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Depressie op late leeftijd

• > 60 jaar
• Prevalentie 9-18%

• Therapie resistent
• Suïcidaal
• Psychotisch
• Psychomotorisch
• Somatische comorbiditeiten

• Nood aan efficiënte en snelle
behandeling
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01.

Global neural loss in 

the cerebral cortex 

and hippocampal 

atrophy leads to 

emotional, behavioral 

and cognitive 

problems

02.

Regional brain 

connectivity is 

disrupted leading to 

impaired neural 

communication which 

impacts brain 

function

03.
Vascular 

deterioration causes 

tissue damage by 

starving tissues of 

oxygen and eliciting 

neuroinflammatory

processes 

04.

The microtubule 

stabilizing protein tau 

becomes 

dysfunctional leading 

to neuronal damage

Grey matter loss White matter damage Vascular damage Proteinopathies

Pathologische veroudering



04.

The microtubule 

stabilizing protein tau 

becomes 

dysfunctional leading 

to neuronal damage

Proteinopathies

PART: Primary Age Related Tauopathy

SNAP: Suspected Non Amyloid Disease

Presence of NFT in absence of Aβ
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GE Signa 3T PET-MR system

Target

Radioligand

PET 
Findings 
in LLD to 
date

18F-Flutemetamol 18F-MK-6240 11C-UCB-J

Amyloid Tau Synaptic density

Β-amyloid NFT SV2A

Mixed: No difference, 
lower in LLD, positive 

corr with mild 
depressive symptoms 
in healthy older adults 

Limited  
inconclusive

No studies in LLD, 
recent report of lower 

SD in mild 
depression/PTSD
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n Age (years) Gender (M/F)

Education 

(primary/high 

school/college/u

niversity)

Depressive 

symptoms 

(GDS)

Apathy (AES)
General cognition 

(MMSE)

Memory + 

Learning 

(RAVLT_A)

Psychomotor 

function (CORE)

LLD 38 72.9 (6.04) 11/26 6/17/11/2 21.08 (6.47) 45.92 (11.7) 26.0 (2.88) 25.6 (9.8) 18.34 (9.54)

Controls 45 70.88 (6.20 17/25 4/19/14/5 2.71 (2.88) 22.2 (5.15) 28.9 (1.34) 39.6 (9.29) 1.21 (1.77)

Statistical 

comparison 

P-value

- 0.194 0.319 0.636 <0.001* <0.001* <0.001* <0.001* <0.001*

Interpretation - No difference No difference No difference
LLD more 

depressed

LLD more 

apathy

LLD worse general 

cognition
LLD worse recall

LLD less interaction, 

more retardation, 

agitation 
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Multimodal neuroimaging investigation of 
brain ageing biomarkers in LLD
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Dr. Thomas Vande Casteele



A

B

Synaptic density is preserved in LLD:

- No evidence for altered synaptic density as 
measured by 11C-UCB-J 

- lower grey matter volumes (hippocampus, 
mesial temporal cortex, prefrontal cortex)

Synaptic Density in LLD
A

B



TAU accumulation in LLD

No difference in tau in depression



Neurobiologie van psychomotore symptomen
in late life depressie
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NEUROBIOLOGIE van PMS in LLD
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PMS = psychomotore retardatie + agitatie

20-50% van MDD3 < LLD4
→ ADL impact, vallen, chroniciteit

<1990 Response op antidepressiva, ECT5

>1990 ↓ Frontostriataal dopamine vs verspreid ↓ CBF, GMV & ↑WML 

NEUROBIOLOGIE van PMS in LLD

3 Calligiuri et al. 2000; 5Reijnders et al. Mov dis 2008, 4Rogers et al. 2002



PMS = psychomotore retardatie + agitatie

20-50% van MDD3 < LLD prodr/MMS4
→ ADL impact, vallen

<1990 Response op antidepressiva, ECT5

>1990 ↓ Frontostriataal dopamine vs verspreid ↓ CBF, GMV & ↑WML

? MDD – ‘normale’ hersenveroudering – prodromale hersenziekte 

NEUROBIOLOGIE van PMS in LLD

3 Calligiuri et al. 2000; 5Reijnders et al. Mov dis 2008, 4Rogers et al. 2002

For review see: Liberg et al. 2015, Bennabi et al. 2013, Buyukdura et al. 2011



Onderzoeksvragen

1. PMS fenotypering → hersenregio’s? (waar?)

2. PMS // stemming, motivatie- of cognitie? (hoe?)

3. PMS // MMS in kader van “natuurlijke hersenveroudering”? (wat?)



29 Source: Sanders et al. Brain Sci. 2020, 10, 215
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Experimenteel: fijne motoriek @ L3D
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Experimenteel: grove motoriek @ L3D
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Experimenteel: gang en spraak @ L3D



Lab for translational neuropsychiatry35



Lab for translational neuropsychiatry36



Lab for translational neuropsychiatry37



Lab for translational neuropsychiatry38



Lab for translational neuropsychiatry39



Lab for translational neuropsychiatry40



Lab for translational neuropsychiatry41

Antipsychotica Benzodiazepine
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Exp motor task HC LLD P

Fingertapping (taps/s)  L

R

2.95 ±0.77

3.03 +0.87

1.80 ±0.76

1.96 ±0.74

<.0001

<.0001
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Exp motor task HC LLD P

Fingertapping (taps/s)  L

R

2.95 ±0.77

3.03 +0.87

1.80 ±0.76

1.96 ±0.74

<.0001

<.0001

Line (free) MT, mean (s) 3.24 ±1.16 6.47 ±4.22 .001

Diamond (free) MT, mean (s) 7.74 ±2.97 13.34 ±5.94 <.001

Circle  (cued) MT, mean (s) 8.32 ±3.35 16.52 ±7.61 <.001

Star (cued) MT, mean (s) 10.51 23.63 <.001

Flags  (cued) MT, mean (s) 12.00 ± 4.27 21.13 ±8.74 <.001
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Exp motor task HC (n=43) LLD (=34) P*

Fingertapping (taps/s)  L

R

2.95 ±0.77

3.03 +0.87

1.80 ±0.76

1.96 ±0.74

<.0001

<.0001

Line (free) MT, mean (s) 3.24 ±1.16 6.47 ±4.22 .001

Diamond (free) MT, mean (s) 7.74 ±2.97 13.34 ±5.94 <.001

Circle  (cued) MT, mean (s) 8.32 ±3.35 16.52 ±7.61 <.001

Star (cued) MT, mean (s) 10.51 23.63 <.001

Flags  (cued) MT, mean (s) 12.00 ± 4.27 21.13 ±8.74 <.001

Turns (turns/s) L

R

1.72 ±0.35

1.78 ±0.34

1.21 ±0.31

1.27 ±0.31

<.001

<.001

Stamps (stamps/s) L

R

2.80 ±0.62

2.76 ±0.67

2.25 ±0.59

2.17 ±0.54

<.001

<.001

Speech (time 12 bars) 18.3 ±3.4 23.9 ±7.6 .0035

Mean gait velocity (m/s)

Mean stride length (m)

1.14 ±0.18

0.54 ±0.08

0.81 ±0.30

0.41 ±0.12

<.001

<.001

*Student’s t test / MWU



Onderzoeksvragen

1. PMS fenotypering →WAAR? ALL OVER THE PLACE

2. PMS // stemmings-, motivationele- of cognitieve symptomen? 

3. PMS // MMS in kader van “natuurlijke hersenveroudering”? (wat?)



Lab for translational neuropsychiatry48

Gezonde controle = HC

Late life depressive patient = LLD

Hogere leeftijd = bleker

Schaal: hoger = slechtere score       



1. PMS // stemming, motivatie en cognitie? 

UPDRSIII = Case*** + Exercise* + Age* + Education + MADRS NS : (F(5,63)=27, R2adj 0.653, p <.0001)



2. PMS // stemming, motivatie en cognitie? 

UPDRSIII = Case*** + Exercise* + Age** + Education + AES NS: (F(5,63)=28, R2adj 0.665, p <.0001)



3. PMS // stemming, cognitie en motivatie? 

UPDRSIII = Case*** + Exercise** + Age + Education + MMSE*: (F(5,62)=30, R2adj 0.686, p <.0001) 

Case: β= 17.5 (p= 4.62e-09)***  MMSE: β= -1.3 (p=.027)* Age: β= 0.4 (p=.019)* Exercise β= -1.7 (p= 0.006) **



Cognitieve subdomeinen: executief (TMTB-A), aandacht (DSF/DSB), taal 
(BNT), geheugen (RAVLT)

Initiatietijd, invloed complexiteit en cueing

3. PMS// cognitie vervolg…



Onderzoeksvragen

1. PMS fenotypering → all over the place

2. PMS <-> stemming/motivationele/(cognitieve) symptomen

3. PMS // MMS in kader van “natuurlijke hersenveroudering”? (wat?)



Lab for translational neuropsychiatry54

3. PMS // MMS bij “natuurlijke hersenveroudering”?

Conclusie: 

MMS in gezonde ouderen (>50 jaar, 

n=54) zijn geassocieerd met 

veralgemeende corticale en 

subcorticale verminderde 

synaptische densiteit 

onafhankelijk van GMV

onafhankelijk van WML



Lab for translational neuropsychiatry55

HC ONLY 

n=54 (43+17) 
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HC ONLY 

n=54 (43+17) 

HC + LLD 

n= 76 (43+33) 



1. PMS ~ alle motore domeinen en cortico-subcorticale modaliteiten

2. PMS ~ antipsychotica of stemming/motivatie/cognitieve symptomen

3. PMS <-> MMS ~ wijdverspreide verminderde syn. densiteit in HC

4. PMS ~ verminderde synaptische densiteit in substantia nigra

5. Limitaties: sample size, WML quantificatie

6. Toekomst: neuropathologische veranderingen?

Lab for translational neuropsychiatry
59

Conclusie



Resting state functional brain changes in late 
life depression
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Task-free

• Eyes closed or eyes open while keeping awake

• Feasible for patients with declined cognitive 

functions

Functional Connectivity (FC)

• Synchronization of time courses between two 

brain regions

Neuropsychiatry, Leuven Brain Institute61

Resting-state functional MRI 

(rs-fMRI)



Well-investigated rs-fMRI findings in specific regions:

• FC, ReHo, ALFF, … etc

• Across various psychiatric disorders

Shifted Attention to Network-Level Analysis – Graph Theory

• The Global and Nodal levels

• Functional Segregation, Functional Integration, Hub Identification

Neuropsychiatry, Leuven Brain Institute62

resting-state fMRI (rs-fMRI):  a popular approach for 

Psychiatric Research
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Network Construction

Neuropsychiatry, Leuven Brain Institute64

Threshold/Sparsity
Binarize

(Rubinov and Sporns, 2010)



Neuropsychiatry, Leuven Brain Institute65

Functional Segregation:

• Clustering Coefficient (CC)

Functional Integration:

• Characteristic Path Length (Lp)

Small-Worldness (σ)

• The balance of CC and Lp

Global Topological Properties



Hub Identification – Betweenness Centrality (BC)

Neuropsychiatry, Leuven Brain Institute66

• The extent of shortest paths between all node pairs in the network that 

pass through a given index node



Gaps in previous studies applying Graph Theory-

based approach to LLD patients:

Rare Utilization of Weighted Networks

Exclusion of the Cerebellum from Network Construction

Neuropsychiatry, Leuven Brain Institute67



Corresponding changes in Synaptic Density (SD)?

• The association between regional SD and rs-fMRI activities in 

healthy young adults and depressive patients (Holmes et al., 

2019; Fang et al., 2023)

• Unclear relationship between SD and rs-fMRI topological 

properties in LLD patients

Neuropsychiatry, Leuven Brain Institute68



Neuropsychiatry, Leuven Brain Institute69

rs-fMRI

• Network changes in 
LLD patients

Hypothesis 1: rs-fMRI network changes in LLD patient 

resting-state 

fMRI
Network Changes

Graph Theory Approach

Weight networks including the cerebellum

• Weighted Networks

• Include the cerebrum and cerebellum

• At the global and nodal levels



Neuropsychiatry, Leuven Brain Institute70

rs-fMRI

• Network changes in 
LLD patients

11C-UCB-J Regional SD

Nodes showing network changes

11C-UCB-J

• Regional Synaptic 
Density (SD) changes

Hypothesis 2: Corresponding changes in regional SD

• Weighted Networks

• Include the cerebrum and cerebellum

• At the global and nodal levels



Neuropsychiatry, Leuven Brain Institute71

rs-fMRI

• Network changes in 
LLD patients

PSY MADRS
Focus on depressive symptoms

11C-UCB-J

• Regional Synaptic 
Density (SD) changes

PSY

• Depressive symptoms 
(MADRS)

Hypothesis 3: Relationships among SD, BC, and Depression

• Weighted Networks

• Include the cerebrum and cerebellum

• At the global and nodal levels



Neuropsychiatry, Leuven Brain Institute72

HC (n = 33) LLD (n = 18) Group Comparison

Age (Year) 70.48 ± 6.37 71.39 ± 5.77 t = -0.515, p = 0.61

Sex (female/male) 20/13 13/5 x2 = 0.274, p = 0.601

MMSE 29.09 ± 0.98 26.44 ± 2.99 t = 3.645, p = 0.002**

MADRS 0.88 ± 1.71 26 ± 11.34 t = -9.337, p < 0.001***



Weighted Networks including the cerebrum and 

cerebellum

272 nodes/ROIs:

• 246 cerebral ROIs from the Brainnetome Atlas

• 26 cerebellar ROIs from the AAL3 Atlas

7 sparsity/threshold levels: 10%-40% with steps of 5%

Non-Parametric Permutation Tests with 5000 iterations

Neuropsychiatry, Leuven Brain Institute73



The associations among 

rs-fMRI network changes, 

Regional SD, and 

depressive symptoms

Spearman Correlation

• Covariates: age, gender

Neuropsychiatry, Leuven Brain Institute74

rs-fMRI

• Network changes in 
LLD patients?

11C-UCB-J

• Regional Synaptic 
Density (SD)

PSY

• Depressive symptoms 
(MADRS)

? ?

?



1. The selected threshold: p < 0.01**

•Network change (BC)

•Spearman correlations among SD, BC, and MADRS

2. Significant at least 2 continuous sparsity levels

Neuropsychiatry, Leuven Brain Institute75

Criteria for robust results
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rs-fMRI

• Network changes in 
LLD patients?

11C-UCB-J

• Regional Synaptic 
Density (SD)

PSY

• Depressive symptoms 
(MADRS)

?

Neuropsychiatry, Leuven Brain Institute

Altered BC & Preserved Global Organization

• Weighted Networks

• Include the cerebrum and cerebellum

• At the global and nodal levels



Neuropsychiatry, Leuven Brain Institute77

Decreased BC were found in the 

mPFC and left STG

***

**

***

***

***

***

***

**

**

mPFC

STG



Neuropsychiatry, Leuven Brain Institute78

**

**

**

**

Increased BC was found in the Vermis

Vermis
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rs-fMRI

• Network changes in 
LLD patients?

11C-UCB-J

• Regional Synaptic 
Density (SD) changes?

PSY

• Depressive symptoms 
(MADRS)

Neuropsychiatry, Leuven Brain Institute

?

Altered BC & Preserved Global Organization

No Group Difference

• Weighted Networks

• Include the cerebrum and cerebellum

• At the global and nodal levels



No group difference in nodes showing network changes:

• Decreased BC: the mPFC, left STG

• Increased BC: the Vermis

Positive Correlations between regional SD and BC in a cerebellar region 

across 3 sparsity levels

Neuropsychiatry, Leuven Brain Institute80

No group difference in regional SD, but correlations 

between regional SD and BC

SD TP 10% 15% 20% 25% 30% 35% 40%

Vermis_7 BC_117a r 0.227 0.761 0.761 0.761 

p 0.479 0.007** 0.007** 0.007**
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rs-fMRI

• Network changes in 
LLD patients

11C-UCB-J

• Regional Synaptic 
Density (SD)

PSY

• Depressive symptoms 
(MADRS)

Neuropsychiatry, Leuven Brain Institute

No Group Difference

Altered BC & Preserved Global Organization

?

?

• Weighted Networks

• Include the cerebrum and cerebellum

• At the global and nodal levels



Neuropsychiatry, Leuven Brain Institute82

Depressive symptoms are 

reliably correlated with BCmPFC, 

but not regional SD

Index Direction Label Score sig. 10% 15% 20% 25% 30% 35% 40%

BC Worse mPFC MADRS r -0.644 -0.572 -0.707 -0.704 -0.681 -0.681 -0.681

p 0.007** 0.02* 0.002** 0.002** 0.004** 0.004** 0.004**
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rs-fMRI

• Network changes in 
LLD patients

11C-UCB-J

• Regional Synaptic 
Density (SD)

PSY

• Depressive symptoms 
(MADRS)

Neuropsychiatry, Leuven Brain Institute

Main findings in 

LLD patients

1. Significant Hub changes in LLD patients

Hub alterations

No Group Difference

2. Regional SD is correlated to hub changes

3. Robust correlations 

between BCmPFC and 

Depressive Symptoms

BCvermis
BCmPFC



84 Neuropsychiatry, Leuven Brain Institute

Conclusion

The Potential Involvement of 

the Cerebellum

The Potential Sensitivity of SD 

for Hub Changes

The Pivotal Role of the mPFC in LLD1. Significant Hub changes in LLD patients

2. Regional SD is correlated to hub changes

3. Robust correlations 

between BCmPFC and 

Depressive Symptoms

1. Significant Hub changes in LLD patients

2. Regional SD is correlated to hub changes

3. Robust correlations 

between BCmPFC and 

Depressive Symptoms



Synaptische plasticiteit: Een zoektocht naar
het mechanisme achter ECT
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Geschiedenis & Evolutie van ECT

Hoy & Fitzgerald, 2010

• 1934: Ladislas Meduna (camphor)

• 1938: Ugo Cerletti & Lucio Bini

• 1944: Brief pulse

• 1952: modified ECT (anesthesie)

• 1976: FDA goedkeuring voor MDD



ECT & Depressie
Level A: Definite Evidence*

• Acute suicidalieit

• MDD met psychotische kenmerken

• Therapie resistente depressie

Predictors of Response**

• Ernst van de depressie

• Leeftijd

• Psychotische kenmerken

Predictors of Remission**

• Leeftijd

• Psychotische kenmerken

*Kennedy et al. 2009 J Affect Disord (CANMAT)
**Van Diermen et al. Br J Psychiatry

Mutz et al., 2019



Gene Expression
Protein Synthesis

…

Neurogenesis
Synaptogenesis

…

Long term potentiation
Functional connectivity

…

Moleculair Structureel Functioneel

Neurobiologie van ECT



Neurobiologie van ECT

Gene expression
Protein Synthesis

…

Moleculair

• Neurotrophic Factors

• Cytokines

• Hormones

• Metabolites

• Neurotransmitters

• Enzymes

• Others



Neurobiologie van ECT

Gene expression
Protein Synthesis

…

Moleculair

Erchinger et al. 2023

N-acetylaspartate



Neurobiologie van ECT

Grijze stof
…

Structureel

• Grey Matter Volume

• Cortical Thickness

• Morphology, shape & gyrification

• White Matter

• Perfussion Effects

• Edema

• Other



Neurobiologie van ECT

Grijze stof
…

Structureel

Laroy et al. (in prep)



Neurobiologie van ECT

Functionele 
connectiviteit

…

Functioneel

• Functional Connectivity

• (f)ALFF

• Task-based fMRI

• Graph Theory

• Cortical excitability

• Graph Theory



Neurobiologie van ECT

Functionele 
connectiviteit

…

Functioneel

Li et al. 2022



Wat is het werkingsmechanisme?

?



Wat is het werkingsmechanisme?



Neurobiologie van ECT

Synaptische 
densiteit

Grijze stof

PSY

COG



L3D: Synaptische plasticiteit bij ECT

Neuroplasticiteit

Structurele Beeldvorming - MRI

Longitudinaal design

Moleculaire Beeldvorming - PET



L3D: Synaptische plasticiteit bij ECT

Included
N = 17

PRE-ECT Scan
N = 13

POST-ECT Scan
N = 10

Drop-out (n = 4):
• Withdrawal of consent prior to scan due to psychotic state (n = 1)
• Adverse event ( n = 1)
• Radiotracer failure and no possibility to delay treatment due to disease 

severity (n = 2)

Drop-out (n = 3):
• Due to COVID-19 Hospital lockdown no scanning could be conducted (n = 1)
• Withdrawal of ECT and study consent due to significant improvement (n = 1)
• Radiotracer failure (n = 1)



ECT Cohorte

• Leeftijd: 73j
• Sex: 9♀ - 1♂
• Psychotische kenmerken: 40%
• Late Onset Depression: 50%
• Age of onset: 50j
• Duur huidige episode: 27w

• Aantal ECTs: 10
• Scan Interval post-ECT: 2d17h

• Respons op ECT: 70%
• Remisssie na ECT: 60%

MADRS pre-ECT: 30.1
MADRS post-ECT: 11.8



Structurele veranderingen na ECT



Synaptische veranderingen na ECT



Synaptische veranderingen na ECT

Zijn de structurele veranderingen 
geassocieerd met synaptische 
veranderingen?



Synaptische veranderingen na ECT



Wat met klinische associaties?



Wat met klinische associaties?



Wat met klinische associaties?



Wat met klinische associaties?

• Bij Remissie patiënten: Grijze stof toename na ECT gaat 
gepaard met toename in synaptische densiteit

• Bij non-Remissie patiënten: Grijze stof toename na ECT 
gaat gepaard met afname in synaptische densiteit





Verschillen in toename grijze stof tussen Remissie vs. non remissie?

Verschillen in grijze stof op baseline tussen Remissie vs. non remissie?

Verschillen in synaptische densiteit op baseline Remissie vs. non remissie?

Verschillen in grijze stof tussen ECT vs. non-ECT?

Verschillen in synaptische densiteit tussen ECT vs. non-ECT?

Ja

Nee

Nee

Nee

Nee



Physiology

Behaviour

Social network

Society

DISRUPTION
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