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Kort	
  videofragment	
  



•  “I	
  know	
  I	
  need	
  to	
  be	
  doing	
  something,	
  and	
  I	
  
feel	
  it	
  in	
  my	
  heart,	
  but	
  I	
  just	
  can’t	
  make	
  myself	
  
do	
  anything.	
  I’m	
  just	
  so	
  dead	
  inside,	
  
something	
  I	
  am	
  really	
  struggling	
  with,	
  I	
  am	
  
going	
  to	
  have	
  to	
  talk	
  to	
  my	
  doctor	
  about,	
  
because	
  this	
  is	
  absolutely	
  horrible.”	
  



Defini)on	
  of	
  apathy	
  
(Levy	
  &	
  Dubois	
  ,	
  2006)	
  

“Quan)ta)ve	
  reduc)on	
  of	
  self-­‐generated	
  
voluntary	
  and	
  purposeful	
  behaviors.”	
  
	
  
	
  
	
  
	
  



Cogni)ve	
  neuropsychiatry	
  
•  A	
  theory-­‐driven	
  approach	
  that	
  aQempts	
  to	
  explain	
  

psychiatric	
  symptoms	
  in	
  terms	
  of	
  cogni)ve	
  brain	
  processes	
  

•  Connects	
  clinical	
  psychiatry	
  with	
  cogni)ve	
  psychology	
  and	
  
the	
  neurosciences	
  

Halligan	
  &	
  David	
  (2001)	
  Nature	
  Reviews	
  Neuroscience	
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Dorsal frontostriatal/
parietal circuit 

Reduced initiation of action due 
to diminished cognitive control 

Cognitive apathy 



Ventral frontostriatal 
circuit 

failure to signal the salience of 
positive events 

Emotional apathy 





Apathy	
  

Ø common	
  in	
  schizophrenia	
  pa)ents	
  	
  

Ø Understanding	
  apathy	
  is	
  important,	
  as	
  apathy	
  is	
  the	
  
strongest	
  predictor	
  of	
  poor	
  func)oning,	
  
unemployment,	
  severity	
  of	
  illness	
  and	
  worse	
  outcome	
  
in	
  rou)ne	
  clinical	
  prac)ce	
  

apathy	
  



Negative symptoms: two factors 

Expl FA in 664 patients 
Confirm FA in 2172 pts 

-  Factor 1: Expressive deficits/ 
lack of initiative 

- Factor 2: Social amotivation 



Right DLPFC: major hub? 
Neural correlates of apathy in 
frontotemporal dementia (Zamboni et al. 
2008): right DLPFC 

Nega)ve	
  Symptoms	
  and	
  Hypofrontality	
  of	
  glucose	
  
metabolism	
  in	
  Chronic	
  Schizophrenia	
  (Wolkin	
  et	
  
al.	
  1992	
  Arch	
  Gen	
  Psychiat)	
  

fMRI in neuroleptic-naive 
patients, Riehemann et 
al. (2011) 



Voxel-based morphometry meta-
analysis 



Parietal cortex and negative symptoms in drug-
free scz patients 



First findings: Tower of London 

Healthy controls, N=14 
Schiz pts, low apathy, N=14 
Schiz pts, high apathy, N=13 





Associa)on	
  with	
  apathy	
  







Guimarães et al 2008 



Types	
  of	
  apathy	
  
Stuss,	
  van	
  Reekum	
  &	
  Murphey,	
  2000;	
  Levy	
  &	
  Dubois,	
  2006)	
  

o  Different	
  cogni)ve	
  deficits	
  
o  Different	
  underlying	
  neural	
  substrates	
  
o  Different	
  approaches/	
  treatment?	
  

Cogni)ve	
  apathy	
  	
  
(CA)	
  

Social-­‐emo)onal	
  apathy	
  	
  
(SEA)	
  



Objec)ve	
  

Differen)al	
  neural	
  base	
  for	
  CA	
  and	
  SEA?	
  
	
  

DLPFC	
  

Parietal	
  

Caudate	
  nucleus	
  
Putamen	
  
Globus	
  pallidus	
  

Amygdala	
  

VMPFC	
  



Social-­‐emo)onal	
  apathy	
  (SEA)	
  

o  Interest/	
  mo)va)on	
  
o Signaling	
  salience	
  of	
  posi)ve	
  events	
  

	
  Difficul)es	
  an)cipa)ng	
  pleasure	
  



Neural	
  base	
  of	
  SEA	
  

Putamen	
  
Globus	
  pallidus	
  

Amygdala	
  

VMPFC	
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IAPS	
  picture 

	
  
Result	
  

Cumula@ve	
  result 
	
  

Response	
  

 

500ms 1500ms 3500ms 2500ms 1500ms 

Effort	
  task	
  
	
  (Pessiglione	
  et	
  al.,	
  2007;	
  Schmidt	
  et	
  al.,	
  2012)	
  



Effort	
  task	
  
	
  (Pessiglione	
  et	
  al.,	
  2007;	
  Schmidt	
  et	
  al.,	
  2012)	
  

Reward	
  an@cipa@on	
  
•  ventral	
  striatum	
  (NAcc)	
  
•  ventral	
  pallidum	
  
•  thalamus	
  
•  insula	
  
•  middle	
  temporal	
  gyrus	
  
•  PCC	
  

Effort	
  computa@on	
  
•  ventral	
  striatum	
  (NAcc)	
  
•  ACC	
  
	
  



	
  
Rou)ne:	
  brushing	
  your	
  

teeth	
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…imagine	
  and	
  close	
  

your	
  eyes…	
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Affec)ve	
  Forecas)ng	
  task	
  	
  
(d’Argembeau	
  et	
  al.,	
  2008)	
  



Affec)ve	
  Forecas)ng	
  task	
  	
  
(d’Argembeau	
  et	
  al.,	
  2008)	
  

•  Posi)ve	
  future	
  events	
  &	
  rou)ne	
  events	
  
•  Posi)ve	
  >	
  nega)ve	
  

–  VMPFC	
  
–  Caudate	
  
–  middle/superior	
  frontal	
  
–  PCC	
  

•  Envisioning	
  salient	
  future	
  events:	
  VMPFC,	
  PCC	
  
(d’Argembeau	
  et	
  al.,	
  2012)	
  



Cogni)ve	
  apathy	
  (CA)	
  

o  Ini)a)ve	
  
o Cogni)ve	
  control	
  
	
  

	
  Difficul)es	
  ini)a)ng	
  behaviour	
  



Neural	
  base	
  of	
  CA	
  

DLPFC	
  

Parietal	
  

Caudate	
  nucleus	
  



Self	
  Ini)a)ve	
  task	
  	
  
(Hoffstaedter	
  et	
  al.,	
  2012)	
  



Self	
  Ini)ta)ve	
  task	
  	
  
(Hoffstaedter	
  et	
  al.,	
  2012)	
  

•  ‘What’	
  &	
  ‘when’	
  (Haggard	
  &	
  Brass,	
  2008)	
  
– What	
  

•  presupplementary	
  motor	
  area	
  (SMA)	
  
•  dorsal	
  premotor	
  cortex	
  

– When	
  
•  superior	
  SMA	
  
•  Insula	
  
•  BA	
  44	
  
•  anterior	
  putamen	
  
•  globus	
  pallidus	
  
•  cerebellum	
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Go/No-­‐Go	
  task	
  	
  
(Wager	
  et	
  al.,	
  2005)	
  



Go/No-­‐Go	
  task	
  	
  
(Wager	
  et	
  al.,	
  2005)	
  

•  Response	
  inhibi)on	
  (No/Go>Go)	
  
–  parietal	
  (BA	
  7&40)	
  	
  
–  ant.	
  prefrontal	
  (BA	
  10)	
  
–  DLPFC	
  (BA	
  9&46)	
  
–  Insula	
  
–  ACC	
  &	
  PCC	
  
–  putamen	
  
–  thalamus	
  



Hypotheses	
  

DLPFC	
  

Parietal	
  

Caudate	
  nucleus	
  
Putamen	
  
Globus	
  pallidus	
  

Amygdala	
  

VMPFC	
  



Hypotheses	
  

	
  Altered	
  (reduced)	
  ac)va)on	
  in	
  pa)ents	
  
	
  

	
  Altered	
  (reduced)	
  connec)vity	
  of	
  networks	
  
	
  in	
  pa)ents	
  

	
  



Par)cipants	
  

80	
  
par)cipants	
  

20	
  high	
  CA	
  SZ	
  	
  

20	
  high	
  SEA	
  SZ	
  

20	
  low	
  apathy	
  SZ	
  

20	
  healthy	
  controls	
  



Study	
  design	
  
Se
ss
io
n	
  
1	
  

Se
ss
io
n	
  
2	
  

Se
ss
io
n	
  
3	
  

SEA	
   CA	
  



Innovative treatment: transcranial magnetic 
stimulation (TMS) 



Zo	
  dachten	
  wetenschappers	
  al	
  aan	
  het	
  begin	
  van	
  de	
  
20ste	
  eeuw.	
  Zij	
  experimenteerden	
  met	
  magne)sche	
  
s)mula)e	
  van	
  het	
  brein	
  (D’Arsonval;	
  Magnussen	
  &	
  
Stevens)	
  
	
  
	
  

Neuros)mula)on	
  avant	
  la	
  leQre…	
  



Nega)eve	
  symptomen	
  en	
  de	
  hersenen	
  

•  Nega)eve	
  symptomen	
  zijn	
  in	
  verband	
  gebracht	
  met	
  een	
  
verminderde	
  hersenac)viteit	
  in	
  de	
  prefrontale	
  cortex,	
  met	
  
name	
  de	
  dorsolaterale	
  prefrontale	
  cortex	
  (Siever	
  and	
  Davis,	
  
2004;Tan	
  et	
  al.,	
  2007)	
  	
  

	
  
•  Daarnaast	
  speelt	
  de	
  prefrontale	
  cortex	
  een	
  belangrijke	
  rol	
  

in	
  de	
  regula)e	
  van	
  dopaminerge	
  neuronen	
  in	
  het	
  
middenhersenen.	
  Deze	
  regula)e	
  is	
  mogeljk	
  verstoord	
  bij	
  
mensen	
  met	
  schizofrenie	
  (Laruelle	
  et	
  al.,	
  2003;	
  Meyer-­‐Lindenberg	
  et	
  al.,	
  
2002)	
  	
  

	
  	
  



Dosering	
  van	
  de	
  rTMS	
  

	
  
•  Frequen)e	
  in	
  Hertz	
  (pulsen	
  per	
  seconde)	
  

•  Duur	
  van	
  de	
  behandeling	
  

•  Intensiteit	
  van	
  de	
  magneetpuls	
  

•  Aantal	
  magneetpulsjes	
  



J Clin Psychiat, 2010 



TRENSS:	
  een	
  RCT	
  in	
  Groningen	
  

•  10	
  Hz	
  
•  3	
  weken	
  
•  Bilaterale	
  dorsolaterale	
  prefrontale	
  cortex	
  (DLPFC)	
  
•  Tweemaal	
  per	
  dag	
  
•  Dubbelblind	
  
•  Placebo	
  gecontroleerd	
  



Het	
  studiedesign	
  

32	
  pa)ënten	
  	
  

Bilaterale	
  rTMS	
  	
  
n=16	
  

voorme)ng:	
  
fMRI	
  +	
  NPO	
  +	
  PANSS/SANS	
  

4	
  weken	
  follow-­‐up	
  me)ng:	
  
PO	
  +	
  PANSS/SANS	
  

name)ng:	
  
fMRI	
  +	
  NPO	
  +	
  PANSS/SANS	
  

3	
  maanden	
  follow-­‐up	
  
me)ng:	
  PANSS/SANS	
  

Placebo	
  
behandeling,	
  

n=16	
  

	
  



Het	
  verloop	
  

•  Deelnemers	
  geworven	
  in	
  Noord	
  Nederland	
  (UMCG,	
  Len)s,	
  GGz	
  Drenthe	
  en	
  GGz	
  
Friesland)	
  

•  Behandelloca)e:	
  UMCG	
  en	
  Len)s	
  

•  Er	
  zijn	
  34	
  deelnemers	
  geïncludeerd,	
  waarvan	
  32	
  mensen	
  
	
  het	
  hele	
  protocol	
  hebben	
  doorlopen	
  

•  Eerste	
  deelnemer	
  is	
  in	
  februari	
  2009	
  geïncludeerd,	
  	
  
	
  deelnemer	
  32	
  in	
  februari	
  2013	
  

	
  
	
  



Resultaten:	
  Dlabac-­‐de	
  Lange	
  et	
  al.	
  Psychol	
  Med	
  2014	
  



Adverse	
  events	
  en	
  bijwerkingen	
  

Er	
  hebben	
  zich	
  geen	
  erns)ge	
  gebeurtenissen	
  voorgedaan	
  
	
  
Regelma)g	
  genoemde	
  bijwerkingen:	
  
•  Spiertrekkingen	
  in	
  het	
  gezicht	
  
•  Lichte	
  hoofdpijn	
  



Treatment of social-emotional apathy? 

•  Behavioral activation therapy (BAT) 
– 40 patients in active group (2 months) 
– 40 patients in control group (cogn training and 

“small talk”) 

•  Effective in depression, activates reward 
systems of the brain (Dichter et al. 2008 Biol 
Psychiat.) 



Objectives of current neuroimaging project in MCI: 

•  Elucidate neural correlates of apathy in aMCI 

•  Discover structural and functional changes due to apathy & aMCI 

•  Measures:  
•  fMRI (oxygen use in the brain) 
•  DWI (diffusion of water in brain tissue to asses white matter 

connectivity/integrity) 
•  H MRS (spectroscopy technique using MR signal to detect 

abnormal levels of important molecules such as N-Acetyl Aspartate 
(NAA), Creatine and Phosphocreatine (Cr), myo-Inositol (ml), 
Glycerophosphocholine and phosphocholine (Cho), Glutamine and 
glutamate (Glu) 

•  Cognitive and behavioural assessment using a battery of 
neuropsychologial tests 

Collaboration of Dept Neurol UMCG, Alzheimer Res (prof. De Deyn; F. Reesink, prof. Kremer) 
with Neuroimaging Center Groningen (Prof. Aleman, S. Tumati, Dr S. Martens) 



Thank you for your attention! 
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