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retardation or stupor, psychotic depression, or treatment-
refractory illness [7]. Since not all patients with MDD who 
undergo ECT for the above indications will respond well to 
ECT, and because of the potential adverse effects and costs 
associated with ECT, predicting which patients will respond 
to ECT is important in psychiatric practice.

Earlier narrative reviews have attempted to synthesize 
the evidence on predictors of response to ECT. Pinna et al. 
reviewed the literature on clinical and biological predictors 
of ECT response using studies published up to 2015 [8]. Yao 
et al. reviewed clinical, laboratory and physiological mark-
ers of ECT response or remission using studies published 
up to 2018 [9]. From the time these reviews were published, 
many more studies investigating various predictors of ECT 
response have been published. Considering the current 
global trend towards precision psychiatry, it is important to 
be updated with the recent findings on ECT response pre-
diction [10]. The current review thus aims to synthesize the 
recent literature on pre-treatment and procedural factors 
predicting response or remission following ECT, including 
demographic, clinical, genetic, laboratory, neuroimaging, 
and neurophysiological predictors, based primarily on stud-
ies published between 2018 and 2024.

Introduction

Electroconvulsive therapy (ECT) has been used in the treat-
ment of major depressive disorder (MDD) for more than 
eight decades, and is considered one of the most effective 
treatments available for MDD [1, 2]. A meta-analysis of six 
randomized controlled trials (RCTs) showed a response rate 
of 70% for ECT and 40% for simulated treatment, with a 
number-needed-to-treat (NNT) of 3–4 [3]. Based on such 
evidence, most national and international professional bod-
ies have approved ECT for a range of indications in MDD 
[4–6]. ECT is currently recommended for patients with 
MDD when there is high suicide risk, life-threatening illness 
due to refusal of foods and liquids, marked psychomotor 
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Demographic Predictors

Age

Recent studies [11–14] confirmed the previous observation 
[15, 16] that older age predicts better response to ECT. A 
study that attempted to explain why older patients respond 
better to ECT by exploring the mediating effects of psy-
chomotor retardation and psychotic features suggested that 
older patients respond better because they show a greater 
degree of psychomotor retardation and psychotic features, 
both of which, by themselves, are strong predictors of ECT 
response [11]. However, Su et al. reported that older patients 
with more severe depressive symptoms responded less well 
to ECT [17]. Real-world evidence of preserved efficacy of 
ECT across age groups in treating MDD has been demon-
strated in a large cohort of adult patients, and among age 
subgroups within the 16–30-years range [18, 19].

Gender

Consistent with previous literature [15, 16], a study based 
on the Global ECT-MRI Research Collaboration (GEM-
RIC) showed that ECT was equally effective in males and 
females [20]. However, one recent study reported that 
females responded better [21].

Sexual Orientation

Oka et al. found that LGBTQ and non-LGBTQ patients 
with depression experienced similar clinical response to 
ECT [22].

Education

Su et al. identified three response trajectories following ECT 
(non-remit, rapid response and slow response) and found 
that the non-remit and rapid-response groups had fewer 
education years than the slow-response group [17]. How-
ever, the significance of this association was not retained 
on multivariate analysis. Previous literature on the effect of 
education on ECT response is scarce but suggests no signifi-
cant effect [9].

Clinical Predictors

Psychotic Depression

In line with prior literature, recent studies showed that the 
presence of psychotic symptoms was a predictor of better 
response to ECT [13, 23–25]. A continuous severity mea-
sure known as the Psychotic Depression Assessment Scale 

did not confer any advantage over the dichotomous variable 
of absence/presence of psychotic symptoms in predicting 
ECT response [24].

Melancholic Features

A recent study confirmed the previous observation that mel-
ancholic features, specifically indicated by psychomotor 
disturbances, predicted better response to ECT [26]. They 
utilized objective measures such as accelerometry and a 
drawing task in addition to the observer-rated CORE mea-
sure to assess psychomotor disturbance, and showed that 
both higher CORE scores and longer cognitive and motor 
time on the drawing task predicted better ECT response. 
Patients with melancholic depression had about five times 
greater chance of response than those with non-melancholic 
depression. On the contrary, a study among depressed older 
inpatients treated with ECT did not reveal a significant asso-
ciation between CORE scores and response [27].

Duration of Episode

Recent evidence [12, 25, 28] confirms the earlier notion that 
shorter episodes of depression respond better to ECT.

Baseline Severity

Prior literature suggests that higher baseline severity pre-
dicts better response to ECT. However, both higher [12, 14, 
29] and lower baseline severity [28] have been associated 
with ECT response in recent studies.

Medication Failure

Consistent with older studies, recent studies suggest that 
medication failure predicts lower response to ECT [13, 
14, 25, 30], but in some studies, no such association was 
observed [29].

Comorbid Personality Disorder

Absence of personality disorder has been associated with 
better response to ECT [13, 31]. In a systematic review on 
borderline personality disorder (BPD) and outcome of ECT 
in patients with depression, five of the six included studies 
showed a less robust response to ECT in patients with BPD 
[32].

Family History

Family history of mood disorder has been shown to predict 
ECT response [23].
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Body Mass Index (BMI)

Lower BMI has also been suggested as a predictor of ECT 
response in depression [28]. Opel et al. did not find a signifi-
cant direct association between BMI and clinical response 
to ECT but found that higher BMI was associated with a 
lower increase in subcortical grey matter volume (GMV) 
following ECT, and that BMI moderated the association 
between subcortical GMV change and the clinical response 
to ECT [33]. In a separate analysis, where symptom dimen-
sions were considered, higher BMI predicted better treat-
ment response for the somatic disturbances and insomnia 
symptom dimensions and worse outcomes for the core 
mood and anhedonia symptom dimension [34].

Comorbid Alcohol Use Disorder

In a retrospective study in Germany, a history of alcohol use 
disorder (AUD) predicted a better response to ECT [35]. 
They hypothesized that excitatory/inhibitory neurotransmit-
ter changes in AUD could possibly explain this phenome-
non. Another study found that the ECT response rate among 
patients with comorbid AUD was not significantly different 
from those without the comorbidity [31].

Cognitive Impairment

Copersino et al. found that baseline cognitive impairment 
did not predict ECT response in depressed patients [36].

Individual MADRS Items

Carstens et al. showed that MADRS single items were good 
predictors of ECT response [21]. Specifically, baseline 
scores of items assessing affective symptoms (sadness and 
inability to feel) predicted ECT response.

Demographic and clinical predictors of response to ECT 
described above are summarized in Table 1.

Genetic and Epigenetic Predictors

Recent research on the genetic predictors of ECT response 
has delved mainly into the role of genes related to neu-
rotrophins such as brain-derived growth factor (BDNF) 
and vascular endothelial growth factor (VEGF), telomere 
length, and the role of epigenetic processes such as DNA 
methylation and micro-RNAs.

Table 1 Demographic and clinical predictors of response to ECT
Predictor Nature of association Contrasting evidence
Age Older age predicted a better response [11–14]. One study found that older patients with 

severe symptoms responded less well [17].
Gender Gender was not associated with the response [20]. Females responded better in one study [21].
Education No significant effect of education overall [17].
Sexual orientation No difference in response between LGBTQ and non-LGBTQ 

groups [22].
Psychotic symptoms Presence of psychotic symptoms predicted a better response [13, 

23–25].
Melancholic features Presence of melancholic features (esp. psychomotor disturbance) 

predicted a better response [26].
No association with melancholic features 
found in one study [27].

Duration of episode Shorter episodes responded better [25,28.29].
Baseline severity of 
depressive symptoms

Higher baseline severity predicted a better response [12, 14, 29]. Lower baseline severity predicted a better 
response in one study [28].

Medication failure Absence of medication failure predicted a better response [13, 14, 
25, 30].

No association with medication failure 
found in one study [29].

Comorbid personality 
disorder

Absence of personality disorder predicted a better response [13, 31].

Family history Family history of mood disorder predicted better response [23].
Body mass index (BMI) Lower BMI predicted a better response [28]. Higher BMI predicted better response for 

biological symptoms but worse response 
for mood and anhedonia symptoms in one 
study [34].

Comorbid alcohol use 
disorder (AUD)

Patients with a history of AUD respond better [35] or equally well 
[31] compared to those without AUD.

Baseline cognitive 
impairment

No significant association with response observed [36].

Note LGBTQ = lesbian, gay, bisexual, transgender and queer

1 3



Current Behavioral Neuroscience Reports

DNA Methylation

Several studies have explored the predictive role of epigen-
etic factors in ECT response. Neyazi et al. have shown that 
higher promoter methylation of p11, a multifunctional pro-
tein involved in serotonin- and BDNF-mediated signaling, 
predicted response to ECT in patients with resistant MDD 
[45]. Another study investigated whether DNA methylation 
of genes encoding tissue-type plasminogen activator (t-PA) 
and plasminogen activator inhibitor-1 (PAI-1) could predict 
ECT response, considering the role of these genes in BDNF 
production [46]. Although no baseline blood DNA methyla-
tion differences were observed between ECT remitters and 
non-remitters, a significant difference in methylation of t-PA 
between the immune cell subtypes was found.

Epigenetics of the stress response system has also been 
implicated in predicting ECT response in a study by Maier 
et al., who analyzed the DNA methylation of genes encod-
ing the glucocorticoid receptor (NR3C1) and proopiomela-
nocortin (POMC) among MDD patients undergoing ECT 
[47]. They found lower methylation rates in NR3C1 among 
ECT responders.

A DNA methylome analysis in TRD patients undergoing 
ECT discovered five protein-coding candidate genes asso-
ciated with ECT response (RNF175, RNF213, TBC1D14, 
TMC5, and WSCD1) [48]. Several gene regions encoding 
long non-coding RNA transcripts were also associated with 
ECT responder status (AC018685.2 and CLCN3P1). The 
strongest association was observed for the RNF213 gene, 
suggesting a potential role of angiogenesis and immune sys-
tem functioning, and the TBC1D14 gene suggested a possi-
ble role of autophagic mechanisms. On the contrary, another 
methylome-wide analysis found that baseline methylation 
was not associated with ECT response [49].

Micro-RNA

Micro-RNAs are short, non-coding RNA molecules regulat-
ing gene expression. In a study that compared the microR-
NAome between ECT responders and non-responders, 
miR-223-3p was down-regulated in responders at baseline, 
suggesting a role of inflammatory processes [50]. McGrory 
et al. analysed E2F1 micro-RNA (miR-126-3p and miR-
106a-5p) levels from peripheral blood during a course of 
ECT [51] as a previous study by the same group identified 
E2F1 as a potential genetic target of micro-RNAs involved 
in ECT response [52]. However, no relationship was found 
between baseline E2F1 levels and treatment response.

BDNF Gene

The Val66Met polymorphism in the BDNF gene (rs6265) 
has been investigated as a predictor of ECT response among 
patients with MDD but no significant effects were found 
[37, 38]. Maffioletti et al. studied the potential of the same 
polymorphism in predicting ECT outcome specifically in 
TRD patients, and again found no association [39]. These 
findings indicated that the BDNF genotype has poor predic-
tive value for ECT response.

VEGF Gene

The role of genes regulating VEGF on predicting ECT 
response were explored by Maffioletti et al. using a genome-
wide association study (GWAS) [40]. Alleles on a single 
nucleotide polymorphism (SNP) associated with lower 
VEGF levels in MDD patients (rs78355601) in the 6p21.1 
locus predicted non-response to ECT.

Telomere Length

Telomere length has been studied as a potential predictor of 
ECT response in two recent studies. Neither of the studies 
found a significant predictive potential of telomere length 
for ECT responsiveness [41, 42].

Polygenic Risk Scores (PRS)

Several recent studies have explored the utility of PRS in 
predicting response to ECT. Based on the Swedish National 
Quality Register for ECT, which included 2320 partici-
pants who underwent ECT for MDD, Sigstrom et al. found 
that greater PRS for MDD was associated with less clini-
cal improvement, and greater PRS for bipolar disorder was 
associated with greater improvement [43]. To explain this, 
they theorized that higher polygenic liability for bipolar 
disorder may reflect a propensity to develop more severe 
depression, thereby increasing ECT responsiveness. In this 
study, PRS for schizophrenia (PRS-SCZ) was not associated 
with improvement. Conversely, Luykx et al. studied 288 
patients with depressive episodes from three countries and 
observed that PRS-SCZ was associated with ECT response 
and remission, whereas PRS for MDD was not [44]. Luykx 
et al. postulated that high PRS-SCZ in MDD patients may 
reflect a vulnerability for psychotic depression, which 
increases the likelihood of ECT-related response. However, 
this association between PRS-SCZ and ECT response was 
also observed in the subset of patients without psychotic 
features, suggesting that the psychosis trait severity may lie 
on a continuum in major depression [44].
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Hypothalamo-Pituitary-Adrenal (HPA) axis Markers

Considering the involvement of the HPA axis in depres-
sion [65], a few studies have explored whether peripheral 
markers of the HPA axis can predict ECT response. Neither 
hair cortisol concentration nor salivary cortisol concentra-
tion has been shown to predict response to ECT in MDD 
patients [66, 67].

Structural Neuroimaging

Several recent studies have explored structural MRI (sMRI) 
findings of the brain which can predict response to ECT 
using both volumetric and morphometric approaches. Both 
whole brain and region of interest (ROI) analyses have been 
adopted. Machine learning models have been increasingly 
used for prediction.

Jiang et al. identified six gray matter regions as predic-
tors of ECT response [68]. These included the right hippo-
campus/parahippocampus, right orbitofrontal gyrus, right 
inferior temporal gyrus, left postcentral gyrus/precuneus, 
left supplementary motor area, and left lingual gyrus. Their 
models achieved an accuracy of 86–90% for prediction of 
remission. Gartner et al. also identified gray matter volume 
(GMV) in the right anterior parahippocampal gyrus as pre-
dictive of ECT response, and reported an overall accuracy 
of 69% for the sMRI-based classification of ECT response 
[69]. Xu et al. studied the role of amygdala segments and 
hippocampal sub-regions in predicting ECT response and 
found that the hippocampus-amygdala transition area pre-
dicted ECT remission with the highest accuracy (83–87%) 
[70]. Cao et al. used volumetric information of hippocam-
pal subfields in patients with severe MDD, and showed that 
hippocampal subfield volumes at baseline could predict 
response using machine learning algorithms [71]. Specifi-
cally, lower volumes of cornu ammonis subfields CA3 and 
CA4, granule cell layer, molecular layer, and subiculum 
were associated with better response. Accuracy for pre-
dicting remission reached 90%. The volume of the dentate 
gyrus has also been shown to predict ECT response [72].

A study that used surface-based morphometry from sMRI 
to identify cortical predictors of ECT response along with 
demographic and clinical predictors found that the rostral 
anterior cingulate thickness and depression score at base-
line showed the greatest predictive power [73]. Redlich et 
al. had earlier found a positive association between pretreat-
ment subgenual cingulate volume and ECT response, and 
reported an overall accuracy rate of 78.3% and sensitivity 
of 100% [74].

Various other brain regions have also been implicated in 
ECT response in recent studies. Takamiya et al. used both 
clinical and sMRI variables to predict ECT response, and 

Neurotrophic Factors

Lower serum BDNF levels have been shown to predict better 
response to ECT in MDD patients in some studies [37, 53]
whereas no association has been observed in others [39, 54]. 
Conversely, Psomiades et al. distinguished between total 
BDNF and mature BDNF levels in serum in patients under-
going ECT and reported that higher baseline ature BDNF 
but not total BDNF levels significantly predicted remis-
sion [55]. Mindt et al. found that baseline levels of BDNF 
in cerebrospinal fluid (CSF) and serum were not associated 
response following ECT [56]. Lower baseline serum VEGF 
levels have also been shown to predict response [40].

Inflammatory and Immune Markers

With reference to the inflammatory hypothesis of depres-
sion and the effects of ECT on inflammatory and immune 
processes observed in previous literature [57], several stud-
ies have studied peripheral and central markers of inflam-
mation as predictors of ECT response. Elevated baseline 
serum C-reactive protein (CRP) has been associated with 
better response to ECT in some studies [58–60] whereas 
no such association was found in others [61]. Kruse et al. 
found that CRP predicted response only among women 
[58]. In contrast, Yilmaz reported that higher CRP levels 
were associated with poor response to ECT [62]. Evidence 
for interleukin-6 (IL-6) was also conflicting, with elevated 
IL-6 levels being associated with better response to ECT in 
one study [58], and non-response in one study [62], with 
no association observed in others [60, 61]. Lower levels 
of IL-8 have been found to predict better response to ECT 
among women [61]. Lower TNFα levels have also been 
shown to predict ECT response [63]. These findings suggest 
that inflammatory processes in MDD play a complex role in 
determining ECT response.

CSF studies have explored possible inflammatory and 
immune markers in CSF that could predict ECT response. 
Mindt et al. studied 25 different cytokines in both CSF and 
blood as markers of ECT response, and found some evidence 
for CSF IP-10 levels in predicting remission, and serum lev-
els of IP-10, MIP-1b, and IL-2R in predicting improvement 
in depressive symptoms [56]. Kranaster et al. studied CSF 
markers of neurodegeneration (e.g. tau proteins, β-amyloids 
and neurogranin), immune system (e.g. IL-6, neopterin, sol-
uble CD14,), endocannabinoids, sphingolipids, and Klotho, 
and reported that higher baseline CSF levels of AEA, Aβ1– 
40, T-tau protein and P-tau, Ng, and sCD14 predicted the 
reduction of depressive symptoms during ECT [64].
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could predict clinical improvement following ECT [83]. 
Moreover, Moreno-Ortega et al. have reported a potential 
role of the connectivity between the dorsolateral prefrontal 
cortex (DLPFC) and DMN in predicting ECT response [84].

An influence of connectivity involving the frontopari-
etal network (i.e. CEN), temporal networks, and subgen-
ual ACC on ECT response was suggested by Leaver et al. 
[85]. A role of the connectivity between the CEN and the 
salience network in predicting ECT response has also been 
reported [86]. Moreover, important contributions from the 
fronto-limbic network connectivity in ECT response predic-
tion have been demonstrated by two studies [84, 87]. One 
study reported a high baseline connectivity between the left 
amygdala and the right frontal pole among ECT respond-
ers, whereas the other reported a predictive role of reduced 
connectivity between the DLPFC and the subgenual ACC.

Sun et al. explored whether pre-ECT whole-brain FC 
predicted depressive score changes and remission after ECT 
among 122 patients, and showed that FC networks with 
the greatest predictive value were found in the prefrontal 
and temporal cortices and subcortical nuclei [88]. These 
included the inferior frontal, superior frontal, superior tem-
poral, and inferior temporal gyri, as well as basal ganglia, 
and thalamus. Takamiya et al. investigated pre-treatment 
whole-brain fractional amplitude of low frequency fluc-
tuations (fALFFs) to identify brain regions associated with 
post-ECT depression scores, and found that higher fALFFs 
in the right anterior insula, and lower fALFFs in the left 
thalamus and cerebellum predicted worse outcomes [76]. Li 
et al. reported that local brain activity in the insula, superior 
parietal gyrus, and angular gyrus as indicated by fALFFs, 
and FC in cortical-limbic circuits were predictive of ECT 
response in adolescents [89]. In a study of adolescents with 
MDD and suicidal ideation, amplitude of low frequency 
fluctuations in the right precentral gyrus and centrality of 
the left hippocampus were predictive of depressive score 
change after ECT [90].

A few studies have employed task-based fMRI to study 
the effects of ECT. Enneking et al. investigated the effects of 
ECT on the activity of the anterior cingulate cortex (ACC) 
and amygdala during a negative emotional stimuli process-
ing paradigm, and showed that pre-treatment ACC activity 
was lower among ECT responders [91]. Another fMRI study 
that assessed neural activity in five key regions associated 
depression pathophysiology using an emotional working 
memory task did not identify any prognostic markers [92].

Magnetic resonance spectroscopy (MRS) is useful in 
identifying regional metabolism in the brain by measuring 
changes in tissue concentrations of various neurochemi-
cals. A few recent studies have utilized 1 H-MRS to iden-
tify neurochemical predictors of ECT response, specifically 
based on metabolite levels in the ACC. Ermis et al., who 

observed that volumes in the gyrus rectus, right anterior lat-
eral temporal lobe, cuneus, and third ventricle were associ-
ated with response [23]. The prediction accuracy improved 
from 70 to 93% when sMRI data were added to clinical vari-
ables. Bruin et al. developed predictive models using mul-
timodal data from both sMRI and fMRI from the GEMRIC 
study, and found that regions located in dorsomedial pre-
frontal cortex (DMPFC), precuneus and thalamus contrib-
uted the most to the predictive classification of remission 
[75]. Takamiya et al. also reported a potential predictive role 
of the thalamus, with pretreatment smaller GMV in the left 
thalamus predicting worse response to ECT [76].

A few studies have explored the role of structural con-
nectivity of white matter tracts for ECT response predic-
tion. A diffusion tensor imaging study reported that, among 
those who underwent ECT, baseline functional anisotropy 
was positively and mean diffusivity was negatively asso-
ciated with depressive symptoms after ECT [77]. A study 
investigating whether baseline hippocampal structural con-
nectivity relates to the clinical response to ECT found no 
association [78]. Tsolaki et al. reported that the structural 
connectivity between the subcallosal cingulate and medial 
prefrontal cortex was lower in ECT responders [79].

Functional Neuroimaging

Recent studies using functional MRI (fMRI) have explored 
the potential of various regional brain activity indicators 
and functional connectivity (FC) markers between different 
brain networks at baseline in predicting response to ECT. 
Most studies have used resting-state functional connectivity 
based on fMRI.

The role of global and regional cerebral blood flow 
(CBF) in predicting ECT response was studied by Leaver at 
al. using arterial spin-labelled fMRI in patients undergoing 
ECT for depression, who found that those who had lower 
baseline global CBF were more likely to respond to ECT 
[80]. They also observed that pre-treatment CBF in bilateral 
thalami was lower in ECT-responders.

Several recent studies suggested the significance of the 
pre-treatment default mode network (DMN) and its connec-
tivity with other networks in predicting ECT response. Pang 
et al. used both whole-brain multi-voxel pattern analysis and 
ROI FC analysis among MDD patients undergoing ECT and 
showed that the baseline FC within the DMN and between 
the DMN and central executive network (CEN; also known 
as the frontoparietal network) predicted the improvement in 
depression scores [81]. Dini et al. observed that more nega-
tive connectivity between the cognitive control network 
(CCN) and DMN components before ECT could predict 
depression score reduction [82]. Li et al. demonstrated that 
static and dynamic FC features of the DMN before treatment 
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Predictor Nature of association Contrasting evidence
Genetic polymorphisms
rs6265 (Val66Met in BDNF gene) No significant association observed [37–39].
rs78355601 (SNP in VEGF gene) Alleles associated with lower VEGF levels predicted non-

response [40].
Telomere length No significant association observed [41, 42].
Polygenic risk scores (PRS)
PRS for MDD Greater PRS for MDD predicts poor response [43]. No association with PRS for 

MDD found by Luykx et al. [44]
PRS for schizophrenia Greater PRS for schizophrenia predicts better response [44]. No association with PRS for 

schizophrenia found by Sigström 
et al. [43]

PRS for bipolar disorder Greater PRS for bipolar disorder predicts better response [43].
Epigenetic factors
DNA methylation of promoter region 
of p11

Higher methylation predicts better response [45].

DNA methylation of NR3C1 gene (glu-
cocorticoid receptor gene)

Lower methylation predicts response [47].

DNA methylation of proopiomelanocor-
tin (POMC) gene

No significant association [47].

DNA methylation of 
RNF175, RNF213, TBC1D14, TMC5, 
and WSCD1

Methylation of CpG sites in these regions predicted ECT 
response [48].

miR-223-3p miR-223-3p is down-regulated in ECT responders [50].
miR-126-3p and miR-106a-5p No significant association with response observed [51].
Peripheral biomarkers
Serum BDNF levels Lower BDNF predicted a better response [37, 53]. No association with BDNF lev-

els found in two studies [39, 54]. 
Higher mature BDNF predicted 
response [55].

Serum VEGF levels Lower baseline VEGF predicted better response [40].
Serum C-reactive protein (CRP) Higher baseline CRP predicted a better response [58, 59]. No association found in one 

study [61]. Higher CRP predicted 
poor response in another [62].

Interleukin − 6 Higher IL-6 predicted a better response in one study [58]. No association observed in two 
studies [60, 61].
Lower IL-6 predicted response in 
one study [62].

Interleukin − 8 Lower IL-8 predicted response in women [61].
TNFα Lower TNFα predicted a better response [63].
Salivary and hair cortisol concentrations No significant association with salivary [66] or hair [67] cortisol 

levels.
Structural MRI features Right parahippocampal gyrus volume predicted response [68, 

69].
Hippocampal subfield volumes predicted response [70, 71].
ACC volume predicted response [73, 74].
Precuneus volume predicted response [68, 75].
Thalamic volume predicted response [75, 76].
White matter connectivity markers predicted response [77, 79]. No association of hippocampal 

connectivity with response [78].
Functional MRI features Lower global and thalamic cerebral blood flow predicted better 

response [80].
Default mode network connectivity predicted response [81, 83].
Frontolimbic network connectivity predicted response [84, 87].
Frontoparietal network [85, 86].

Magnetic Resonance Spectroscopy 
(MRS) features

Higher baseline glutamate/glutamine and total creatine in ACC 
predicted response [93].
Lower baseline N-acetylaspartate levels in the dACC predicted 
response [94].

Table 2 Summary of biological predictors of response to ECT
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ECT Parameters as Predictors

ECT parameters including stimulus dose, electrode place-
ment, pulse width and pulse amplitude have been impli-
cated in the response to ECT. Recent studies indicate that 
right unilateral (RUL) ECT at high doses (about 6 times the 
seizure threshold) is as efficacious as moderate dose bitem-
poral [101, 102]and bifrontal ECT [103, 104]. It has been 
suggested that the stimulus dose relative to seizure thresh-
old affect efficacy particularly for RUL ECT, where supra-
threshold doses about 5–6 times the seizure threshold were 
more efficacious than doses closer to threshold; however, 
for bitemporal ECT, no remarkable increment in efficacy 
with higher doses has been observed [105]. With regard to 
the role of pulse width, Tor et al. conducted a systematic 
review of studies comparing brief pulse versus ultra-brief 
pulse RUL ECT, and found that the former was significantly 
more efficacious in depression than the latter, albeit with 
more cognitive adverse effects [106]. A study on the role 
of pulse amplitude on ECT efficacy showed that a higher 
amplitude (700 mA and 800 mA) was associated with better 
depressive outcomes than lower amplitude (600 mA) [107].

Conclusion

This narrative review explored the recent research findings 
on pre-treatment and procedural factors predicting response 
to ECT in MDD. Numerous demographic, clinical and bio-
logical predictors were identified. Many of the previously 
established predictors of ECT response appear to be sup-
ported in the recent literature, but some inconsistencies 
were also noted. In addition, new data on response predic-
tors, particularly from neurobiological studies, have accrued 
over the last five years.

Older age has been shown to predict better response to 
ECT is most studies. Other demographic factors such as 
gender, education and sexual orientation do not seem to 
be important. In line with previous literature [8, 9, 15, 16], 
the presence of psychotic symptoms, melancholic features, 
shorter duration of episode, higher baseline severity, lack 
of medication failure, and absence of comorbid personality 
disorder predicted better response in recent studies. Some 
evidence linking a family history of mood disorder and 

studied choline, glutamate/glutamine (Glx), myo-inositol, 
NAA, and total creatine in the ACC during ECT, found 
higher baseline levels of Glx and total creatine among ECT 
responders [93]. Njau et al. measured Glx, creatine, choline, 
and N-acetylaspartate (NAA) in the dorsal (dACC) and sub-
genual ACC, and bilateral hippocampi following ECT and 
showed that lower baseline NAA levels in the dACC pre-
dicted depressive symptom improvement [94]. In contrast, 
a MRS study on GABA levels in the ACC did not show 
significant differences at baseline between remitters and 
non-remitters [95].

Neurophysiological Predictors

Encephalography

Several recent studies have explored the utility of encepha-
lographic markers in predicting ECT response. Scangos et 
al. examined the coherence and spectral amplitude in six 
EEG frequency bands and found that greater pre-ECT ante-
rior delta coherence could predict improvement in MADRS 
scores [96]. The authors postulated that this could indicate 
an intact circuitry allowing for better seizure propagation. In 
a study of frontal theta coherence assessed using magnetoen-
cephalography, there were no baseline differences between 
early responders and non-responders. In another study, 
higher beta-band power in right frontal and central regions 
has been associated with inadequate treatment response for 
ECT [97]. A study examining linear connectivity measures 
for the alpha 1 (8–10 Hz) and alpha 2 (10–12 Hz) frequency 
bands on EEG reported that ECT responders showed lower 
connectivity in cortical areas in the alpha 2 band mainly 
within frontal and left-hemispheric networks [98].

Ictal EEG features, which are influenced by ECT tech-
niques, have also been found to predict response. In a 
systematic review on the relationship between ictal EEG 
features and clinical outcomes, authors noted modest effects 
of ictal EEG indices on response outcomes [99]. Similarly, 
postictal suppression on the EEG has also been associated 
with ECT response [100].

Findings on the biological predictors of ECT response 
are summarized in Table 2.

Predictor Nature of association Contrasting evidence
Electroencephalographic features Anterior delta coherence predicted improvement [96].

Higher beta-band power in right frontal and central regions pre-
dicted poor response [97].
Lower connectivity in cortical areas in the alpha 2 band (mainly 
frontal and left-hemispheric) predicted better response [98].

Note ACC = anterior cingulate cortex, SNP = single nucleotide polymorphism

Table 2 (continued) 
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