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The effect of ECT: Lancet 2003 Mar 8;361(9360):799-808.
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Efficacy and safety of electroconvulsive therapy in depressive
disorders: a systematic review and meta-analysis

The UK ECT Review Group*

Summary

Background We aimed to review published work for the
efficacy and safety of electroconwulsive therapy (ECT) with
simulated ECT, ECT versus phamacotherapy, and different
forms of ECT for patients with depressive iliness,

Methods We desgned a systemalic overview and meta
analysis of randomised controlled trials and observational
studies. We obtained data from the Cochrane Collaboration
Depressive Anxiety and Neurosis and Schizophrenia Group
Controlled trial registers, Cochrane Controlled Trials register,
Biological Abstracts, CINAML, EMBASE, LILACS, MEDLINE,
PsycINFQ, and SIGLE, reference lists, and specialist textbooks,
Our main outcome measures were depressive symptoms,
measures of cognitive function, and mortality.

Findings Metsanalysis of data of shortterm efficacy from
randomised controlled trials was possible, Real ECT was
significantly more effective than simulated ECT (six trials, 256
patients, standardised effect size [SES] -0-91, 95% C| -1-27
to ~0-54). Treatment with ECT was significantly more effective
than pharmacotherapy (18 trials, 1144 participants, SES
-080, 95% C! -1-29 to -0-29). Bilateral ECT was more
effoctive than unipoiar ECT (22 trals, 1408 participants,
SES -0-32, 95% Cl -0-46 to -0-19).

Interpretation ECT is an effective short-term treatment for
depression, and Is probably more effective than drug therapy,
Bilateral ECT Is moderately more effective than unilateral ECT,
and high dose ECT is more effective than low dose.

Introduction

Electroconvulsive therapy (ECT) has been used as a
treatment for mentul disorder since the 1930s, Views on
ECT vary, from researchers who consider that it is probably
ineffective but certainly causes brain damage,' through to
those who think it is the most effective treamment available
in psychiarry _and is completely safe.! The substanual
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Stuart Carney, Prof Philip Cowen, Prof John Geddes, Prof Guy Goodwin,
Robert Rogers (Department of Psychiatry, University of Oxford, Oxford,
UK); Karin Dearness, Andre Tomlin (Centre for Evidence Based Mental
Health, Department of Psychiatry, University of Oxford, Oxford);

Joanne Eastaugh, Prof Nick Freemantle, Helen Lester (Department of
Primary Care and General Practice, University of Birmingham,
Birmingham); Allison Harvey (Department of Experimental Psychology,
University of Oxford, Oxford); Allan Scott (Royal Edinburgh Hospital,

course of EC|
follow-up w
immediate anl —
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functioning (inciuwding orentation, retrograde and
anterograde memory) and morrality. We identfied non-
randomised  swudies  investigating mortality  after
ECT and case-control neurcimaging and post-mortem
studies looking at the possibility of structural brain changes
after ECT. The search strutegy is described in the
webappendix (http:/image. thelancet.com/extras'02art8375




ECT versus sham ECT (N=256) Lancet 2003

Trial Number of participants  Standardised effect size (95% Cl)
Wilson 1963 12 -1-078 (-2:289 to 0-133) [ ™
o
West 1981 25 -1.255 (-2-170 to -0-341) I S
=
Lambourn 1978 40 -0-170 (~0-940 to 0-600) . g
c
Freeman 1978 40 -0:629 (-1:264 to 0-006) * 8
o
Gregory 1985 69 -1-418 (-2-012 to -0-824) ’ 8
| -
Johnstone 1980 70 -0-739 (-1-253 to —0-224) @ ;ﬂ
Q
o
Pooled fixed effects -0-911 (-1-180 to -0-645) o
|_
Pooled random effects -0-908 (-1-270 to -0-537) ‘ B
b4
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Figure 1: Effect of ECT versus simulated ECT on depressive symptoms



ECT versus psychopharmacological treatment
N=760

Trial Numberof  Standardised effect size (95% Cl)
participants -
Steiner 1978 12 0369 (-0.840 10 1.578) ] }
Wilson 1963 12 -0513 (-1.663 10 0-637) :*: l 8
Davidson 1978 19 -1.380 (-2.449 to -0-328) :*:] 8
McDonald 1966 22 -0.930 (-1-813 1o -0.047) [ E
Gangadhar 1982 32 1-287 (0-406 t0 2-169) 8
MacSweeney 1975 27 -0:714 (~1:492 10 0.065) | Rl
Dinan 1989 30 ~0-196 (0926 10 0-534) RN o
A/ pe— >
Janakiramaiah 2000 30 -1.005 (-1.863 to -0.328)
b o
Folkerts 1967 40 -1-336 (~-2-032 to -0-640) D:] (oY1)
Herrington 1974 a3 -1.497 (-2:174 to —0-821) } q;)
Stanley 1962 47 -1.342 (-2.047 10 -0.638) D:] C%
Medical Research Council 1965 204 -0.559 (-0-883 to -0.234) ; | ('
Greenblatt 1964 242 ~1.683 (-2.020 to -1.346) ¢ IL_)
L
h4
Pooled fixed effects ~1.010 {~1:170 to ~0-856) )
Pooled random effects ~0-802 {~1-290 to ~0-289) ’
3 -1 0 1 3
Favours ECT Favours
pharmacotherapy

Figure 3; Effect of ECT versus pharmacotherapy on depressive symptoms



Clinical predictors for effect of ECT in
depressed patients (Diermen et al 2018)

4244 Records identfied through database searching 1. Studies assessing the effect of brief- or ultrabrief-pulse ECT
RHGEm on depression severity, published in or after 1995, articles are
935 Medline ovid . ) .

753 Web of science written in English
241 Cochrane . . . .
200 Google scholar 2. Adults (>18 years of age) with uni- or bipolar depression
4042 Excluded based on review of titie and abstract (Conﬁrmed by RDC; DSM'III'R; DSM'IV; DSM'IV'TR; DSM-5 or
1537 Duplicates removed _ H H
o 514 Published before 1995 ICD 10 Crlterla) ) .
' Y Y01 Exchuded hor il st e 3. Presence of psychotic or melancholic symptoms was
202 articles screened confirmed by a structured diagnostic or clinical interview
< 2 0cies aboe thiaeh 4. Classification of patients as ‘responder/non-responder’ or
i e —— ‘remitter/non-remitter’ based on scores on valid clinician rated
o i depression scales (Hamilton Rating Scale for Depression or
e Montgomery—Asberg Depression Rating Scale
14 No full text available/only congress abstract
34 Reported on the same population
~ 19 Not only patients with depression
i 34 No diagnostic classification or depression scale

34 studies included In 46 UISTD DRI L e Included 34 studies reporting on 3276 patients

meta analysis 4 No use of brief or ultrabrief-pulse ECT
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Presence of psychotic symptoms
OR of 1.69 (P < 0.001) for response
and 1.47 (P = 0.001) for remission

The SMD for older age was 0.35 (P < 0.001)
for response analysis, and
0.26 (P < 0.001) for remission

Diermen et al 2018
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Severity of depression and response:
SMD 0.19, P=0.001.

Depression severity was not
associated with remission.

Diermen et al 2018




Conclusion about prognostic signs & symptoms

Depression Correlation m
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Diermen et al. 2018
Bahji et al. 2018
Hag et al. 2015
Dierckx et al. 2012
Heinen et al. 2010



Effect in ECT in cases of treatment resistance

* Response rate 58% for patients with medication failure and 70% for
those without (Haq et al. 2015)




Any Biological predictors for effect?

* Neurotrophic factors
* Brain Derived Neurotrophic Factor

* Resting state connectivity

* Neurotransmittors
e Serotonin, Catecholamines, Glutamate

* Genetic predictors, gene expression
* DRD2, DRD3, COMT...



Resting state connectivity (fMRI)




Time (seconds)

Raichle 2001: The Default mode network
Medial prefrontal cortex,

posterior cingulate cortex,

precuneus, inferior parietal lobules
medial temporal regions

Active when relaxing, daydreaming

Sheline et al 2010
Mulders et al. 2015
Zhao et al 2019




Activity in The Default mode network is
increased in depression

Brakowski et al 2017
Zhiliang et al 2020
Dini et al 2021




Can Resting State Connectivity predict effect?

* Some studies have shown reduced resting state
connectivity in DMN after ECT

Brakowski et al 2017
Zhiliang et al 2020
Dini et al 2021



Does ECT damage the brain?




Why shouldn’t it damage the brain?

* Difficult to treat epilepsy

* Generalized seizure:

* Huge muscular workload = large consumption of oxygen
* Respiration arrest

* The application of the current

* Many patients (and doctors) fear brain damage
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Electroconvulsive therapy increases brain
volume 1n major depression: a systematic
review and meta-analysis

Gbyl K, Videbech P. Electroconvulsive therapy increases brain volume | K. Gbyl (%), P. Videbech
in major depression: a systematic review and meta-analysis Canitre for Newrogsychiatrc Depression Remsarch,

Mental Health Centre Glostrup, Glostrup, Denmark

Objective: The main purpose of this review was to synthesise evidence
on ECT’s effects on brain’s structure.

Method: A systematic literature review of longitudinal studies of D r. K rzys Zt Of G byl
depressed patients treated with ECT using magnetic resonance imaging

(MRI) and meta-analysis of ECT’s effect on hippocampal volume.
Results: Thirty-two studies with 467 patients and 285 controls were
included. The MRI studies did not find any evidence of ECT-related
brain damage. All but one of the newer MRI volumetric studies found
ECT-induced volume increases in certain brain areas, most consistently
in hippocampus. Meta-analysis of effect of ECT on hippocampal
volume yielded pooled effect size: g = 0.39 (95% CI = 0.18-0.61) for
the right hippocampus and g = 0.31 (95% CI = 0.09-0.53) for the left.
The DTI studies point to an ECT-induced increase in the integrity of Key words: electroconvulsive therapy; magnetic
white matter pathways in the frontal and temporal lobes. The results of | resonance imaging: diffusion tensor imaging: depressive
correlations between volume increases and treatment efficacy were Gizordis, major

inconsistent. Krzysztof Gbyl, Centre for Neuropsychiatric Depression
Conclusion: The MRI studies do not support the hypothesis that ECT | Research, Nordre Ringvej 2367, 2600 Glostrup,
causes brain damage; on the contrary, the treatment induces volume Detianl: Bawslammas gy Grag ook
increases in fronto-limbic areas. Further studies should explore the
relationship between these increases and treatment effect and cognitive
side effects. Accepted for publication March 8, 2018
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Fig. 1. Flowchartillustrating the study selection. *After excluding Medline records.




Results

* 32 MRI studies including 467 patients and 285
matched healthy controls

* No study comparing before vs. after ECT using
MRI showed signs of atrophy
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Model Studyname Statistics for each study Std diff in means and 85% CI

Metaanalyses of the volume Sl Swdurd  Lower Upper

inmeans eror Vadance limit limit Zwvalue Pwalue
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Fig. 3. Mecta-analysis of the volume change of the left hippocampus following a series of ECT.



s ECT followed by later development of
dementia?

* Depression itself doubles the risk

of dementia (saczynski 2010, Dinez 2013,
Mourao 2016)

* Severe depression => increased
likelihood of ECT

* We would thus expect increased
prevalence of dementia in
patients receiving ECT




Studies of ECT and dementia (I)

* Chu et al. 2018: 994 ECT-patients "
and 2982 psychiatric controls 600- @ ECT 2274
(age and gender matched) WO, e ¢

* Ca. 50 % with schizophrenia srerepopriEen

* Followed for 10 years £ § ol 17?;

* Prevalence of dementia: 5.0 % £ S
among patients, 4.5 % among 3 g ¢
controls S S + ,

* Osler et al. 2018: Cohort of 23S 200- oy | #
168.015 ptt of which 5901 was =2 i
treated with ECT o 2 4 29 %o

* Followed in 5 year e
. Egtriréenrggl:a?,l.ré %/f))ntrols: 3.1 % in ECT . 1039 339 4;:{9 EoEG BOLD T8 =
e Controlled for age, mortality, social e

conditions, clincal variables



Studies of ECT and dementia (Il)

ORIGINAL STUDY

Long-Term Risk of Developing Dementia After
Electroconvulsive Therapy for Affective Disorders

Simon Hjerrild, MD, PhD,* Johnny Kahlert, MSc, PhD, | Poul-Erik Buchholtz, MD, *
Raben Rosenberg, MD, DMSc, | and Poul Videbech, MD, DMSc§

administered neuropsychological tests and processing speed,

Objectives: Severe depression is associated with an increased risk of de- working memory. anterograde memorv. and some aspects of exec-

2021




Hjerrild et al. 2021

* 1089 consecutive in-patients with affective disorders, receiving ECT during
1982 to 2000

* 3011 in-patients with affective disorders not treated with ECT
* 108,867 individuals randomly selected from the background population
* Followed for 18 years (median value)

* Matched on sex, age, and the non-ECT cohort was further matched
according to diagnoses and admission period and hospital

 Dementia diagnhoses from the national patient health registry

* Analyses adjusted for disease severity, somatic, and psychiatric
comorbidities



Hjerrild et al. 2021

e Difference between the ECT and the non-ECT cohort:

* In the ECT cohort: 30% had psychotic depression and 28 % severe
depression

* In the non-ECT cohort: 13% had psychotic depression and 13 %
severe depression

* The cumulative incidence of dementia
* 13.45% (10.75-16.46%) in the ECT cohort
* 10.53% (8.5-12.81%) in the non-ECT cohort
* 8.43% (8.17-8.7%) in the background cohort



Specific lab-tests

Psychiatry Research 177 (2010) 97-100

Contents lists available at ScienceDirect

Psychiatry Research

.

journal homepage: www.eisevier.com/locate/psychres

Electroconvulsive therapy and biomarkers of neuronal injury and plasticity: Serum
levels of neuron-specific enolase and S-100b protein

Johanna Palmio *"*, Martti Huuhka ¢, Seppo Laine “, Heini Huhtala ®, Jukka Peltola ", Esa Leinonen ¢,
Jaana Suhonen ', Tapani Kerinen "

* S100B — Glia activation increase seen in cranial trauma
* Neuron specific enolase (NSE) — sign of neuron death

* Most studies does not show any increase after ECT

e Gbyl et al. in publication

Gbyl & Videbech 2018



ECT — Electroconvulsive therapy

* Used for 80 years

* Highly effective

* Fast acting

» Safe (mortality, dementia)

he mechanism of action Is unclear

Geddes J et al. Lancet 2003
Kellner CH Acta Psych Scand 2019
Tarring N Acta Psych Scand 2017
Sackeim,HA. JAMA Psychat 2017



A clearer idea of the mechanism may improve ECT-practice

 Making ECT even more effective
with fewer side effects

* Finding better biomarkers of
response

* Reducing prejudice and stigma




THE STORY OF DEPRESSION
AND HOW WE TREAT IT

Alex Rlley

“Boldly ambit , deeply affec and magister n scope.”
—STEVE SILRERM/ \\ ithor of
NeuroTribex: The Legacy of Autism and 1 l of Neurodiversity
Copyrigitted Material



Neurotrophic hypothesis (I)

* Brain Derived Neurotrophic factor
(BDNF) and VGEF

* Important for memory
* Metanalyses: BDNF is low in depression
* Up to 10% decrease in hippocampal volume

on MRI
» After ECT
* Increases in BDNF, VGEF o i vaide 20
* An increase in hippocampal volume on MRI Bolwig & Madsen 2007, Taylor 2008
. Olesen MV et al. Hippocampus 2015 & 2017
» After ECS (in rats) chaetalaotr
» A 2.6-fold increase of neurogenesis in Gbyl & Videbech 2015, Gyl et al. 2019
dentate gyrus Malberg & Madsen 2021



Neurotrophic hypothesis (lI)

« The clinical effect of ECT is linked to increased neurogenesis
* Neurogenesis is present in human brain throughout life

Dentate gyrus

Eriksson PS et al., Nat Med 1998
Fuchs E & Fligge G, Neural Plast 2014



Research questions

* Hippocampal volume is increased by ECT, but only temporarily, why?
* Only in the dentate gyrus?

* The effect on the cortex?

* Long-term effects?

e Relationship with the clinical effect?

e Can baseline structural MRI predict response?



Pre-ECT Post-ECT 'Follow-up

* Gbyl K, Rostrup E, Raghava JM, Carlsen JF, Schmidt LS, Lindberg U, Ashraf A, Jgrgensen MB, Larsson
HBW, Rosenberg R, Videbech P. Cortical thickness following electroconvulsive therapy in patients with
depression: a longitudinal MRI study. Acta Psychiatr Scand. 2019 Sep;140(3):205-216.

* Gbyl K, Stgttrup MM, Mitta Raghava J, Xue Jie S, Videbech P. Hippocampal volume and memory
impairment after electroconvulsive therapy in patients with depression. Acta Psychiatr Scand. 2021
Mar;143(3):238-252.

* Gbyl K, Rostrup E, Raghava JM, Andersen C, RosenberF R, Larsson HBW, Videbech P. Volume of
hippocampal subregions and clinical improvement following electroconvulsive therapy in patients with
depression. Prog Neuropsychopharmacol Biol Psychiatry. 2021 Jan 10;104:110048.
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Clinical effect of ECT

Response rate = 82%
40 p—
Remission rate = 50%
o —20.0 (SD=7.0), p <.0001
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Change In dentate gyrus volume
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Volume increase correlates with clinical improvement

B
Slope =-0.40, p <.0001
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Baseline volume predicts clinical outcome

Baseline Volume & Depression score
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Verbal Memory impairment
Screen for Cognitive Impairment in Psychiatry (SCIP)

* Repeated measurements statistics (FDR-corrected)

e Correlation between DG volume and reduction in
* Right DG, r=-0.85, df =18, p = 0.0000002
* Reft DG, r =-0.58, df =18, p = 0.008




Change In cortical thickness

26 cortical regions

Frontal & temporal lobe
Symmetrically distributed
Increase = 2.3% (SD=0.9)




Right orbitofrontal cortex —

DSyCh omotor retardation 52.9% of the variance of the change in

HRSD-6 could be explained by change
(a) | in OFC thickness

16.00

Regression analysis:

A 1% increase in thickness was
associated with 0.9 point reduction on
HRSD-6 controlling for age (beta =0.9;
95% Cl=0.5t0 1.3;t=4.4;, P=0.0005)

14.00

12.00

10.00

8.00
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2.00 : Gbyl et al. 2019
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Change in cortical thickness

R | g ht Right superior temporal gyrus - Right superior temporal gyrus
. 3.0- 3.0-
superior temporal gyrus AE.
i i
ok ok ok k
29- 29- i | 1
E- 2.8- g-z.e-
g 2 T
£ £
1E £ l\T
g 2.7 g 2.7- l
8 3
2.6- 2.6-
25- 25-
Gbyl et al. 2019 . ! . ; . .
Pre-ECT Post-ECT Follow-up Pre-ECT Post-ECT  Follow-up




Main findings (Gbyl et al. 2019, 2021, 2021)

1. ECTincrease the volume of the DG and most other hippocampal subregions
2. ECT increase the thickness of many cortical (mainly fronto-temporal) areas

3. Theincrease is correlated with clinical improvement

* DG change is correlated to poorer verbal memory

4. Smaller baseline hippocampal subregions predicted better outcome

5. Trend for thinner cortical thickness predicting better response

* No association with cognitive side-effects

6. The increases in volume were temporary



Potential mechanisms

* Edema of the tissue? Not according to studies using
e DWI & DTl studies
« DWI & FLAIR (our sample)
* No edema in relaxometry studies

* Could it be:

* Neurogenesis — probably not
Dendritic branching?

Madsen TM et al., Biol Psychiatry 2000

° Synaptogenesis? Madsen TM et al., Neuropsychopharmacol 2007
Olesen MV et al. Hippocampus 2015
° Gliogenesis? Chen F et al. European Neuropsychopharmacol 2009
. . Nuninga JO et al., Brain Stimul 2020
* Angiogenesis? Szabo K at al., Neurol Res 2007

Kunigiri G at al., Indian J Psychiat 2007
Nuninga JO et al., Mol Psychiatr 2020



precuneus (R)

Multivariate analyses of 192 cases
Red: Increased in responders
Blue: Increased in non-responders

putamen (R)

rostral ACC (L)
supramarginal (R)
rostral middle frontal (L)

dal ACC (R) .
i A pattern of structural changes in

cortical midline, striatal and lateral
PF areas discriminates responders from
non-responders (75% accuracy, p < 0.001)
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Mulders et al 2020

Discriminative map associated with treatment response to electroconvulsive therapy and corresponding structural coefficients.



Conclusions

1. ECT increases the GM in most hippocampal subfields and primarily fronto-temporal

cortex. These increases are temporary
2. Their mechanisms are elusive; neuroplasticity may be one of them
3. Their relationship with clinical improvement is complex
4. The predictive value of baseline hippocampal volumes requires further research

5. There is no evidence that ECT causes persistent brain damage



