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Is the Seizure an Unnecessary Component of Electroconvulsive Therapy?
A Startling Possibility
Electroconvulsive therapy (ECT) is, of course, a misnomer.
Convulsive movements are a by-product of eliciting seizures that
generalize to the motor cortex. Commonly, convulsive activity is
strongly reduced or eliminated by administrating a muscle-
paralyzing agent, such as succinylcholine, prior to the electrical
stimulus and while the patient is anesthetized. Thus, convulsive
motor activity is irrelevant to the therapeutic and cognitive effects
of the treatment. Rather, the procedure might more properly be
labeled electroseizure therapy (EST), since the goal, at least until
now, in applying the electrical stimulus is the elicitation of a cere-
bral seizure, and not the production of convulsive movements.

Regardless of its label, ECT is the most effective treatment avail-
able for episodes of major depression. No other treatment, biolog-
ical or psychological, matches ECT in terms of short-term rates of
antidepressant response and remission [1]. The efficacy of ECT is
especially noteworthy since it is usually reserved for patients who
are resistant to other treatments. Besides unipolar and bipolar
depression, ECT can be of remarkable benefit in other select disor-
ders. There is convincing evidence regarding its clinical utility in
disorders as diverse as acute mania [2], some forms of schizo-
phrenia [3], catatonia [4], and Parkinson’s disease [5].

Soon after its introduction in 1938, the view was advanced that
the generalized seizure provided both the necessary and sufficient
conditions for ECT’s efficacy [6]. The belief was that the method of
seizure induction was irrelevant to the therapeutic process. Rather,
there was strong evidence that chemical induction of generalized
seizures with Flurothyl, a seizure-inducing inhalant gas, was just
as effective in treating major depression and schizophrenia as stan-
dard ECT [7]. Indeed, the chemically-induced seizure treatment
appeared to have less severe cognitive side effects relative to stan-
dard ECT. Despite seeming equivalent efficacy and superior side ef-
fects, the chemical-induction approach was abandoned because of
impracticality. Understandably, medical personnel were reluctant
to work with an inhalant that produced seizures. Regardless, the
idea that the seizure was central to efficacy, independent of its
mode of induction, provided the conceptual basis for Magnetic
Seizure Therapy (MST), which induces seizures via application of
a time-varying magnetic field [8,9].
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The efficacy equivalence of chemical and electrical induction
techniques supported the view that elicitation of the generalized
seizure provided sufficient conditions for efficacy. Classic research
by Ottosson [10] promoted the idea that the generalized seizure
was also necessary for efficacy. Ottosson co-administered lidocaine
with the ECT electrical stimulus, producing diminished seizure
expression. This combination had inferior efficacy, supporting the
view that full expression of the generalized cerebral seizure was
necessary to guarantee efficacy. In subsequent decades, starting
with Nobler et al. [11], several studies have reported significant cor-
relations between measures of seizure expression (e.g., the timing
and amplitude of ictal slow wave activity, degree of postictal EEG
suppression, etc.) and ECT efficacy. Furthermore, work mostly in
the 1950’s suggested that stimulation techniques that did not result
in a seizure (“subconvulsive” stimulation) lacked the efficacy of
traditional ECT [12].

Thus, there appeared to be strong grounds for arguing that the
generalized seizure provided the conditions both necessary and suf-
ficient for ECT’s efficacy in major depression. Ottosson [10] also con-
ducted research in which he manipulated the intensity of the ECT
electrical stimulus. He reported that high intensity stimulation
aggravated the cognitive side effects of the intervention, with little
impact on efficacy. Taken together, these findings led to the view
that the electrical stimulus was largely responsible for the adverse
cognitive effects of the treatment, while the induction of the gener-
alized seizure was responsible for its efficacy. For example, in
1983 d’Elia et al. [13] stated, “Because the therapeutic effect is a result
of the cerebral seizure, and the organic side effects partly conse-
quences of the electrical stimulation, the aim should be to induce
maximal seizure activity using minimal electrical energy (p. 577).”

In addition to these fundamental mechanistic claims, for de-
cades this perspective guided the search for the neurobiological
processes that subserved ECT’s efficacy. Thousands of studies
focused on the neurobiological consequences of the ictus, and
scores of consistent changes were demonstrated in neurotrans-
mitter, peptidergic, and hormonal function as a function of seizure
induction. Indeed, because of this plethora of findings, Kety [14]
famously bemoaned that the changes in brain neurochemistry
following seizure induction were so numerous that it was impos-
sible to separate those subserving efficacy from epiphenomena.
The view emphasizing the centrality of the seizure also had
anatomic ramifications. To some the emphasis on the generalized
seizure argued for a mass action, Hebbian neurobiological effect,
in which there was no localization to processes underlying
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efficacy [15]. Alternatively to others the need for a generalized
seizure focused attention on diencephalic structures that entrain
widespread synchronous cortical activity [16].

This fundamental view of ECT mechanisms dictated that lowest
dose of electricity should be used to induce the generalized seizure.
The generalized seizure would guarantee efficacy, and minimizing
electrical dose would minimize cognitive side effects. However,
this perspective was never instantiated in practice. For decades,
the most common practice was to set ECT devices at the maximum
electrical output. Indeed, there was no rationale method for deter-
mining electrical dose. In the early 1980’s, we developed electrical
dose titration to quantify seizure threshold, the minimum electrical
charge needed to induce a generalized seizure of adequate duration
[17]. Dose titration uses a standard ascending method of limits psy-
chophysical procedure and involves administration of subconvul-
sive stimulations of increasing intensity until a generalized seizure
is produced. A series of studies at Columbia University, using this
method to determine dosage, demonstrated unequivocally that
the fundamental view of ECT mechanisms was incorrect [18e21].

In the first study [18], patients were randomized to bilateral (BL;
bifrontotemporal) or right unilateral (RUL) ECT, with all patients
treated just above their seizure threshold (ST) throughout the treat-
ment course. BL ECT was a powerful antidepressant. In contrast,
despite producing generalized seizures that met conservative
criteria for adequacy, RUL ECT was remarkably ineffective, with
only a 17% response rate. By coupling low electrical intensity and
the RUL electrode placement, we had inadvertently created a
form of ECT that lacked efficacy. This clearly contradicted the prem-
ise that the generalized seizure provided sufficient conditions for
efficacy.

Because these findings contradicted the fundamental perspec-
tive and because the combination of low electrical intensity and
RUL electrical held great promise for minimizing side effects, it
was critical to attempt to replicate these findings. A second study
[19] used a two-by-two design, randomizing patients to electrical
dosage just above ST (as in the prior study) or dosage 2.5 times the
initial ST (2.5 � ST). Patients were also randomized to BL or RUL
ECT. The findings of the first study were strongly replicated. Again
lowdoseRULECTwas virtually devoid of efficacy. Athigher electrical
dosage (2.5 � ST), RUL ECT was significantly more effective, though
still not equivalent to lowor higher dose BL ECT. This study provided
the first evidence that RUL ECT displayed a doseeresponse window
that was absent with BL ECT. In other words, the efficacy of ECT was
contingent both on the current path of the electrical stimulus (as
determined by electrode placement) and the current density within
that path (as determined by electrical dosage).

This view was further supported by a third study [20]. Patients
were again randomized to 4 ECT conditions: RUL ECT at 1.5, 2.5
and6� ST, andBL at 2.5� ST. The two lowerdose RUL ECTconditions
(1.5 and 2.5� ST) were significantly less effective that the high dose
RUL (6� ST) and the BL ECTconditions. Critically, high dose RUL ECT
(6 � ST) matched a robust form of BL ECT (2.5 � ST) in efficacy. This
led to the conclusion that at sufficient electrical dose relative to ST
the efficacy of RUL ECT is equivalent to our most effective forms of
ECT. This finding was subsequently replicated in largemulti-site tri-
als [22,23] and was of clinical consequence since, despite high
dosage, RUL ECT was superior to BL ECT in cognitive side effects.

In a fourth study patientswere randomized to RUL ECTat 6� STor
BL ECT at 2.5 � ST and also to a standard brief electrical pulse width
(1.5 ms) or an ultrabrief pulse width (0.3 ms) [21]. This study was
predicated on the notion that the traditional brief pulse used in ECT
was excessively long in duration and therefore inefficient since it far
exceeded the chronaxie of human neurons to depolarize [24]. This
study strongly replicated thefinding that RUL and BL ECTwere equiv-
alent in efficacy when RUL was given at high dosage (6 � ST)
regardless of pulse width. This study also documented that use of
an ultrabrief pulse width markedly reduced the short- and long-
termcognitive sideeffects of ECT. Since this report, use ofhighdosage,
ultrabrief RUL ECT has become widespread internationally.

This body of research demonstrated that the generalized seizure
was insufficient to guarantee efficacy. Seizures could be reliably
evoked that lacked antidepressant properties. Kety’s conundrum
regarding ECT mechanisms could now be resolved because theoret-
ically one could contrast the neurobiological effects of effective and
ineffective forms of ECT, with each resulting in generalized seizures.
Only those changes unique to effective forms of ECT were likely
relevant neurobiological processes. More specifically, this work
indicated that efficacy was contingent on the current path of the
electrical stimulus and the current density within that path. In
contrast, to the original perspective on mechanisms, this view
emphasized localization. The findings dictated that there must be
localization in the neural systems that subserved efficacy.

Indeed, our understanding of why low dose RUL was ineffective
centered on the notion that prior to generalization such seizures
were first triggered from the motor strip, which has a very low
threshold for initiating seizure activity. Increasing the electrical
dose of RUL ECT resulted in increased current density in prefrontal
regions and at sufficient dosage these regions participated in
seizure initiation [25]. The view was offered that, like secondarily
generalized seizures in epilepsy, the anticonvulsant (inhibitory) ef-
fects of seizure induction were spatially targeted more at sites of
seizure initiation as opposed to seizure generalization [25e27]. Im-
aging studies supported this perspective. Patients who had superior
antidepressant response to ECT showed greater reductions in
regional cerebral blood flow [28] and glucose metabolism [29]
and greater increases in the amplitude of slowwave (delta) electro-
encephalographic (EEG) activity [30] than patients who had inferior
clinical response. These physiological correlates of clinical outcome
had a strong topography. The associations were most marked in
prefrontal regions.

This evolution in our understanding of fundamental ECT mech-
anisms has also strongly influenced clinical and neurobiological
investigation. Traditional ECT, using a bidirectional pulsed electrical
stimulus and symmetrically shaped stimulus electrodes, is intrinsi-
cally limited in its focality of stimulation. Yet, this new perspective
emphasizes the possibility that seizure initiation in spatially
delimited regions is key to efficacy. Consequently, we have recently
witnessed concerted efforts to develop more focal forms of ECT,
capable of eliciting seizures from prespecified neuronal aggregates.
This includes magnetic seizure therapy (MST), which takes advan-
tage of the fact that the scalp and skull are transparent to the mag-
netic field, allowing theoretically for spatially precise and restricted
seizure induction [9,31e33]. The promise of MST may be limited by
electrical engineering limitations, as the energy transfer between
current in a coil and in neural tissue is highly inefficient, and it is
difficult to achieve with MST the intracerebral current density
that can is easily achieved with electrical stimulation. In contrast,
Focal Electrically Administered Seizure Therapy (FEAST) capitalizes
on knowledge of optimal methods for focal electrical stimulation
[34], and uses a unidirectional pulsed stimulus (creating an anodee
cathode arrangement), coupled with asymmetrically-sized elec-
trodes [25,35,36]. In its current instantiation the electrode and
stimulation configuration is intended to maximize and restrict cur-
rent density to right orbitofrontal cortex. Preliminary research sug-
gests that both MST and FEAST have reduced cognitive side effects
compared to traditional ECT. As yet, the evidence is not convincing
that they match the efficacy of ECT.

This new perspective retains the seizure as a necessary compo-
nent of the ECT therapeutic process. While not all seizures may be
therapeutic, initiating seizure activity in the proper region with
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appropriate dosage is fundamental to efficacy. In addition to
emphasizing localization, this perspective emphasizes the spatial
distribution of inhibitory and perhaps neuroplastic [37,38] changes
as mediating efficacy.

The paper by Regenold et al. in this issue [39] could be the start of
another revolution in our understanding of ECT. They treated 11 pa-
tients with the bifrontal (BF) electrode placement and traditional
ECT methods, except that electrical stimulation was dosed below
the seizure threshold (ST). In this open clinical series, 73% of patients
were responders and 55% were remitters, clinical outcomes close to
what one might expect with traditional ECT. What is exceptional
about this work is that Regenold et al. claim that no seizures were
induced. The strong clinical improvementwas insteaddue to electri-
cal stimulation alone, coupled with the BF placement. The implica-
tions of this study contradict our previous understanding of ECT.

Of course, before the implications of this study are accepted, it
must be replicated and then studied relative to ECT under strict ran-
domized and blinded conditions. It should be noted that the sample
consisted of outpatients whose average level of depression, as
indexed by the Hamilton Ratings Scale for Depression, was only
moderate in severity. These patients continued to receive psycho-
tropic medications throughout the course of brain stimulation
and the clinical team was quite likely eager to see the success of
this novel intervention. Thus, there are many reasons the results
could have obtained other than the claim that subconvulsive stim-
ulation may be therapeutic.

Regenold et al. [39] took the antidepressant efficacy of repetitive
Transcranial Magnetic Stimulation (rTMS) as supporting the possi-
bility that the seizure is not a necessary component of ECT. Indeed,
the same argument was made early in the development of rTMS as
an antidepressant treatment. The success of rTMS was taken as
negating the necessity of the seizure for the antidepressant effects
of ECT [40]. In my view, then and now, this perspective is faulty
[8]. Antidepressant treatment with rTMS involves application of
multiple trains of stimulation within any session. In contrast, the
defining feature of ECT is the administration of a single electrical
train. At issue is whether a single train of stimulation, electrical or
magnetic, can produce robust antidepressant effects without pro-
ducing a seizure.

In support of Regenold et al. it should be recognized that many
neurobiological effects of ECT may be due solely to the electrical
stimulus, with seizure production irrelevant. For example, micro-
dialysis studies show that electroconvulsive shock (ECS) in rodents
reliably results in a massive release of dopamine. The extent of this
acute release is modulated by the intensity of the electrical stim-
ulus. In contrast, seizures induced with Flurothyl, do not result in
a dopamine surge [41e43]. The implication is that the dopamine
surge is a result of electrical sitmualtion, with the intervening
seizure irrelevant. One can imagine development of a treatment
for Parkinson’s disease using single high intensity trains of electri-
cal stimulation, with seizure provocation blocked pharmacologi-
cally. The larger point is that we lack as yet an academic subfield
devoted to the study of stimulation-induced pharmacology. It is
conceivable that important effects of ECT may be attributable to
the nature of the electrical stimulation without mediation from
seizure induction. Indeed, the dramatic progress made in reducing
the adverse cognitive side effects of ECT resulted purely from
refinement of the electrical stimulus, moving from sine wave stim-
ulation to brief pulse stimulation, to ultrabrief stimulation, along
with improvements in dosage protocols. Thus, it is conceivable
that the seizure is also irrelevant with respect to efficacy.

The most direct evidence that supported the necessity of the
seizure came from studies in the 1950’s comparing traditional ECT
to various forms of subconvulsive stimulation [44,45]. This work
was characterized by numerous methodological shortcomings and
canhardlybe considereddefinitive on this issue. Indeed, asRegenold
et al. [39] noted, no studyhas directly compared the efficacyof single
trains of subconvulsive electrical stimulation with ECT.

There are good reasons to be skeptical of the possibility raised by
Regenold et al. Low dose RUL ECT involves administering an electri-
cal intensity above the ST, and yet is remarkably ineffective. This
phenomenon is well replicated. For this to be true and for the argu-
ment of Regenold et al. to be accepted, onemust posit that electrode
placement (current path) is key. Stimulation below the ST may be
effective with the BF placement, but highly ineffective with RUL
ECT. Modeling of the electrical current suggests that the two place-
ments do have important differences in current density patterns,
besides the obvious difference in laterality. BF involves greater con-
centration of current density in prefrontal structures [46,47]. Rege-
nold et al. must assume that this difference in current paths is
fundamental in why subconvulsive stimulation proved to be effica-
cious in their study.

Another reason for skepticism about these results is the method
of stimulus dosing. When subconvulsive stimulation is used, the
intracerebral stimulation intensity should be key to neurobiological
and behavioral effects. Regenold et al. [39] used a crude and highly
inexact method of determining electrical dosage. There are marked
individual differences in the extent to which the electrical stimulus
is shunted away form the brain, and in intracerebral current density
given the same stimulus [48]. Regenold et al. dosed their patients
on the basis of their age, despite the fact that age shows only a
modest relationship with the electrical intensity needed to evoke
seizures. Future research of this type needs to develop a better
method of insuring that electrical stimulation is just below ST.

Regardless of the reasons for skepticism, Regenold et al. have
presented an important challenge to the field of ECT. They contend
that electrical stimulation below the ST, coupled with the BF
electrode placement, can match the efficacy of traditional ECT.
Consequently, they argue that the seizure is irrelevant to the thera-
peutic process (at least with this electrode placement). Clinically,
this could be a great advance since the seizure undoubtedly con-
tributes to some of the morbidity of the treatment. Conceptually,
it could mean that the field of ECT has been barking up the wrong
tree since the 1930’s. Of note, the name Regenold et al. suggest for
this intervention, nonconvulsive electrotherapy (NET), is also a
misnomer. As pointed out at the beginning, we can all agree that
convulsions have nothing to do with the therapeutic process. At
issue is whether nonseizure electrotherapy (with a single train of
stimulation) is efficacious.
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