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ELECTROCONVULSIVE THERAPY’S MECHANISMS OF ACTION: A REVIEW

Maria Teresa Tavares Rodrigues Tomaz Valadas, Miguel Ângelo Marques Ferreira de Bragança

Abstract
Objective: Electroconvulsive therapy (ECT) has been used in the treatment of several psychiatric disorders for 

decades, and the procedure’s methodology developed significantly throughout the years. Current ECT procedure is 
a highly effective treatment, useful when pharmacotherapy fails, and able to produce quick results in life threatening 
situations. The mechanism by which ECT exerts its therapeutic effects is still unclear, and this is an area of active 
investigation today.

Method: In this article, we perform a review of the available literature about ECT’s mechanisms of action, focusing 
on specific actions that produce a therapeutic effect not only in depression, but also in psychotic states such as schizo-
phrenia, in catatonia, and other pathologies, and also giving attention to predictors of treatment outcome, mechanisms 
of acute and chronic effects, aspects correlated with clinical relapse, mechanisms of superiority vs pharmacological 
treatment, and mechanisms underlying ECT’s side effects.

Results: ECT produces a large number of neurobiological effects, which interact among them and produce clinical 
improvement. We were able to identify some variables that allow the optimization and personalization of ECT 
procedures, some predictors of efficacy, specific mechanisms of action per pathology, mechanisms of superiority vs 
pharmacological treatment, mechanisms related with acute and chronic effects and related with clinical relapse.

Conclusions: Further studies in this area may lead to better understanding of psychiatric disease pathophysiology, 
and may help in the development of new and improved pharmacological treatments. Identification of the mechanisms 
that are responsible for dramatic responses following a single ECT session and of more mechanisms related to clinical 
relapse is pressing in optimization of ECT treatment.
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                      psychiatric disease pathophysiology
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Introduction
Electroconvulsive therapy (ECT) has been used 

in the treatment of several psychiatric disorders since 
the late 1930s (Bolwig 2011, Cowen et al. 2012, 
Sanchez Gonzalez et al. 2009). Throughout the years, 
the procedure’s methodology developed significantly, 
and its therapeutic indications changed (Cowen et 
al. 2012). Today’s ECT procedure includes general 
anaesthesia and muscular blockage, and has minimal 
side effects (Cowen et al. 2012, Sanchez Gonzalez et 
al. 2009). ECT is a highly effective treatment, useful 
when pharmacotherapy fails, and is able to produce 
quick results in life threatening situations (Andrade 
2014, Cowen et al. 2012, Sanchez Gonzalez et al. 

2009). Nowadays, the use of ECT is recommended in 
severe depressive ilness, catatonia, schizophrenia and 
mania, after an adequate trial of other treatment options 
has proven ineffective, usually used as a last resource; 
when a rapid or short-term improvement of symptoms 
is imperative; and when life threatening conditions are 
present (Andrade 2014, Cowen et al. 2012, Sanchez 
Gonzalez et al. 2009).

Over the years, several theories regarding ECT’s 
mechanism of action have emerged. These theories 
include the anticonvulsant hypothesis (Bolwig 2011, 
Sanchez Gonzalez et al. 2009), which states that the 
anticonvulsant properties of ECT have a therapeutic 
effect; the generalized seizure theory (Bolwig 2011, 
Sanchez Gonzalez et al. 2009), which postulates that 
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regarding major depressive disorders refractory to 
pharmacological treatment. Data regarding catatonia, 
schizophrenia and psychosis are also present, as well 
as animal data regarding electroconvulsive stimulation 
(ECS), the animal equivalent of ECT.

Table 1. ECT’s mechanisms of action - contents

1. Delivery components
2. Therapeutic mediators

2.1. Psychological theories
2.2. Generalized seizure and patterns of EEG 

activity
2.3. Regional cerebral blood flow (rCBF) 

and metabolism
2.4.  Blood-brain barrier breach

3. Therapeutic processes
3.1. Serotoninergic transmission
3.2. Dopaminergic transmission
3.3. Noradrenergic transmission
3.4. GABAergic transmission
3.5. Glutamatergic transmission
3.6. Hypotalamic-pituitary-adrenal (HPA) 

axis
3.7. Neuroplasticity
3.8. BDNF
3.9. VEGF

3.10. Functional connectivity
3.11. Sleeping patterns
3.12. The immune system
3.13. Other mediators

1. Delivery components
Evidence regarding ECT’s delivery components 

includes data on electrode placement, characteristics of 
the electrical stimulus, number and rate of treatments, 
and concurrent pharmacotherapy (Andrade 2014). 
Knowledge about these variables contributes to the 
optimization of the ECT procedure, but as they are not 
directly implicated in ECT’s pathways of action, they 
will not be discussed in this review. 

2. Therapeutic mediators
2.1. Psychological theories

The introduction of anesthesia and muscle relaxants 
in the ECT procedure invalidated the presently 
abandoned psychoanalytic models on ECT’s mechanism 
of action (McCall et al. 2014). 

Effects on memory have been implicated in ECT’s 
therapeutic effect. First it was postulated that the 
induction of amnesia following ECT eliminated the 
memory of the events that triggered depression, but 
this theory fell down with the evolution of the ECT 
technique, which now has very few cognitive side 
effects (McCall et al. 2014). On the other hand, memory 
deficits are associated with depression. Memory is 
deeply correlated with personal identity and sense of 
self, which are disrupted in depression (Frais 2010). 
ECT has been shown to improve the access to remote 
memories, and it is possible that this ameliorates the 
autobiographical memory system, contributing to the 

the production of a generalized seizure is necessary to 
ECT’s therapeutic effect; a combined anatomo-ictal 
theory (Bolwig 2011, Sanchez Gonzalez et al. 2009), 
which integrates the induction of a generalized seizure 
with an effect on critical brain regions; psychological 
theories (Bolwig 2011, Frais 2010); a neuroendocrine 
model (Bolwig 2011, Haskett 2014), which posits that 
ECT corrects a state of neuroendocrine dysfunction 
inherent to depression; the monoamine hypothesis and 
other neurotransmitter effects (Baldinger et al. 2014, 
Kato 2009, Zarate et al. 2010), in which ECT is thought 
to act through modulation of aberrant neurotransmission; 
and the neurotrophic hypothesis (Bouckaert et al. 2014, 
Kato 2009, McCall et al. 2014), which states ECT 
produces potent neuroplasticity and neurogenesis, 
correcting structural and functional abnormalities seen 
in several pathologies. Evidence on all of these theories 
makes it safe to assume that ECT produces alterations 
through several pathways that may intertwine, and data 
on novel ECT effects is constantly arising. It remains 
to be clarified which specific ECT’s actions correlate 
with a therapeutic effect and clinical improvement 
on different pathologies (Andrade 2014). Several 
other details, such as the mechanism of superiority vs 
medication, mechanisms underlying acute (after just 
one ECT session) and chronic effects, and mechanisms 
underlying side effects, also need further discussion 
(Andrade 2014). Also, exisiting data lacks organization, 
as there are several reviews on specific effects, but 
none focusing on all of the theories and unifying them 
(Andrade 2014).

In this article, we perform a review of the available 
literature about ECT’s mechanisms of action, and 
propose to organize the information available, focusing 
on specific actions that produce a therapeutic effect not 
only in depression, but also in psychotic states such as 
schizophrenia, in catatonia, and other pathologies. We 
also give focus to predictors of treatment outcome, 
mechanisms of acute and chronic effects, aspects 
correlated with clinical relapse, mechanisms of 
superiority versus pharmacological treatment, and 
mechanisms underlying ECT’s side effects.

Materials and methods
An electronic search for scientific articles was 

conducted on the PUBMED database, combining the 
terms electroconvulsive, therapy, and mechanism. The 
search was limited to articles published in the last 10 
years, and was completed August 2015. The articles 
were reviewed by title and abstract, and a total of 42 
articles were selected. Seven more articles were included 
by reference, to further explore some issues, making a 
total of 49 articles. A reference textbook, Shorter Oxford 
Textbook of Psychiatry (Cowen et al. 2012), was also 
consulted.

ECT’s mechanisms of action
In this review, we organized the information as 

recently proposed by Andrade C. (Andrade 2014), using 
3 categories: 1) delivery components: elements of the 
ECT procedure that influence the efficacy and efficiency 
of ECT, 2) therapeutic mediators: physiologic or 
psychological results that themselves are not therapeutic, 
but that may result in therapeusis, and 3) therapeutic 
processes: molecular and other specific mechanisms that 
correct or compensate for disease state. The adressed 
topics are listed on table 1.

Unless stated otherwise, these are findings 
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Val-to-Met substitution at position 666, which may be 
indirectly associated with depression severity (Farzan 
et al. 2014). During the ECT treatment, depressed 
patients show a greater increase in frontal and prefrontal 
low frequencies (0.5-3.5 Hz) and spectral amplitudes 
in the ictal EEG (Farzan et al. 2014). Immediately 
after an ECT course, there is a prominent increase in 
delta (δ) and θ power in the precentral regions (Farzan 
et al. 2014). Several months later, δ, θ and α power 
decrease significantly and, years after, most patients 
show normalization of EEG to a non-pathological state 
(Farzan et al. 2014). The induction of slow wave activity 
in the prefrontal cortex is correlated with the degree of 
clinical improvement, and this modulation of oscillatory 
activity (δ to α) may be a mechanism by which ECT 
exerts its therapeutic effect in depression and psychosis 
(Farzan et al. 2014). ECT increases subgenual anterior 
cingulate cortex (ACC) θ activity (primary site of θ 
activity), normalizing its previously lower than expected 
activity (Bolwig 2014, McCormick et al. 2009), and this 
increase is correlated with a specific improvement of 
psychotic symptoms (Abbott et al. 2014, Bolwig 2014, 
Farzan et al. 2014, McCormick et al. 2009). Furthermore, 
pre-ECT higher baseline θ activity in the rostral ACC 
predicts a better antidepressant response, while pre-
ECT lower subgenual ACC θ activity is a predictor of 
an antipsychotic response (Abbott et al. 2014, Bolwig 
2014, Farzan et al. 2014, McCormick et al. 2009).

Regarding cognitive side effects, increases in δ 
power in the anterior frontotemporal region following 
ECT are associated with disorientation, increases in 
frontotemporal θ oscillations are associated with the 
degree of retrograde autobiographical amnesia, and a 
higher increase in global δ relative to θ power is linked 
with a decrease in global cognitive states (Farzan et 
al. 2014). Also, prefrontal EEG slowing and postictal 
suppression following successful ECT, probably a 
result of activation of GABAergic inhibitory pathways, 
are indicative of enhanced prefrontal inhibition, a 
mechanism that has been proposed to be responsible for 
ECT’s effects (Farzan et al. 2014).

2.3. Regional cerebral blood flow and metabolism
During the seizure (ictal period), there is an increase in 

rCBF, cerebral glucose uptake and oxygen consumption 
(Bolwig 2014). However, the changes that persist after 
the seizure, throughout the course of treatment and that 
are responsible for the ECT’s therapeutic effect, are 
more complex.

Although findings in literature regarding ECT’s 
effect on rCBF are controversial, ECT treatment seems 
to decrease rCBF in bilateral frontal, temporal, insular 
and parietal areas, and to increase rCBF in the thalamus, 
right parahippocampal gyrus and right medial frontal 
gyrus (the latter is only apparent after 30 days) (Abbott 
et al. 2014, Bolwig 2014). These changes are associated 
with clinical improvement (Abbott et al. 2014, Bolwig 
2014). However, a study with a follow-up interval of 
1 year showed an initial decrease in bilateral anterior 
frontal rCBF, but an increase at the end of the follow-
up period, matching rCBF of healthy controls, which 
sugests that reduced perfusion to the frontal lobes is 
important to the immediate ECT response, but not for a 
sustained response (Abbott et al. 2014). In the subgenual 
ACC, rCBF decreases for several days after the course of 
ECT treatment, but ultimately increases when compared 
with the pre-ECT state (McCormick et al. 2007). 
These specific alterations are strongly correlated with 
ECT’s antipsychotic effect, as patients with psychotic 
depressive disorders show lower than normal blood flow 

clinical improvement of depressed patients following 
ECT (Frais 2010).

2.2. Generalized seizure and patterns of EEG activity 
The production of a generalized tonic-clonic seizure 

is an absolute necessary condition to ECT’s therapeutic 
effect (Andrade 2014, Farzan et al. 2014). The adequacy 
of the seizure can be accessed by many variables. The 
seizure has a better antidepressant effect if it initiates 
in the prefrontal regions and widely extends towards 
the cortex and subcortex, including diencephalic 
structures (such as the hypothalamus) (McCall et al. 
2014, Sanchez Gonzalez et al. 2009). Diencephalic 
dysfunction contributes to the disruption of vegetative 
functions such as appetite, sleep and sexual behavior 
(Haskett 2014, Sanchez Gonzalez et al. 2009). The 
generation of a greater ictal power and of a greater 
postictal suppression, as well as the degree of postictal 
depression (suppression immediately after the electrical 
stimulus) can be predictors of the ECT treatment’s 
efficacy (Farzan et al. 2014). The duration of the 
electrical silence following the electrical stimulus is a 
measure of the strength of the response to the stimulus 
(Farzan et al. 2014).

The increase of the seizure threshold over the course 
of ECT treatment is related to its therapeutic effect, and 
the greater the degree of increase in seizure threshold, 
the greater is the clinical response (Sanchez Gonzalez 
et al. 2009). Seizure threshold is affected by multiple 
variables: older age and male gender are associated with 
a higher baseline seizure threshold (Sanchez Gonzalez et 
al. 2009); concurrent therapy with benzodiazepines and 
anticonvulsants increases the seizure threshold, while 
therapy with lithium, antidepressants and antipsychotics 
lowers it (Cowen et al. 2012, Sanchez Gonzalez et al. 
2009); sleep deprivation during treatment decreases 
seizure threshold (Sanchez Gonzalez et al. 2009).

Mostly, seizure duration is no longer considered to 
be correlated with seizure adequacy or antidepressant 
effect (Farzan et al. 2014), but authors suggest that when 
treating catatonia, seizure duration should be at least 25 
seconds (Luchini et al. 2015). Also regarding catatonia, 
a longer duration of motor and EEG seizure activity at 
the final ECT session correlate with a better response to 
treatment (Luchini et al. 2015).

Over the course of ECT, the interictal EEG becomes 
slower and develops greater amplitudes. These changes 
indicate the persistence of the seizure effects, and reverse 
1 to 12 months after the end of treatment (Sanchez 
Gonzalez et al. 2009). The state of postictal depression 
and the interictal slowing correlate with an increase in 
brain-derived neurotrophic factor (BDNF) expression 
and activity, which may explain the mechanism by 
which these variables affect clinical efficacy (Farzan et 
al. 2014).

Over the course of ECT, a generalized slowing of 
the EEG occurs, and it reverses after the ending of the 
treatment course (Farzan et al. 2014). This deceleration 
of frontotemporal neural activity induced by ECT may 
reflect a change in functional connectivity that may be 
strongly correlated with this treatment’s therapeutic 
effect (Farzan et al. 2014).

In the baseline EEG, depressed patients were shown 
to have increased absolute alpha (α) power in parietal 
and frontal regions, increases of frontal midline theta 
(θ) oscillations, interhemispheric asymmetry of frontal 
α power (eg. ratio left to right α power), and there is 
also some evidence of increased beta (β) activity 
(Farzan et al. 2014). EEG α oscillations in eyes-closed 
resting state were suggested to be mediated by BDNF 
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the blood-brain barrier and, as ECT increases VEGF 
levels, it may act synergistically with pharmacological 
treatment, increasing the concentration of drugs in the 
brain (Minelli et al. 2014, Minelli et al. 2011). This can 
help the achievement of antidepressant and antipsychotic 
effects, among others (Minelli et al. 2014, Minelli et al. 
2011). There has not been further substantial evidence 
showing involvement of blood-brain barrier breach on 
mediating ECT therapeutic action (Andrade 2014).

3. Therapeutic processes
3.1. Serotoninergic transmission

The implication of abnormalities in the 
serotoninergic, dopaminergic and noradrenergic systems 
in the pathophysiology of psychiatric syndromes is 
largely accepted (Baldinger et al. 2014). Serotoninergic 
transmission is impaired in depression, and several 
pharmacological treatments, such as selective serotonin 
reuptake inhibitors (SSRIs) and tricyclic antidepressants 
(TCAs) modulate this transmission (Baldinger et al. 
2014, Cowen et al. 2012). Also, hippocampal functions 
are primarily regulated by the serotoninergic system 
(Baldinger et al. 2014).

Abnormalities of 5HT1A receptor function are 
consistently described in depression (Lanzenberger et 
al. 2013). ECS results in 5HT1A receptor sensitization 
in the hippocampus (Baldinger et al. 2014). This finding 
is consistent with the effects of SSRIs and TCAs, but 
in contrast to these therapies, ECS does not attenuate 
the negative feedback on serotonin release via 5HT1A 
autoreceptors, which suggests that ECT’s effects are 
only mediated by sensitization of postsynaptic receptors 
(Baldinger et al. 2014, Lanzenberger et al. 2013, Tsen 
et al. 2013). ECS also enhances 5HT1A expression in 
the hippocampal denteate gyrus, but decreases it in the 
CA4 region (Baldinger et al. 2014). In humans, 5HT1A 
postsynaptic receptor binding is globally reduced after 
ECT, namely in the ACC (including the sugbenual 
region), the orbitofrontal cortex, amygdala, insula and 
hippocampus, although older studies report enhanced 
binding in the denteate gyrus and pyramidal cells of the 
hippocampus (Baldinger et al. 2014, Lanzenberger et 
al. 2013). These findings are in line with observations 
after the intake of antidepressants and correlate with 
clinical improvement, but the magnitude of 5HT1A 
binding alterations does not correlate with the degree of 
clinical improvement, suggesting that the effect of ECT 
in this system is dose-independent(P Baldinger et al. 
2014, R Lanzenberger et al. 2013). This data seems to 
contrast with ECS findings, but it is plausible that these 
changes represent new rearrangements and a reset in 
serotoninergic networks following ECT, that could be 
resposible for its therapeutic effect(P Baldinger et al. 
2014, R Lanzenberger et al. 2013).

5HT1B receptor function may also be involved in ECT 
mechanism of action, but the evidence is speculatory 
(Hoirisch-Clapauch et al. 2014, Kato 2009).

It was suggested that an increase in 5HT2A receptors 
is involved in the pathophysiology of depression 
(Cowen et al. 2012), but depressed patients show a 
reduction of 5HT2 receptors, which is posited to be a 
homeostatic response to the brain state of depression 
(Yatham et al. 2010). ECS increases 5HT2A receptor 
expression in the neocortex (Baldinger et al. 2014). As 
seen with 5HT1A, 5HT2A postsynaptic receptor binding 
is globally reduced after ECT, namely in the bilateral 
occipital cortex, medial parietal cortex, limbic cortex 
(with a peak in the right parahippocampal gyrus) and 
bilateral prefrontal cortex (with a peak in the right 

to this area prior to treatment (McCormick et al. 2007, 
McCormick et al. 2009). Regarding the ictal period, 
it appears that the greater the rise in rCBF during the 
seizure, the greater is the subsequent decrease (Bolwig 
2014).

Although findings in literature regarding the effect 
of ECT on cerebral metabolism, measured by glucose 
uptake, are controversial, ECT seems to decrease 
metabolism in frontal areas (right frontal opperculum, 
dorsolateral prefrontal cortex, bilateral frontal medial 
and inferior frontal regions), left inferior temporal and 
right inferior parietal areas, and to increase metabolism 
in pons, right amygdala, medial temporal lobes (right 
parahippocampal gyrus, hippocampus), subgenual ACC, 
right paracentral gyrus, left parietal and left occipital 
lobes (Abbott et al. 2014, Bolwig 2014, McCormick et 
al. 2007, Suwa et al. 2012). These changes are associated 
with clinical improvement, but with a 33-day follow-
up, the alterations in the dorsolateral prefrontal cortex 
(DLPFC) and right paracentral gyrus normalize, matching 
the metabolism of healthy controls, which sugests that 
reduction of metabolism in the frontal lobes is important 
for an immediate ECT response, but not for a sustained 
effect (Abbott et al. 2014, Bolwig 2014, McCormick et 
al. 2007, Suwa et al. 2012). The decreases of metabolism 
in the left inferior temporal and right inferior parietal 
(neocortical) areas are intercorrelated with the increases 
in the right medial temporal (limbic/paralimbic) area, 
and this corticolimbic balance shift in metabolism may 
be related with ECT’s therapeutic effect (Suwa et al. 
2012). Also, decreased metabolism in subgenual ACC is 
associated with the development of psychotic symptoms 
(McCormick et al. 2007). Better responders to ECT 
have lower pre-ECT ACC metabolism, and pre-ECT 
low left subgenual ACC metabolism predicts a greater 
degree of improvement in positive symptoms following 
ECT(McCormick et al. 2007, Rosenquist et al. 2014). 
The increases in metabolism in left subgenual ACC and 
hippocampus are correlated with ECT’s antipsychotic 
and antidepressant effects, with a particular association 
between improvement of positive symptoms and 
left-sided alterations (McCormick et al. 2007). Some 
regional increases in metabolic activity are proposed 
to translate in incresed angiogenic activity and vascular 
proliferation (e.g. molecular layer of CA1 region of 
hippocampus) (Newton et al. 2006).

The observed decreases in rCBF and metabolism are 
probably a result of activation of GABAergic inhibithory 
pathways, indicating enhanced prefrontal inhibition, a 
mechanism that has been proposed to be responsible for 
ECT’s effects (Farzan et al. 2014).

2.4. Blood-brain barrier breach
Some studies show a breakdown of the blood-

brain barrier during ECT, as seizure is associated with 
increased permeability of this barrier, but this effect is 
only temporary (Bouckaert et al. 2014, Haskett 2014). It 
was suggested that, as seizures cause a release of several 
hormones and peptides, the increased levels of those 
substances in blood could be absorbed by cerebrospinal 
fluid (CSF) and distributed by the ventricular system, 
facilitating their contact with several central nervous 
system (CNS) structures (Haskett 2014). However, since 
hormone release following a seizure has a limited time 
course, and there is a need for multiple ECT sessions 
to obtain a sustained effect, it was concluded that these 
substances do not have a central role in ECT’s therapeutic 
effect (Haskett 2014). Vascular endothelial growth 
factor (VEGF) was shown to downregulate the activity 
of multiple drug resistance (MDR) P-glycoprotein at 
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specially at the presynaptic level (Baldinger et al. 
2014, Tsen et al. 2013). Dopaminergic neurons are also 
stimulated by glial cell line derived neurotrophic factor 
(GDNF), whose expression is increased after ECT (Kato 
2009).

In animal models of parkinsonism, ECS improves 
motor retardation, possibly by inducing greater 
dopaminergic tone in the nigrostriatal pathway (Baldinger 
et al. 2014, Tsen et al. 2013). ECT improves motor 
symptoms in depressed patients with Parkinson disease, 
regardless of antidepressant effects and, following ECT, 
the activity of dopaminergic innervated areas, such as 
basal ganglia and upper brainstem, increases (Baldinger 
et al. 2014). ECS results in sensitization of dopamine 
mediated behaviors in animal experiments, and ECT 
significantly increases dopamine mediated responses in 
humans (Baldinger et al. 2014). Taken together, these 
findings suggest that ECT increases dopaminergic 
neurotransmission, and this may explain not only 
antidepressant effects but also the antiparkinsonic effects 
of ECT (Baldinger et al. 2014). However, dopaminergic 
effects have not been associated with ECT’s therapeutic 
action in catatonia (Luchini et al. 2015).

3.3. Noradrenergic transmission
Noradrenergic function is impaired in depression, 

as depressed patients show an upregulation of α2-
adrenoceptors in response to diminished noradrenaline 
(NA) release (Cowen et al. 2012, Lillethorup et al. 
2015). These changes are reversed by pharmacological 
treatments (Lillethorup et al. 2015), and ECT is posited 
to potentiate the actions of NA (McCall et al. 2014).

ECS increases NA release, namely in the frontal cortex 
and hippocampus, and animals subjected to chronic 
ECS have significantly higher release of NA from the 
frontal cortex, probably mediated by a downregulation 
of presynaptic α2-receptors (autoreceptors responsible 
for negative feedback) (Lillethorup et al. 2015).

In animal models of depression and in depressed 
humans, baseline α2-adrenoceptors binding in cortical 
regions is increased (Lillethorup et al. 2015). Following 
ECS, α2-adrenoceptor binding is decreased in cortical 
regions, amygdala, and especially in the perirhinal cortex, 
and high affinity binding sites disappear (Lillethorup et 
al. 2015). After ECS, there is a decreased density of 
β-adrenoceptors in cortical regions and hippocampus, 
but there are no changes in binding (Stanford, Nutt 
1982). ECS also seems to enhance α1-adrenoceptor 
function in the facial motor nucleus (FMN) (Tsen et 
al. 2013). These findings implicate a restoration of 
noradrenergic function in ECT’s mechanism of action, 
but no correlations with clinical improvement have been 
established yet (Lillethorup et al. 2015).

3.4. GABAergic transmission
Depression is associated with GABAergic 

deficits and dysfunction, and this GABA hypothesis 
complements the theories about serotonin and NA in the 
pathogenesis of mood disorders (Esel et al. 2008). There 
are decreased cortical GABA levels (occipital cortex) in 
depressed patients, and there is evidence of dysregulation 
of glutamate descarboxylase (GAD, involved in GABA 
synthesis) hippocampal expression in schizophrenia and 
bipolar disorder (Hoirisch-Clapauch et al. 2014). Serum 
GABA (sGABA) levels are an acurate measure of brain 
GABA, and they are decreased in at least a proportion 
of depressed patients (Esel et al. 2008). Also, the 
psychomotor syndrome in catatonia may be mediated 
by a GABAergic deficit in the orbitofrontal cortex, as 
the presence of psychotic features, associated with a 

inferomedial prefrontal cortex) (Baldinger et al. 2014, 
Yatham et al. 2010). These findings agree with the effect 
of pharmacological treatments, and show a trend level of 
correlation with clinical improvement (Baldinger et al. 
2014, Yatham et al. 2010). Taking this into account, it is 
plausible that some individuals have natural homeostatic 
processes that produce sufficient reduction in brain 
5HT2A receptors to alleviate depression (Yatham et al. 
2010). Other individuals may require antidepressants, 
and in treatment-refractory cases, ECT is needed to 
produce additional reduction in 5HT2A receptor density 
(Yatham et al. 2010). These more pronounced effects of 
ECT in 5HT2A function may be one of the explanations 
of its superiority when compared with pharmacological 
treatment (Yatham et al. 2010).

The effects of ECT in the serotonin transporter (5-
HTT) are inconsistent and, for now, 5-HTT does not 
seem to play a substantial role in ECT’s mechanism of 
action (Baldinger et al. 2014).

3.2. Dopaminergic transmission
Dopaminergic function is impaired in depression 

(Baldinger et al. 2014, Cowen et al. 2012). In some 
catatonic states, motor symptoms may result directly from 
striatal D2 receptor blockade that modulates the motor 
loop to the supplementary motor area and orbitofrontal 
cortex (Luchini et al. 2015). Also, the presence of 
extrapyramidal abnormalities and hypodopaminergic 
states, either due to concurrent neurological illness or 
medication, predicts a poor outcome to ECT’s treatment 
of catatonia (Luchini et al. 2015).

ECS increases brain dopamine concentrations, 
namely in the striatum and frontal and occipital 
cortexes (Baldinger et al. 2014). However, human 
studies on homovanillic acid (HVA) levels, a major 
dopamine metabolite, are controversial, with reported 
increases and decreases on its levels in various biologic 
fluids following ECT (Baldinger et al. 2014). It was 
hypothesized that increased HVA levels, and thus 
increased dopamine turnover, represents a reduction of 
postsynaptic dopamine receptor turnover, resulting in 
an improvement of psychotic symptoms following ECT 
(Rosenquist et al. 2014).

ECS also increases dopamine receptor expression 
in the mesolimbic system, namely D1 and D3 receptor 
expression in dorsal and ventral striatum and in the 
shell of nucleus accumbens (Baldinger et al. 2014, 
Strome et al. 2007). Also, human data shows that 
different D3 receptor gene variants can correlate with 
ECT response and remission afterwards, and that the 
allele associated with a better response is associated 
with a stronger striatal responsiveness to happy facial 
expressions (Baldinger et al. 2014). Human data also 
suggests that, in depressed patients, ECT decreases 
D2 receptor binding in the rostral ACC, which can be 
interpreted as a downregulation of D2 receptors after 
the ECT induced enhancement of dopamine release and 
receptor stimulation in the same area (Baldinger et al. 
2014, Saijo et al. 2010). These changes correlate with 
clinical improvement, but may only be a reflection of 
the effect of the seizure, and not of an antidepressant 
effect (Baldinger et al. 2014, Saijo et al. 2010). Also, the 
combination of D2 receptor gene C-to-T substitution at 
nucleoside 957 and catechol-O-methyltransferase Val-
to-Met substitution at position 158 is associated with a 
worse clinical response to ECT (Baldinger et al. 2014).

ECS’s effect in dopaminergic neurotransmission 
in the ventral tegmental area (VTA) consists of more 
spontaneously active neurons in the substantia nigra pars 
compacta and of increased dopaminergic transmission, 
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2006). Altogether, these findings suggest involvement 
of glutamatergic modulation in ECT’s mechanism of 
action. 

3.6. Hypotalamic-pituitary-adrenal (HPA) axis
Abnormalities of HPA axis have been associated 

with depression, and patients with endocrine disorders 
affecting this axis, such as Cushing or Addison’s disease, 
have higher rates of mood disorders (TG Bolwig 2011, 
Burgese, Bassitt 2015, Cowen et al. 2012, Haskett 2014). 
These abnormalities indicate hyperfunction of the axis, 
and include elevated circulating cortisol levels, blunting 
of the normal diurnal cortisol rhythm and increased 
nocturnal cortisol levels, impaired cortisol supression 
in response to dexamethasone, glucocorticoid (GR) and 
mineralocorticoid receptor (MR) imbalances (decreased 
GR activity and increased MR activity) (Burgese, Bassitt 
2015, Cowen et al. 2012, Haskett 2014). Decreased 
activity of brain GR results in impaired negative 
feedback, contributing to HPA axis dysregulation 
(Burgese, Bassitt 2015). HPA feedback dysregulation 
might also be explained by marked increases in 
amygdalar function and decreases in hippocampal 
and prefrontal cortex function (Bouckaert et al. 2014). 
Patients with psychotic depression show higher 
baseline cortisol levels than other depressed patients 
(Burgese Bassitt 2015). Also, the presence of vegetative 
symptoms and physiological dysfunction predict a 
better response to ECT, and autonomic dysregulation at 
baseline predicts a more favorable response in catatonic 
patients (Luchini et al. 2015). Higher baseline cortisol 
levels are correlated with greater cognitive impairment 
after ECT (Burgese, Bassitt 2015, Haskett 2014).

After acute ECT, cortisol levels increase, as do the 
levels of ACTH, prolactin, oxytocin, β-endorphin and 
growth hormone (Burgese, Bassitt 2015, Haskett 2014). 
These findings suggest that ECT acts by restoring 
hypothalamic function (Burgese, Bassitt 2015), 
although the release of these substances is not useful 
to achieve a therapeutic effect (Haskett 2014). The 
findings on chronic ECT effects on cortisol levels are 
contradictory, but show a dominant decreasing trend, 
which correlates with clinical improvement (Burgese, 
Bassitt 2015). Novel findings suggest that decreases in 
cortisol are more pronounced in elderly patients, and 
that clinical improvement following ECT is also more 
pronounced in this subgroup (Burgese, Bassitt 2015). 
Melancholic depression subtype shows larger variations 
in cortisol levels before and after ECT than other 
depression subtypes (Burgese, Bassitt 2015). Regarding 
the dexamethasone supression test (DST), depressed 
patients show a quick and persistant normalization of the 
DST following ECT treatment, and this normalization of 
HPA axis function correlated with clinical remission and 
is posited to be a mechanism by which ECT exerts its 
action (Haskett 2014). However, the utility of the DST 
is controversial nowadays (Haskett 2014). 

Hippocampal functions are impaired in depression, 
namely by chronic hypercortisolism (Burgese, Bassitt 
2015). The hippocampus is rich in mineralocorticoids 
and glucocorticoids and has receptors which maintain 
baseline HPA axis function and its feedback activity 
(Burgese, Bassitt 2015). Following ECT, increases 
in newborn neurons and cell proliferation enhance 
hippocampal inhibitory control over the HPA axis 
and restore the hippocampus as its central regulator, 
contributing to a therapeutic effect (Bouckaert et al. 
2014).

3.7. Neuroplasticity

dyregulation of the orbitofrontal cortex, predicts a better 
response to ECT (Luchini et al. 2015).

ECT increases GABA cortical levels, but this 
increase has not been correlated with clinical response 
(Abbott et al. 2014, Bolwig 2014, Esel et al. 2008). 
ECT increases GABA levels in subcortical structures 
and in the hippocampus, and this correlates with 
clinical improvement (Esel et al. 2008). ECS increases 
hippocampal expression of GAD65, whose transient 
activation increases GABA levels for rapid modulation 
of inhibitory neurotransmission, although it decreases 
GAD67, responsible for almost all of the constitutional 
GABA production in the brain (Hoirisch-Clapauch et 
al. 2014). ECT markedly increases sGABA, both after 
a single treatment and increasingly following the course 
of ECT (Esel et al. 2008). This increase is correlated 
with clinical improvement, but is not enough to parallel 
healthy control levels (Esel et al. 2008).

GABAB receptor activity, measured through the 
blunting of growth-hormone (GH) response to baclofen 
stimulation, is also hypothesized to be correlated with 
depression, although there are some conflicting results 
(Esel et al. 2008). The modulation of GABAB receptor 
activity by pharmacotherapy is controversial, but ECT 
seems to mostly increase this activity, contributing to a 
therapeutic effect (Esel et al. 2008).

The effect of GABA on serotoninergic and 
noradrenergic transmission (e.g. potentiation of 
serotoninergic and noradrenergic transmission by means 
of postsynaptic GABAB receptor stimulation) may also 
be an indirect explanation to why modulation of GABA 
by ECT contributes to its therapeutic effect (Esel et al. 
2008). Also, the prefrontal EEG slowing and postictal 
supression (indicative of enhanced prefrontal inhibition) 
probably are a result of activation of GABAergic 
inhibithory pathways by ECT, and this may explain 
the mechanism by which these variables affect clinical 
efficacy (Farzan et al. 2014).

3.5. Glutamatergic transmission
There is evidence of glutamatergic abnormalities 

in depressed patients (Cowen et al. 2012, Zarate et 
al. 2010) Glutamate is the most abundant excitatory 
neurotransmitter in the brain, and the glutamate-
glutamine (Glu/Glx) cycle (indirect measure of activity 
of the neuronal-glial cycle) plays a critical role in the 
regulation of neuroplasticity (Zarate et al. 2010). Some 
of the findings in depressed patients include elevated 
glutamate levels in the occipital and frontal cortexes 
and decreased levels in the ACC, DLPFC and amygdala 
(Abbott et al. 2014, Cowen et al. 2012, Machado-Vieira 
et al. 2009, Zarate et al. 2010). Also, some data shows 
that low N-methyl-D-aspartate (NMDA) receptor 
activity produces psychotic symptoms (Hoirisch-
Clapauch et al. 2014).

Following ECT, the pre-ECT decreases in Glu/Glx 
are revesed and normalize in comparison with healthy 
controls, and this increase in Glu/Glx levels parallels 
clinical improvement (Abbott et al. 2014). ECS 
upregulates NMDA receptors, which might be one of the 
mechanisms of ECT’s antipsychotic effect (Hoirisch-
Clapauch et al. 2014). On the other hand, glutamate 
antagonism may also have antidepressant effects, as the 
use of ketamine in ECT’s anesthesia improves treatment 
outcome (Cowen et al. 2012, Zarate et al. 2010). ECS 
also upregulates the expression of glutamate transporters 
EAAC1 in the dentate gyrus and GLT1 in the CA3/4 and 
molecular layer of the hippocampus, and this is posited 
to control extracellular glutamate, protecting cells from 
its neurotoxic effect (Newton et al. 2006, Ploski et al. 
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after treatment in the left amygdala (Abbott et al. 
2014, Bolwig 2014). The correction of abnormal 
neuroplasticity in the amygdala may explain ECT’s 
therapeutic effect not only in depression but also in 
posttraumatic stress disorder (Khaleel et al. 2013).

ECT modulates synaptic plasticity and blocks 
long term depression (LTD) processes in the striatum 
and cortical neostriatal glutamatergic synapses, and 
this may be a mechanism by which ECT exerts its 
therapeutic effect (Kato 2009, Sanchez Gonzalez et 
al. 2009). Increased Homer1a expression following 
ECT, which activates group I metabotropic glutamate 
receptors (mGluR) in a glutamate independent manner, 
may contribute to this action (Kato 2009). Conversely, 
ECT’s cognitive side effects may be mediated by 
blockage of long term potentiation (LTP) processes in 
the hippocampus and neocortex (Kato 2009, Sanchez 
Gonzalez et al. 2009).

Vascular abnormalities have been correlated 
with some subtypes of depression (Newton et al. 
2006). Neurogenesis tends to occur in a region of 
active angiogenesis, usually reported as endothelial 
proliferation (Newton et al. 2006).

ECS markedly increases hippocampal endothelial 
cell proliferation and upregulates several angiogenic 
factors, such as VEGF, BDNF, fibroblast growth factor 
2 and insulin-like growth factor 1, particularly in the 
denteate gyrus and molecular layer of the CA1 region 
(Newton et al. 2006). However, endothelial proliferation 
does not equal increased vascular proliferation, 
and when vascular density is measured, it is only 
significantly increased at the molecular layer (Newton 
et al. 2006). This increase coincides with a regional 
increase in metabolic activation, and is proposed to be a 
reflection of such activation (Newton et al. 2006). All of 
these changes are more pronounced with an increasing 
number of treatments (Newton et al. 2006). These 
findings suggest another mechanism by which ECT 
treatment exerts its therapeutic effect, but a correlation 
with clinical improvement was never assessed, to our 
best knowledge.

3.8. BDNF
BDNF is important to stimulate the formation and 

functional maturation of glutamatergic and GABAergic 
synapses, and overall essential to promote neuroplasticity 
(Hoirisch-Clapauch et al. 2014). A lower expression of 
BDNF is associated with aberrant neurogenesis, and 
baseline serum BDNF (sBDNF) levels are lower than 
normal in schizophrenic and depressed patients, but not 
correlated with depression severity (Bouckaert et al. 
2014, Rapinesi et al. 2015, Rosenquist et al. 2014).

ECS increases sBDNF levels and BDNF gene 
expression (proBDNF, see below) in several brain 
areas, such as the parietal cortex, entorhinal cortex, 
hippocampus and frontal cortex (Altar et al. 2003, 
Bouckaert et al. 2014, Rapinesi et al. 2015, Taliaz et al. 
2013). These increases correlate to clinical improvement, 
and the increase of BDNF in the ventral tegmental area 
appears to be specially important to the antidepressant 
effect (Altar et al. 2003, Bouckaert et al. 2014, Rapinesi 
et al. 2015, Taliaz et al. 2013).

As BDNF crosses the blood-brain barrier, it has 
been proposed that some sBDNF may be of brain origin 
(Okamoto et al. 2008, Rapinesi et al. 2015). Although 
there are conflicting results, many studies show increases 
in sBDNF or plasma BDNF following ECT and 
correlate this with clinical improvement in depression 
and schizoprenia (Bouckaert et al. 2014, Fernandes et 
al. 2009, Okamoto et al. 2008, Rapinesi et al. 2015, 

ECT is proven to induce hippocampal neuroplasticity 
(Andrade 2014, Bouckaert et al. 2014, Malberg 2004, 
McCall et al. 2014). Stress reduces adult hippocampal 
neurogenesis, induces dendritic atrophy, and leads to 
decreased hippocampal volume (Bouckaert et al. 2014, 
Malberg 2004). In particular, depression also reduces 
hippocampal volume (Bouckaert et al. 2014), and a 
reduced number of dendritic spines has been reported in 
schizophrenic patients (Hoirisch-Clapauch et al. 2014).

In animal models of stress and depression, there is 
reduced dendritic arborization and synaptogenesis in the 
CA1 region of hippocampus and decreased neurogenesis 
in the subgranular region of the denteate gyrus 
(Bouckaert et al. 2014, Smitha et al. 2014, Smitha et al. 
2014). These changes are hypothesized to correspond 
to impaired learning, memory and adaptative skills 
(Bouckaert et al. 2014, Smitha et al. 2014, Smitha et 
al. 2014). Aberrant neurogenesis seems to be correlated 
with lower expression of BDNF (Bouckaert et al. 2014). 
ECS restores these changes, persistently increasing the 
mean new cell number in a dose-dependent fashion, and 
also seems to increase gliogenesis and percursor cell 
proliferation in the sugranular region of the denteate 
gyrus, which diferentiate in neurons and endothelial and 
glial cells (Bouckaert et al. 2014, Smitha et al. 2014, 
Smitha et al. 2014).

Human studies also show an increase of hippocampal 
volume following ECT, that does not seem to be due to 
edema, but that is only transient and not correlated with 
clinical improvement (Abbott et al. 2014, Bouckaert et 
al. 2014, Tendolkar et al. 2013). However, ECT has also 
been shown to induce regional increases of gray matter 
volume (GMV) in the hippocampus, subgenual cortex, 
amygdala and anterior temporal pole, and to decrease 
it in the prefrontal cortex (Bouckaert et al. 2014). 
The increases in GMV in the subgenual cortex and 
hippocampal complex are significantly correlated with 
clinical improvement (Bouckaert et al. 2014). Neuronal 
membrane turnover in the hippocampus, measured 
by choline (Cho) compounds, seems to be decreased 
in depression, and ECT increases Cho signaling 
concurrently with clinical improvement, normalizing 
it (Bolwig 2014). However, in the long term, neuronal 
membrane turnover tends to return to pre-ECT values 
(Bolwig 2014).

These increases in hippocampal newborn neurons 
and cell proliferation also enhance this structure’s 
inhibitory control over the HPA axis and restore it as 
a central regulator of this axis (Bouckaert et al. 2014). 
Altoghether, these effects may be an explanation for 
ECT’s therapeutic effect in depression and schizophrenia 
(Andrade 2014, Smitha et al. 2014, Smitha et al. 2014).

In animal models of stress and depression, there is 
increased dendritic arborization and synaptogenesis in 
the amygdala, reflecting its hyperactivation, and these 
changes are hypothesized to correspond to fear, fear 
learning, anxiety and dysfunctional mood experiences 
(Khaleel et al. 2013, Lanzenberger et al. 2013).

ECT is proven to reduce dentritic arborization and 
excitatory synapses in the amygdala (McCall et al. 
2014). In animal models, high-dose ECS persistently 
attenuates the density of apical dendritic arborization in 
the amygdala (Khaleel et al. 2013). Human studies show 
increases in amygdalar volume following ECT, but this 
does not seem to correlate with clinical improvement, 
as amygdalar volume is already increased in depressed 
patients (Lanzenberger et al. 2013, Tendolkar et al. 2013). 
However, ECT increases GMV in the amygdala, which 
is significantly correlated with clinical improvement 
(Bouckaert et al. 2014). In ECT responders, neuronal 
markers, such as N-acetyl-aspartate (NAA), increase 
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network is also increased in depressed patients, as is the 
connectivity between the posterior default mode network 
(posterior cingulate) and left DLPFC and dorsal medial 
prefrontal cortex (Abbott et al. 2014, Bolwig 2014). 
The activation of cognitive and emotional tasks is also 
increased (Bolwig 2014). Conversely, there seems to 
be a deficit of interhemispheric functional coordination 
(which directly reflects functional connectivity) between 
specific homologous brain regions in depressed patients, 
shown as a relative left frontal cortex hypoactivation 
when compared to the right, and reduced coherence of 
β and θ bands between the two hemispheres (Wei et al. 
2014). This left-right assymetry is further confirmed by 
the fact that ECT’s effects on global function are more 
pronounced on the left (see below) (Wei et al. 2014). 
More specifically, functional connectivity between left 
and right middle frontal gyri and angular gyri was shown 
to be decreased in depressed patients (Wei et al. 2014). 

ECT treatment was reported to reduce functional 
connectivity between specific networks, in parallel 
with clinical improvement (Bolwig 2014, Farzan et al. 
2014). EEG measures of functional connectivity include 
coherence and complexity/fractal dimension, among 
others (Farzan et al. 2014). EEG complexity is increased 
in patients with depression (Farzan et al. 2014). Resting 
state EEG complexity decreases with acute ECT and 
this is correlated with clinical improvement, although 
this decrease reverses after the end of treatment (Farzan 
et al. 2014). Also, a smaller fractal dimension in the 
postictal EEG following acute ECT is a good predictor 
of clinical response at 2 weeks of ECT treatment 
(Farzan et al. 2014). ECT treatment reduces DLPFC 
global functional connectivity (measure of connectivity 
with other brain regions), specially on the left, reduces 
functional connectivity in ACC, medial frontal cortex, 
parietal, temporal and occipital cortexes, and also 
reduces connectivity between the posterior default 
mode network (posterior cingulate) and left DLPFC 
and dorsal medial prefrontal cortex (this last effect 
results in normalized connectivity compared to healthy 
controls (Abbott et al. 2014, Bolwig 2014, Farzan et 
al. 2014). These reductions are associated with clinical 
improvement (Abbott et al. 2014, Bolwig 2014, Farzan 
et al. 2014). The activation of cognitive and emotional 
tasks also decreases following ECT, and remission of 
depression was significantly associated with reduced 
negative affective activation in the orbitofrontal cortex 
(Bolwig 2014). Also, the deceleration of frontotemporal 
neural activity induced by ECT may reflect a change of 
functional connectivity that may be strongly correlated 
with the therapeutic effect of this treatment (Farzan et 
al. 2014).

Regarding interhemispheric connectivity, ECT 
significantly increases functional connectivity between 
left and right superior frontal gyri, middle frontal giry 
and angular gyri, in correlation with significant clinical 
improvement, suggesting that restoration of connectivity 
between right and left hemispheres may mediate ECT’s 
therapeutic effect (Wei et al. 2014).

Althogether, these findings suggest that a global 
decrease in connectivity, particularly in frontal regions, 
is correlated with ECT’s therapeutic effect, as is the 
increase in coordination between some homologous 
brain regions (Abbott et al. 2014, Bolwig 2014, Farzan 
et al. 2014, Wei et al. 2014).

3.11. Sleeping patterns
Rapid eye movement (REM) sleep abnormalities 

are a common trait of severe depression (McCall et 
al. 2014). Antidepressant medication supresses these 

Rosenquist et al. 2014). In depressed patients that remit 
following ECT treatment, sBDNF tends not to show an 
increase (Rapinesi et al. 2015). Some authors state that 
ECT alone is unable to elevate sBDNF levels, but that 
this may happen if there is concurrent antidepressant 
medication, leading to clinical improvement (Rapinesi 
et al. 2015). It has also been stated that an increase in 
sBDNF is not essential to ECT’s therapeutic effect, 
but when it occurs, it may reflect the result of clinical 
improvement (Rapinesi et al. 2015). EEG α oscillations 
in eyes-closed resting state are suggested to be mediated 
by BDNF Val-to-Met substitution at position 666, 
which may be indirectly associtated with depression 
severity (Farzan et al. 2014). Also, increases in BDNF 
expression and activity correlate with the state of 
postictal depression and interictal slowing in the EEG, 
and this may may explain the mechanism by which 
these variables affect ECT’s clinical efficacy (Farzan et 
al. 2014). 

3.9. VEGF
VEGF is implicated in the regulation of neuronal 

growth, differentiation, survival, protection and 
regeneration, and is thought to be a biomarker for major 
depressive disorder, although there are contradictory 
results regarding its baseline levels in depressed patients 
(Minelli et al. 2014).

ECS increases hippocampal VEGF gene expression, 
specially in the denteate gyrus, and this signaling 
induces quiescent neuronal cell proliferation (Hoirisch-
Clapauch et al. 2014, Minelli et al. 2014). Both neuronal 
and endothelial cells are responsible for this increase 
(Minelli et al. 2014, Minelli et al. 2011). Treatment 
with SSRIs and serotonin–norepinephrine reuptake 
inhibitors (SNRIs) also upregulates VEGF hippocampal 
expression, and this increase seems to be necessary to an 
antidepressant effect (Minelli et al. 2014).

Serum VEGF (sVEGF) concentrations increase 
after ECT treatment, in correlation with clinical 
improvement, and the greater the increase, the greater 
the clinical response (Minelli et al. 2014, Minelli 
et al. 2011). Also, lower baseline sVEGF levels are 
related to a better the response to ECT (Minelli et 
al. 2014). Since these correlations are not seen with 
pharmacological treatment, the increase in sVEGF may 
be a mechanism that explains ECT’s therapeutic effect 
and superiority vs pharmacological treatment (Minelli 
et al. 2014). However, as VEGF downregulates MDR 
p-glycoprotein’s activity at the blood brain barrier, ECT 
may act synergistically with pharmacological treatment, 
increasing brain concentrations of drugs and mediating 
therapeutic effects in several psychiatric disorders 
(Minelli et al. 2014).

3.10. Functional connectivity
Aberrant functional connectivity has been linked 

to depression, particularly hyperconnectivity of limbic 
and cognitive networks (intracortical and corticolimbic 
circuits), involving structures such as DLPFC, medial 
prefrontal cortex and related areas in the midle and 
caudolateral orbitofrontal cortex, ACC, thalamus, 
hypothalamus, hippocampus and amygdala (Bolwig 
2014, Farzan et al. 2014). More specifically, resting 
state connectivity between dorsal midinsular cortex 
and limbic structures such as amygdala, subgenual 
prefrontal cortex and orbitofrontal cortex is increased, 
and this increase is positively correlated with depression 
severity (Bolwig 2014). Connectivity between the dorsal 
medial prefrontal cortex (dorsal nexus) and the cognitive 
control network, default mode network and affective 
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levels, among others (Burgese, Bassitt 2015, Guloksuz 
et al. 2014, Hoirisch-Clapauch et al. 2014, Huang Chen 
2008, Kato 2009, Wei et al. 2014). These mediators 
have been proposed to contribute to ECT’s therapeutic 
effects, namely antidepressant and antipsychotic actions, 
mood stabilization, and neuroprotective action (Burgese 
Bassitt 2015, Guloksuz et al. 2014, Hoirisch-Clapauch 
et al. 2014, Huang, Chen 2008, Kato 2009, Wei et al. 
2014). However, these findings are preliminary, since 
they have not been reproduced neither in animal models 
of disease nor in humans, and they have not been 
correlated with clinical improvement.

Discussion and Conclusions
In this review, we were able to identify several 

predictors of response to ECT. The generation of greater 
ictal power, postictal suppression, postictal depression 
and an increase in seizure threshold are correlated 
with greater ECT efficacy (Farzan et al. 2014, Sanchez 
Gonzalez et al. 2009). The duration of the electrical 
silence following the electrical stimulus is a measure of 
the strength of the response, and a slowing and greater 
amplitude of the interictal EEG are indicators of the 
persistence of the seizure effects (Farzan et al. 2014). 
The induction of slow wave activity in the prefrontal 
cortex predicts the degree of clinical improvement 
following ECT (Farzan et al. 2014). The presence of 
vegetative symptoms, physiological dysfunction and 
lower baseline sVEGF levels predict a better response 
to ECT (Burgese Bassitt 2015, Haskett 2014, Minelli et 
al. 2014). Better responders to ECT have lower pre-ECT 
ACC metabolism (McCormick et al. 2007). D3 receptor 
gene variants may also predict better ECT responses 
(Baldinger et al. 2014), and a smaller fractal dimension 
in the postictal EEG following acute ECT is a good 
predictor of clinical response at 2 weeks of treatment 
(Farzan et al. 2014). A combination of D2 receptor 
and catechol-O-methyltransferase polymorphisms 
is associated with a worse clinical response to ECT 
(Baldinger et al. 2014).

Regarding the antipsychotic response to ECT, a 
pre-ECT lower subgenual ACC θ activity predicts 
an antipsychotic response, and pre-ECT low left 
subgenual ACC metabolism predicts a greater degree 
of improvement in positive symptoms following ECT 
(Abbott et al. 2014, Farzan et al. 2014, McCormick et 
al. 2007, McCormick et al. 2009, Rosenquist et al. 2014, 
Sanchez Gonzalez et al. 2009).

Regarding the anti-catatonic response to ECT, 
the presence of autonomic dysregulation, underlying 
psychotic mood disorder and longer duration of motor 
and EEG seizure activity at the last ECT session correlate 
with a faster and more favorable response to treatment, 
while concurrent extrapyramidal abnormalities and 
hypodopaminergic states, conditioned either by 
neurological illness or medication, predict a poorer 
response to ECT (Luchini et al. 2015). This information 
can help in patient selection and in predicting the need 
for more sessions or maintenance therapy, helping to 
personalize ECT treatment and to optimize it case to 
case.

In this review, we described numberless ECT 
actions, and there is evidence supporting several theories 
elaborated about ECT’s mechanism of action.

Most of the older psychological theories have been 
rejected, but ECT’s action on the autobiographical 
memory system is an interesting explanation for its 
therapeutic effect (Frais 2010).

Anticonvulsant effects are predominantly mediated 

alterations, but this is followed by REM rebound upon 
discontinuationof therapy (McCall et al. 2014). On the 
other hand, ECT supresses REM abnormalities and 
is not followed by rebound (Mccall et al. 2014). This 
may be an expanation for the superior efficacy of ECT 
treatment vs medication (McCall et al. 2014).

3.12. The immune system
A proinflammatory state is implicated in the 

pathogenesis of depression, and immune abnormalities 
are also described in schizophrenia (Guloksuz et al. 
2014, Rosenquist et al. 2014). Mood disorders and 
chronic inflamation are frequently seen together, and 
baseline increased inflammatory markers correlate to a 
more chronic course of disease and poorer response to 
medication (Guloksuz et al. 2014). Depressed patients 
show higher C reactive protein, interleukin (IL) 6 
and tumor necrosis factor (TNF) α circulating levels 
(Guloksuz et al. 2014). These proinflamatory cytokines 
decrease the availability of tryptophan, resulting in 
accumulation of neurotoxic substances, and further 
HPA-axis and glucoccorticoid dysfunction (Guloksuz et 
al. 2014).

Therapies that target imunological disturbances also 
tend to have antidepressant effects, and antidepressant 
therapy shows immunomodulatory properties (Guloksuz 
et al. 2014). ECT also shows immunomodulatory 
properties (Guloksuz et al. 2014). Acute ECT increases 
the total number of leukocytes, monocytes, granulocytes 
and natural killer (NK) cells, and ILβ1 and IL6 
concentrations, but these changes quickly return to 
baseline (Guloksuz et al. 2014). There is also increased 
production of IL10 and decreased production of 
interferon (IFN) γ (Guloksuz et al. 2014). Repeated ECT 
sessions result in decreased lymphocyte blastogenesis, 
NO production by peritoneal macrophages, IL5 and 
eotaxin 3, and increased levels of activated lymphocytes 
expressing cluster of differentiation (CD) 25 and CD38 
(Guloksuz et al. 2014). There is also a decrease in TNFα 
levels, which return to levels comparable to healthy 
controls, and this is not seen with pharmacological 
treatment (Guloksuz et al. 2014). Altogether, these 
findings suggest that ECT acutely activates the immune 
system, but that continued ECT downregulates immune 
activation, which may contribute to symptomatic 
improvement in depression, schizophrenia and other 
psychotic states (Guloksuz et al. 2014, Rosenquist et 
al. 2014). TNFα effects may also help to explain ECT’s 
superiority vs medication (Guloksuz et al. 2014).

Immune activation shifts the neuroprotective/
neurotoxic ratio of kyneurine (KYN) pathway 
metabolites to the neurotoxic arm (Guloksuz et al. 
2015). Since chronic ECT downregulates the immune 
system, this treatment may exert neuroprotective effects 
by reverting this shift (Guloksuz et al. 2015). It was 
suggested that cognitive side effects of ECT may also 
be related with immunological pathways, but no strong 
evidence stands (Guloksuz et al. 2014).

3.13. Other mediators
Increases and decreases in the expression and levels 

of several mediators following ECS have been reported 
in animal studies (Burgese, Bassitt 2015, Guloksuz et 
al. 2014, Hoirisch-Clapauch et al. 2014, Huang, Chen 
2008, Kato 2009, Wei et al. 2014). ECS increases levels 
of tissue plasminogen activator, plasmin, thyrotropin-
releasing hormone, neuropeptide Y, Gadd45beta, 
prostaglandin E synthase, cytosolic phospholipase A2, 
S100A13, calvasculin, heme oxygenase, tacykinin 2, 
and decreases basigin and prostaglandin D2 synthase 
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receptor stimulation in the same area (Baldinger et al. 
2014, Saijo et al. 2010).

Noradrenergic function is also modulated by ECT, 
which corrects the upregulation of α2-adrenoceptors 
seen in depression in response to diminished NA release 
(Cowen et al. 2012, Lillethorup et al. 2015). There is 
also evidence for increased NA release, increased 
α1-adrenoceptor function in the FMN and decreased 
density of β-adrenoceptors (Lillethorup et al. 2015, 
Stanford, Nutt 1982, Tsen et al. 2013). However, none 
of these findings have yet been correlated with clinical 
improvement.

It is important to highlight that findings regarding 
serotoninergic, dopaminergic and noradrenergic 
functions are contradictory and difficult to interpret, 
with scarce human data and many speculative findings 
in animal experiments. In the case of noradrenergic 
transmission, there is a study in animal models of 
depression but, otherwise, no clinical correlations have 
been established. More human studies are needed on this 
subject, and the standardization of some methodological 
procedures is imperative to clarify findings.

ECT procedures potentiate GABAergic transmission, 
increasing sGABA, GABA levels in subcortical 
structures and hippocampus and GABAB receptor 
activity and hippocampal expression of GAD65 (Esel et 
al. 2008, Hoirisch-Clapauch et al. 2014). Enhancement 
of GABAergic function is a solid ECT effect, which 
correlates with symptomatic improvement, but there 
are some controversial findings that need further 
clarification.

Glutamatergic transmission seems to have an 
ambiguous role. Following ECT, increases in Glu/Glx 
levels parallel clinical improvement, but glutamate 
antagonism may also have antidepressant effects, as 
seen after ketamine use in ECT’s anesthesia (Abbott 
et al. 2014, Cowen et al. 2012, Zarate et al. 2010). 
ECS seems to upregulate NMDA expression, which 
may be responsible for an antipsychotic action, and 
also upregulates glutamate transporters, which is 
hypothesized to protect cells from neurotoxicity 
(Hoirisch-Clapauch et al. 2014, Newton et al. 2006, 
Ploski et al. 2006). Animal findings need to be further 
explored and replicated in humans, and additional 
clarification of the role of glutamate antagonism, and 
overall glutamatergic function, as specific ECT effects, 
is also needed.

ECT restores HPA axis hyperfunction and 
dysregulation. ECT acts by restoring hypothalamic 
function, tends to decrease cortisol levels and leads to a 
quick and persistent normalization of the DST in parallel 
with clinical improvement (Burgese, Bassitt 2015, 
Haskett 2014). However, there are controversial findings 
regarding cortisol levels, which can be explained by 
the use of different methodologies. This aspect should 
be standardized to reach more solid conclusions. Also, 
there are some doubts about the accuracy of the DST 
(Haskett 2014), and new methods of studying the HPA 
axis should be explored.

ECT has pronounced neurotrophic effects, which 
appear to be focused on the medial temporal lobes 
(Abbott et al. 2014). ECT promotes hippocampal 
neurogenesis and neuroplasticity and inhibits 
these processes in the amygdala, remodeling these 
structures and restoring their function to correct the 
pathological alterations observed in mood disorders 
and schizophrenia (Andrade 2014, Bouckaert et al. 
2014, Khaleel et al. 2013, Lanzenberger et al. 2013, 
JMalberg 2004, McCall et al. 2014, Smitha et al. 2014, 
Smithaet al. 2014). Blockage of LTD is also seen in 
parallel with clinical improvement (Kato 2009, Sanchez 

by frontal regions (Abbott et al. 2014). The production 
of a generalized tonic-clonic seizure is an absolute 
necessary condition to ECT’s therapeutic effect, and 
it has better antidepressant action if generated in the 
prefrontal regions and if it widely extends towards the 
cortex and subcortex, including diencephalic structures 
like the hypothalamus (Andrade 2014, Farzan et al. 
2014, Haskett 2014, Sanchez Gonzalez et al. 2009). 
The increase of seizure threshold over the course of 
ECT treatment is related to the clinical response, and 
the degree of increase relates to the degree of clinical 
improvement (Sanchez Gonzalez et al. 2009). Seizure 
duration may correlate only with specific anti-catatonic 
effects (Farzan et al. 2014, Luchini et al. 2015). The 
deceleration on frontotemporal neural activity produced 
by ECT may reflect a change in functional connectivity 
that is strongly correlated with ECT’s therapeutic 
efficacy (Farzan et al. 2014). ECT induces slow wave 
activity in the prefrontal cortex, in correlation with the 
degree of clinical improvement, and this modulation 
of oscillatory activity (δ to α) may be a mechanism by 
which ECT exerts its therapeutic effect (Farzan et al. 
2014).

ECT modulates rCBF and regional cerebral 
metabolism, increasing or decreasing it in many regions 
of interest, in correlation with clinical improvement. 
These changes may contribute to the inhibition or 
activation of structures and circuits whose function is 
in need of adjustment (Suwa et al. 2012). For example, 
the decreases of metabolism in the left inferior 
temporal and right inferior parietal (neocortical) areas 
are intercorrelated with the increases in the right 
medial temporal (limbic/paralimbic) area, and this 
corticolimbic balance shift in metabolism might be 
related with ECT’s therapeutic effect (Suwa et al. 2012). 
However, rCBF and metabolic alterations essentially 
mediate subsequent therapeutic processes. Nonetheless, 
there are controversial findings regarding specific brain 
areas, and the differences can be mostly accounted by 
different methodologies, which should be standardized 
in subsequent studies.

There has not been much substantial evidence 
showing involvement of blood-brain barrier breach on 
mediating ECT therapeutic action, but a downregulation 
of the MDR p-glycoprotein mediated by an increase in 
VEGF may account for a synergistic effect of ECT with 
pharmacological treatment (Andrade 2014, Minelli et al. 
2014, Minelli et al. 2011). 

Regarding serotoninergic transmission, 5HT1A 
postsynaptic receptor binding is globally reduced after 
ECT, in correlation with clinical improvement, and 
these changes may represent new rearrangements and 
a reset in the serotoninergic networks following ECT, 
that could be responsible for its therapeutic effect 
(Baldinger et al. 2014, Lanzenberger et al. 2013). 5HT2A 
postsynaptic receptor binding is also globally reduced 
after ECT, in correlation with clinical improvement, and 
this effect constitutes a reinforcement of a homeostatic 
response to the brain state of depression (Yatham et al. 
2010). 

ECT seems to increase dopaminergic transmission, 
with evidence of increased brain dopamine 
concentrations, increased D1 and D3 receptor expression 
in the mesolimbic system, more spontaneously active 
dopaminergic neurons, and sensitization of dopamine 
mediated behaviors (Baldinger et al. 2014, Strome et al. 
2007, Tsen et al. 2013). ECT also seems to decrease D2 
receptor binding in the rostral ACC of depressed patients, 
concurrently with clinical improvement, but this can be 
interpreted as a downregulation of D2 receptor after 
ECT induced enhancement of dopamine release and 
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coincide with augmented endothelial and vascular 
proliferation and may result from regional increases in 
neurogenesis (Newton et al. 2006).

HPA dysfunction seems to not only to result 
of hippocampal dysfunction, but also of immune 
hyperactivation, of a neurotoxic environment, and of 
marked increases in amygdalar function and decreases in 
hippocampal and prefrontal cortex function (Bouckaert 
et al. 2014, Guloksuz et al. 2014). 

VEGF is implicated in the promotion of neurogenesis 
and neuroplasticity, and contributes to increased CNS 
concentrations of several drugs (Minelli et al. 2014).

Most of the findings described in this review try 
to explain the mechanisms of ECT’s antidepressant 
action. Data available about ECT’s specific action 
in mania is scarce, consisting only of little evidence 
pointing to hippocampal GABAergic modulation and 
other preliminary animal findings (CAltar et al. 2004, 
Hoirisch-Clapauch et al. 2014). There is data regarding 
ECT’s antiparkinsonic effect, although this treatment is 
not indicated in Parkisnon disease. ECT induces greater 
dopaminergic tone in the nigrostriatal pathway, improves 
motor symptoms in depressed patients with Parkinson 
disease regardless of antidepressant effect and, following 
ECT, the activity of dopaminergic innervated areas, 
such as basal ganglia and upper brainstem, increases 
(Baldinger et al. 2014, Tsen et al. 2013).

In this review, we addressed the antipsychotic actions 
of ECT, through data obtained from animal experiments, 
schizophrenic patients and patients with psychotic 
depression. The modulation of oscillatory activity (δ to 
α) may be a mechanism by which ECT exerts not only 
an antidepressant effect, but also an antipsychotic one 
(Farzan et al. 2014). Decreased activity of the subgenual 
ACC seems to be implicated in the development of 
psychotic symptoms. Psychotic states are associated 
with decreased subgenual ACC θ activity that predicts a 
good antipsychotic response, and its increase following 
ECT is correlated with a specific improvement of 
psychotic symptoms (Abbott et al. 2014, Bolwig 2014, 
Farzan et al. 2014, McCormick et al. 2009). Psychotic 
states are also associated with decreased rCBF in this 
area, and its increase in the subgenual ACC following 
ECT is correlated with an antipsychotic effect 
(McCormick et al. 2007, McCormick et al. 2009). The 
same is true for metabolism in the left subgenual ACC 
and in the hippocampus, with a particular association 
between improvement of positive symptoms and left-
sided alterations (McCormick et al. 2007, Rosenquist 
et al. 2014). The dopaminergic actions of ECT do not 
seem to explain its antipsychotic action, although it 
is hypothesized that increased HVA levels, and thus 
increased dopamine turnover, may represent a reduction 
on postsynaptic dopamine receptor turnover, resulting 
in improvement of psychotic symptoms following ECT 
(PRosenquist et al. 2014). Modulation of hippocampal 
GABAergic activity may also be implicated in ECT 
antipsychotic effect (Hoirisch-Clapauch et al. 2014). 
Low NMDA activity seems to produce psycohtic 
symptoms, and NMDA upregulation may be one of 
the mechanisms behind ECT’s antipsychotic action 
(Hoirisch-Clapauch et al. 2014). Modulation of the HPA 
axis can also contribute to its antipsychotic action, as 
dysregulation of this axis, with higher cortisol levels 
than seen in depressed patients without psychotic 
symptoms, is also associated with psychotic states 
(Burgese, Bassitt 2015). Immune system modulation is 
implicated not only in ECT’s antidepressant action but 
also in its antipsychotic effect (Guloksuz et al. 2014, 
Rosenquist et al. 2014).

Today, catatonia is seen as an independent severe 

Gonzalez et al. 2009). Abundant evidence highlights 
the central role of neuroplasticity in ECT’s mechanism 
of action. There is also data regarding endothelial cell 
and vascular proliferations, but these findings have yet 
to be replicated in humans and correlated with clinical 
improvement (Newton et al. 2006).

ECT modulates the expression of several factors and 
molecules. Increased BDNF expression is important to 
an antidepressant effect and contributes to enhanced 
neuroplasticity (Altar et al. 2003, Bouckaert et al. 
2014, Rapinesi et al. 2015, Taliaz et al. 2013). There is 
controversy regarding the role of variations of sBDNF 
levels in ECT’s effects, as there are many contradictory 
findings that reflect heterogeneous methodology and 
that are difficult to interpret (Rapinesi et al. 2015). This 
aspect should be clarified, as should the role of concurrent 
antidepressant treatment in increasing sBDNF levels 
following ECT. ECT also increases VEGF expression 
and sVEGF, in correlation with clinical improvement 
(Hoirisch-Clapauch et al. 2014, Minelli et al. 2014, 
Minelli et al. 2011). Expression of several other factors 
has also been implicated in ECT’s mechanism of action, 
but their clinical relevance is yet to be determined 
(Hoirisch-Clapauch et al. 2014, Huang, Chen 2008).

ECT corrects increased functional connectivity 
between some structures, including those particularly 
belonging to limbic and cognitive networks, and 
restores connectivity between right and left hemispheres 
in parallel with clinical improvement (Abbott et al. 
2014, Farzan et al. 2014, Wei et al. 2014). Thus, and 
contemplating several other findings, it is postulated that 
ECT exerts its therapeutic effect by resetting aberrant 
neuronal connectivity, likely mediated by activating 
thalamocortical pathways and central inhibitory 
mechanisms, and increasing the chance of generating 
bettered and healthier connections by promoting 
neurogenesis (Farzan et al. 2014).

ECT also persistently corrects disturbed sleeping 
patterns (McCall et al. 2014) and corrects immune 
hyperactivation (Guloksuz et al. 2014) observed in 
mood disorders.

In this review, we were able to note that several 
pathways implicated in ECT’s mechanism of action 
intersect, showing that ECT is a very dynamic 
treatment. EEG variables correlate with several ECT 
effects. The state of postictal depression and interictal 
slowing correlate with increases in BDNF expression 
and activity (Farzan et al. 2014). EEG α oscillations in 
eyes-closed resting state are suggested to be mediated 
by a BDNF Val-to-Met substitution at position 666 
(Farzan et al. 2014). Prefrontal EEG slowing and 
postictal suppression are probably a result of activation 
of GABAergic inhibitory pathways, and these aspects 
indicate enhanced prefrontal inhibition (Farzan et al. 
2014). Deceleration of frontotemporal neural activity 
seems to reflect an alteration of functional connectivity 
(Farzan et al. 2014).

Just as prefrontal EEG slowing and postictal 
suppression, observed decreases in rCBF and 
metabolism probably are a result of GABAergic 
inhibitory pathways activation (Farzan et al. 2014). 
GABAergic transmission also enhances serotoninergic 
and noradrenergic transmissions (Esel et al. 2008), and 
GABAergic synaptic maturation is promoted by BDNF 
(Hoirisch-Clapauch et al. 2014).

Increases in BDNF seem to promote neurogenesis 
and neuroplasticity (Hoirisch-Clapauch et al. 2014), and 
these processes restore hippocampal function, namely 
its inhibitory control over the HPA axis and its role as 
the central regulator of this axis (Bouckaert et al. 2014).

More pronounced increases in rCBF and metabolism 
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course (Farzan et al. 2014). The decrease in resting state 
EEG complexity following ECT also starts to revert 
after the end of treatment (Farzan et al. 2014). Neuronal 
membrane turnover in the hippocampus increases after 
ECT, but then returns to pre-ECT values (Bolwig 2014). 
Specific alterations correlated with clinical relapse are 
lack of increase in sBDNF with ECT (Rapinesi et al. 
2015) and reduced negative affective activation in 
the orbitofrontal cortex (Bolwig 2014). Different D3 
receptor gene variants can correlate with ECT response 
and remission afterwards (Baldinger et al. 2014). When 
looking into the neurogenic properties of ECT, since 
newly generated neurons have a limited lifespan, clinical 
relapse usually occurs within few months after the last 
session, when pharmacological treatment is not used 
(Hoirisch-Clapauch et al. 2014). Further investigation 
of the mechanisms that contribute to the sustenance of 
clinical effects or to clinical relapse following a course 
of treatment with ECT is needed.

This review reflects that many ECT’s actions 
parallel the effects of pharmacological treatment. These 
actions may have a synergic effect, as noted with ECT’s 
downregulation of the MDR p-glycoprotein (Minelli 
et al. 2014, Minelli et al. 2011). However, ECT is 
superior to pharmacological treatment, as it is efficient 
in situations refractory to medication, and is able to 
produce strong clinical improvement more quickly. 
There is some evidence regarding the mechanism that 
underlies this superiority. ECT produces additional 
reduction in 5HT2A receptor density when compared 
with pharmacological treatment (Yatham et al. 2010). 
Medication does not increase sVEGF and ECT does, 
which may be a mechanism that explains ECT’s 
superiority (Minelli et al. 2014). ECT supresses 
REM abnormalities but, in contrast to medication, 
REM supression presists and does not rebound upon 
discontinuation of treatment (McCall et al. 2014). Also, 
in contrast to pharmacological therapies, ECT does not 
attenuate the negative feedback on serotonin release 
via 5HT1A autoreceptors, suggesting that its effects are 
only mediated by sensitization of postsynaptic receptors 
(Baldinger et al. 2014, Lanzenberger et al. 2013, Tsen 
et al. 2013). Increased TNFα levels return to healthy 
control levels after ECT, but they are not affected by 
medication (Guloksuz et al. 2014). Several other ECT 
effects addressed in this review have not been described 
in association with pharmacological treatment, and this 
capacity of ECT to induce a large number of different 
changes, some similar to drug effects and others novel, 
may also account for its superiority in comparison with 
pharmacological treatment.

Today’s ECT procedure has very few side effects, 
but in this review we identified some pathways that 
may be implicated in cognitive impairment following 
ECT. Increases in δ power in the anterior frontotemporal 
region are associated with disorientation, increases in 
frontotemporal θ oscillations are associated with the 
degree of retrograde autobiographical amnesia, and a 
higher increase in global δ relative to θ power is linked 
with a decrease in global cognitive states (Farzan et al. 
2014). Higher baseline cortisol levels correlate with 
greater cognitive impairment after ECT (Burgese, Bassitt 
2015, RF Haskett 2014). Cognitive side effects of ECT 
may also be mediated by blockage of LTP processes in 
the hippocampus and neocortex (Kato 2009, Sanchez 
Gonzalez et al. 2009). 

Today it is widely accepted that cognitive adverse 
effects are not implicated in ECT’s mechanism of action 
(McCall et al. 2014). In the past, it has been argued that 
ECT caused brain damage, but since then scientific 
evidence has led to the rejection of the “brain damage 

neuropsychiatric syndrome with proiminent motor 
features, such as mutism and stupor, that can be 
associated with several psychiatric, neurologic and 
other conditions (Luchini et al. 2015). It has been 
hypothesized that different subtypes of catatonia are 
associated with a deranged “top-down” or “bottom-
up” modulation of cortical-subcortical connections 
developed to control psychomotor activity (Luchini 
et al. 2015). The data available about ECT effects on 
catatonia mostly consists of predictors of efficacy and 
data regarding the ECT procedure. Seizure duration 
should be at least 25 seconds (Luchini et al. 2015). 
When it comes to specific pathways that lead to an 
anti-catatonic action following ECT, it is postulated 
that in the “top-down” variant, associated with severe 
psychotic features, there is a GABAergic mediated 
deficit in the orbitofrontal cortex that leads to alterations 
in the caudate and other basal ganglia and, since ECT 
increases GABAergic transmission, it may correct these 
changes and lead to clinical improvement (Luchini et al. 
2015). ECT is not effective in treating the “bottom-up” 
variant of catatonia, associated with hypodopaminergic 
states and neurologic disorders (Luchini et al. 2015).

As increases in VEGF following ECT downregulate 
the MDR p-glycoprotein at the blood-brain barrier, 
increased CNS concentrations of drugs may explain 
ECT’s therapeutic effect in several psychiatric disorders, 
including those for which there is no evidence of more 
specific changes following treatment (Minelli et al. 
2014, Minelli et al. 2011).

Acute effects of ECT on several pathways are 
described in literature, but no specific correlations 
were made with acute clinical improvement. There are 
findings sugesting that reduced perfusion of frontal 
lobes may be important for the immediate response 
to ECT, but not for a sustained response, as rCBF 
alterations eventually reverse to parallel healthy control 
levels; the same happens with metabolic changes seen in 
DLPFC and right paracentral gyrus (Abbott et al. 2014). 
However, since these changes are hypothesized to 
only be therapeutic mediators, this is expected, as they 
may induce other more durable therapeutic processes. 
Many acute findings, such as increased cortisol levels 
and immune activation, rapidly reverse and evolve in 
the oposite way, and the final alteration ends up being 
the one correlated to ECT’s clinical efficacy (Burgese, 
Bassitt 2015, Guloksuz et al. 2014, Haskett 2014). 
Regarding specific mechanisms implicated in ECT’s 
chronic effects, some mediators have been implicated by 
animal experiments, but the findings are too preliminary 
to allow us to draw strong conclusions (Altar et al. 2004, 
Hoirisch-Clapauch et al. 2014, Kato 2009).

Overall, there seems to be little effort in correlating 
changes found after just one ECT session with 
the substantial clinical improvement seen in some 
situations. This would be interesting to explore, as it 
could lead to the identification of some effects that are 
more powerful than others. However, in most situations, 
the improvement is maximal with prolonged ECT 
treatment, as most acute effects are thought to persist 
and to be potentiated by continuation of treatment. 
Indeed, some studies with multiple measurement points 
throughout the follow-up period show that some ECT 
effects develop gradually. Conversely, some effects 
reverse after discontinuation of treatment, and this may 
be associated with clinical relapse. The slowing and 
increased amplitude of the interictal EEG are indicators 
of the persistence of seizure effects, and these changes 
reverse 1 to 12 months after the end of treatment 
(Sanchez Gonzalez et al. 2009). Generalized EEG 
slowing also reverses after the ending of the treatment 



Electroconvulsive therapy’s mechanisms of action: a review

Clinical Neuropsychiatry (2017) 14, 2 171

Psychiatry and Neurology 27, 1, 33-46. 
Altar CA, Laeng P, Jurata LW, Brockman JA, Lemire A, Bul-

lard J, Bukhman YV, Young TA, Charles V, Palfreyman 
MG (2004). Electroconvulsive seizures regulate gene 
expression of distinct neurotrophic signaling pathways. 
Journal of Neuroscience 24, 11, 2667-2677. 

Altar CA, Whitehead RE, Chen R, Wortwein G, Madsen TM 
(2003). Effects of electroconvulsive seizures and antide-
pressant drugs on brain-derived neurotrophic factor pro-
tein in rat brain. Biological Psychiatry 54, 7, 703-709. 

Andrade C (2014). A primer for the conceptualization of the 
mechanism of action of electroconvulsive therapy, 1: defining 
the question. Journal of Clinical Psychiatry 75, 5, 410-412. 

Andrade C (2014). A primer for the conceptualization of the 
mechanism of action of electroconvulsive therapy, 2: or-
ganizing the information. Journal of Clinical Psychiatry 
75, 6, 548-551. 

Baldinger P, Lotan A, Frey R, Kasper S, Lerer B, Lanzen-
berger R (2014). Neurotransmitters and electroconvulsive 
therapy. The Journal of ECT 30, 2, 116-121. 

Bolwig TG (2011). How does electroconvulsive therapy 
work? Theories on its mechanism. The Canadian Journal 
of Psychiatry 56, 1, 13-18. 

Bolwig TG (2014). Neuroimaging and electroconvulsive ther-
apy: a review. J ECT 30, 2, 138-142. 

Bouckaert F, Sienaert P, Obbels J, Dols A, Vandenbulcke M, 
Stek M, Bolwig T (2014). ECT: its brain enabling effects: 
a review of electroconvulsive therapy-induced structural 
brain plasticity. The Journal of ECT 30, 2, 143-151. 

Burgese DF, Bassitt DP (2015). Variation of plasma cortisol 
levels in patients with depression after treatment with bi-
lateral electroconvulsive therapy. Trends in Psychiatry and 
Psychotherapy 37, 1, 27-36. 

Cowen P, Harrison P, Burns T (2012). Shorter Oxford Textbook 
of Psychiatry. Oxford University Press, Oxford, UK.

Esel E, Kose K, Hacimusalar Y, Ozsoy S, Kula M, Candan Z, 
Turan T (2008). The effects of electroconvulsive therapy 
on GABAergic function in major depressive patients. The 
Journal of ECT 24, 3, 224-228. 

Farzan F, Boutros NN, Blumberger DM, Daskalakis ZJ 
(2014). What does the electroencephalogram tell us about 
the mechanisms of action of ECT in major depressive dis-
orders? The Journal of ECT 30, 2, 98-106. 

Fernandes B, Gama CS, Massuda R, Torres M, Camargo D, 
Kunz M, Belmonte-de-Abreu PS, Kapczinski F, de Almei-
da Fleck MP, Ines Lobato M (2009). Serum brain-derived 
neurotrophic factor (BDNF) is not associated with re-
sponse to electroconvulsive therapy (ECT): a pilot study 
in drug resistant depressed patients. Neuroscience Letters 
453, 3, 195-198. 

Frais AT (2010). Electroconvulsive therapy: a theory for the 
mechanism of action. The Journal of ECT 26, 1, 60-61. 

Guloksuz S, Arts B, Walter S, Drukker M, Rodriguez L, Myint 
AM, Schwarz MJ, Ponds R, van Os J, Kenis G, Rutten 
BP (2015). The impact of electroconvulsive therapy on the 
tryptophan-kynurenine metabolic pathway. Brain Behav-
ior Immunity. 

Guloksuz S, Rutten BP, Arts B, van Os J, Kenis G (2014). The 
immune system and electroconvulsive therapy for depres-
sion. The Journal of ECT 30, 2, 132-137. 

Haskett RF (2014). Electroconvulsive therapy’s mechanism of 
action: neuroendocrine hypotheses. The Journal of ECT 
30, 2, 107-110. 

Hoirisch-Clapauch S, Mezzasalma MA, Nardi AE (2014). Piv-
otal role of tissue plasminogen activator in the mechanism 
of action of electroconvulsive therapy. Journal of Psycho-
pharmacology 28, 2, 99-105. 

Huang CT, Chen CH (2008). Identification of gene transcripts 
in rat frontal cortex that are regulated by repeated elec-
troconvulsive seizure treatment. Neuropsychobiology 58, 
3-4, 171-177. 

hypothesis”, and to the conclusion that ECT not only 
enables neuroplasticity but has other neuroprotective 
effects (Bouckaert et al. 2014). ECT upregulates the 
expression of glutamate transporters in the hippocampus, 
an this is posited to control extracellular glutamate, 
protecting cells from its neurotoxic effect (Newton et al. 
2006, Ploski et al. 2006). Also, immune downregulation 
following ECT shifts the neuroprotective/neurotoxic 
ratio of KYN pathway metabolites to the neuroprotective 
arm (Guloksuz et al. 2015).

We found that the studies included in this review 
have some limitations. There are some controversial 
findings, and to correct this it is essential to standardize 
the measurement procedures for some parameters. 
Also, patient samples are very heterogeneous regarding 
baseline pathology, as well as concurrent and previous 
medications. Some studies analyze the impact of 
demographic differences, which have not been 
proven relevant, but others have patient samples with 
heterogeneous demographics and do not analyze them. 
An effort to unniformize these aspects in subsequent 
clinical studies should be made, in order to obtain 
stronger scientific evidence. On the other hand, there 
are many animal findings that seem promissing, but 
have not been correlated with clinical improvement 
nor replicated in humans. The same goes for several 
human findings, and many studies note the observation 
of clinical improvement, but few measure it with the 
apropriate scales and establish statistical correlation with 
clinical improvement. Follow-up times are also very 
heterogeneous, and evaluation points during the study 
differ greatly among studies. Overall, uniformization of 
various methodological procedures in order to clarify 
and consolidate some findings seems to be a pressing 
issue.

Finally, some fundamental questions remain to 
be explored. When a change is demonstrated by ECT, 
it is hard to know for certain whether it is corrective 
of pathology, compensatory, or just irrelevant to the 
therapeutic effect (Andrade 2014). Also, it is hard 
to know whether some findings are state or trait 
dependent. In the end, we do not yet fully understand 
the ethiopathogenesis of most neuropsychiatric 
disorders, and thus, determining which action of ECT 
is therapeutic in which condition, and which actions are 
just epiphenomema, may pose a challenge (Andrade 
2014).

We can conclude that ECT produces a large number 
of neurobiological effects, that interact among them 
and produce clinical improvement (Andrade 2014). 
We were able to identify some variables that allow the 
optimization and personalization of ECT procedures, 
some predictors of efficacy, specific mechanisms of 
action per pathology, some mechanisms of superiority 
vs pharmacological treatment, mechanisms related 
with acute and chronic effects, and mechanisms related 
with clinical relapse. Further studies in this area may 
lead to better understanding of psychiatric disease 
pathophysiology, and may help in the development 
of new and improved pharmacological treatments. 
Identification of the mechanisms that are responsible 
for dramatic responses following a single ECT session 
and of more mechanisms related to clinical relapse is 
pressing in optimization of ECT treatment.
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