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ABSTRACT

With regard to the question of how
electroconvulsive therapy (ECT) acts, a common
answer is that the mechanism of action of the
treatment is not well understood. However, this
is not true. There is a great deal of information
available about what ECT does in the brain,

how it does it, and how these effects translate
into clinical actions. The very complexity of

the available data makes it necessary for the
question about mechanisms to be properly
defined with regard to physiologic effects,
adverse effects, and efficacy in different
conditions. This article presents a primer for the
conceptualization of the mechanism of action of
ECT with special attention to understanding why
the question and answer are complex.
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Clinical Problem

Mr D, a 35-year-old man with major depressive disorder, has been
severely depressed for the past 6 months. He has failed 2 adequate
antidepressant trials, one of which was with a dual-acting antidepressant
drug. He has also failed 1 trial of antidepressant augmentation
with an atypical antipsychotic drug. Presently, he has severe social
and occupational impairment as well as active suicidal ideation.
Electroconvulsive therapy (ECT) has been suggested to him. Mr D is
doubtful; he wants to know why electricity needs to be passed into his
brain and how ECT acts. How should the clinician respond?

ECT is arguably the most effective treatment available for major
mental illness. ECT is commonly advised when the patient is catatonic,
suicidal, very severely ill, or unresponsive to medications.! When ECT
is discussed, a common question addresses the mechanism of action of
the treatment: How does ECT work?

This question is asked by patients, relatives of patients, members
of the general public, the mass media, nonpsychiatric mental health
professionals, and even psychiatrists themselves. A common and
unsatisfying response is that the mechanism of action of ECT is unknown
but that a seizure is necessary for it to be effective. A proper answer is,
however, necessary, because people are used to the idea of taking drugs
for the treatment of illness and will accept less-than-satisfying answers
to their questions about these drugs; in contrast, they are not used to
the idea of electricity being passed through the brain and the induction
of a seizure being necessary as a therapeutic measure and so demand a
more convincing answer. Before the question is answered, however, the
question must be properly defined. The rest of this article will consider
this subject.

Defining the Question About How ECT Acts

How does fluoxetine act? The usual answer is that increasing
monoamine availability seems to be therapeutic in depression, and
fluoxetine increases the availability of the monoamine serotonin by
inhibiting the serotonin transporter protein, thereby preventing the
reuptake of serotonin from the synaptic cleft.? This answer, of course, is
simplistic and incomplete for reasons that will soon become apparent.
Nevertheless, it appears to satisfy most people, from patients to
psychiatrists.

ECT is effective in depression, mania, schizophrenia, and possibly
other neuropsychiatric conditions as well.! The nub of the situation is
that we do not know what causes depression, mania, schizophrenia, and
most of the conditions for which ECT has been used. Without a complete
understanding of the etiopathogenesis of these neuropsychiatric
disorders, it is difficult to determine what action of ECT is therapeutic
in what condition. This is a particular problem because ECT produces
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® Thereis a great deal of information available about the
neurotransmitter, neuroendocrine, electrophysiologic,
neuroplasticity, and other effects of electroconvulsive
therapy (ECT).

m Different actions of different components of ECT treatment
explain different acute, subacute, and long-term effects on
physiologic, efficacy, and adverse effect outcomes.

= When asking about how ECT acts, it is therefore necessary to
know what action of ECT has what specific end result through
what specific processes.

a large number of neurobiological effects; it is difficult
to determine which effects are relevant and which are
epiphenomena for what condition.

This introduces the next problem. As already pointed
out, ECT is effective in a variety of dissimilar disorders,
some of which are, in fact, conceptually at opposite poles.
Approved and experimental indications that are opposites
include depression® and mania,* and Parkinson’s disease® and
tardive dyskinesia. ECT also produces seizures' but may be
therapeutic in epilepsy.” A unitary mechanism should explain
the full spectrum of efficacy, that is, across all disorders. It
is unlikely, however, that a single explanation can be found
for the efficacy of ECT in all of the different approved
and experimental indications. Therefore, identification of
divergent, disorder-specific mechanisms is needed.

In this context, where ECT does what it does might be
of guidance; for example, downregulation of neuroplasticity
in the amygdala®® versus upregulation of neuroplasticity in
the hippocampus!'®!! may explain benefits in posttraumatic
stress disorder and depression, respectively.

It is necessary to identify mechanisms that explain
physiologic effects of ECT such as on heart rate, blood
pressure, and glycemic control,'? and it is necessary to
identify mechanisms that explain the adverse effects of ECT,
such as nausea, body ache, and forgetfulness.'? Furthermore,
explanations need to be provided for acute, subacute, and
delayed effects. Here, the seizure is an example of an acute
effect,! tardive seizures may be a subacute effect,'®* and
anticonvulsant action is a delayed effect.” Again, it is likely
that explanations will be divergent rather than unitary.

When considering the different effects of ECT, mechanisms
related to the different constituents of the treatment must
be considered. In this regard, it is easily understood that
the anesthesia could cause the nausea that some patients
experience on awakening,'* that the muscle relaxant
(usually succinylcholine) could cause muscle pains,'® that
the anticholinergic drug in the premedication could cause
dry mouth and tachycardia,"!? and that the electricity itself
could be responsible not only for the efficacy but also for
adverse effects such as forgetfulness.!!?

Returning to an explanation offered at the beginning
of this section, why should greater synaptic availability of
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serotonin explain the mechanism of antidepressant action of
fluoxetine? Merely filling a tank with gasoline does not make
a car run.'® It is therefore necessary to identify downstream
effects of a treatment, whether the treatment is fluoxetine or
ECT. These downstream effects include actions on receptors,
intracellular messengers, gene expression, protein synthesis,
neuroplasticity changes, and changes in the functioning in
different neuronal circuits in the brain. Some of these were
reviewed in detail by Fochtmann.!”!8

Curiosities must be explainable by the models that are
proposed. For example, what might explain dramatic response
to a single ECT session'? Or the development of mania as an
adverse effect of ECT within a depressive episode®’? Or, for
that matter, what explains treatment resistance?

It would be pleasing if the models proposed were
consistent with the suggested mechanisms of action of
medications. However, whereas antidepressant drugs
and ECT both stimulate neuroplasticity,'® a hypothesized
mechanism of antidepressant action, antipsychotic drugs
block dopamine postsynaptic receptors,? but ECT upregulates
their activity.?!

There should also be dissonance between models
proposed for medications and for ECT, if only to explain
why ECT acts faster than drugs, has greater efficacy than
drugs in patients with psychotic depression, and often works
even after drugs have failed.!?

Interpreting Research Findings

Before explanatory models are proposed, downstream
effects and final common pathways may need to be
determined. For example, upregulation of dopamine
postsynaptic receptors with repeated electroconvulsive
shocks in animal models does not necessarily mean
increased dopaminergic neurotransmission. This is because
the functional status of a pathway depends on synthesis,
storage, release, and reuptake of neurotransmitter and on
second messenger and other effects distal to the postsynaptic
receptors, besides changes in the receptors themselves.

It should also be realized that when a change is
demonstrated with ECT, we do not know whether the
change is corrective of pathology, compensatory, or merely
irrelevant with regard to mechanism of action for a particular
outcome.

Finally, most of the research on the mechanism of
action of ECT has been conducted on the laboratory rat.
Healthy rats belonging to the same strain and reared in a
homogeneous environment may respond differently to
ECT relative to psychiatrically dysfunctional humans who
are heterogeneous in genetic makeup and exposure to
environmental influences. Problems in the interpretation of
research have been discussed in greater detail elsewhere.??

What Was the Question Again?

This article opened with a question about the mechanism
of action of ECT. It is evident from the preceding discussion
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that the question is quite complex, that the answer is also
complex, and that both need to be broken down into many
parts. Future articles in this series will continue the discussion
on the subject.

REFERENCES

1. Andrade C. Electroconvulsive therapy. In: Bhugra D, Ranjith G, Patel V, eds.
Handbook of Psychiatry: A South Asian Perspective. New Delhi, India: Byword
Publishers; 2005:553-568.

2. Andrade C. Psychopharmacology. In: Bhugra D, Ranjith G, Patel V, eds.
Handbook of Psychiatry: A South Asian Perspective. New Delhi, India: Byword
Publishers; 2005:517-552.

3. UK ECT Review Group. Efficacy and safety of electroconvulsive therapy in
depressive disorders: a systematic review and meta-analysis. Lancet.
2003;361(9360):799-808.

4. Versiani M, Cheniaux E, Landeira-Fernandez J. Efficacy and safety of
electroconvulsive therapy in the treatment of bipolar disorder: a systematic
review. J ECT. 2011;27(2):153-164.

5. Andersen K, Balldin J, Gottfries CG, et al. A double-blind evaluation of
electroconvulsive therapy in Parkinson’s disease with “on-off” phenomena.
Acta Neurol Scand. 1987;76(3):191-199.

6. Peng LY, Lee Y, Lin PY. Electroconvulsive therapy for a patient with persistent
tardive dyskinesia: a case report and literature review. ] ECT.
2013;29(3):52-¢€54.

7. Shah N, Pande N, Bhat T, et al. Maintenance ECT as a therapeutic approach
to medication-refractory epilepsy in an adult with mental retardation: case
report and review of literature. ] ECT. 2012;28(2):136-140.

8. Khaleel N, Roopa R, Smitha JS, et al. Electroconvulsive therapy attenuates
dendritic arborization in the basolateral amygdala. ] ECT.
2013;29(3):156-157.

9. Khaleel N, Ravindranath R, Sagar BK, et al. Images in electroconvulsive
therapy: pilot impressions suggesting that ECT reduces excitatory

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

synapses in the basolateral amygdala. Indian ] Psychiatry.
2013;55(2):204-205.

. Smitha JSM, Roopa R, Khaleel N, et al. Images in ECT: ECS dose-

dependently increases dendritic arborization in the CA1 region of the rat
hippocampus. ] ECT. 2014;30: In press.

Smitha JSM, Roopa R, Sagar BKC, et al. Images in ECT: ECS dose-
dependently increases cell proliferation in the subgranular region of the rat
hippocampus. ] ECT. 2014;30: In press.

Abrams R. Electroconvulsive Therapy. 3rd ed. New York, NY: Oxford
University Press; 1997.

Chathanchirayil SJ, Bhat R. Post-electroconvulsive therapy status epilepticus
and tardive seizure in a patient with rapid cycling bipolar disorder, epilepsy,
and intellectual disability. ] ECT. 2012;28(3):183-184.

Bailine SH, Petrides G, Doft M, et al. Indications for the use of propofol in
electroconvulsive therapy. J ECT. 2003;19(3):129-132.

Saricicek V, Sahin L, Bulbul E, et al. Does rocuronium-sugammadex reduce
myalgia and headache after electroconvulsive therapy in patients with major
depression? ] ECT. 2014;30(1):30-34.

Andrade C, Rao NS. How antidepressant drugs act: a primer on
neuroplasticity as the eventual mediator of antidepressant efficacy. Indian |
Psychiatry. 2010;52(4):378-386.

Fochtmann L]. Animal studies of electroconvulsive therapy: foundations for
future research. Psychopharmacol Bull. 1994;30(3):321-444.

Fochtmann L]. What do rodents and test tubes teach us about ECT? Convuls
Ther. 1994;10(4):287-297.

Rich CL. Recovery from depression after one ECT. Am ] Psychiatry.
1984;141(8):1010-1011.

Andrade C, Gangadhar BN, Swaminath G, et al. Mania as a side effect of
electroconvulsive therapy. Convuls Ther. 1988;4(1):81-83.

Gangadhar BN, Ramadevi G, Andrade C, et al. Dopaminergic effects of
repeated electroconvulsive shocks. Convuls Ther. 1989;5(2):157-161.
Andrade C, Sudha S, Venkataraman BV. Herbal treatments for ECS-induced
memory deficits: a review of research and a discussion on animal models.

J ECT. 2000;16(2):144-156.

JOIN THE ONLINE DiscussION of this article at
PSYCHIATRIST.COM Enter Keyword | PRACTICAL

J Clin Psychiatry 75:5, May 2014

PSYCHIATRIST.COM (= e412



