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Electroconvulsive therapy (ECT) as treatment in depression

Linsanby, S. Electroconvulsive therapy for depression. N Engl J Med 2007; 357:1939-1945

Background ECT
•

Electroconvulsive therapy (ECT) is the most effective treatment in severe, treatment resistant unipolar and bipolar
depression

•

50-75% respond to treatment, 60% by fourth week of treatment

•

Effect size of ECT: 0.80-0.91 (UK ECT Review Group, 2003)

•

No difference in efficacy between high-dose right unilateral ECT and bilateral ECT

•

Less side effects (cognition, especially memory) in right unilateral ECT

•

International guideline support ECT if
•

depression is resistant to medication treatment

•

a rapid response is necessary (esp. in case of suicidality, catatonia and rapidly deteriorating physical status)

Linsanby, S. Electroconvulsive therapy for depression. N Engl J Med 2007; 357:1939-1945
UK ECT Review Group. Efficacy and safety of electroconvulsive therapy in depressive disorders: a systematic review and meta-analysis. Lancet 2003;361:799-808

Quelle: thebrainstimulator.net

Adverse effects of electroconvulsive therapy
Ø Cognitive side effects (attention, memory)
are common, but improve after a few weeks
• Retrograde memory deficits rarely persists
• Modification of stimulus parameters and electrode placement (right unilateral)
help minimize cognitive side effects

Ø Cardiovascular and cerebrovascular changes are usually noneventful
Ø ECT is usually well tolerated, adverse effects are commonly mild and self-limiting

Number of ECTs per 10.000 resident population per year

Leiknes K. e al., (2012) Contemporary use and practice of electroconvulsive therapy worldwide. Brain&Behaviour (2012);2(3):283-345

Percent of ECT-treated patients among inpatient population

Leiknes K. e al., (2012) Contemporary use and practice of electroconvulsive therapy worldwide. Brain&Behaviour (2012);2(3):283-345

ECT application by diagnosis worldwide

Africa, South America, USA, Australia, New Zealand

Europe

Asia

Leiknes K. e al., (2012) Contemporary use and practice of electroconvulsive therapy worldwide. Brain&Behaviour (2012);2(3):283-345

Response and remission rates after ECT application

Response to ECT:
58% of patients with TRD
70% of patients without TRD

Haq et al. (2015). Response of Depression to Electroconvulsive Therapy: A Meta-Analysis of Clinical Predictors J Clin Psychiatry 2015;76(10):1374–1384.

Commonly used measures for detection of clinical changes after ECT application
Montgomery-Asberg Depression Scale (MADRS)

Before and after ECT:
•

Expert clinical judgements

•

Symptom-Based scales (HAM-D, MADRS, PHQ9)

•

Functioning scales (CGI, GAF)

Response rate of ECT is superior to placebo, simulated ECT and combination
of both

Pagnin et al. Efficacy of ECT in depression: a meta-analytic review. J ECT. 2004 Mar;20(1):13-20.

ECT has superior response rates vs antidepressant medication.

Pagnin et al. Efficacy of ECT in depression: a meta-analytic review. J ECT. 2004 Mar;20(1):13-20.

ECT has superior response rate vs. different kinds of antidepressant medication.
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Pagnin et al. Efficacy of ECT in depression: a meta-analytic review. J ECT. 2004 Mar;20(1):13-20.

Response rates and speed of response during ECT are higher in BPD
versus MDD

Higher response rates in bipolar depression
Bahji_et_al. 2019-Acta_Psychiatrica_Scandinavica

Higher speed of response in bipolar depression

No differences in remission rates between BPD and MDD were observed

Included:

Ø 19 studies over 9 countries
Ø RCT/non RCT bipolar vs unipolar
Ø 2422 adults in total (25,6% bipolar)

There are no differences in symptom remission (HAMD-24) between right unilateral and
bilateral ECT

Kolshus et al. Bitemporal v. high-dose right unilateral electroconvulsive therapy for depression: a systematic review and meta-analysis of randomized controlled trials. Psychol Med 2017 Feb;47(3):518-530..

Stimulation type shows no differences in remission, response or relapse after 12 month

Kolshus et al. Bitemporal v. high-dose right unilateral electroconvulsive therapy for depression: a systematic review and meta-analysis of randomized controlled trials. Psychol Med 2017 Feb;47(3):518-530..

Right unilateral stimulation shows an advantage in cognition

Kolshus et al. Bitemporal v. high-dose right unilateral electroconvulsive therapy for depression: a systematic review and meta-analysis of randomized controlled trials. Psychol Med 2017 Feb;47(3):518-530..

Except of autobiographical memory, cognitive dysfunctions normalized
between one and six month after unilateral ECT

Impairments immediate after ECT:
•
•
•
•
•

Retrograde autobiographical memory
Anterograd verbal/non-verbal memory
Short term memory
Verbal fluency
Lesser extent: working memory, processing speed

After one to six month after ECT:
•
•
•

Improvement/normalization of anterograd verbal/
visual memory
Normalization of verbal fluency
Autobiographical memory still impaired in this period,
but improvement can be observed

Verwijk, E. et al., Neurocognitive effects after brief pulse and ultrabrief pulse unilateral electroconvulsive therapy for major depression: a review. J. Affect. Disord. 2012 Nov;140(3):233-43

Cognitive dysfunctions in verbal fluency, working memory and processing speed
improve between 1 and 6 month after ECT

Verwijk, E. et al., Neurocognitive effects after brief pulse and ultrabrief pulse unilateral electroconvulsive therapy for major depression: a review. J. Affect. Disord. 2012 Nov;140(3):233-43

Cognitive dysfunctions decreased immediately after ECT treatment

Metanalysis includes:
84 studies; 2981 patients
24 cognitive variables
Results:
0-3 days after ECT: decrease in 72% of cognitive variables
Effect sizes (ES) from -1.10 to -0.21
4-15 days post ECT: all but one confidence-intervalls
include zero or show positiv ES
After 15 days post ECT: no negative ES were observed,
57% of variables show positiv ES
Ø
processing speed, working memory, anterograde memory
improve beyond baseline levels

Semkovska, M. & McLoughlin, D. Objective Cognitive Performance Associated with Electroconvulsive Therapy for Depression: A Systematic Review and Meta-Analysis. Biol. Psychiatry 2010 Volume 68, Issue 6, Pages 568–577

(Most) Cognitive functions are recovered 15 days post ECT treatment

Semkovska, M. & McLoughlin, D. Objective Cognitive Performance Associated with Electroconvulsive Therapy for Depression: A Systematic Review and Meta-Analysis. Biol. Psychiatry 2010 Volume 68, Issue 6, Pages 568–577

Neurobiology of ECT effects

Neurobiology of ECT
ECT effects are attributed to:
a) seizure-induced changes in neurotransmitter levels
b) improved neuroplasticity
c) increased functional connectivity
d) plasmatic increase of brain-derived neurotrophic factors

Exact mechanisms are unclear

Right and left hippocampal volume increase after ECT

Included:
32 studies,
467 patients, 285 controls
Volume change of left hippocampus after ECT

decrease

increase

Results:
MRT: no evidence for ECT-related brain damage;
Volume increase in certain brain areas
Ø

most consistently in hippocampus

Meta-analysis hippocampus volume:
volume increase in both hippocampi
Volume change of right hippocampus after ECT

decrease

increase

Volume change in left hippocampus is greater after bilateral stimulation

Ø The linear component of hippocampal volume change was 0.28% (SE 0.08) per ECT session (p < .001).
Ø Volume change varied by electrode placement in the left hippocampus
(bilateral, 3.3 ± 2.2%, d = 1.5; right unilateral, 1.6 ± 2.1%, d = 0.8; p < .0001),
but not in the right hippocampus (bilateral, 3.0 ± 1.7%, d = 1.8; right unilateral, 2.7 ± 2.0%, d = 1.4; p = .36).
Ø Volume change for electrode placement per ECT session varied similarly by hemisphere.
Oldetal, L…..Dannlowski, U., ….Redlich R.,…..Volume of the Human Hippocampus and Clinical Response Following Electroconvulsive Therapy. Biol.Psychiatry, 2018 Oct 15;84(8):574-581

Change in brain volume is not positively related with clinical outcome

Ø Individuals with greater treatment-related volume increases
had poorer outcomes (MADRS change -1.0 [SE 0.35],
per 1% volume increase, p = .005)
Ø the effects were not significant after controlling for ECT number
(slope -0.69 [SE 0.38], p = .069)
Ø Non-responders received significant more ECT sessions

Oldetal, L…..Dannlowski, U., ….Redlich R.,…..Volume of the Human Hippocampus and Clinical Response Following Electroconvulsive Therapy. Biol. Psychiatry, 2018 Oct 15;84(8):574-581

Effect of ECT on emotional processing

Ø Before treatment: both groups show elevated
amygdala activity to sad faces
Ø After treatment: decrease in amygdala activation to
negative stimuli in both groups
Ø Decrease in response to sad faces was associated with
symptom improvement in ECT sample
Ø No effect of pre-treatment amygdala activity and
individual symptom improvement

Redlich, R. …….Dannlowski, U. Effects of electroconvulsive therapy on amygdala function in major depression–a longitudinal functional magnetic resonance imaging study.Psychological Medicine (2017), 47, 2166 –2176

Prediction of ECT response

Clinical Predictors for ECT-Effectiveness
Predictors for ECT response
Ø Shorter episode duration predict higher ECT response rates
Ø History of medication failure in current episode (Haq et al. 2015)
Ø
Ø
Ø
Ø

Presence of psychotic features
Older age
Severity of depression
Melancholic features inconclusive (Van Diermen et al. 2018)

Predictors for ECT remission
Ø Presence of psychotic features
Ø Older age (Van Diermen et al. 2018; Brus et al., 2017)

Haq et al. (2015). Response of Depression to Electroconvulsive Therapy: A Meta-Analysis of Clinical Predictors J Clin Psychiatry 2015;76(10):1374–1384.
Van Diermen, L et al., (2018). Prediction of electroconvulsive therapy response and remission in major depression: meta-analysis. Br J Psychiatry 2018 Feb;212(2):71-80.

Psychotic symptoms and age predict ECT- Effectiveness

Van Diermen, L et al., (2018). Prediction of electroconvulsive therapy response and remission in major depression: meta-analysis. Br J Psychiatry 2018 Feb;212(2):71-80.

Pre-treatment gray-matter-volume predicts changes in Hamilton-Score

Binary pattern classification: prediction of ECT-response
by structural MRT (before treatment)
Univariate Analysis: prediction for Hamilton-Score Changes
by pretreatment Gray-Matter-Volume
Ø Positive Association between pretreatment subgenual cingulate
volume and individual ECT response
Redlich, R. ,…. ,Dannlowski, U. Prediction of Individual Response to Electroconvulsive Therapy via Machine Learning on Structural Magnetic Resonance Imaging Data. JAMA Psychiatry. 2016 Jun 1;73(6):557-64.

Genetic Predictors for ECT-Effectiveness
Study

Gen

Viikki et al., 2010a

Vascular endothelial groth factor gene (VEGF): VEGF 2578 C/A
polymorphism (rs699947)

Bousman et al., 2015

Apolipoprotein E gene (APOE)

Huuhka et al., 2007

Brain-derived neurotrophic factor gene:
BDNF G196A (val66met, rs6265) and C270T (rs56164415)
polymorphisms
270CC genotype

Viikki et al., 2013

Brain-derived neurotrophic factor gene: BDNF rs11030101 TT
genotype

Bousman et al., 2015

Brain-derived neurotrophic factor gene: BDNF val66met and rs6265
polymorphism

Association with ECT
outcomes
- response
- efficacy
- response

+ response
only subgroups of
patients with MDD and
psychosis, late-onset
depression
+
more likely to benefit
than the AT genotype
-efficacy

Beson-Martin JJ et al. Genetic mechanisms of electroconvulsive therapy response in depression. Hum Psychopharmacol. 2016; 31(3):247-51.

- “no associations”
+ “associations with response”

COMT and dopamine receptor genes seems to be associated with therapy response
Study

Gen

Anttila et al., 2008;
Lin et al., 2014

Catechol-O-methyltransferase (COMT): COMT val7val genotype

Domschke,
….Baune… et al.,
2010

Catechol-O-methyltransferase (COMT): COMT 158 val allele

Bousemna et al.,
2015

Catechol-O-methyltransferase (COMT): COMT val/val homozygosity

Huuhka et al., 2008

Catechol-O-methyltransferase (COMT) and dopamine receptor genes:
COMT val/val genotype and the CC genotype of the dopamine D2
receptor (DRD2) C957T rs6277 polymorphism

Dannlowski and
Domschke et al.,
2013

dopamine receptor genes:
dopamine D3 receptor (DRD3) polymorphisms, rs37322790 T and
rs3773679G allele

Bousman et al.,
2015

dopamine receptor genes: Heterozygous DRD2 C957T (rs6277)
genotype

Association with ECT
outcomes
+ response

+ response
a superior response in
female Caucasian
patients
+ response
in men less than in
women
+ remission
Interactive effect in
mediating remission
with ECT
+ response/remission

+ remission
more likely to remit than
CC homozygotes

Benson-Martin JJ et al. Genetic mechanisms of electroconvulsive therapy response in depression. Hum Psychopharmacol. 2016; 31(3):247-51.

- “no associations”
+ “associations with response”

Serotonin- und G-Protein-related genes seems not be associated with ECT response
Study
Anttila et al.,
2007, 2009

Gen

Association with ECT

Serotonin- und G-Protein-related genes:
tryptophanhydroxylase 1 (TPH1) A218C (rs1800532) or
tryptophan hydroxylase 2 (TPH2) polymorphisms
(rs1386494, rs1843808)

- response

Rasmussen &
Black, 2009

Serotonin- und G-Protein-related genes:
serotonin transporter gene long/short promotor
polymorphysm (5-HTTLPR)

- response

Viikki et al., 2011

Serotonin- und G-Protein-related genes:
serotonin 2A (5-HT2A; HTR2A) receptor polymorphisms
rs7997012 and rs6311

no significant association after ECT
alone but polymorphisms-genderinteraction explained 14% of the
variance in MADRS score changes

Kautto et al., 2015

Serotonin- und G-Protein-related genes:
combined 5-HTTLPR ll and norepinephrine transporter
(NET) 182TT (rs2242446) genotypes

-response
patients with the combined genotypes:
poorer treatment response to ECT

Huuhka et al.,
2008

Serotonin- und G-Protein-related genes:
G-protein beta-3 subunit (GNB3) C825T (rs5443) and
regulator of G protein signalling 4 protein (RGS4) rs951436
(T>G) polymorphisms

-response

Benson-Martin JJ et al. Genetic mechanisms of electroconvulsive therapy response in depression. Hum Psychopharmacol. 2016; 31(3):247-51

- “no associations”
+ “associations with response”

Evidence for increased genetic risk load for major depression in patients assigned to ECT

Foo, JC, …. Baune, BT… et al. (2019) Evidence for increased genetic risk load for major depression in patients assigned to electroconvulsive therapy. American Journal of Medical Genetics Part B: Neuropsychiatric Genetics, 2019, 180 (1): 35-45

Open Questions
• ECT remains the most effective treatment for depression, yet it is often reserved for
those with treatment refractory severe depression.
• 1/3 respond not adequately, but no prediction of poor treatment response is possible =
better prediction is necessary
• Genomics of ECT response is not known
• Genomics of severe depression is not well understood
• Rationale: There is a need to study subjects with the most severe forms of mood
disorders

Consortium of Gen-ECT
Genomics of ECT- international consortium

People

Peter Zandi, NNDC
Takahhiro Soda, UNC

Patrick Sullivan, PGC

Bernhard Baune
PGC

Colleen Loo
Declan McLaughlin
International Society for ECT and Neurostimulation

Gen-ECT-ic

• The first large-scale international consortium of the genomics of ECT
was formed in late 2017
• Aim: to study the genomic underpinnings of severe depression and
response to ECT.
• includes options for both retrospective and prospective assessments
• Cases of severe depression and ECT from the affective disorder
spectrum (unipolar depression, bipolar disorder)

Goals
• Goal: recruit >30,000 subjects that have received ECT for depression to
• Obtain DNA
• Abstract clinical information using centralized online data collection element
• Study genomics of severe depressive disorders and response to ECT

• BedsideàBench

• Genetically informed analyses to further interrogate molecular pathways / circuits
• Identify mechanisms behind ECT’s antidepressant/mood stabilization effects

• BenchàPractice
• Predict:

• Good/Poor response, side effects to ECT
• Poor response to medications/ therapy
• Should ECT be recommended earlier based on genetics?

5/29/19

Inclusion /Exclusion criteria

Inclusion criteria

Exclusion criteria

Ø 18 years
Ø Primary diagnosis of
unipolar/bipolar depression
Ø Decision of ECT treatment
Ø With or without catatonic,
psychotic features
Ø Secondary comorbid
diagnosis of anxiety, OCD,
alcohol/drug abuse,
personality disorders are
permitted

Ø Lead diagnosis other than
unipolar/bipolar depression
Ø Comorbid neurological or
developmental disorder
Ø Unable to follow, complete
or tolerate the assesment

Assessment

Ø standardised assessment tool, designed to be co-administered during
routine clinical practise
Ø development received input from ECT experts such as Colleen Loo and
Declan McLoughlin and others from GenECT-ic.
Ø contains
• a short mandatory set of questions (10 minutes for completion )
• a non-compulsory extended set of questions (25-30 minutes for
completion)

Assessment

Modular sections
including:
• general
• soziodemographics
• psychiatrics
• medical history
• response to ECT
• Side effects to ECT (cognitive dysfunctions, physical problems etc.)
etc.
CGI

Questionnaire
Basic Version

Extended Version

Minimum: Section 1-4

Section 8-16

1. Basic information

8. Psychiatric history

2. Demographics

9. Unipolar depression

3. Inclusion criteria

10. Bipolar Spectrum Mania- Lifetime History

4. Consent form

11. Bipolar Spectrum Depression History

Minimal set: Section 5-7

12. Medical History
13. Substance Use

5. Treatment evaluation of ECT
series referred to in this survey

14. Family History

6. Baseline-Assessment before
ECT-sessions

16. Administrative Questions

7. Post-ECT assessment

15. ECT History

Questionnaire: Examples
Section 1-7 basis version: example

Section 8-16 extended version

Data collection

• The questionnaire can be completed
a) as a paper version
b) as an electronic data capture version using REDCap,
(a secure, web based platform compatible with desktops, tablets,
and Android/ Apple based mobile phones)
• Data can also be collected offline and synced to the database later via
internet.

Ways of data aquisition
to take part in the study sides need to be able to provide data from one or more of three
ways:
a) Retrospective data collection I of patients who had ECT in the past
•
•

data can be taken from biobanks, registries, case notes
required data: diagnosis, age, gender, course of ECT in the past

b) Retrospective data collection II of patients who had ECT in the past
•
•

case notes or stored data are accessible;
using this approach the required clinical data and possible some of the extended data can be
collected

c) Prospective data collection of patients coming in for a course of ECT
• data can be collected before and after course of ECT- treatment
• Minimal and extended data con be collected

Blood collection

Blood samples (40 ml)
a) whole blood for DNA (essential)
b) RNA, Serum, Plasma (desirable)
• Patients from retrospective data collection need to be asked to
come in for blood collection
• Alternatively saliva collection is possible

Results to date
At present, about 40 research and clinical groups have joined the consortium. Some of the sites
and their estimated number of subjects is presented below
Institution/Network

Country

GEMRIC
Australia ECT Network CARE
University of Adelaide
University of New South Wales
Northside Group Saint Leonard's Clinic
Providence Care Hospital, Queen's University
Sunnybrook Health Sciences Centre
University of Calgary
University of British Columbia
Central Institute Mannheim
University of Bielefeld
University of Marburg
University of Munster
University of Brescia
Haukeland University Hospital
Poznan University of Medical Sciences
University of Barcelona
University Hospital Parc Tauli
Singapore ECT Network CARE
Institute of Mental Health
PREFECT Study
Bipolar Disorder Research Network
Cardiff University
University of Glasgow
Kaiser Permanente Research Biobank
Biobank at Vanderbilt University

Multinational
Australia
Australia
Australia
Australia
Canada
Canada
Canada
Canada
Germany
Germany
Germany
Germany
Italy
Norway
Poland
Spain
Spain
Singapore
Singapore
Sweden
UK
UK
UK
USA
USA

Partners Biobank at Massachusetts General Hospital
National Network of Depression Centers*
US Affiliate sites**

USA
USA
USA
Total:

Existing Cases

ECT per
year

Biosampling
Complete

300
----50
50
-50
---100
-200
40
220
200
-30
--40
250
---

-500
200
500
80
100
100
50
30
100
100
100
70
100
70
50
100
60
400
50
--20
80
---

300
-200
------100
-100
-100
------3200
720
--760
200

-7350
2050
10930

-2785
1375
7020

800
50
100
6630

Become a partner

Everyone who
Ø Has access to patients with TRD
and/or
Ø Treats patients with (unipolar/bipolar) depression within an ECT service
(either acute and/or maintenance ECT)
Ø has the ability to include about 100 patients during entire study period
is invited to participate!

This NCMH ECT form is directly scannable

Contact
For more information

Please contact
genECTicstudy@med.unc.edu
bernhard.baune@ukmuenster.de
Or go to
Tinyurl.com/genECTic
If interested in joining, or for more details
https://www.med.unc.edu/genetics/sullivanlab/genetics-of-ect-international-consortium/.

