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SUMMARY 
Suicidal risk assessment is still a major challenge not only in psychiatric practice. Clinical investigation of suicidality can be 

significantly improved by using standardized scales for assessing suicide risk. The choice of a method for assessing suicidality also 

has significant implications for the search of valid available biomarker of suicidal behavior, where a less complex suicidality 

assessment procedure yields inaccurate results. This article offers an overview and analyzes in detail clinical studies of suicidality by 

electrophysiological methods since 2005 to 5/2020, especially in connection with presumed pathophysiological mechanism of the 

t. Electrophysiological methods such as quantitative electro-

encephalography indicators, event-related potential, loudness dependence of the auditory evoked potential, polysomnography and 

heart rate variability offer a robust battery of easily available methods for assessing impaired emotional regulation. Nowadays it is 

unfortunately very difficult to point out the optimal electrophysiological examination of suicidal behaviour because of conflicting 

conclusion of presented studies which have been probably caused by various suicidal risk assessments, not always available data on 

affecting medication prior to testing and small samples of suicidal participants among studies. The most consistent and hopeful 

results are presented by evaluation of theta power by quantitative electroencephalography, although there are also few conflicting 

conclusions. The authors of this paper believe that this article could be good starting point for further research of 

electrophysiological methods in the field of suicidality.  

Key words: suicidality - quantitative electroencephalography - loudness dependence of the auditory evoked potential  polysomno-

graphy - heart rate variability 

*  *  *  *  *  

INTRODUCTION 

Suicide is the fourteenth most common cause of 

death globally, but it is one of the most common causes 

of death in young people aged 15-44, with approxi-

mately 20 suicide attempts per suicide commited (WHO 

2007). Evaluation of suicidal symptomatology, whether 

in terms of assessing the relevance of the risk of 

escalation to severe suicidal actions, or in terms of 

optimal therapeutic management (most often, but not 

only) in chronically suicidal patients, is still a major 

challenge in psychiatric practice. 

Despite the various available assistive methods, a 

significant number of psychiatrists (53% of workplaces 

in the Czech Republic and Slova

Pechan -term comprehensive 

examination by an experienced doctor without the use 

of any other tests to be the best diagnostic tool. On the 

other hand, the superiority of the clinical opinion of 

experienced psychiatrists over a standard psychometric 

test evaluating suicide  specifically The Columbia 

Suicide Severity Rating Scale (C-SSRS) (Posner et al. 

2011)  in predicting suicidal attempts or completed 

suicides was not demonstrated in a prospective study, 

both methods were equivalent in suicidal attempts 

prediction, the Colombian scale yielded better results at 

commited suicides predicition (Randal et al. 2018). 

However, the possibilities of assessing their predic-

tive ability are somewhat limited by the fact that a 

commited suicide is, fortunately, a relatively rare pheno-

menon in most healthcare facilities (Perlman et al. 

2011). Nevertheless, they provide useful information 

on the severity and complexity of the level of suicidal 

risk, although it needs to be noted, that sometimes the 

individual items assessed (e.g. a developed suicidal 

plan) are more important than the overall score (Perlman 

et al. 2011). In particular, the authors of this paper 

would like to emphasize the detailed investigation of 

suicidal behavior as offered by the The Columbia Sui-

cide Severity Rating Scale (Posner et al. 2011), which, 

in addition to the traditional classification of suicidal 

behavior, stratifies suicidal behavior into more detailed 

categories. These are: self-harm behavior without a 

suicidal intention, aborted attempt (the person is distur-

bed by an external circumstance when a potential self-

harm is initiated), prematurely terminated attempt (the 

person stops during a suicide attempt) and preparatory 

actions or behavior (actions leading to suicidal attemps, 

that go beyond mere thoughts or preparing for death by 

suicide, such as writing a farewell letter). 
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The choice of a method for assessing suicidality also 

has significant implications for examining suicidality in 

an effort to find a valid biomarker of suicidal behavior 

when less complex scales (e.g. without a clearly defined 

suicidal attempt) yield inaccurate and limited results 

(Park 2014). According to a recent review article (Bani-

Fatemi et al. 2018), functional neuroimaging (positron 

emission tomography, functional magnetic resonance) 

and structural neuroimaging methods (computed tomo-

graphy, magnetic resonance imaging, diffuse tensor 

imaging) point to dysfunction of fronto-temporal net-

works with volume reduction of grey and white matter 

in the prefrontal cortex, anterior cingulate, and upper 

anterior temporal gyrus of a suicidal brain across 

psychiatric diagnoses (major depression disorder, bipo-

lar disorders, psychotic disorders, borderline personality 

disorder). These findings correlate with the presumption 

of executive dysfunction with a direct impact on emo-

tional regulation in individuals with suicidal behavior, 

where regulatory emotional strategies are disrupted and 

maladaptive procedures with reduced ability to cope 

with emotional stress are used instead (Jollant et al. 

2011). However, the introduction of these methods for 

the detection of potential suicidal patients into a routine 

clinical practice is problematic, not only in view of their 

economic costs. 

On the other hand, more advanced electrophysio-

logical methods  such as quantitative electroencephalo-

graphy (QEEG), with the application of a modern mathe-

matical analysis with current computer processing capa-

bilities, are able to approach (functional) neuroimaging 

methods by a relative good spatial resolution and with 

excellent time resolution (on a millisecond scale), and 

with minimal economic costs they are easily replicable 

and remove the need to administer a radioactive sub-

stance or generate a strong magnetic field (Hughes & 

Johne 1999). Frontal QEEG changes in suicidality stu-

et al. 2010, Lee et al. 2017, Park et al. 2019)  espe-

cially changes in theta activity (4-8 Hz), which is 

closely related to anterior cingulate activity (Schiller 

2019) appear to be a promising correlate of suicidal 

symptoms, either by assessing absolute/relative power, 

(a)symmetry (the ratio of power in each band between 

symmetrical pairs of left and right hemisphere electro-

des (Hughes & Johne 1999)), coherence (degree of syn-

chronization between two channels), cordance (allows 

to assess the integrity of afferent inputs in one brain area 

(Leuchter et al. 1994)) or using LORETA (Low Resolu-

tion Brain Electromagnetic Tomography). However, it 

should be noted, that non-invasive quantitative electro-

encephalography determines the distribution of actual 

neuronal electrical activity of the brain in space, which 

is limited to the area of cortical gray matter and hippo-

campi, as subcortical structures such as basal ganglia 

and brainstem nuclei act as closed dipoles, whose 

electrical potentials do not reach the surface of the head 

and therefore cannot be sensed by surface electrodes, 

resp. the signals are limited (Attal et al. 2013). 

Another pathophysiological mechanism of suicidal 

behavior is central serotonergic dysfunction, which has 

been demonstrated in postmortem studies of commited 

suicides (Mann et al. 2000, Pandey et al. 2002), geno-

typing research of the serotonin transporter gene (Lee 

et al. 2015) or PET/SPECT visualization 5-HT recep-

tors or serotonin transporter binding potential (Pater-

son et al. 2013). Central serotonergic activity can also 

be examined non-invasively by Loudness Dependence 

of Auditory Evoked Potentials (LDAEP), which reflect 

low levels of serotonin in the CNS by a strong 

dependence of the amplitude of the evoked potential 

on loudness and vice versa (Hegerl & Juckel 1993). 

Prefrontal ventromedial cortex with overnight beta 

activity is also involved in the process of sleep 

regulation based on PET-FDG studies of dyssomnia in 

depressed patients (Nofzinger 2004). Intermediate fast-

frequency EEG activity (alpha and beta) during sleep 

appears to be an indicator of excessive central nervous 

system irritability and may correlate with the severity 

of depressive disorders (Cheng 2015). Studies of 

polysomnographic examinations or quantitative sleep 

EEGs point to differences in sleep architecture and 

dream activity of depressed patients at suicidal risk 

compared to depressed patients without suicidal risk 

(Agargun et al. 2003, Ballard et al. 2016, Bernert et al. 

2017, Dolsen et al. 2017, Boafo et al. 2019). 

The presumed problematic emotional regulation, 

that may increase the risk of suicidal behavior 

(Rajappa et al. 2012) can be influenced and inve-

stigated by cognitive reassessment, i.e. a cognitive 

strategy of re-framing emotional stimuli to change the 

intensity, length or polarity of emotion (Gross et al. 

2003). Deviations in the selective distraction from 

other stimuli to suicide-specific information and vice 

versa can be interpreted as a cognitive vulnerability to 

suicide (Wenzel et al. 2008). The importance of 

problematic distraction from suicidally relevant stimuli 

can be examined, resp. it is investigated using cogni-

tive evoked potentials (Kudinova et al. 2016, Baik et al 

2018). 

Impaired flexibility of emotional regulation can 

also be examined using heart rate variability and res-

piratory sinus arrhythmia  by measuring cardiac per-

formance, which is also controlled by the cortico-

limbic system (Myers 2016). Studies of high-fre-

quency heart rate variability (Adolph et al. 2018, 

Wilson et al. 2016) and respiratory sinus arrhythmia 

(Tsypes et al. 2015, Yang et al. 2019) indicate a reduced 

capacity to regulate the emotional response to stress in 

patients with suicidal symptoms. 

The aim of this paper is to provide summary of 

electrophysiological methods as a potential biomarkers 

of suicidal risk.  

An overview of the presented electrophysiological 

methods in the context of pathophysiological me-

chanisms of the suicidal brain is illustrated in Figure 

1. 
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Figure 1. Overview of electrophysiological methods in context of pathophysiological mechanisms of suicidal brain 
 

METHODS 

The following key words were used in pubmed: 

titative electroencephalogra o-

 heart 

rate vari and suicid* . Articles abstracts were 

all manually inspected as an additional search to see if 

they were within the scope of the review, next 

references lists of these chosen studies were scanned 

and relevant studies were added manually. We in-

cluded only articles in which the association between 

suicidality and electrophysiological measurement was 

directly tested. Articles not written in english were 

excluded. There were 130 articles identified in initial 

search, using the parameters specified in the method 

we were able to identify 33 articles that met the pre-

determined inclusion criteria. Specifically our review 

classifies the studies considering the following levels: 

amount of probands, medication before electro-

physiological assessment, assessment of suicidality.  

 

RESULTS 

This paper offers an overview of clinical studies of 

suicidality by electrophysiological methods, namely 

quantitative electroencephalography, loudness depen-

dence of auditory evoked potentials, event-related po-

tentials, polysomnography/quantitative sleep EEG and 

heart rate variability, published since 2005 to the 5/2020. 

The findings are summarised in Tables 1 to 3. 

Quantitative electroencephalography  

The principle of quantitative electroencephalography 

lies in precise and objective quantification of electro-

physiological brain activity by computerized analytic 

and statistical techniques. Obviuosly the technique 

include visual, semi-automatic or automatic selection of 

several artifact-free epochs of multichannel EEG 

(usually 1-2 minutes in length in total), which are then 

analyzed using usually a fast Fourier transform (a 

mathematical basis for analyzing performance spectra), 

resulting in an estimate of different frequencies (Hughes 

& Johne 1999). The results from each electrode can then 

be further processed by various QEEG tools: 

 absolute/relative (percentage of total performance in 
each channel) performance in each band; 

 coherence  the degree of synchronization of 2 
signals sensed from different places of the scalp; can 
be interpreted as functional connectivity of different 
areas of the brain (Thatcher et al. 1986); 

 (a)symmetry  the ratio of performance in each band 
between symmetrical pairs of electrodes from the 
left and right hemispheres (Hughes & John 1999); 

 cordance  a complex measurement of the perfor-
mance spectra of each of the surface electrodes, 
which puts both of them into a mutual relationship, 
i.e. absolute and relative performance spectra 
(Leuchter et al. 1994); has a strong correlation with 
brain perfusion measured by PET (Leuchter et al. 
1999) and SPECT (Cook et al. 1998); 
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 LORETA (Low Resolution Brain Electromagnetic 

Tomography)  a functional neuroimaging method 

that is based on electrophysiological and neuro-

anatomical assumptions and limitations of non-

invasive localization of neuronal generators respon-

sible for the emergence of EEG phenomena (Pasqual 

Marqui 2002a,b, 2011). 

Frontal changes in QEEG in the study of suicidality, 

especially an increase in theta activity (4-8 Hz), which 

is closely associated with anterior cingulate activity 

(Schiller 2019), was confirmed by several studies - 

higher theta cordance associated with suicidal ideas (Lee 

et al. 2017), higher theta cordance detected by retro-

spective analysis after complete suicide with dissimu-

lated clinical signs (even using psychometric scales!) 24 

l. 2008), 

higher theta interhemispheric coherence not only 

frontally in the suicidal group (Kim et al. 2019). In 

contrast, the decrease in theta cordance in association 

with suicidal symptoms is confirmed by Hunter et al. 

(2010). The asymmetry of the performances of the indi-

vidual bands was also investigated, while the asym-

metry of the combined theta and alpha power was in the 

study of Ioniflescu et al. (2008) higher with worsening 

of suicidal symptoms, in contrast Roh et al. (2020) 

describe lower frontal alpha asymmetry associated with 

suicidal symptoms. 

 

Polysomnographic examination  

and quantitative sleep EEG  

Intrusions of fast-frequency activity (alpha and beta) 

during sleep appears to be an indicator of excessive 

central nervous system excitability and may correlate 

with the severity of depressive disorders (Cheng 2015). 

Studies of polysomnographic examinations or quantita-

tive sleep EEGs point to differences in the sleep archi-

tecture and dream activity of depressed patients at 

suicidal risk and depressed patients without suicidal risk 

(Agargun et al. 2003, Ballard et al. 2016, Bernert et al. 

2017, Boafo et al. 2019). Suicidal individuals have a 

significantly shorter REM latency, a higher proportion 

of REM sleep (Agargun et al. 2003), less NREM 3-4 

stages (Boafo et al. 2019, Bernert et al. 2017), a reduction 

in dream REM quality activity (Agargun et al. 2003) and 

more frequent nocturnal awakenings (Ballard et al. 2016). 

Quantitative evaluation of sleep EEG showed increased 

fast frequency activity, decreased delta activity, and in-

creased alpha  delta sleep compared to patients with less 

pronounced suicidal ideas (Dolsen et al. 2017). 

 

The loudness dependence of the auditory 

evoked potential  LDAEP  

Central serotonergic activity has been shown to be 

associated with suicidal symptoms (Paterson et al. 2013, 

Lee et al. 2015) and can be investigated non-invasively 

by the loudness dependence of the auditory evoked 

potential (LDAEP) with a strong LDAEP thought to 

reflect a weak serotonergic activity and vice versa 

(Hegerl & Juckel 1993). The neurobiological model of 

the loudness dependence of the auditory evoked 

potential (LDAEP) in the primary auditory cortex is 

shown in Figure 2 (adapted from Juckel 2005). The 

primary auditory cortex is innervated predominantly by 

serotonergic (5-HT) neurons located in the nucleus 

raphe dorsalis of the reticular brainstem formation. 

Serotonergic activity from raphe dorsalis modulates 

pyramidal cells in the primary auditory cortex via 5-

HT1A (inhibitory) and 5-HT2 (excitatory) presynaptic 

receptors and indirectly via GABAergic interneurons. 

This serotonin modulating effect affects the reactivity of 

pyramidal cells during acoustic signal processing and at 

the same time acts on excitatory and inhibitory 

postsynaptic potentials (EPSP/IPSP) (Juckel 2005). 

LDAEP is calculated as the ratio of the amplitudes 

of the evoked N1/P2 components in response to 

different intensities of sound stimuli (Hegerl et al. 

2001). The formation of the N1/P2 complex and its 

distribution on the scalp is explained by two dipoles of 

each hemisphere  a tangentially oriented dipole reflects 

the activity of the primary auditory cortex, the radial 

dipole reflects the activity of the secondary cortex 

(Hegerl et al. 1993). However, as the primary auditory 

cortex shows greater 5-HT innervation (Juckel et al. 

2003), some authors consider it crucial to evaluate 

LDAEP only from the primary cortex area to avoid 

overlapping signals from other areas and distorting 

evoked potential (Braverman et al. 2016). Therefore, a 

dipole source analysis (DSA) method is recommended 

that decomposes the surface sensed activity into said 

dipoles (Hegerl et al. 1993) or the use of voxel current 

density in 3D imaging using low resolution brain 

electromagnetic tomography (LORETA) (Pascal-Marqui 

the authors derive LDAEP from only one electrode, 

most often from the Cz electrode (Henschl et al. 2008). 

Studies indicate lower serotonergic activity (i.e. 

higher LDAEP) in depressed patients with suicidal 

symptoms than in depressed patients without suicidal 

risk (Chen et al. 2005, Kim et al. 2013, Marsic et al. 

2014). On the contrary, this result is refuted by 

 al. (2015), where higher serotonergic 

activity was observed in suicidal patients. Another 

approach is presented by Uhl et al. (2012), which 

monitors the dynamics of LDAEP over time with the 

highest LDAEP on day 9 after a suicidal attempt. Min et 

al. (2012) and Park et al. (2014) found no corelation 

between LDAEP and suicidality. 

 

Event-related potentials  

Event-related potentials (ERP) make it possible to 

investigate the problematic distraction from suicidally 

relevant stimuli (Kudinova et al. 2016, Baik et al. 2018). 

This presumed problematic emotional regulation, which 

may increase the risk of suicidal behavior (Rajappa et 

al. 2012), is influenced and investigated by cognitive 
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reassessment, a cognitive strategy of framing emotional 

stimuli that changes the intensity, length or polarity of 

emotions (Gross et al. 2003). Deviations in the selective 

distraction from other stimuli to suicide-specific infor-

mation and vice versa can be interpreted as a cognitive 

vulnerability to suicide (Wenzel et al. 2008).  

The most explored ERP is the P300 wave, which is a 

potential complex of positive and negative waves with a 

dominant positivity of latency of about 300 ms from the 

moment of stimulation; it is often referred to as the 

neurophysiological correlate of the completion of the 

process of correct detection of a known stimulus and is 

independent of the modality of the stimulus used 

in ERP 

stidies include "oddball", when two types of tones are 

detected. First one is common, so-called frequent tone 

and the second tone is rare, so-called target. The task of 

the examined person is to recognize target stimuli and 

count their number mental

paradigm is the "go-no go" paradigm, where the exa-

mined person performs an agreed action after detecting 

the target stimulus, e.g. press the button. In ERP sui-

cidality studies, the P300 wave is most often used, which 

in suicidal subjects has a higher amplitude in the oddball 

paradigm compared to non-suicidal subjects (Chen et al. 

2005, Tavakoli et al. 2018), or during a task with 

suicidally relevant words (Baik et al. 2018). In contrast, 

Albanese et al. (2019) in the go-no go paradigm found no 

difference in P300, but a more positive N2 amplitude of 

the suicidal group compared to the non-suicidal one. The 

lower feedback of P300 induced by punitive images in 

participants at high risk of suicide was pointed out by the 

study of Song et al. (2018). Among other ERPs, late 

positive potential (LPP) was also examined, which was 

significantly higher in participants with a history of 

suicidal ideation during the task of reducing negative 

emotion in response to dysphoric images compared to 

the non-suicidal group (Kudinova et al. 2016).  

 

 

 
Figure 2. The neurobiological model of the loudness dependence of the auditory evoked potential (LDAEP) in the 
primary auditory cortex  
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Figure 3. Corticolimbic regulation of hearth rhythm 

 

Heart rate variability  

Impaired flexibility of emotional regulation can also 

be investigated by heart rate variability  high-

frequency heart rate variability and respiratory sinus 

arrhythmia  by measuring cardiac performance, which 

is also controlled by the cortico-limbic system (Myers 

2016). Studies of high-frequency heart rate variability 

(Adolph et al. 2018, Wilson et al. 2016) and respiratory 

sinus arrhythmias (Tsypes et al. 2015, Yang et al. 2019) 

point to a reduced capacity to regulate the emotional 

response to stress in patients with suicidal symptoms. 

The central structures involved in the regulation of heart 

rhythm are shown in Figure 3. 

 

DISCUSSION 

Electrophysiological methods in contrast to func-

tional and structure neuroimaging are easily replicable 

low-priced methods which can be part of any psychia-

tric institution. Furthermore with more advanced com-

puter postprocessing methods and the application of a 

modern mathematical analysis they are even able to 

approach (functional) neuroimaging methods by a rela-

tive good spatial resolution and exceed them with their 

excellent time resolution. In approach to common clini-

cal use in examination of suicidal patients there are 

different limits among these electrophysiological me-

thods: the degree of cooperation of patient with pote-

ntial tendency to dissimulation of suicidal symptoms 

limits especially event-related potentials, whereas 

polysomnographic examination requires specially 

trained personnel also during the night shift. Signi-

ficant limitation of all electrophysiological research in 

the field of suicide is the often need (or even urgency) 

to medicate the patient at immediate suicidal risk, 

which also affects the quality and accuracy of the 

results in many cases, sometimes to an unacceptable 

extent (benzodiazepines!). The choice of a method for 

assessing suicidality also has significant implications for 

possibilities of comparison with other studies. 

Reasons and examples which can explains conflic-

ting conclusions of presented studies: 

 various suicidal risk assessment  from a lifetime 

history of suicidal attempts  (Chen et al. 2005, Min 

et al. 2012, Tsypes et al. 2015) over examination by 

1 item in Hamilton Depression Rating Scale (Iosi-

fescu et al. 2010, Hunter et al. 2010, Roh et al. 2020, 

Bernert et al. 2017, Uhl et al. 2012, 

2015), over complex psychometric scales of suicidal 

risk such as The Columbia Suicide Severity Rating 

Scale (C-SSRS) (Wilson et al. 2016) to examination 

3 weeks before committed suicide immediately 

after discharge fro

et al. 2007) 

 EEG-affecting medication prior to testing  from no 

available data at all (Lee et al. 2017, Kim et al. 2011, 

Kudinova et al. 2016, Albanese et al. 2019, Tsypes 

et al. 2015, Yang et al. 2019) to missing exlusion of 

benzodiazepines (Pegg et al. 2018) and allowed 

using of benzodiazepines (Park et al. 2019) 

 small files of suicidal subjects  from case study 

), to studies under 15 suicidal 

participants (Iosifescu et al. 2008, Hunter et al. 

2010, Kim et al. 2019, Agargun et al. 2003, 

Kudinova et al. 2016, Tavakali et al. 2018), to only 

2 studies over 50 suicidal participants (Lee et al. 

2017, Albanus et al. 2019) and only 1 study over 

100 suicidal participants (Arkina et al. 2019). 

Taking into consideration all the above mentioned, 

nowadays it is probably not possible to point out the 

optimal electrophysiological examination that can be 
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really useful in common medical practice for the 

assessment of a suicidal patient. The 

most consistent and promising results are presented by 

evaluation of theta power by quantitative electroence-

phalography, although there are also few conflicting 

conclusions. 

 

CONCLUSION 

From a diagnostic and therapeutic point of view, a 

thorough clinical assessment of suicidal risk is 

important in suicidal patients. Equally (perhaps even 

more) important is the stratification of suicidality in 

research looking for a valid and readily available 

biomarker of suicidal symptoms. The authors of this 

paper believe that this article could be good starting 

point for further research of the pathomechanisms of 

the "suicidal brain" and in the search for the desired 

biomarker, it is appropriate to reach for more complex 

psychometric scales of suicidal risk such as The 

Columbia Suicide Severity Rating Scale and for the 

necessary anxiolysis or tranquillization of the patient 

choose medicaments with less potential to affect the 

electroencephalography. 
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