cases, which is not an unexpected result, because childhood traumas affect neurobiological 

development of the brain by changing BDNF levels and stress responses (Etain, Henry, Bellivier, Mathieu, & 

Leboyer, 2008). Cook et al. (2009) compared in three groups, i.e., those with childhood trauma, those with 

stress disorder after trauma, and those without stress disorder and, showed that childhood trauma group had 

EEG coherence in all central, frontal, temporal and parietal areas, which is seen as evidence for long term effect 

of childhood traumas on neural connectivity. 
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Common point between suicide attempt and mania is impulsiveness. Its finding in EEG is Gama activation 

in parietal, frontoparietal, and temporal regions (Logemann, Lansbergen, Van Os, Böcker, & Kenemans, 2011). 

In the present study, the family history of suicide attempt was found to be more frequent in bipolar cases which 

had abnormal EEG findings in manic period, which continued in remission period. Therefore, suicide attempt 

and EEG abnormality are associated irrespective of the presence of mood episode. Another relation between 

suicide attempt, BD and abnormal EEG findings may be established through childhood traumas. In many 

studies, suicide attempt occurs at higher rates in bipolar cases with childhood trauma (Lim, Song, Hwang, Lee, 

Suh, Park, & Kwon, 2010). Drawing upon these findings, it can be suggested that in psychiatric disorders in 

general and in BPD in particular, the mediator between suicide and epilepsy is childhood trauma.  

According to our findings, abnormal EEG findings are preponderant in female cases both in first attack 

mania and in recovery period. In other words, the reflection of mood disorder on EEG seems to be more 

explicit in women. This can be interpreted with the relation between female sex and childhood trauma. Abuse 

occurs more commonly in female sex (Levitan et al., 1998) and the impact of childhood traumas on HPA 

(hypothalamopituiter adrenal axis) function is more marked in women (DeSantis, Beker, Back, Spratt, Ciolino, 

Moran, Diparkar, & Brady, 2011).  

Perimenarche was reported to a risk factor for appearance or deterioration of epilepsy in 2003. Following 

studies did not confirm this finding and reported that the risk of emergence of epilepsy was higher in 10-18 age 

range than 0-9 age range, and this is not associated with menarche (Dworetzky, Townsend, & Pennell, 2012). 

In the present study, in cases with trait EEG abnormality, the age of menarche was found to start at a younger 

age. In a more recent study, it was reported that in early puberty, EEG spectral power intensity changed 

developmentally and maturation occurred at different rates in both sexes (Cragg, Kovacevic, McIntosh, Poulsen, 

Martinu, Leonard, & Paus, 2011). According to the results of this prospective study, if compared in terms of 

EEG, female sex has a developmental delay interval. In the brain exposed to increasing gonadal hormone levels 

increasing with puberty relatively early before maturation process is completed, some traces may be left.  

In the present study, antimanic treatment of first attack mania cases, was not controlled for. In the 

retrospective evaluation of these data, to which the investigators were blinded, it was found that the rate of 

anticonvulsant use was 83.3% in cases without abnormal EEG findings in remission period while there was no 

anticonvulsant use in cases with continuing abnormal findings. Based upon this finding, it was thought that it 

would be reasonable to recommend anticonvulsant use in BD cases with EEG abnormality. It was also 

investigated whether EEG recorded before initiation of drug would predict the response to treatment with 

antipsyhotics, but no results were obtained in this regard (Reeves, Burke, & Struve, 2011). 
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