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Abstract

Electroconvulsive therapy (ECT) is an efficient therapeutic resource for psycho-pharmacotherapeutic resistant forms of depression. ECT is a
form of electrical brain stimulation involving the induction of a controlled seizure, clinically similar to an epileptic seizure, that is initiated in the
prefrontal region of the brain and spreads to the cortex and subcortex, including the diencephalic structures. This is achieved by creating a
transcranial electric field and synchronously depolarizing neuronal membranes. The mechanisms of action of ECT are not yet fully understood,
but several hypotheses have been proposed to explain how it affects the brain: neurotransmitter changes, neuroplasticity, network connectivity,
endocrine system regulation and changes in regional cerebral blood flow and regional metabolism.
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=& Introduction

Depressive disorder is one of the most frequent and
debilitating mental illnesses. It is evaluated that around
one third of major depressive episodes do not achieve
remission after two trials with antidepressant treatment
associated with psychotherapy, so for these particular,
resistant cases electroconvulsive therapy (ECT) can be an
efficient therapeutic resource [1].

The electrical impulse generated by ECT electrodes
travels through intermediary tissue, stimulating neurons in
the brain by modifying their internal electrical environment
and ion concentration. This process leads to a group of
depolarized neurons firing simultaneously, inducing a
convulsion. A generalized seizure affects crucial brain
structures including the cortex, subcortex, thalamus, basal
ganglia, and limbic system, with certain areas being more
prominently involved than others. This convulsive activity
is believed to have therapeutic effects in various neuro-
psychiatric disorders [2].

ECT holds significant importance in the treatment of
several psychiatric conditions for certain advantages of this
technique. ECT is known for its quick onset of therapeutic
effects, this being the primary indication for its use in
situations where there is an imminent risk of harm due to
severe depression, suicidality, or catatonia, when it can be
a life-saving intervention. It can rapidly alleviate symptoms
and stabilize the individual’s condition. It can bring rapid
improvement in severe psychiatric conditions, especially
in cases where other treatments, such as medication or
psychotherapy, have been less effective.

ECT is a vital intervention in modern psychiatric practice
for numerous individuals dealing with severe mood and

psychotic disorders. Despite the emergence of innovative
brain stimulation methods and novel pharmaceuticals, no
other treatment has matched the effectiveness of ECT in
addressing the needs of this specific patient population [3].

& Materials and Methods

In this paper, we synthesize information obtained
from a systematical examination of the existing literature
pertaining to the mechanisms of action of ECT therapy
in major depressive episodes. The primary focus was on
identifying and analyzing relevant studies, encompassing
both experimental and observational research. A thorough
literature search was conducted across electronic databases,
including PubMed (1726 articles) and Web of Science
(11 749 articles), using specific keywords and search
criteria (electroconvulsive therapy AND neuroplasticity
OR receptors OR dopamine OR frontal and limbic region
OR blood-brain barrier), to ensure a comprehensive coverage
of the subject.

= ECT as a therapeutic method

ECT is a therapeutic method used in selected cases,
which, due to the rapid onset of therapeutic effects, can lead
to the remission of severe and treatment-resistant psycho-
pathological states. It has indications for use in multiple
psychiatric pathologies, including all forms of depression
(unipolar, bipolar, and mixed episodes), schizophrenia,
mania, catatonia, Parkinson’s disease, treatment-resistant
and debilitating obsessive-compulsive disorder, and
neuroleptic malignant syndrome. The indications for electro-
therapy in depressive disorders include emergency treatment
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of depression to achieve a definitive response, increased
suicidal risk, compromised somatic status due to depression
(nutritional negativism), treatment-resistant depression,
depression with psychotic features and last but not least,
patient preference [4].

ECT carries the risk of post-procedural adverse effects
with varying severity and duration. The most commonly
encountered of these is post-therapy confusion syndrome,
which typically resolves within 30 minutes to an hour after
the intervention. Memory disturbances are among the
most noticeable issues arising after ECT and may persist
for approximately 1-3 weeks following treatment. There
are cases where these disturbances have a more prolonged
duration, lasting 6—7 months. These can manifest as
retrograde amnesia for events preceding ECT and antero-
grade amnesia post-therapy, where the individual may
struggle to recall well-learned information, such as addresses
or phone numbers. Other potential mild adverse effects
include headache, nausea, vomiting, dizziness, and muscle
pain, while more significant adverse effects, such as
prolongation of epileptic-like seizures to status epilepticus
in patients taking medication that lowers the seizure
threshold, thromboembolic events, benign arrhythmias, or
fibrillations are possible but rare effects of this procedure.

ECT is performed under general anesthesia and uses an
electric stimulus generated by a device using oscillating
current with an intensity of 0.5-1 A, exceeding the convulsive
threshold of each patient and triggering neuronal
depolarization. The chronaxia for human neurons is 0.1—
0.2 milliseconds; after excitation, they enter a refractory
phase during which they no longer respond even if the
excitation continues. The duration of stimulation varies
between 0.2 and 8.0 seconds, with the energy used being
minimized based on the resistance of the soft and bony
tissues traversed. This minimum depolarization threshold
is determined for each patient before the administration
of the electric shock. The clinical effect is attributed to
the synchronous depolarization triggered by electrical
stimulation and the entire cascade of neurophysiological,
neuroendocrine, and neurochemical effects that follow.
After the administration of ECT, the electroconvulsive
threshold increases with the progression of the therapy,
making the method itself considered to have an
anticonvulsant effect.

Introduced in 1938, as a treatment for various mental
illnesses, including schizophrenia and severe depression,
ECT has undergone continual changes and improvements
throughout its history. Initially, the procedure was often
performed without anesthesia, leading to significant
discomfort for patients. In the mid-20" century, advancements
in anesthesia and muscle relaxants improved the safety and
acceptability of ECT. Anesthesia made the procedure more
comfortable for patients, and muscle relaxants helped
minimize physical side effects, such as convulsions. ECT
became a subject of controversy due to concerns about its
side effects and ethical considerations research. This led
to increased regulation of the procedure and refining the
technique, in order to achieve a better understanding of its
mechanisms of action. While ECT has come a long way
since its inception, ongoing research aims to further refine
its application, improve patient outcomes, and address
concerns related to its usage [5].

=& Neurotransmitter changes

ECT could have an influence on the release, reuptake,
and receptor sensitivity of neurotransmitters, such as
serotonin (5-hydroxytryptamine, 5-HT), norepinephrine,
and dopamine (DA), and by these changes in neurotransmitter
function it could contribute to the improvement of mood
and symptoms associated with psychiatric disorders [6].

The serotonergic system plays a crucial role in the
mechanism and therapeutic effectiveness of ECT, being
well known to be implicated in mood regulation, emotions,
and various cognitive functions. Preclinical studies indicate
increased serotonergic neurotransmission, with enhanced
expression and activity in the hippocampus and prefrontal
cortex of both postsynaptic 5-HT1A and 5-HT2A receptors.
In human studies, it has been demonstrated that the binding
of both 5-HT1A and 5-HT2A receptors is generally reduced
after ECT [7]. This pattern aligns with the observed
receptor binding changes seen with the administration of
antidepressants. The similarity in receptor modulation
suggests a shared neurochemical effect, highlighting potential
commonalities in the mechanisms of action between ECT
and antidepressant medications [8].

The findings from a recent study using positron emission
tomography (PET) on patients with major depressive disorder
(MDD) revealed a reduction in 5-HT1A receptor binding
after ECT. This reduction was observed in multiple regions
of the brain, encompassing the hippocampus, amygdala,
orbitofrontal cortex, and anterior cingulate cortex (ACC)
[9]. A broad decrease in 5S-HT2A receptor binding was
also observed in areas such as bilateral occipital, medial
parietal, limbic and bilateral prefrontal regions of the
cortex, along with the indication of 5-HT2A receptor
down-regulation, suggesting a potential mechanism that
significantly contributes to the antidepressant effects [10,
11].

Several studies analyzed the impact of ECT on the
glutamatergic system in patients with MDD. Significantly,
a notable rise in N-acetylaspartate (NAA) levels and also
the glutamine to glutamate ratio, assessed through proton
stimulated echo acquisition method spectroscopy (STEAM),
was demonstrated to be occurring in individuals who
exhibited a positive response to ECT [12]. These changes
were evident when comparing ECT responders to non-
responders and even in relation to pre-ECT baseline levels.
Particularly, ECT was found to normalize the reduction
of glutamate levels in specific brain areas like the ACC
associated with MDD. These findings collectively suggest
a distinct neurotrophic effect of ECT, potentially more
pronounced in individuals who respond positively to ECT
interventions [13, 14].

Human studies suggest that ECT induces activation of
the DA system, at multiple levels, including DA release,
neurotransmission, and receptor binding. Evidence indicating
alterations in DA receptor expression supports the impact
of ECT on the DA system. Preclinical studies reveal an up-
regulation of D1 and D3 receptors in the striatum, while
human studies suggest a potential reduction in D2 receptor
binding localized in the rostral ACC [15]. ECT-induced
activation of the DA system likely contributes to the
alleviation of depressive and anxious symptoms, accompanied
by improvements in motivation, concentration, and attention.
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ECT has been found to affect the gamma-aminobutyric
acid (GABA) system, the primary inhibitory neurotransmitter
in the brain by increasing GABAergic tone and enhance
GABA transmission, thus determining its anticonvulsant
effects. This effect may involve changes in GABA receptor
sensitivity or expression. GABAergic interneurons in the
hippocampus, involved in the generation and propagation
of seizures, help regulate the balance between excitation
and inhibition, thus increased GABA levels can enhance
inhibitory activity, suppressing excessive neuronal firing
and reducing the likelihood and severity of seizures [16].
Moreover, increased GABAergic activity in the subcortical
areas, such as the amygdala, that plays a significant role in
regulating emotions and anxiety, can exert an anxiolytic
effect, reducing anxiety levels [17].

= Neuroplasticity

ECT is believed to induce neuroplastic changes in the
brain, promoting neurogenesis and the formation of new
synaptic connections in specific areas in the hippocampus,
such as the subgranular stratum of the dentate gyrus and
the subventricular zone.

Neuroplasticity, which encompasses processes such
as synaptogenesis, dendrogenesis, angiogenesis, and
neurogenesis, may play a role in the changes observed
in hippocampal and amygdalar volume following ECT.
Neurogenesis, the generation of neurons from neural
progenitor cells, occurs in the dentate subgranular zone of
the hippocampus throughout life. Preclinical research has
established connections between neurotrophic factors and
adult neurogenesis in patients with depression [18, 19].

There is growing evidence supporting the involvement
of neurotrophic factors in the formation and maturation of
nervous structures, and also in the pathophysiology and
therapeutic approaches involved in addressing psychiatric
disorders. Post-ECT changes in the concentrations of different
biochemical messengers, including neurotrophic factors,
had been demonstrated to determine neuroplastic alterations
of brain structures. Neuroprotection and enhanced neuronal
proliferation are both effects of ECT that promote and
support the growth, development, and maintenance of new
brain cells. Notably, neuronal proliferation can be triggered
in the dentate convolution of the hippocampal area, by a
unique electroconvulsive stimulus and these recently
created neurons have the potential to survive for months.
This suggests a link between ECT-induced changes in
neurotrophic factors and structural modifications in the
brain, highlighting the complex interplay between
biochemical regulation and neural plasticity.

Brain-derived neurotrophic factor (BDNF) holds a
prominent role in regulating synaptic plasticity, surpassing
all other neurotrophins. Numerous research groups have
explored the involvement of BDNF in ECT. The
investigation of BDNF in the context of ECT suggests its
crucial contribution to the mechanisms underlying synaptic
plasticity and potential therapeutic effects [20]. In addition
to BDNF, vascular endothelial growth factor (VEGF),
fibroblast growth factor 2 (FGF2), and nerve growth factor
(NGF) have a significant role in MDD and favorable
reaction to treatment [21]. The hippocampus is known to be
susceptible to stress and may be particularly influenced

by processes involved in immune system response, which
could contribute to structural changes and impact anti-
depressant response [22, 23].

@ Network connectivity

Neuroimaging research indicates that MDD is influenced
by structural and functional abnormalities in components
of some networks associated with mood, vegetative states,
and cognition. Key regions implicated in these processes
encompass the ACC, dorsolateral, dorsomedial, and ventral
areas of the prefrontal cortex, as well as subcortical centers,
such as the hippocampus, amygdala, thalamus, and striatum.
The architecture of white matter (WM) plays a crucial role
in determining structural connectivity, that is acknowledged
to impact the underlying robustness and endurance of
functional linkage. As a result, the microstructural properties
of WM may hold significance in understanding the
pathophysiology of MDD and its response to treatment [24].

Diffusion tensor imaging (DTI) studies in patients
undergoing ECT assessing changes in structural connectivity
of the WM, found that ECT induces WM plasticity in
tracts connecting frontal and limbic regions of the brain,
implicated in emotional control. There is a correlation
between increased fiber integrity in these pathways and
an improved therapeutic response to ECT. This suggests
that the changes in the structural connectivity of these
specific WM pathways may contribute to the positive effects
of ECT on mood regulation in individuals undergoing
treatment [25].

=& Endocrine system regulation

Patients with mood disorders, particularly depression,
often exhibit disturbed levels of stress hormones. Studies
consistently show hyperfunction of the hypothalamic—
pituitary—adrenal (HPA) axis in individuals with depression
[26]. This is characterized by elevated cortisol levels and
a reduced suppression of cortisol on the Dexamethasone
suppression test. Elevated cortisol levels associated with
HPA axis hyperfunction can have detrimental effects on
processes such as neurogenesis and gliogenesis. Additionally,
high cortisol levels are linked to the atrophy of structures
like the hippocampus. These hormonal imbalances may
contribute to the pathophysiology of mood disorders and
impact the structural integrity of certain brain regions [27].

ECT treatments are associated with normalization of
HPA axis, by reducing the cortisol levels to normal in
depressed patients, supporting a neuroendocrine mechanism.
As an effect, it has been shown to alleviate the inhibitory
effects of cortisol on neuroplasticity [28].

& Changes in cerebral blood flow
and regional metabolism

Alterations in global as well as regional cerebral blood
flow (rCBF) have been evidenced in emotional and psychotic
disorders, as well as among individuals at an elevated risk
of developing psychotic symptoms [29]. Patients with
depression show substantial hypometabolism in the frontal
gyrus. Additionally, research by Hosokawa et al. reveals
differences in glucose metabolism patterns between bipolar
and unipolar depression [30]. Specifically, bipolar depression
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shows hypometabolism in the right ACC, while unipolar
depression exhibits low metabolic activity localized in the
right temporal convolution, right insula and left cingulate
area of the cortex.

Various studies have demonstrated that ECT induces
changes in rCBF and glucose metabolism that are related
to therapeutic outcome [31, 32]. These alterations have
been observed through the use of brain imaging methods,
such as single-photon emission computed tomography
(SPECT), functional magnetic resonance imaging (fMRI)
and PET. Changes in rCBF and regional metabolism induced
by ECT had been observed. A decrease in rCBF and glucose
utilization in the cortex has been shown to occur after ECT,
especially in areas such as the medial and dorsolateral
prefrontal cortical zones, upper frontal areas, and temporal
cerebral region [33]. Simultaneously, there is an enhancement
in blood circulation across key areas of limbic and para-
limbic structures involved in emotional regulation, such
as the amygdala and parahippocampal gyrus.

In addition, a sudden increase in blood pressure occurs
during the seizure resulting from ECT administration, which
is considered to determine a transient interruption in the
integrity of the blood—brain barrier (BBB). The disruption
allows specific neurochemicals to be released from
circulation into the brain parenchyma. As a result, certain
changes occur in the microenvironment of the brain,
including elevated concentrations of BDNF, angiogenesis
and neuronal regeneration [34].

& Conclusions

Decades of research aimed at unraveling the mechanism of
ECT have discovered a complex field of study encompassing
various intricate biological processes. These processes include
alterations in neuroplasticity, levels of neurotrophic factors
and neurotransmitters, functional connectivity, immune
mechanisms, and neuroendocrine function. Despite substantial
evidence shedding light on the neurobiological mechanisms
of ECT, inconsistent research findings hinder the ability to
draw definitive conclusions. Additionally, establishing a
clear cause-and-effect relationship between these mechanisms
and the therapeutic effects of ECT remains challenging.
It is not prudent to assume a singular mechanism that
comprehensively explains the therapeutic efficacy of ECT.
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