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Abstract: For many patients with neuropsychiatric illnesses, standard
psychiatric treatments with mono or combination pharmacotherapy,
psychotherapy, and transcranial magnetic stimulation are ineffective.
For these patients with treatment-resistant neuropsychiatric illnesses, a
main therapeutic option is electroconvulsive therapy (ECT). Decades of
research have found ECT to be highly effective; however, it can also
result in adverse neurocognitive effects. Specifically, ECT results in dis-
orientation after each session, anterograde amnesia for recently learned
information, and retrograde amnesia for previously learned information.
Unfortunately, the neurocognitive effects and underlying mechanisms
of action of ECT remain poorly understood. The purpose of this paper
was to synthesize the multiple moderating and mediating factors that
are thought to underlie the neurocognitive effects of ECT into a coher-
ent model. Such factors include demographic and neuropsychological
characteristics, neuropsychiatric symptoms, ECT technical parameters,
and ECT-associated neurophysiological changes. Future research is
warranted to evaluate and test this model, so that these findings may sup-
port the development of more refined clinical seizure therapy delivery
approaches and efficacious cognitive remediation strategies to improve
the use of this important and widely used intervention tool for neuropsy-
chiatric diseases.
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For many patients with neuropsychiatric illnesses, standard
psychiatric treatments with mono or combination pharmaco-
therapy, psychotherapy, and transcranial magnetic stimulation
(TMS) are ineffective. For example, the Sequenced Treatment
Alternatives to Relieve Depression study found that antide-
pressant treatment with citalopram resulted in remission rates
between 28% and 33%." The Systematic Treatment Enhance-
ment Program for Bipolar Disorder found treatment with an
antidepressant (paroxetine or bupropion) and a mood sta-
bilizer (eg, any US Food and Drug Administration—approved
antimanic agent) produced a 32% remission rate.”> The Clinical
Antipsychotic Trials of Intervention Effectiveness trial studied
second-generation antipsychotic medications and found that
most (74%) of the patients with schizophrenia discontinued
those medications due to adverse side effects.’ For these
patients with major depressive disorder (MDD), bipolar disor-
der, or schizophrenia, whose diseases are classified as treat-
ment resistant, a main therapeutic option is electroconvulsive
therapy (ECT).

Decades of research have found that ECT is one of the
most efficacious treatments for neuropsychiatric diseases, es-
pecially MDD.* The absolute number of patients who receive
ECT is large, annually estimated at 1 million worldwide.>¢
Treatment with ECT produces rapid response and remission
rates’ and is safe for patients across the adult life span.®'°
However, ECT also results in adverse neurocognitive ef-
fects."!'* Despite significant refinements in ECT practice,
the adverse effects of ECT have remained and are a principal
concern of both practitioners and patients. The ECT neuro-
cognitive profile is primarily comprised of decreased orienta-
tion immediately after the ECT session, anterograde amnesia
for recent information, and retrograde amnesia for long-term
autobiographical and impersonal information.'? Other neuro-
psychological domains that become inefficient or impaired in-
clude processing speed, attention, verbal fluency, and executive
function (eg, cognitive flexibility).'" Unlike the neurocogni-
tive profile of Alzheimer disease that progressively worsens,
this profile is transient in many cases.!> Nonetheless, the ad-
verse neurocognitive changes produced by ECT can persist
for up to 6 months or longer and result in functional impair-
ment, poor adherence, reduced clinical outcome, and increased
relapse rates.

Unfortunately, as noted by the United States Food and Drug
Administration, underlying mechanisms of ECT neurocognitive
effects remain poorly understood.’ Indeed, Fraser et al,'6 in a
systematic review of the past 20 years of ECT research, reported
that there exists no conceptual model that describes how ECT
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results in adverse neurocognitive effects. Although neuro-
imaging research'” suggests that most cortical and subcortical
regions are involved in ECT-associated memory impairment,
no conceptual model exists of how the cognitive effects of
ECT develop in patients. Thus, the field is at the initial stage
of model construction.

The purpose of this paper was to synthesize the multiple
moderating and mediating factors that are thought to underlie
the neurocognitive effects of ECT into a coherent model (Fig. 1).
These factors include demographic and neuropsychologi-
cal characteristics, neuropsychiatric symptoms, ECT techni-
cal parameters, and neurophysiological effects. Furthermore,
future recommendations are provided to guide model testing
and cognitive remediation strategy development. Whereas
ECT is beneficial for many neuropsychiatric diseases, the
scope of this paper will be limited to MDD, bipolar disorder,
and schizophrenia.

DEMOGRAPHIC AND
NEUROPSYCHOLOGICAL FACTORS

There has been limited investigation of the demographic
and neuropsychological factors that may moderate the adverse
neurocognitive effects of ECT. Such factors include age, educa-
tion level, premorbid intellectual ability, and cerebrovascular
health and are important to study based on their moderating role
in normal aging and other neuropsychiatric and neurologic
diseases including traumatic brain injury,'® Alzheimer disease,'®
and Parkinson disease.?® Regarding ECT, early research found
that age, but not depression severity or the number of ECT
sessions, was significantly associated with change in memory
performance.?' In addition, evidence has suggested that pre-
morbid intellectual ability may affect neurocognitive outcome
after ECT. One study”' found that verbal intellectual ability
was partially associated with change in memory performance
after ECT. Another study®* found that patients with MDD and
psychotic features showed neurocognitive inefficiencies and im-
pairment before treatment based on their premorbid intellectual
estimated abilities. After the acute course, with the exception
of phonemic fluency, most neurocognitive functions improved
to be within normal limits. These findings highlight the need
to interpret neurocognitive changes with respect to predicted
estimates as based on premorbid intellectual ability. To our
knowledge, there has been no evaluation of the relationship be-
tween years of education and neurocognitive changes after
ECT. However, one study found that cognitive reserve

Altered Cortical
Excitability /Neural
Oscillations

moderated memory functions after ECT.>* Specifically, that
study found that after treatment with bilateral placement ECT,
patients with high, relative to those with low, cognitive reserve
(defined as a combination of years of education and occupa-
tional functioning level) showed better delayed recall and reten-
tion of learned information. Cerebrovascular health is an
important determinant of neurocognitive function that when
poor can impair neurocognitive abilities.>**> Indeed, cerebro-
vascular disease is associated with a wide spectrum of
neurocognitive disorders including mild cognitive impairment,
cortical dementias, and subcortical dementias and is typically re-
ferred to as vascular cognitive impairment,26 In addition, cere-
brovascular disease has been found to be a possible cause of
depression in elderly adults.>” ?° Whereas there is limited ECT
research in patients with cerebrovascular disease, Brodaty et al*°
suggested that underlying cerebrovascular disease may be a risk
factor for adverse cognitive effects in elderly adults. However,
recent evidence by Verwijk et al*! found ECT to be safe in el-
derly adults. They suggested that adverse neurocognitive ef-
fects that set on after ECT are associated with pre-existing
neurocognitive impairment. Thus, when interpreting neuro-
cognitive outcome related to ECT, demographic and neuropsy-
chological characteristics, as well as cerebrovascular health,
need to be included in the equation given their possible moderat-
ing effects.

NEUROPSYCHIATRIC DISEASE FACTORS

Electroconvulsive therapy is effective for MDD, schizo-
phrenia, and bipolar disorder. Each of these neuropsychiatric
diseases can impede neurocognitive function before the initia-
tion of treatment with ECT. As such, those impediments in
neurocognitive function could moderate neurocognitive out-
come after ECT.

Major Depressive Disorder

Converging evidence suggests that MDD is associated with
inefficient and, at times, impaired neurocognitive functions.>**3
Specifically, MDD has been found to result in poor processing
speed, attention, learning and memory, and executive function.
As MDD is a heterogeneous disorder comprised of a variety of
depressive symptoms, the neurocognitive profile may vary from
person to person, but it is commonly defined as a subcortical
profile.3#35 This profile suggests that higher-order cognitive
functions such as executive abilities and memory become

Other contributing factors
-age

-years of education
-premorbid IQ

—> | Neurocognitive
Impairment

FIGURE 1. Conceptual model of how ECT affects neurocognitive function. The conceptual model shows the relationship among
neuropsychiatric disease, ECT, altered cortical excitability/neural oscillations, demographic factors, and neurocognitive function.
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impaired owing to inefficiencies in lower-order cognitive func-
tion such as processing speed. For instance, Butters et al*® found
in elderly adults with depression that decreased processing speed
moderated impairments in language, memory, visuospatial, and
executive functions.

Conflicting evidence exists regarding the different MDD
characteristics that may underlie the associated changes in neu-
rocognitive function. These characteristics include depression se-
verity, the number of depressive episodes, and select depressive
symptoms. Depression severity has been inconsistently associated
with changes in neurocognitive function. A study in a cohort of
patients with high depression severity referred for ECT found no as-
sociation between depression severity as rated on the 24-item
Hamilton Rating Scale and performance on measures of global
cognitive function, visuospatial memory, and verbal learning and
memory.”’ An earlier study found similar results in a cohort of
patients with low depression severity as measured via self-report
on the Beck Depression Inventory.*® Although a meta-analysis
suggested that high depression severity was related to 9poor pro-
cessing speed, episodic memory, and executive abilities.® Whereas
it is suggested that recurrent is more clinically severe than single-
episode depression,*” studies have reported mixed findings with
effects on neuropsychological function. For example, recurrent de-
pression has been associated with decreased global cognitive func-
tion,*' attention and inhibition,** and problem-solving ability.**
Conversely, other research has found no association between the
number of depressive episodes and attention, memory, and exec-
utive functions.**

Depressive symptom clusters (eg, melancholic and atypical)
and specific depressive symptoms too have been associated with
inefficiencies in neurocognitive performance.*> For example,
patients with melancholic subtype MDD compared to those with-
out melancholic features have been found to have worse set
shifting abilities.*® Likewise, patients with depression and psy-
chotic features relative to those without psychotic features show
poorer performance on measures of verbal fluency, immediate
and delayed recall of both verbal and visual information, cognitive
flexibility, and psychomotor speed.*” Regarding specific depres-
sive symptoms, McGirr et al*® showed that patients with high
depression severity and high lethal suicidal ideation relative to
those with low lethal suicidal ideation had impaired conceptual
reasoning and problem-solving ability. Similarly, the presence of
insomnia has been linked to greater impaired neuropsychological
abilities including psychomotor speed, learning and memory, se-
mantic fluency, and complex problem solving and concept forma-
tion in elderly adults with depression.*>>* Thus, patients with
MDD may have pre-existing neurocognitive inefficiencies or
impairments that could moderate neuropsychological associated
effects of ECT. Of clinical importance, patients with depression
melancholic®® or psychotic features’2 have been found to show
high clinical response and remission with ECT.

Schizophrenia and Bipolar Depression

Compromised neurocognitive function is a central feature
of schizophrenia that is already apparent at the time of the
first psychotic episode®*** and even earlier in the prodromal
phases.>® Profound deficits, as indexed by performance scores
more than 2 standard deviations below accepted norms, in the
areas of sustained visual attention, verbal memory, and executive
abilities can be found in nearly 80% of the population, including
those whose psychotic symptoms have remitted.*®>” Emerging
evidence also points to similar neurocognitive dysfunction not
being simply an artifact of depressive symptoms in bipolar de-
pression.>® Although during the euthymic phase there is a
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rebound of attention, verbal memory and executive functions re-
liant on speed, performance on neuropsychological tests may
still be well below expected normative levels.>®-°® These perva-
sive neurocognitive deficits in both schizophrenia and bipolar
depression can further be seen in nonaffected first-degree rela-
tives who evidence mild deficits in these same domains.’® As
one might expect, these neurocognitive deficits are significantly
related to poorer occupational and educational functioning, as
patients with schizophrenia or bipolar depression struggle with
navigating vocational or educational responsibilities.®’ Taken to-
gether, the consensus suggests there are significant traitlike core
neurocognitive deficits in schizophrenia and bipolar depression
that are not merely impacted by psychosis or mood states. Never-
theless, despite low cognitive reserve, when studying their re-
sponse to ECT, there is no convincing evidence at this time to
suggest that symptom severity, baseline neurocognitive perfor-
mance, or neuroleptic type and dosage contribute to the adverse
cognitive effect profile in ECT for patients with schizophrenia
or bipolar depression.

When examining the potential adverse neurocognitive ef-
fect of ECT in refractory schizophrenia, to date, there are 3 main
findings. The first is that ECT is generally deemed safe and effica-
cious. Results from recent studies suggest that the combination of
bilateral ECT and antipsychotics is a useful and safe strategy for
the treatment of refractory schizophrenia that leads to improve-
ment of psychosis, quality of life, and social functioning %%
Responders to ECT tended to be younger, with a shorter duration
of illness, and lower baseline negative symptoms.®>*® However,
these characteristics were not related to adverse cognitive effects.
In a thorough review of 42 articles, Braga and Petrides®” concluded
that although no definitive conclusion about the combination of
antipsychotics and ECT could be reached, the existing literature
indicated that the combination was effective and the type and
dosage of antipsychotics did not moderate any adverse cognitive
effects from ECT. The second is that assessments of adverse cogni-
tive effect profiles used in most of these studies have not been com-
prehensive. Many of these studies were retrospective (pulled data
from existing medical records) and hence were limited to general
and relatively insensitive measures such as the Mini Mental State
Examination (MMSE), which is particularly problematic, as it does
not adequately measure the most common adverse cognitive effect
of ECT (eg, retrograde memory). The third is that in the few small
studies that used more sensitive memory tests, the memory decline
seemed to be transient. In the most comprehensive review to date,
a 2005 Cochrane meta-analysis included 50 reports drawn from
26 separate trials.%® This analysis indicated that there were very lim-
ited data to indicate that visual or verbal memory might decline
after ECT in schizophrenia regardless of how antipsychotics were
combined with ECT or the severity of psychosis. These findings
were observed in both unilateral and bilateral ECT, and there was
no indication that more treatments (ie, 12 vs 2) further impacted
memory function.

There is evidence to suggest that maintenance ECT (M-ECT)
also has few cognitive sequelae in schizophrenia.®®”7' Rami et al”
conducted a small but well-controlled study examining the cogni-
tive profile of schizophrenia patients undergoing M-ECT. Ten
schizophrenic patients treated with M-ECT were matched for diag-
nosis, sex, and age with 10 schizophrenic patients who had never
been treated with ECT. Patients were treated with the standard
bitemporal electrode placement. There was no significant differ-
ence on any cognitive measure between patients who had M-ECT
and the control group, and no significant correlation was found
between the number of previous ECT treatments and any cognitive
measure. In essence, patients with schizophrenia undergoing
M-ECT could not be distinguished from matched patients on
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any of the cognitive measures. Overall, evidence for ECT in
schizophrenia suggests that the addition of ECT for patients
who show limited response to antipsychotic medication may
be considered an option with relatively few cognitive sequelae,
although more controlled trials using comprehensive memory
tests are necessary.

When examining the potential adverse neurocognitive effects
of ECT in refractory bipolar depression, conclusions are more ten-
uous, mainly because there are so few studies that look exclusively
at bipolar depression. Studies tend to include MDD and retrospec-
tively separate out unipolar and bipolar depression. In addition,
we see the same limitation as in studies in schizophrenia—many
studies are retrospective and use neither formal cognitive testing
nor a specific measure of retrograde amnesia, relying instead on
the MMSE.”"”

Culling together all the studies and reviews of ECT for bi-
polar depression, two main tentative conclusions emerge. One,
it seems that patients with bipolar depression respond as well
to ECT as patients with unipolar depression, with no difference
in mental status change on the MMSE from either unilateral or
bilateral ECT.”* In cases where there were memory impairments
after ECT such as the ability to recall names or retrieve recently
acquired concepts, similarly as was found in schizophrenia, the
decline was transient and disappeared within 6 months of ECT
discontinuation regardless of antidepressant or depression sever-
ity. Two, stimulus dose relative to seizure threshold may be the
best moderator of cognitive impairments associated with ECT
in bipolar depression. In one of the most well-designed trials that
examined the efficacy and adverse effects of ECT in unipolar
and bipolar depression and fixed high-dose versus titrated dose
right unilateral (RUL) ECT, McCall et al”® found that stimulus
dose relative to seizure threshold explained the variance in
ECT-related cognitive disturbance even after accounting for
age, sex, and absolute stimulus intensity. Change on the MMSE
was much more significant in the fixed-dose group relative to
the titrated dose group, whereas the fixed high-dose group
recalled a smaller percentage of autobiographical memories
after ECT. In summary, although there have been few clinical
investigations that conducted a formal review or meta-analysis
of ECT exclusively in bipolar depression, the current perspec-
tive seems to be that ECT dose parameters may moderate mem-
ory more so than clinical features related to bipolar versus
unipolar depression.

ELECTROCONVULSIVE THERAPY TREATMENT
TECHNIQUE AND STIMULATION PARAMETERS

The most commonly studied ECT treatment technique and
stimulation parameters with regard to neurocognitive outcome
have been electrode placement, stimulus waveform, and stimu-
lus train duration and frequency.

The first electrode placement used for stimulus delivery
was bitemporal, followed by RUL, and then bifrontal placement.
Clinical research has consistently found that unilateral relative to
bitemporal electrode placement has less adverse neurocognitive
effects.”®”” Prior investigations have found that RUL relative
to bilateral placement results in quicker time to reorientation’®
and less anterograde and retrograde amnesia. In addition, el-
derly patients treated with RUL placement ECT compared to
those treated with bilateral placement ECT showed improved
immediate recall of verbal information and better preservation
of autobiographical information.” A recent meta-analysis
found significant advantages for unilateral relative to bilat-
eral electrode configuration in the neurocognitive domains of
long-term verbal and visual recall memory, and verbal paired
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associate memory.'' There has been limited investigation with
conflicting results of the neurocognitive effects of bifrontal
placement. One study found that bifrontal placement had greater
neurocognitive safety advantages relative to both bitemporal
and RUL placement, but a recent study®® found no significant
neurocognitive differences among the electrode placements.
Sienaert et al®! also found equivalent neurocognitive effects be-
tween RUL and bifrontal electrode configuration when both
were administered with ultrabrief pulse width. A recent system-
atic review and meta-analysis suggested that bifrontal place-
ment may have less effects on memory functions relative to
bitemporal or RUL placement but that further research was
warranted to characterize the full range of clinical, neuro-
cognitive, and functional outcomes.®? A relatively new electrode
configuration, focally electrical administered seizure therapy,
which combines asymmetric electrodes with a unidirectional
stimulus train, may have beneficial imglications for both clinical
efficacy and neurocognitive outcome.® Findings in a pilot clin-
ical study® suggested that focally electrical administered seizure
therapy resulted in quick reorientation after each treatment, and
preserved global cognitive functioning and recollection of auto-
biographical information. Another experimental electrode place-
ment, frontomedial, is even more effective in focusing the
induced electric field in anterior frontal regions and sparing
the hippocampus from electric field exposure.®® Frontomedial
ECT is in the early stages of clinical testing.®®

There have been 3 primary waveforms used in clinical ECT
practice including sine wave, brief pulse (bidirectional, rectan-
gular pulse width between 0.5 and 2 milliseconds [ms]), and
ultrabrief pulse (bidirectional, rectangular pulse width <0.5 ms).
Sine wave was the first stimulus waveform used in ECT.%” Al-
though a preclinical study in mice found equivalent effects on
neurocognitive function between sine wave and brief pulse
width,®® clinical research has suggested that sine wave produces
worse neurocognitive outcome. For instance, early work by Weiner
et al®® found that patients treated with sine wave ECT versus brief
pulse ECT showed significantly poorer performance on neu-
rocognitive measures of verbal learning and memory, complex
visuospatial recall, impersonal memory for famous events, and
autobiographical memory recall. More recently, in a community-
based study, Sackeim et al'* found that patients treated with sine
wave relative to those treated with brief— or ultrabrief—pulse width
ECT showed significantly decreased global cognitive function,
processing speed, sustained attention, and recall of autobiograph-
ical memory. Those 2 studies provide conclusive evidence that
sine wave results in deleterious neurocognitive effects (note that
ECT devices are no longer made with sine wave capability). For
current clinical ECT practice, physicians use both brief and
ultrabrief pulse waveform. Clinical evidence has suggested that
ultrabrief relative to brief-pulse waveform may have neurocog-
nitive advantages. For example, patients treated with ultrabrief
waveform have been found to show faster reorientation time®
and less anterograde amnesia for verbally learned information
and retrograde amnesia for autobiographical information.”’ Spe-
cific to autobiographical memory, 6 months after completion of
acute course ECT, patients treated with ultrabrief pulse relative
to those treated with brief pulse showed better preservation of au-
tobiographical information.'* Furthermore, as measured on the
Kopelman Autobiographical Memory Interview, patients treated
with ultrabrief-pulse ECT showed improved recall of early childhood
semantic memories, whereas patients treated with brief-pulse
ECT showed decreased recall of autobiographical information.”>
Whereas most studies support the neurocognitive advantages of
ultrabrief relative to brief pulse ECT, a recent study”® suggested that
they may be equivalent in their effects on neurocognitive outcome.

© 2014 Lippincott Williams & Wilkins
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In addition to electrode placement and stimulus shape and
pulse width, other technical factors that contribute to neuro-
cognitive outcome are the stimulus train parameters (eg, train
duration and frequency). The commonly used seizure threshold
titration procedure for determining ECT dosage adjusts the train
duration and/or frequency, whereas holding fixed the pulse
width and pulse amplitude. Treatment dose is then determined
by multiples of the initiation-titrated seizure threshold. Squire
et al®* noted that the amount of charge used to generate the sei-
zure may be related to the adverse neurocognitive effects. Hold-
ing the pulse width and amplitude constant, McCall et al’> and
Sackeim et al’® found that patients treated with higher-energy
doses relative to those with lower doses showed longer times to
reorientation. A meta-analytic study found a significant negative
association between electrical dose and learning and delayed re-
call of verbal information.”® Andrade and Bolwig®® postulated
that higher ECT-associated dosage may result in a hypertensive
surge that breaches the blood-brain barrier, which then leads
to adverse neurocognitive effects. Indeed, electrical dose, as
determined by titration in the stimulus train duration/frequency
domain, is an important consideration in the provision of
ECT. Computational modeling has suggested that dose is de-
pendent on a combination of multiple factors including unique
ECT stimulus parameters (eg, pulse shape, pulse amplitude,
pulse width, train frequency, and duration) and electrode
configuration,”” "%

The major driver of focality of stimulation is the amplitude
of the stimulus pulse (current, measured in milliampere). Tradi-
tionally, pulse current amplitude is kept at 0.8 or 0.9 A for
all patients. Recent work suggests that seizures can be induced
with much lower current amplitudes and that this simple
manipulation may be a powerful means of increasing the cogni-
tive safety of seizure therapy. This concept is well illustrated in
the case of magnetic seizure therapy, which induces seizures
with much lower induced current levels than ECT,'°! and which
has been demonstrated to induce markedly lower adverse cogni-
tive effects than even ultrabrief pulse RUL ECT.'**'% Besides
using magnetic induction, the current amplitude of ECT can be
lowered. Commercial devices allow the current to be lowered
to 500 mA, and preliminary studies show that seizures can be in-
duced at that level. Preclinical and computational modeling
work suggests that going even lower and individualizing current
amplitude for each subject may be an effective way of sparing
brain regions important for cognition from unnecessary field ex-
posure 86101104105 Ty addition, current amplitude adjustment
could be a means of compensation for interindividual anatomical
variation, thus reducing variability in clinical outcome.”®

In clinical practice, ECT parameters are used together to gen-
erate a therapeutic seizure, thus combinations of select parameters
may generate differential neurocognitive effects. Collectively,
clinical evidence at this time has suggested that the combination
of sine wave form and bitemporal electrode configuration may
result in the worse neurocognitive outcome, and a combination
of ultra brief pulse wave form and RUL or more focal electrode
configuration may be relatively more cognitively benign. Further
research is warranted to guide evidence-based practice in the sec-
tion of optimal ECT parameter combinations.

UNDERLYING NEUROPHYSIOLOGICAL FACTORS

Whereas ECT results in neurocognitive impairment, the
mechanisms of action remain unknown.'? To date, no clinical
investigation has demonstrated a direct link between underlying
neurophysiological changes related to ECT and observed neu-
rocognitive outcome. Most research has focused on the effects
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of ECT on cortical, structural, functional, and neural dynamic
changes.'® As ECT has been most associated with impaired mem-
ory functions, most studies have centered on ECT-associated struc-
tural changes to the hippocampus. In brief, preclinical ECT models
have been found to be safe owing to the absence of histological
lesions in cortical and hippocampal regions.'”” Ende et al'®®
found no changes in the hippocampus secondary to ECT and par-
ticularly noted an absence of atrophy or cell death. Likewise,
Scalia et al'® reported on the neuropathological examination of
a 92-year-old woman after a total of 91 ECT treatments life-
time and found no evidence of pathology attributable to ECT.
On the other hand, preclinical research found that ECT produced
neurogenesis in the hippocampus, particularly in the dentate gy-
rus.!1% In addition, clinical research found increased hippocam-
pal volume secondary to ECT''" that returns to baseline within
6 months, but that change was unassociated with both clinical
and neurocognitive outcomes.''? Dukart et al''* found significant
increased gray matter volume in the right hemisphere hippocam-
pal complex and subgenual cortex after RUL ECT. In addition,
they found significantly decreased gray matter volume in the pre-
frontal cortex. Those specific changes in gray matter volume were
associated with decreased depression severity.

Regarding function and connectivity effects, Perrin et a
found that ECT decreased regulation of connectivity in key neural
circuits including medial cortex structures (ie, anterior cingulate),
dorsolateral prefrontal cortex, supermarginal gyrus, angular gy-
rus, and the somatosensory association cortex. The decreased
neural connectivity occurred in conjunction with decreased de-
pression severity. However, the study reported no formal statistical
association between change in neural connectivity and clinical
outcome, nor was there any report of change in neurocognitive
function. Bealle et al''® found normalization of GABA levels
and significantly decreased blood oxygenation level-dependent
contrast in the orbitofrontal cortex after ECT, which may have
been associated with changes in both depression severity and
working memory. However, there was no neurocognitive informa-
tion collected before and after the ECT course, which limited
the analysis of neurocognitive moderating factors. For further
information, see a recent systematic review by Abbott et al''®
on ECT effects on cortical structures.

Regarding neural dynamics, clinical research found an as-
sociation between changes in neural oscillation and antidepres-
sant outcome with ECT. Specifically, midictal amplitude and
postictal suppression on electroencephalography (EEG) were as-
sociated with a greater therapeutic response to ECT.'!” However,
research to find a link between changes in neural oscillations and
neurocognitive outcome associated with ECT has been incon-
clusive,!'8 with the exception of one study.''? That study evalu-
ated changes in resting-state background EEG during the ECT
course and found that increased delta and theta power in the an-
terior frontal temporal region were associated with disorienta-
tion, and that the ratio of delta and theta power was associated
with decreased global cognitive function. Those findings have
yet to be replicated; however, they are consistent with work indi-
cating that increased delta and theta EEG activities in the resting-
state background EEG serve as biomarkers that distinguish
elderly adults with normal neurocognitive function from those
with mild cognitive impairment or Alzheimer disease.'**'?!
Those prior ECT studies may have been limited by the available
EEG technology, which included a limited number of recording
channels (eg, 19) that resulted in poor spatial resolution'** and
insufficient analytic methods.'*

Preclinical rodent models found that ECT disrupted long-
term potentiation (LTP), a mechanism for learning and memory,
through its increase in cortical excitability.!?412¢ For example,
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Hesse and Teyler'*> showed that low-frequency electroconvul-

sive shock stimuli temporarily disrupted in part or in whole
LTP in the CAl and CA3 hippocampal regions. Importantly,
they also showed that LTP was reestablished with additional
low-frequency electroconvulsive shock stimuli. In rodent hippo-
campal slices, Moore et al'>’ found an inverse relationship be-
tween electrical stimulation time and magnitude of LTP in the
CA1 and CA3 regions but that neuroplasticity returned to baseline
1 hour after cessation of the electrical stimulation. Taking that
study one step further, Barr et al'?® studied different electrical
stimulation frequencies and their effects on LTP in rodent hippo-
campal slices. They found that high-frequency theta burst stimu-
lation did not induce, but rather inhibited, durability of LTP.
These findings may provide a mechanistic link as to how ECT
results in transient disruption of neurocognitive functions. Indeed,
at 0.8 to 0.9 A, the train of pulses given during ECT represents a
tetanic stimulus of nearly the entire brain, based on our modeling
work,'?® which would be expected to saturate LTP in hippocam-
pus and other brain regions globally.

Those preclinical findings are concordant with clinical re-
search by Squire et al'*® who found that the neurocognitive pro-
cess of consolidation was immediately disrupted after the ECT
induced seizure. This disruption in consolidation may follow a
similar time course as the disruption and normalization of LTP.
More recent clinical research'*® showed that ECT also disrupted
the neurocognitive process of reconsolidation. Specifically, after
a single ECT session, patients were unable to recall emotional
valenced stories that had been reactivated. A recent study by
Casarotto et al'*' may provide useful information that connects
ECT to altered neural dynamics that underlie changes in cogni-
tive function. In that study, the authors found that depressed
humans treated with ECT showed increased cortical excitability
in the frontotemporal cortices, which is indicative of synaptic
potentiation. As found in ECT preclinical models, such cortical
excitability may produce adverse neurocognitive effects because
it blocks hippocampal and neocortical LTP through satura-
tion.124-125-132 Unfortunately, Casarotto et al did not conduct
neurocognitive assessments and thus was unable to show a direct
link between changes in both neurocognitive function and neu-
rophysiology. Thus, further research is warranted to provide a
direct link between ECT-associated changes in neural dynamics
and neurocognitive outcome.

SYNTHESIZING THE MULTIPLE FACTORS INTO A
COHERENT MODEL AND FUTURE DIRECTIONS

Although neuroimaging research'® suggests that most cor-
tical and subcortical regions are involved in ECT-associated
neurocognitive impairment, no conceptual model exists of how
the cognitive effects of ECT develop in patients with MDD.
Adding further complication, standard clinical ECT practice
does not incorporate neurocognitive measurements to assess ad-
verse neurocognitive effects, which means that ECT clinical
decisions are made without such critical information,'3*'3
Thus, the field is at the initial stage of model construction. We
have synthesized available information from preclinical and
clinical investigations to form a coherent model (Fig. 1) that
provides a link between ECT-associated changes in neural
mechanisms and neurocognitive outcome. This model takes into
account multiple factors (Table 1) including demographic and
neuropsychological characteristics, neuropsychiatric symptoms,
ECT technical parameters, and ECT-associated neurophysio-
logical changes. In this model, moderating factors include the
demographic, neuropsychological, and neuropsychiatric vari-
ables. The mediating factors include the ECT parameters,
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associated neurophysiological changes, and associated changes
in clinical symptoms.

This model can be used to guide the necessary variables
(eg, cohort composition and neurocognitive outcome variables)
to address specific hypotheses and to help identify which vari-
able constructs act as moderators, mediators, and, in rare cases,
both. As such, both physicians and researchers can begin to im-
plement measurement-based care by documenting the neuropsy-
chiatric symptoms and neurocognitive functional status both
at baseline and after completion of ECT. The neuropsychiatric
symptoms can be documented with semistructured diagnostic
interviews and both observer-rated and self-rated neuropsy-
chiatric symptom severity inventories. Regarding neurocogni-
tive function and outcome, these can be characterized with a
variety of neurocognitive tools. For instance, Porter et al'*?
recommended a neurocognitive battery comprised of measures
of global cognitive function, verbal learning and memory, auto-
biographical memory recall, psychomotor processing speed,
and orientation should be administered before and after the
immediate ECT course. Given the moderating effects of pre-
morbid intellectual function,®> such a measure should also be
included in the neurocognitive battery. In addition, as neuro-
psychiatric diseases could negatively impact cognitive processing
speed and attention, 2 neurocognitive functions that underscore
higher-order cognitive processes, those too should be measured.
Recently, Martin et al'33 found that a very brief battery of cogni-
tive measures was feasible to administer after each ECT session
that provided useful information regarding immediate change in
neurocognitive function.

This novel model establishes a framework to conduct future
investigations to directly test hypotheses about the association
between ECT and changes in neurocognitive function, with a di-
rect examination of both moderating and mediating factors. For
instance, an important question that can be addressed with the
model and the collection of the aforementioned information is
the complex relationship between the rapid change in clinical
outcome (eg, response and remission) associated with ECT and
neurocognitive status. For instance, patients with neuropsychiat-
ric disease often present with inefficient or, at times, impaired
neurocognitive abilities. Thus, treatment of the disease to remis-
sion could result in normalization of those neurocognitive
functions. However, this is not always the case. In elderly adults,
neurocognitive impairment may result in the depressive syn-
drome, and certain cognitive domains including memory and
executive function may remain impaired despite the absence of
depressive symptoms.!3¢ Both Manning et al'*” and Morimoto
et al'*® found that elderly adults with executive dysfunction
were slower to benefit from antidepressant medication. These
findings suggest that neurocognitive deficits may moderate
the clinical outcome. A recent meta-analysis substantiated a
link between executive dysfunction and depression but was un-
able to specify causality.'3?

Across the adult life span, there seems to be a disconnect
between change in clinical outcome and neurocognitive status
associated with a spectrum of antidepressant therapies. Greer
et al"® found that after treatment with duloxetine, patients
with depression showed improved performance on measures of
cognitive processing speed, affective decision making, and both
verbal and visual memory, which was independent of clinical
outcome. A recent meta-analysis further affirmed that antide-
pressant pharmacotherapy may have specific cognitive enhanc-
ing properties that are independent of clinical effects.'*' In
antidepressant treatment with deep brain stimulation applied to
the subcallosal cingulate, change in clinical outcome in patients
with unipolar or bipolar depression was unrelated to stability or
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TABLE 1. Factors That May Affect the Neurocognitive Effects of ECT

Factor

Variable

Demographic and neuropsychological factors

Neuropsychiatric factors

Electroconvulsive Therapy treatment technique
and stimulation parameters*®

Neurophysiological factors

* Age

* Years of education

* Premorbid intellectual ability

* Neuropsychiatric symptoms

* Number of distinct neuropsychiatric episodes

* Length of illness

» Comorbidity

* Stimulus waveform (sine wave, brief pulse, ultrabrief pulse)
* Pulse amplitude and shape

» Stimulus train frequency and directionality

* Electrode configuration (bitemporal, bifrontal, RUL)
* Electrical vs magnetic induction

* Dose titration

* Pulse amplitude

* Neuroanatomical structural changes

* Neuroanatomical function changes

* Neural dynamic changes

* Impact on long-term potentiation (LTP)

*See Peterchev et al®® for a comprehensive review of ECT stimulus parameters.

change in cognitive outcome.'*? Prior research with ECT too has
suggested that change in clinical outcome is unrelated to change
in neurocognitive status.?>'**1** A permutation of ECT antide-
pressant strategy that has received limited research is its combi-
nation with psychotropic medication. Sackeim et al'*® found
differential clinical and neurocognitive effects depending on
the antidepressant medication that was combined with RUL
ECT. For instance, the combination of ECT with nortripty-
line resulted in better efficacy and less adverse neurocognitive
effects, but combination with venlafaxine resulted in slightly
reduced clinical efficacy and a greater degree of adverse cogni-
tive effects. As there is inconsistent information within varying
combinations of ECT practice, continued examination of the re-
lationship between clinical efficacy and neurocognitive function
after ECT is warranted and can be tested with the proposed model.

The model is also useful to test direct hypotheses of cau-
sality. One such causal explanation (Fig. 2) of how ECT results

Altered Cortical
Excitability /Disrupted
Long-Term Potentiation

in adverse neurocognitive effects is that it temporarily disrupts
LTP.'?® That disruption in LTP then leads to decreased learning
and recall of information during that specific time period in
which LTP was disrupted. The model provides the framework
to test the novel hypothesis that ECT may increase cortical ex-
citability in distinct cortical regions that leads to disrupted LTP,
which underscores the transient impairment in learning and
memory. To maximize internal validity, the neuropsychiatric
illness would be MDD, and the ECT treatment parameters
(eg, RUL, ultrabrief pulse, titrated dose) would be fixed.
The clinical variables would be documented with depression
symptom severity scales and diagnostic instruments, and the
change in memory function would be objectively rated on
standardized neurocognitive metrics. The neurophysiological
changes would be assessed with EEG, to document neural
activity before, during, and after the seizure. Integrated EEG
and transcranial magnetic stimulation, as demonstrated by

Other contributing factors
-age

-years of education
-premorbid 1Q

FIGURE 2. Proposed causal model of how electroconvulsive therapy affects memory function. The causal model shows how ECT
negatively impacts memory function in patients with MDD through its intermediate alterations in cortical excitability and disruption of

long-term potentiation (LTP). ECT = Electroconvulsive Therapy.
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Casarotto et al'>!, could be used to examine ECT-associated

alterations in cortical excitability and LTP.

Through addressing this important question of how ECT
results in transient disruption of neurocognitive functions, we
can then devise preventive and cognitive remediation (CR) strat-
egies. Given the current limited understanding of underlying
neural mechanisms at this time, it is prudent to begin develop-
ment of CR strategies. Cognitive remediation is a programmatic,
evidence-based behavioral treatment that was initially developed
in the early 1960s to treat cognitive impairments associated with
acquired brain injury."*® Since then, CR has been widely studied
and applied in various neurologic and neuropsychiatric disor-
ders Cincluding stroke,'*” dementia,'*® and schizophrenia.'**~">!
In addition, there is emerging literature on the efficacy of CR
in ameliorating memory deficits associated with seizure disorder.'>>
Although ECT-related memory impairments are not identical to
the neuropsychological sequelae of seizure disorder, overall, the
neurocognitive pattern of ECT-related memory impairments can
be fairly consistent with memory loss associated with temporal
lobe epilepsy (TLE), with possible disruption of storage and/or
retrieval processes dependent on the hippocampus, parahippo-
campal gyrus, and related diencephalic structures.!33:13% Of
relevance is that patients with ECT and TLE show preserved
priming, skill acquisition, and other types of procedural mem-
ory abilities. The disturbance is one of memory consolidation
and/or retrieval, with strong evidence that retrograde amnestic
effects of ECT may have frontal lobe involvement.'>*'%¢

Given the similarities between epilepsy and ECT-induced
seizures, techniques and basic research theories on the neuropsy-
chological rehabilitation of epilepsy may be useful to the reme-
diation of memory deficits in ECT. The most pertinent factors
associated with cognitive recovery in epilepsy (and presumably
ECT) seem to be the following: (a) intervening preictally and
postictally, with CR applied as proximal to the induced seizure
episode as possible, (b) engaging patients to achieve adequate
treatment dosage of cognitive training preictally and postictally,
(¢) incorporating psychoeducation to inform the patient about
effects of depression and ECT on memory, and (d) providing
precise memory training targeting retrieval and consolidation
deficits.'>'*¢ Although these guiding principles have been
somewhat successful in reducing cognitive impairments associ-
ated with TLE, CR techniques for memory training in seizures
have only recently been applied to help patients regain their
memory after ECT. To date, there is only a single published
CR study in ECT. Choi et al'*” designed and piloted a novel
memory training program specifically tailored to target the
neurocognitive effects of ECT based on findings from basic
and experimental paradigms for memory consolidation and re-
trieval in TLE. The training program was designed to specifi-
cally target anterograde and retrograde memory that may be
compromised after ECT, and to help patients regain their gene-
ral memory skills immediately after ECT. Compared to patients
randomized to an active control (puzzles), those who received
memory training had significantly greater recovery of retrograde
and anterograde memory after RUL ECT.

Whereas the aforementioned finding is certainly encourag-
ing, it is the first such trial in the emergent field of behavioral in-
terventions targeting adverse cognitive effects associated with
ECT. Similar to the stage of empirical research in combined
ECT and psychotherapy,'>® additional large and well-designed
trials of CR for ECT are needed to more definitively examine
the efficacy of such interventions, along with their precise
mechanisms of action. The ultimate goal of this line of research
is to develop a safe and effective behavioral strategy to minimize
the potential adverse memory side effects of ECT so that ECT
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may be a more easily tolerated treatment for patients who need
this therapeutic option.

In summary, ECT is an invaluable and highly effective
neurotherapeutic intervention that also results in adverse neu-
rocognitive effects. Whereas those neurocognitive effects and
underlying mechanisms of action of ECT remain poorly under-
stood, we propose the synthesis of multiple moderating and me-
diating factors into a coherent and testable model. Future
research is warranted to evaluate, test, and revise this model as
needed. The generated information could be used to guide clin-
ical ECT practice, inform the development of new seizure thera-
pies to reduce cognitive risk, and develop cognitive remediation
strategies to improve long-term outcomes.
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Effect of S-ketamine as an Anesthetic Adjuvant to Propofol on Treatment Response to
Electroconvulsive Therapy in Treatment-Resistant Depression: A Randomized Pilot

Study: Erratum

In the article on page 159 in the September 2013 issue, there were some incorrect data. In the fourth paragraph of the
MATERIALS AND METHODS section, the following sentence should have read:

After an initial bolus of 0.5 mg/kg, propofol was given to all patients by a dose titration method (10 mg bolus for every
10 seconds until the eyelash reflex disappeared), with a mean dose of 99.5 mg (54-174 mg, min-max).
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