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BACKGROUND
Electroconvulsive therapy (ECT) is an effec7ve neuromodulatory interven7on 
for treatment-resistant major depressive disorder (MDD). However, despite 
decades of use, the precise neurobiological mechanisms which drive clinical 
response to ECT remain poorly understood. Electroencephalography (EEG) 
provides a cost-effec7ve method for studying neural ac7vity, making it 
prac7cable for implementa7on in clinical seGngs. 

Objec&ve: We used res&ng-state EEG (RS-EEG) recordings to examine the 
physiological effects of an acute course of ECT in pa&ents with MDD. 

METHODS
Ten minutes of RS-EEG was recorded via a 64-channel cap in 23 pa7ents with 
treatment-resistant MDD (14 female, mean age 47.29 ± 16.75 years). 
Recordings were taken both prior to treatment and within 48 hours following 
the final session of an acute open-label ECT trial. ECT treatments were 
administered 2-3 7mes per week using a brief-pulse protocol device 
delivering square-wave pulses. Subjects commenced treatment with either 
right unilateral ultra-brief ECT, or bi-temporal ECT based on trea7ng 
physician/pa7ent preference.

Func7onal connec7vity was computed across all EEG channels using the 
debiased weighted phase lag index (wPLI), with sta7s7cal analyses conducted 
using the Network Based Sta7s7c (NBS). Topological analyses were 
performed using the Brain Connec7vity Toolbox (BCT) and included the 
clustering coefficient, characteris7c path length, and small worldness. 
Spectral power was calculated using the fast Fourier transform (FFT). 

RESULTS (CONT.)

RESULTS
Patients received, on average, 13.87 ± 5.32 ECT treatments with an average 
reduction of MDD severity, as measured by the Hamilton Depression Rating 
Scale (HDRS-17), of 48.92% following the treatment course (responder 
percentage = 60.87%; see Table 1 for subject demographics and Fig. 1A for a 
plot of depression scores before and after treatment). 21 patients 
commenced treatment with right unilateral ECT, and two started with bi-
temporal ECT. Seven patients commencing treatment with unilateral ECT 
switched to bi-temporal ECT during their course of treatment; this occurred if 
patients showed an initially poor response to treatment.

Functional Connectivity:  Comparisons pre-to-post ECT revealed increased 
delta and theta connectivity largely confined to fronto-central channels, as 
well as more widespread reductions in alpha and beta connectivity (Fig 1B). 
Secondary analyses run separately for responders and non-responders to 
treatment revealed widespread reductions in alpha and beta connectivity 
following ECT in the responder group only (Fig 2). 

Spectral Power: Following ECT, cluster-based analyses revealed robust and 
widespread power increases within the delta (p < .001) and theta (p < .001) 
frequency bands (Fig. 3A). No significant changes were observed at any other 
frequency (all p > .05). There was a significant association between spectral 
power changes and the number of treatments received, with greater 
increases in both delta (r = .630, p = .001) and theta (r = .668, p = .001) bands 
associated with more ECT treatments (Fig. 3B).

Network Topology: Changes in topological network properties were 
observed across a number of frequencies (Fig. 4). Reductions in clustering 
coefficient were found for the delta (network density [ND]: 25-35%) and 
gamma (ND: 85%) bands, with an increase in the theta band (ND: 40-55%, 
70-80%). Characteristic path length was increased across both the alpha (ND: 
55%) and gamma (ND: 25%) bands. Finally, while network topology both pre 
and post ECT demonstrated small world organization across a range of 
densities (i.e., SW > 1), small worldness was reduced in the delta (ND: 30-
40%) and gamma (ND: 30%) bands and increased in the theta (ND: 45-55%, 
65-85%) band following treatment.

CONCLUSIONS & FUTURE DIRECTIONS

▲ Fig 1: A) Depression scores before and a/er ECT. B) EEG connec5vity changes 
following the course of ECT. Networks with edges represented by warmer colours
indicate a post-treatment increase in connec5vity, while cooler colours indicate a 
post-treatment reduc5on in connec5vity. Accompanying bar graphs depict the 
average connec5vity strength across all edges comprising the significant 
subnetwork. Across all MDD subjects the ECT treatment course increased theta 
and delta connec5vity in fronto-central regions, while causing more widespread 
reduc5ons in alpha and beta connec5vity.

◀ Fig 2: Func5onal connec5vity changes in ECT 
responders only. In this sub-group, ECT caused 
widespread reduc5ons in alpha and beta connec5vity. 

§ Overall, these results indicate widespread changes in res7ng-state brain dynamics following a course of ECT in a cohort of pa7ents with treatment resistant MDD.
§ A dose-response rela7onship was further observed between EEG spectral power changes in the delta and theta bands and the number of ECT treatments received. 
§ These findings support RS-EEG as a sensi7ve measure of dynamic neural ac7vity following ECT and highlight network-based analyses as a promising avenue for furthering mechanis7c understanding of 

the effects of convulsive therapies. 
§ Future work comparing res7ng, as well as task-related, neural ac7vity to a variety of clinical and cogni7ve outcome measures is now required to elucidate those changes most closely associated with 

both clinical improvement, and adverse effects.

▲ Fig 3: A) Spectral power pre- and post-ECT treatment. 
The ver5cal grey bar highlights the por5on of the graph 
corresponding to the delta and theta frequency ranges, 
both of which showed a significant increase in power 
following treatment. Topographical maps highlight the 
electrodes (white circles) forming the significant clusters 
and indicate widespread increases in spectral power. B) 
Associa5on between the change in delta and theta power 
and the total number of ECT treatments received. 

▲ Fig 4: Changes in network topology following ECT. A) Pre- to post-ECT differences (mean ± SD) as a func5on of graph density for each graph-based 
measure showing significant differences. Dark ver5cal grey bars indicate density thresholds where significant differences were observed (p < .05); 
lighter bars indicate p < .10. B) Violin plots with individual data points overlaid showing pre- to post-ECT differences using data taken from the density 
thresholds showing a significant difference. 
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