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From neurons to behavior and better health

Rethinking the impact and management of electroconvulsive therapy session

number in depression
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Electroconvulsive therapy (ECT) has been an essential treatment for severe depressive disorder, utilizing electrical current to induce
generalized seizures under anesthesia. Session is one of the core parameters of ECT, yet critical knowledge gaps persist regarding its
quantitative relationships with clinical outcomes and neurobiological mechanisms, while lacking consensus on optimal stopping rules. This
narrative review focused on the impact of ECT session on depression improvement, memory impairment, seizure duration, and biomarkers,
representing antidepressant efficacy, cognitive safety, neurophysiological processes and mechanisms of ECT. Building on multidimensional
analyses, we propose a novel response-guided sequential strategy that tailors ECT sessions and sequential treatments through individual
therapeutic responses, optimizing early antidepressant effects while avoiding ineffective or excessive sessions. Comprehensive mapping of ECT
session effects in clinical will establish predictive frameworks for ECT response optimization, catalyzing a paradigm shift from empirical to

algorithmic depression therapeutics.
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Introduction

Electroconvulsive therapy (ECT) is one of the oldest surviving biological
forms of neurostimulation for severe or medication-resistant depression
in which brief and generalized seizures were induced by electrical cur-
rent (1). Its origins date back to the advent of modern biological psychi-
atry in 1938. Over time, a series of refinements encompassing electrode
placement, pulse width, muscle relaxants, and anesthetics have signifi-
cantly enhanced its efficacy and safety profile while concurrently reducing
side effects (Figure 1). Presently, ECT is administered under meticulous
medical and psychiatric supervision and remains a well-established acute
treatment option for depression. It produces response rates of 60%-80%,
surpassing those of alternative antidepressant therapies (2, 3). Despite
its propensity to induce cognitive impairment, ECT is widely used in clini-
cal settings, with approximately 1 million people receiving ECT annually.
However, fundamental questions regarding ECT remain unanswered. A
primary concern for patients undergoing ECT pertains to the number of
sessions deemed necessary and appropriate for their condition.

ECT is a treatment modality that relies on a series of sessions. Most
national guidelines recommend a course of 6 to 12 sessions over 2 to
4 weeks, typically resulting in the alleviation of depressive symptoms (4,
5). The total number of sessions is determined by the ECT team, depend-
ing on patient's the severity of depression and clinical response. How-
ever, there are doubts regarding these sessions. On one hand, the recom-
mended number of sessions is based more on clinical experience than on
scientific evidence. Due to the widespread and longstanding acceptance
of ECT, there is a tendency to believe accumulated clinical impressions
as if they were incontrovertible facts. On the other hand, the number of
treatment sessions varies widely among clinics and psychiatrists owing to
inconsistent standards, with some patients receiving a higher than aver-
age number of ECT sessions (6). In academic terms, the outcomes of ECT
are influenced by the number of sessions, which researchers may overlook

(7). Moreover, any efforts to improve ECT, such as the calculation of dose
delivery, exploration of electrode configurations, selection of anesthetics,
and utilization of electromagnetic energy in magnetic seizure therapy, are
closely intertwined with the determination of the number of treatment
sessions (Figure 2) (8, 9). In summary, irrespective of patient-specific con-
siderations, scientific research rigor, or technological development de-
mands, the number of sessions remains a pivotal parameter and avenue
foradvancementin ECT. Therefore, it is crucial to understand the patterns
of ECT sessions comprehensively. This is a guidance for clinicians and re-
assurance for patients seeking credible treatment options.

In this narrative review, our focus lies on exploring the impact of the
number of ECT sessions. First, from a clinical perspective, we discuss the
trajectories of depression improvement and memory impairment during
ECT, as these factors constitute key cognitive variables crucial for under-
standing the effect of ECT (Figure 3) (10). Subsequently, we delve into
the evolving trend in epileptic seizure duration, a parameter believed to
be pivotal for achieving a successful antidepressant outcome through ECT
from a methodological standpoint (11). Furthermore, we analyzed longi-
tudinal studies involving hematological and magnetic resonance imaging
(MRI) assessments during ECT to investigate how the brain responds to
increasing ECT sessions (12). Additionally, the sequential treatment strat-
egy combines differentintervention methods to maximize the advantages
of each therapy and reduce the side effects or residual symptoms of a sin-
gle treatment, offering a promising approach for improving depressive
disorder outcomes (13). Therefore, we propose an innovative ECT opti-
mization framework, the ECT response-guided sequential strategy, which
beyond conventional protocol extensions, instead developing dynamic se-
quential treatment plans based on individualized ECT response trajecto-
ries. We hope this systems-level evidence and model will motivate future
research, ultimately leading to a comprehensive understanding and facil-
itating more effective ECT practices.
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Figure 1. The historical milestone for the evolution of ECT. ECT originated from chemical drug induced epilepsy and gradually developed into modern ECT in
terms of electrode placement, muscle relaxants, pulse width, and anesthetic parameters.
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Figure 2. The central role of ECT sessions. The central role of ECT sessions in clinical problem, mechanism exploration, technical optimization, and technical
development. MST, magnetic seizure therapy; FEAST, focal electrically administered seizure therapy; iLAST, individualized low amplitude seizure therapy.
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Figure 3. The conceptual framework of this review. The discussion framework of this review based on the effects of ECT sessions.
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Search Strategies and Selection Criteria

Evidence for this narrative review was identified through searches
of PubMed, Cochrane Library, Embase, ClinicalTrials.gov and relevant
references in those articles with the search terms: “electroconvulsive
therapy” AND (“depression” OR “depressive") AND (“session” OR “course”
OR “trajectory”) AND (“response” OR “remission”) AND (“cognitive” OR
“cognition”) AND (“seizure") AND ("hematological” OR “biomarker”) AND
("neuroimaging” OR “MRI") AND (“sequential treatment"). Articles pub-
lished in English up to October 31, 2024 were included.

Trajectory of Depressive Improvement

Depression is a common and disabling psychiatric disease accompanied
by high suicide attempts (14, 15). Although ECT has significant advan-
tages over antidepressants in efficacy and course, clinicians and patients
seek clarity regarding the pace at which clinically meaningful benefits
manifest, which defined as either achieving remission (i.e., an asymp-
tomatic state) or response (i.e., a > 50% reduction in baseline symptoms
severity), or reaching a plateau (i.e., no change in depression score). For
example, what is the extent of depression improvement after each ECT
session? when does the response or remission onset? What is the discrep-
ancy in the speed of remission across different dimensions of depression?
Which situations have a more rapid response following ECT?

Investigators have documented a nonlinear antidepressant response
pattern over ECT. the Consortium for Research in ECT (CORE) conducted
significant research in this field, gathering Hamilton Rating Scale for De-
pression (HRSD) scores after each ECT in 576 patients (16, 17). Their find-
ings revealed a notable decrease in the mean HRSD score by 25.8% after
the first session, 39% after the second session, and 49.3% after the third
sessions. It was observed that the median time to first response was typi-
cally three ECT sessions, with remission achieved after approximately four
additional ECT sessions, demonstrating an early improvement trajectory.
Other studies have similarly reported rapid effects of ECT in comparable
populations. In the Prolonging Remission in Depressed Elderly (PRIDE), in-
volving 185 geriatric depressed patients received right unilateral ECT, the
mean decrease of HRSD scores in the first three ECT sessions were 24.5%,
35%, and 42.7%, respectively (18). Additionally, Rodger et al. reported
the change in HRSD score between first and third session was six times
greater than the remaining sessions (19). Overall, the trajectory of de-
pressive improvement during ECT appears to be swift in the early stages,
leveling off in the later stage, reflecting the relatively rapid response
to ECT.

While average trajectories offer valuable insights, substantial indi-
vidual differences remain in the speed of response to ECT. Clinical case
reports have described varied response patterns, including rapid re-
sponse after one session and delayed improvement following 10 ses-
sions (20, 21). A large prospective cohort study reported that 12.6% of
patients responded after the first session, whereas 5.9% showed no re-
sponse throughout the treatment course (16). Another study found that
40% patients recovered with two to four ECT sessions, 40% with five
to eight sessions, and only 20% required nine to 12 sessions (22). To
better characterize the variability, researchers have applied data-driven
methods to identify distinct response subgroups. Latent class analysis of
156 consecutive patients identified five distinct trajectories of depressive
symptoms, including rapid improvement (25%), moderate improvement
(30.12%), slow improvement (19.23%), slow improvement with delayed
onset (11.54%), and no improvement (12.82%) (23). Similarly, growth
mixture modeling in 239 patients identified three patient groups consist-
ing of rapid response group (16.74%), slow response group (76.15%), and
nonremit group (7.11%) (24). Taken together, these studies underscore
the heterogeneity in ECT response trajectories. Recognizing and account-
ing for these variations may help guide individualized treatment duration,
optimize outcomes, and reduce unnecessary exposure to prolonged ECT
courses.

As widely acknowledged, depression is a heterogeneous disease char-
acterized by multiple distinct symptom clusters, including mood, anxiety,
somatic, insomnia symptoms, and suicidal ideation, among others (25).
When treating depression, it is essential to recognize that not all symp-
toms improve at the same rate or degree (26). Relying solely on total
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scores of depressive symptom severity to define responses may lack de-
tection of resolved and residual symptoms. Some studies have suggested
that suicidalideation respond quickly to ECT (27), hence proposing suicide
risk as anindication for ECT. In contrast, a study involving 89 older persons
with depression found that while all dimensions showed rapid and signif-
icant improvement, the mood dimension demonstrated the highest rate
of improvement compared to suicidal dimensions (28). These results are
consistent due to the differing proportions of each dimension in the HRSD
scale; for example, the suicidal dimension comprised only one item. Con-
sidering the covariation of symptoms over time, a dynamic time warping
analysis of 68 participants showed that improvements in somatic symp-
toms and suicidal ideation preceded those in mood symptoms (29). In
conclusion, the temporal trajectories of symptom clusters vary, and it re-
mains debatable which sets of symptoms are most effectively and rapidly
targeted.

In addition to subgroup analyses of response trajectories, several
studies have investigated predictors of early and delayed responses to
ECT. Notably, patients with bipolar depression, psychotic features, and
higher depression severity at baseline showed a more rapid response af-
ter ECT (24, 30). There is evidence that among initial responders, patients
with unipolar depression require an average of six treatments to meet the
response criteria. In contrast, patients with bipolar depression meet the
response criteria after four treatments (30). In the CORE study, patients
with psychosis had an average percentage change in HRSD of 64% com-
pared to 56% for nonpsychotic groups after the fifth ECT (31). Addition-
ally, a regression model demonstrated that baseline HRSD scores were
significantly associated with a rapid response. Other clinical character-
istics also affect response speed. Treatment-resistant depression (TRD)
is often associated with slower improvement, while comorbid personality
disorders are linked to a higher likelihood of nonresponse (23). In con-
trast, first-episode depression does not appear to significantly influence
response speed (23). The role of age in response speed is inconsistent
and complex. While some studies indicate that elderly patients experi-
ence faster remission than younger patients (32), another study reported
that elderly patients with depression require more ECT treatments than
adults (33). This discrepancy arises from various factors interfering with
the analysis of the independent role of age. Regarding the ECT technique,
response speed is associated with electrode placement (34). Kellner et al.
observed a decrease of 44% in HRSD scores after the first session of right
unilateral ECT, 48% for bifrontal ECT, and 51% for bitemporal ECT (35).
Despite growing insights into potential predictors, systematic evidence
on the temporal dynamics of ECT response remains scarce, as most meta-
analyses emphasize overall outcomes (36, 37). Future studies should in-
vestigate how clinical and technical factors shape response trajectories,
to support more personalized and effective ECT protocols.

Trajectory of Cognitive Impairment

Cognitive impairment is a frequent adverse effect of ECT among patients,
which can be divided into memory-related and nonmemory cognitive
impairment (38). Memory-related issues include disorientation, antero-
grade amnesia and retrograde amnesia. Nonmemory cognitive impair-
ment involves decreased attention, processing speed, and executive func-
tion (39). National guidelines recommend the cognitive impact of ECT
should be monitored on an ongoing basis. However, in clinical practice, key
questions remain unanswered: when does the cognitive impairment oc-
cur? Does the trajectory of cognitive impairment worsen or improve over
time? What is the relationship between depressive symptoms and cogni-
tive impairment?

Cognitive deficits emerge early in ECT (40). A prospective follow-up
study found that 62% of patients with depression reported subjective
memory deficits after the first ECT session, a figure that increased with
subsequent ECT sessions (41). Although these deficits typically resolve af-
ter all modified ECT sessions are completed, 34% of the deficits may last
for 6 months or longer (42). Notably, disorientation commonly surfaced
immediately after the second ECT session and was more pronounced af-
ter the fifth ECT session (43). However, these results are somewhat sub-
jective due to the nonspecific learning effects associated with cognitive
measurement tools, hindering accurate assessment post-ECT. To address
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these limitations, some researchers have adopted strategies such as em-
ploying multiple parallel sets of tests or reducing the frequency of mea-
surements. Viswanath et al. applied a short cognitive-related battery in
30inpatients and they found that objective cognitive deficits such as ver-
bal memory, autobiographic memory, and psychomotor speed progres-
sively deteriorated from the first to the third to the sixth ECT session (44).
However, this study lacked a baseline assessment. Another study com-
pared a new electroconvulsive therapy cognitive assessment (ECCA) tool
with the classic Montreal Cognitive Assessment (MoCA). It indicated that
ECCA scores were significantly decreased across the three testing points,
whereas MoCA scores did not vary significantly (45). An intensive longitu-
dinal follow-up of associative memory at five timepoints found that mem-
ory impairment occurred after the first ECT and worsened during subse-
quent ECT treatments (46). It is important to note that cognitive deficits
are influenced by factors such as age, education level, and medications,
including anesthetics and antidepressants. For instance, older individu-
als with lower education levels tend to experience more severe cogni-
tive impairment (46), while substances like propofol, low-dose ketamine,
and lithium may have potential cognitive-protective effects (47-49). In
summary, cognitive impairment occurs early during ECT and may accu-
mulate throughout the treatment course, implying the importance of un-
derstanding the optimal number of ECT sessions to mitigate unnecessary
cognitive damage.

Emotion and cognition constitute the two main elements of neu-
ropsychology (50). Despite ECT induces rapid improvement in depres-
sive symptoms alongside cumulative cognitive impairment, the rela-
tionship between depression and cognitive function remains unclear.
Clinical perspectives suggest that cognitive impairment might aid de-
pressive remission by enabling patients to forget distressing memories
(51). Bai et al. found that negative memory impairment was more se-
vere than positive memory impairment and correlated with symptom re-
lief (10). Conversely, depressive remission can enhance certain cognitive
functions, such as increased subjective initiative (39, 52). From a neuro-
physiological perspective, the seizures induced by ECT, especially those
aimed at enhancing efficacy, are often linked to cognitive side effects.
For instance, compared to ultra-brief pulse width, brief pulse width has
proven to be more efficacious regarding symptom reduction but result-
ing in more pronounced cognitive side effects (53). Right unilateral ECT
typically yields milder and less persistent cognitive effects but slower re-
sponse rates compared to bilateral ECT due to reduced stimulation of the
left temporal lobe (54). Additional research suggests that hippocampal
changes caused by ECT are involved in both depressive improvement and
cognitive impairment (55). In conclusion, while emotion and cognition are
closely connected, the exact nature of this relationship, the role of epilep-
tic seizures, and the whole-brain alterations need further investigation.
Before clarifying these questions, regular monitoring of both depressive
symptoms and cognitive function during ECT is essential to help clinicians
decide the optimal time to end treatment.

Seizure Trajectory

The objective of ECT is to induce generalized seizures, leveraging neuro-
logical changes that counteract those seen in epilepsy and psychiatric dis-
orders. Various studies indicate that the effectiveness of ECT stems from
generalized seizures surpassing the therapeutic benefits of noninvasive
brain stimulation without convulsions (56). A typical ECT stimulus com-
prises a series of pulses ranging 100-1000, each lasting 0.25 to 1.0 ms,
and an electrical silence of 6 to 16 ms between pulses, ultimately produc-
ing a seizure lasting 20 to 60 s (57). Despite its widespread use, several
questions regarding ECT-induced seizures persist in clinical practice. For
instance, how can the seizure quality be evaluated? What range is consid-
ered optimal? How does seizure quality change with an increase in the
number of ECT sessions? And what is the relationship between seizure
quality and therapeutic and cognitive outcomes?

Seizure duration has long been investigated as an important interme-
diate variable in determining dose-response properties due to its mea-
surability through movement or electroencephalography (EEG). Evidence
suggests an inverse correlation between the number of treatments and
seizure duration (58). Rasimas et al. conducted a review of the course
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of ECT in 519 patients, and they found that seizure duration experienced
the most significant drop between the first and second treatments, with a
slight further increase thereafter (59). Similarly, a 17-year retrospective
cohort study conducted at a single center, which enrolled 3648 patients
receiving 32,879 courses of ECT treatments, reported a reduction in mean
seizure duration across the course, with the greatest decrease in dura-
tion over the first three sessions (60). Research suggests that the reduc-
tion in seizure duration during ECT may be associated with an increased
seizure threshold, shifts in the brain's inhibitory-excitatory balance, and
adjustments in treatment parameters such as dosage (61-63). However,
the potentialimplications of shorter seizures on the antidepressant prop-
erties of ECT remains controversial. A cohort study involving 6998 pa-
tients finding that patients with an EEG seizure duration of 60 to 69 s
from the first ECT session had the highest remission rates compared to
those with a seizure duration of less than 20 s (64), which suggests de-
clining seizure duration signals treatment resistance. In contrast, other
studies have indicated that higher electrical charges are associated with
shorter seizure durations and higher remission rates (60). Some observa-
tional studies have also found no association between seizure duration
and treatment response (65), which may simply reflect normal physio-
logical adaptation. It is important to note that the current conflicting ev-
idence on seizure duration and ECT outcomes largely stems from over-
reliance on first-session data, which fails to account for the process of
change that unfolded over the treatment course. Moreover, there is no
consensus regarding the minimum seizure duration required for ECT. De-
spite this, clinicians often endeavor to lengthen seizures in patients ex-
periencing short seizure durations, with concerns that excessively brief
seizures may be clinically ineffective (59). In summary, seizure duration
as a pragmatic but incomplete guide shows an early decline during ECT,
while further research is needed to clarify its relationship with clinical
outcomes.

In addition to seizure duration, several ictal parameters derived us-
ing more complex algorithms based on the amplitude of the ictal EEG
have been developed to assess seizure quality. These parameters include
the average seizure energy index (ASEI), postictal suppression index (PSI),
and seizure quality index (SQl), among others (66, 67). The ASEl and PSI
are computed directly from the ECT device, the ASEI by multiplying the
mean integrated amplitude with the seizure duration and the PSI by di-
viding the mean amplitude after seizure termination by the mean ampli-
tude obtained during seizure. On the other hand, the SQl refers to the
summed score of five different seizure domains, including duration, in-
hibition, amplitude, sympathetic activation, and interhemispheric coher-
ence, at the second ECT session, to predict clinical outcomes (67). How-
ever, despite the existence of these parameters, there is a notable gap in
research exploring the changing trends of these indicators during each
ECT treatment and their relationship with clinical improvement and cog-
nitive side effects. In addition, several factors can potentially affect varia-
tionsin seizure quality, such as anesthetic use, stimulus dosage, electrode
positioning, time of seizure induction, and medication, among others (62).
Therefore, these variables must be combined or controlled to determine
the trajectory of changes in seizure quality. Overall, the assessment of
seizure quality during each ECT treatment session holds direct and signifi-
cant clinicalimplications. Adjusting these indicators within defined limits
makes it feasible to ensure session adequacy and, therefore, enhance the
likelihood of a favorable clinical outcome.

Trajectories of Hematological and Neuroimaging Markers

Understanding the mechanisms of treatment responses is paramount for
improving depression outcomes. However, due to its spatially unfocused
nature, the neural mechanisms underlying the clinical response to ECT
remain uncertain (68). Various hypotheses have been proposed to ex-
plain the effect of ECT, including neurotransmitter, neuroendocrine, neu-
roinflammation, and neuroplastic changes (12). For instance, monoamine
neurotransmitter systems, such as norepinephrine, and inhibitory neu-
rotransmitter systems, such as gamma-aminobutyric acid (GABA), have
been discussed as potential mediators of therapeutic response in ECT
(11). Additionally, ECT triggers the release of neurotrophic factors,
adrenocorticotrophic hormones, and inflammatory mediators, including
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interleukin-6, and cortisol (69). Moreover, ECT brings about widespread
changes in the structure and function of the brain, attributed to neu-
roplastic effects (70). Although these effects are easy to detect, chal-
lenges persist in research on ECT-induced neurological effects. For
example, questions arise regarding the temporal relationship between
these neurological changes following ECT and the treatment effects.
Moreover, there is a need to understand the internal relationship among
these factors and determine which of these changes may be related to the
antidepressant and amnesic effects or incidental phenomena.

Most existing studies have investigated neural alterations before and
after ECT, which is the total effect of multiple ECT sessions, resulting in
key changes being masked (71, 72). However, few studies have focused
on the time course and processes of neural effects during ECT treatment.
Regarding hematological markers, a longitudinal study spanning nine vis-
its during the ECT period indicated that serum brain-derived neurotrophic
factor (BDNF) levels increased after each ECT session yet showed no
significant association with treatment response (73). Similarly, an ex-
ploratory study evaluated the acute endocrine effects and found that lev-
els of cortisol and norepinephrine were significantly elevated after the
first ECT session and fall back to baseline after the course of ECT (74).
Another study by Goteson et al. investigated alterations in the serum
proteome of 309 patients before and after the first ECT session and be-
fore the sixth ECT session, revealing findings related to signal transduc-
tion; however, none of the studied protein biomarkers were associated
with the clinical response to ECT (75). In addition, no significant changes
were found in white blood cell, proinflammatory cytokine/neurotrophin
ratios, and plasma vascular endothelial growth factor levels over the
course of ECT (76). In essence, on a finer time scale, the hematological
markers associated with nutritional factors, inflammation, and endocrine
function exhibit transient surges, potentially attributed to the stress
induced by ECT.

In particular, because MRI is relatively safe without ionizing radia-
tion, it has enabled repeated scanning of patients at various intervals to

track the longitudinal trajectories of structural and functional cerebral
changes during ECT. The majority of imaging studies are acquired before,
mid and after treatment and focused on the hippocampus and the amyg-
dala. Shantanu et al. scanned 43 patients with major depression at three
timepoints: before ECT, after the second session, and within 1 week of
completing the ECT series, and found progressive increases in hippocam-
pal and amygdala volumes, which were associated with symptom im-
provement (7). Smaller baseline hippocampal volume predicted greater
clinical response. Similarly, another longitudinal study of 14 patients,
with MRI assessments conducted before ECT, after the fifth or sixth ses-
sion, and at treatment completion, demonstrated a trend toward in-
creased hippocampal volume across sessions. A large association analy-
sis between MRI data and the number of ECT sessions from the Global
ECT-MRI Research Collaboration (GEMRIC) reported a 0.28% linear in-
crease in hippocampal volume after each ECT session (77-79). Marta et al.
further examined hippocampal metabolites and amygdala functional
connectivity across an acute course of bitemporal ECT including pre-
treatment, after the first and ninth sessions, and 15 days posttreatment,
identifying sequential changes in neuroinflammatory markers and limbic
network activity (80). These findings support the role of ECT-induced neu-
roplasticity in the hippocampus and amygdala in mediating clinical im-
provement in depression. Beyond the hippocampus-amygdala complex,
longitudinal changes of gray matter volume or cortical thickness in the
thalamus, putamen, and anterior cingulate cortex, as well as fractional
amplitude of low-frequency fluctuations in the subgenual cingulate cor-
tex and activation intensities within auditory networks have also been
reported during ECT course. A summary of the longitudinal neuroplas-
tic effects of ECT is provided in Table 1. Taken together, ECT appears to
affect a broad range of brain regions, aligning with the distribution of
electric field strength; however, its core neurobiological mechanisms re-
main unresolved (81). Moreover, findings from longitudinal studies sug-
gest that ECT may induce brain changes at an early stage, consistent
with the rapid clinical response. Nevertheless, the dynamic impact of ECT

Table 1. Longitudinal trajectories of neuroplastic effects during ECT in patients with depression®

Brain region Analysis indicators Timepoints during ECT

Longitudinal trajectory of Correlation with outcome

neuroplastic effect

Hippocampus (7, 80, Volume Three timepoints (ECTO,
106) ECT2 or ECTS5, ECT
endpoint)
Metabolite Four timepoints (ECTO,
concentrations ECT1, ECT9, ECT
endpoint)
Amygdala (7, 82) Volume Three timepoints (ECTO,
ECT2, ECT endpoint)
Functional Four timepoints (ECTO,
connectivity ECT1, ECT9, ECT
endpoint)
Thalamus (83) T2 relaxation Times Three timepoints (ECTO,
ECT1, ECT2)
Putamen (84) Volume Three timepoints (ECTO,
ECT2, ECT endpoint)
Anterior cingulate Thickness Three timepoints (ECTO,
cortex (85) ECT2, ECT endpoint)
Limbic and paralimbic  Thickness Three timepoints (ECTO,
cortex (85) ECT2, ECT endpoint)
Subgenual cingulate fALFF Three timepoints (ECTO,

cortical (80)
Auditory networks (86) Activation
intensities

ECT1, ECT endpoint)
Three timepoints (ECTO,
ECTS, ECT endpoint)

Increase between each timepoint?  Relate to the clinical response

Decrease in NAA/Cr ratio and
increase in Glx/Cr ratio at ECT9

Increase between each timepoint

FC with ISgACC decreased between
ECT1 and ECT9; FC with rDLPFC
increased at ECT9

Increase between each timepoint

Increase between ECTO and ECT
endpoint

Increase between ECTO and ECT
endpoint

Increase between ECTO and ECT
endpoint

Decrease between each time point

Decrease between ECTO and ECT 8,
increase at ECT endpoint

Relate to the left hippocampus
volume change

Relate to the clinical response

NA

Relate to the verbal
anterograde memory
impairment

NA

Relate to the clinical response

Not relate to the clinical
response

A trend level correlation with
clinical response

Relate to the clinical response

9Changes during ECT are summarized qualitatively due to lack of reported effect sizes in original studies.
Note: ECTO = prior to ECT; ECT1 = after the first ECT; ECT2 = after the second ECT; ECT5 = after the fifth ECT; ECT8 = after the eighth ECT; ECT9 = after the
ninth ECT; ECT endpoint = after the entire ECT; fALFF = fractional amplitude of low-frequency fluctuations; NA = no data.
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Figure 4. ECT response-guided sequential strategy. This strategy comprises two phases. In the initial phase, the goal is to exploit the advantage of ECT in rapidly
inducing mood improvement and then to sequential reasonable treatment measures according to the response trajectories of different patients for maintaining
efficacy and protect cognition, improving efficacy, and avoid overtreating. tES, transcranial electrical stimulation; TMS, transcranial magnetic stimulation.

sessions on brain structure and function remains unclear, as most studies
include only a limited number of observation timepoints, typically three
or four. Notably, although longitudinal designs rely on self-comparisons,
stimulation parameters, medications, and individual traits may still
confound imaging findings, yet their effects remain insufficiently studied
due to limited data. Therefore, further longitudinal studies using multi-
dimensional imaging markers across more timepoints or even through-
out ECT while controlling for potential confounding factors, are needed
to generate a comprehensive profile of neuroplastic changes over time
and their relationship to therapeutic outcomes (80-86).

The mechanism behind the early and rapid response to ECT remains
elusive, with the microscopic changes in the brain that accompany these
responses are still under speculation. Studies in rodents suggest that
even a single ECT session can have profound effects, including the activa-
tion of the immune system and neurotransmitter increase. Hippocampal
neurogenesis, which is thought to be involved in the therapeutic effects
of ECT, was significantly increased in single electroconvulsive seizures in
a rat model, consistent with the increased hippocampal volume shown
by neuroimaging (87). However, some researchers argue that the induc-
tion of neurogenesis or an increase in gray matter volume takes time and
may not occur acutely (20). Integrating insights from micro-level biol-
ogy, meso-level imaging, and macro-cognitive levels at multiple time-
points could provide a clearer understanding of how the number of ECT
sessions affect outcomes and further clarify the rapid onset mechanism
of ECT.

ECT Response-guided Sequential Strategy

Although multiple treatment options are available for depression, no sin-
gle treatment approach can fully and safely address the complexity of
the disorder (13). In recent years, sequential treatment strategies, which
combine different interventions in a staged and adaptive manner, have
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gained increasing attention (88). This approach aims to maximize the
benefits of each treatment at a specific stage while minimizing the side
effects and risk of treatment resistance that can develop from long-term
use of a single treatment modality (89, 90). Therefore, a sequential treat-
ment strategy is a meaningful shiftin clinical thinking, allowing the selec-
tion of appropriate alternative treatment options based on the patient’s
response to the first course of treatment (91). In an ideal scenario, the
primary objective of an initial ECT course is to treat the current episode
while minimizing cognitive impairment. The number of sessions plays an
important role in the clinical effects of ECT. Through our literature review,
we have identified a discernible pattern in both depression alleviation
and memory impairment throughout the course of ECT. Initially, depres-
sion tends to improve rapidly with successive ECT sessions, followed by a
slower rate of improvement, while memory impairment tends to accumu-
late gradually. This supports the view that it may not be necessary to per-
form ECT so many times. Therefore, managing ECT sessions and sequenc-
ing to other treatments may be an effective way to improve outcomes (88,
92). The notable advantage of ECT lies in its swift antidepressant effect
during the early stages, which is unmatched by other treatment modali-
ties. However, as treatment progresses, the cognitive and economic bur-
dens tend to escalate (93). In light of these considerations, we propose a
new treatment strategy in which ECT should be terminated early once the
optimal benefit-to-risk ratio is achieved, and then the patient should be
transitioned to other safer treatments rather than persisting until com-
plete remission. Notably, the response trajectories of ECT vary among pa-
tients with depression. Therefore, we outline an ECT response-guided se-
quential strategy to provide tailored sequential treatments for different
response trajectories (Figure 4).

Based on the previously described speed of improvement and treat-
ment outcomes, patients undergoing ECT can generally be categorized
into three clusters: rapid responders with remission, slow responders
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without remission, and nonresponders. Rapid responders with remis-
sion are those who improve quickly in the early stages of ECT. Although
continued ECT can lead to remission, it may increase the risk of mem-
ory impairment. For these patients, sequential use of portable and safe
noninvasive brain stimulation (NIBS) or lithium after an ECT-induced re-
sponse helps consolidate the treatment effects while reducing cogni-
tive damage (94). NIBS is an emerging therapy that modulates neu-
ronal activity through physical stimulation, such as electricity, with the
advantages of safety, portability, precise regulation, and cognitive en-
hancement, which is recommended by the FDA for the treatment of
depression (95, 96). Sequential application of NIBS after ECT may not only
further alleviate depressive symptoms through targeted modulation of
specific brain regions, but also help prevent cognitive impairment caused
by excessive ECT, protect cognition-related brain areas, promote cogni-
tive recovery, and provide a home-based option that is more acceptable
to patients (97-99). An adequately powered exploratory efficacy study is
currently underway to provide definitive evidence of NIBS following ECT
(100). Slow responders without remission are those who show a slow re-
sponse in the early stages of ECT and experience no further clinical im-
provement in the later stages. This may be due to poor neural plastic-
ity or insufficient precision of ECT (101). Augmentation strategies that
lengthen seizure duration, such as applying bilateral ECT or increasing
the electrical dosage, may improve efficacy, but at the expense of cog-
nitive impairment (58). Alternatively, switching strategies may be con-
sidered, replacing ECT with fast-acting treatments such as ketamine, an
N-methyl-D-aspartate antagonist, which has demonstrated rapid antide-
pressant effects and has been found to be noninferior to ECT (102). In
addition, supplementation strategy using personalized neuromodulation
therapies shows considerable promise in addressing individualized resid-
ual symptoms that may persist after ECT, such as anhedonia or somatic
complaints. These symptoms are often not fully resolved by standard ECT
protocols and may require targeted interventions tailored to specific neu-
ral circuits or symptom clusters, thereby complementing the antidepres-
sant effects of ECT and enhancing overall recovery (103). The third group,
a small subset of patients, showed minimal clinical response to ECT and
were labeled nonresponders. The reason for poor efficacy is often due to
the co-occurrence of personality disorders, making these patients more
suitable for targeted psychotherapy or thought training (104). In sum-
mary, this response-guided sequential treatment strategy consists of two
phases: aninitial phase leveraging the rapid antidepressant effects of ECT,
followed by tailored follow-up interventions based onindividual response
trajectories, such as maintenance, augmentation, switching, or supple-
mentation, to optimize clinical outcomes while minimizing cognitive bur-
den and overtreatment.

Although the theoretical foundation and indirect evidence support-
ing the sequential treatment strategy are compelling, further rigorous
testing in future studies is essential. A key challenge lies in accurately
characterizing individual ECT response trajectories and determining opti-
mal sequential treatment approaches. Emerging evidence suggests that
baseline predictors, including clinical characteristics (e.g., age, depres-
sion subtype, treatment resistance) and neuroimaging markers (e.g., hip-
pocampal volume), may help forecast these trajectories and subsequent
treatments, with further refinement of predictions achievable by inte-
grating dynamic data, such as symptom reduction rates and biological
changes during early treatment sessions (105). However, the reliable
biomarkers and clinical features to guide transition decisions require
investigation and validation in future studies. Another critical issue is
determining the appropriate time to transition from ECT to subsequent
interventions. Ideally, the cut-off point for ECT should be based on achiev-
ing optimal levels of neuroplasticity and disruption, providing a sufficient
antidepressant response with minimal side effects (70). On average, re-
sponsive patients may require 3 to 4 ECT sessions to reach this critical
point, while nonresponders should discontinue ECT, as it may no longer
be suitable for them. It is important to note that this sequential strat-
egy primarily addresses the acute treatment phase and does not replace
the need for long-term consolidation, which is typically maintained with
pharmacotherapy. Nevertheless, tailoring sequential treatment strate-
gies based on ECT response trajectories holds significant potential forim-
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proving clinical outcomes, particularly by offering greater flexibility and
safety in addressing challenging conditions such as TRD. We strongly en-
courage future clinical trials to further explore and validate this approach,
ultimately enhancing understanding and improving treatment outcomes.

Conclusions

ECT, as a well-established neuromodulation technique, plays an impor-
tant role in the treatment of severe depression. This review summaried
theimpact of ECT sessions on multiple therapeutic domains, including de-
pression improvement, memory impairment, epileptic seizure time, and
biological markers and highlighted the rapid early antidepressant ef-
fects of ECT alongside the cumulative risk of cognitive burden, under-
scoring the importance of managing treatment session. Taking into ac-
count the individual variability in treatment response, we proposed a
response-guided sequential strategy that sequence other interventions
based on distinct clinical trajectories to optimize outcomes. Although this
approach remains hypothetical, it offers a testable framework that may
generate new clinical trials and treatment options. We hope this review
provides a conceptual and evidence-informed foundation to support in-
dividualized ECT decision-making and inspire future work in this field.
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