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The last 10 years have seen significant developments in the science of electroconvulsive
therapy (ECT), including clarification of the differential effects of right unilateral (RUL),
bitemporal (BL) and bifrontal (BF) stimulating electrode placement (1, 2) and stimulus
parameters (3), the role of ECT in improving quality of life in depressed patients (4), the
role of concomitant medications in improving ECT outcomes (5, 6), the importance of ECT
in the treatment of schizophrenia (especially in countries in the Eastern hemisphere) (7), and
the role of ECT in maintaining the benefits achieved during an acute course (8).

The understanding of the mechanism of ECT has also advanced during this time, but
evidenced-based mainstream summaries of its mechanism have been lacking, while
evidence-poor papers with an anti-ECT agenda have suggested that the mechanism of ECT
is through brain damage (9, 10) or via placebo effects (11). These theories are wrong, and
join a long list of discredited theories of ECT's mechanism. The notion that ECT produces
brain damage was disproven in both in vivo studies of anatomical brain imaging and in post
mortem studies of patients after lengthy courses of successful ECT (12, 13). There was no
aberrant gliosis nor hypoxic changes in the hippocampus, cerebellum, or other brain
structures. A 89-year-old woman received more than 1250 documented ECTs and a further,
unsubstantiated 800 ECTs across 26 years for bipolar disorder. Gross and microscopic brain
changes at post-mortem were actually less than those that could have been expected on the
basis of her age (14).

The idea that placebo effects play a role in ECT is neither original nor relevant as it is
widely accepted that non-specific treatment effects are active in most antidepressant
treatments (15, 16). However, there is no evidence that the non-specific effects play
anything other than a minor role in ECT, as (1) non-specific effect are increasing irrelevant
in serious illness (17), and (2) sham-controlled clinical trials of ECT in depression and
schizophrenia favor ECT (18). Therefore, the role of non-specific effects, even if present,
does not explain the efficacy of ECT. So, mechanistic theories promoting the brain damage
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and placebo effects fall along with antiquated theories that it is amnesia that is responsible
for ECT's therapeutic effects.

Psychoanalytic theory of depression posited that depression was a result of inward-turned
anger, and that ECT satisfied a need for punishment (19). The introduction of anesthesia in
ECT did not remove the efficacy of ECT, despite removing awareness of the procedure
along with any idea that the procedure satisfied any unconscious need. Another analytic
theory proposed that conflict-laden sexual drives led to depressive neurosis, and this tension
was resolved with unmodified convulsive therapy (19). This theory, too, fell away with the
implementation of muscle relaxants which eliminated the convulsive movements, but which
did not diminish the effectiveness of ECT.

An old and yet persistent misunderstanding among lay persons is that the transient amnesia
associated with ECT was efficacious because ECT caused patients to “forget their troubles.”
This misconception was no doubt borne out of the more intense amnesia that was associated
with older, now-abandoned forms of ECT, such as bilateral sine wave ECT. However, the
emergence of brief pulse ECT, then RUL ECT, then ultra-brief pulse ECT has led to a form
of efficacious treatment with nearly invisible cognitive side effects in most patients, and
with the finding that the efficacy of ECT is unrelated to the degree of cognitive side effects
(20, 21).

So, which mechanistic theories have merit? There are many, including antidepressant
effects, anti-psychotic effects (22), anti-convulsive effects (23), anti-catatonic effects (24),
neurotransmitter effects (25), neuroendocrine effects (26) and powerfull effects on
neurogenesis (27). There is no shortage of potential mechanism, largely because ECT has so
many measurable effects on the brain. Detractors of ECT would like to say that the
mechanism of ECT is not known, implying that students of ECT do not know what ECT
does. This is not correct. The truth is that ECT has so many actions that it is difficult to
identify which one action is the therapeutic action. The search for one and only one
therapeutic mechanism may prove to be misdirected, as it is certainly possible that the
mechanisms for antidepressant effects may be distinct from antipsychotic effects, which
maybe distinct from its anti-Parkinson's Disease effects (28). Additionally, it is possible that
ECT's efficacy may require the simultaneous coordination of two or more different
mechanisms of action to produce its therapeutic effects. The search for the most critical
therapeutic effects might be advanced by animal models of electroconvulsive shock (ECS)
which isolate the effects of ECT one element at a time. This could be accomplished through
knock-out mice or chemical interruption of a single process, while allowing other processes
of ECT to still unfold.

It is tempting to look for ECT mechanisms that overlap with medication mechanisms,
looking for commonalities and differences, showing how ECT builds and expands upon the
mechanism of medications. Clinically, ECT may work in the same types of patients as
where psychotropics work, yet it is necessary to explain how ECT is superior to medications
in most instances. So, ECT may have the same mechanism as psychotropic medications, but
must then go beyond the effects of psychotropics. There are mechanisms that exemplify this
premise. First, ECT, like selective serotonin reuptake inhibitors (SSRIs) and serotonin-
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norepinephrine reuptake inhibitors (SNRISs) potentiates the action of serotonin and
norepinephrine (25). However, ECT's effects on biogenic amines goes further than
medications, as it also potentiates dopamine (28) — an effect that is largely absent in SSRIs
and SNRIs. Second, antidepressants (with a few minor exceptions) suppress the rapid eye
movement (REM) sleep abnormalities seen in severe depression (29). However this
suppression is temporary with antidepressant medications, and followed by REM rebound
upon discontinuation of the antidepressant medication. ECT also suppresses REM sleep (30,
31), but in contrast to medications, the withdrawal of ECT is not followed by REM rebound
(32). In effect, the suppression of REM sleep abnormalities is a phenomenon shared between
antidepressants and ECT, but the suppression is more complete with ECT (33).

In recent years, recovery from depression has been suggested to result from antidepressant-
induced promotion of neuroplasticity in the hippocampus (34, 35). A sizeable body of
research in animal models has demonstrated that ECT is a potent inducer of hippocampal
neuroplasticity (27, 36), and recent research even shows that, like the efficacy of the
treatment, ECT-induced dendritic arborization and new cell formation in the hippocampus is
dose-dependent (37, 38); that is, the favorable neurohistological changes are greater when
the electrical charge administered is higher.

Even more compelling is research in animal models which demonstrates that ECT reduces
dendritic arborization and excitatory synapses in the amygdala (27, 39, 40). Given the
importance of the amygdala in the mediation of negative affect, especially anxiety and fear,
these findings provide direct neurobiological support for the beneficial effect of ECT on
mood. By attenuating aberrant amygdalar responses in depression, ECT may promote
recovery from depression.

It is likely that the multiplicity of action of ECT is what makes it so effective a treatment;
thus, for example, the hippocampal and amygdalar mechanisms (and other actions, as well)
may act additively or synergistically to promote recovery. Similarly, glucocorticoid, lipid
signalling, glutamatergic, and other mechanisms may act synergistically to mediate the
cognitive adverse effects of the treatment (41-44).

The search for a therapeutic mechanism of ECT is important and deserves support, for
several reasons. First, identification of a particular therapeutic mechanism might lead to
refinements of ECT technology, or perhaps the discovery of new drugs which capitalize
upon what is learned about ECT mechanisms. Second, the understanding of therapeutic
mechanisms would provide additional re-assurance to patients who are uncomfortable with
the inability to specify one and only one mechanism of ECT. But as ECT practitioners, what
do we do until such time as we can more clearly specify a mechanism of action? Can we
proceed with confidently providing ECT in the absence of isolating a single, critical
mechanism?

The present understanding of ECT's mechanism is similar to what is known regarding other
forms of brain stimulation for neuropsychiatric illness. For example, the exact mechanism
for vagus nerve stimulation's (VNS) anti-epilepsy effect is not well understood. The same is
true of the degree of understanding of deep brain stimulation's (DBS) anti-Parkinson's
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Disease effect. So why is ECT held to a different standard than VNS or DBS? We
hypothesize it is because the critics of ECT, who demand a simple explanation of ECT's
mechanism, fail to appreciate that severe mental illness is disabling, non-trivial, and
sometimes deadly. Historically-dated explanations of mental illness as religious problems
(45) (as opposed to medical problems) will predictably attack medical treatments of mental
illness and will challenge scientific explanations of how psychiatric treatments work and
where psychiatric illnesses come from. So, in some measure, the continued refinement of the
understanding of ECT's mechanism of action is also a journey into the understanding of the
sources of severe mental illness, and a drive to have science replace prejudice in the care of
those with mental illness.
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