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Outlines	  

•  Heterogeneity of cognitive profile in Parkinson’s 
disease (PD): mix of different neuropsychological, 
neurochemical, clinical and neurosubstrates profiles. 

•  Screening of cognitive deficits for Parkinson MCI and 
dementia detection: structural interview, cognitive 
scales and neuropsychological assessments. 



Introduc&on	  



PD as a Neuropsychiatric Disorder 
•  DSM-‐5	  encapsulated	  	  

– Depression,	  psychosis,	  cogni<ve	  impairment,	  
impulse	  control	  disorders,	  anxiety,	  apathy,	  
disorders	  of	  sleep	  and	  wakefulness	  	  

•  Neural	  substrate	  relevant	  to	  neuropsychiatry	  
– Brain	  regions	  (basal	  ganglia,	  prefrontal	  cortex),	  	  
neurotransmiFers	  (dopamine,	  norepinephrine,	  
serotonin,	  acetylcholine	  and	  glutamate),	  neural	  
pathways	  (cor<co-‐striatal-‐thalamic	  circuitry)	  

•  Inter-‐	  and	  intra-‐individual	  variability	  allows	  
study-‐	  cogni<ve	  fluctua<on	  



Non-‐Motor	  Symptoms	  in	  PD	  Increasingly	  
Recognized	  as	  Important	  

Weintraub	  and	  Burn.	  Movement	  Disorders	  2011;26:1022-‐1031.	  



What	  Concerns	  Pa<ents,	  Caregivers	  and	  
Providers	  

Deane et al. BMJ 2014;4:e006434. 



Limited	  Therapeu<c	  Op<ons	  Currently	  



Cogni&ve	  impairment	  



Lancet	  Neurology,	  2010	  



Prefrontal	  Cortex-‐striatum	  networks	  



Lancet	  Neurology,	  2010	  



Noradrenergic	  dysfunc0on	  (locus	  coeruleus)	  in	  PD	  probably	  underlies	  the	  a:en0onal	  set	  
shi;ing	  deficit,	  which	  forms	  part	  of	  the	  dysexecu0ve	  syndrome.  
 
Weintraub et al. Neurology 2010;75:448-455.          
 Kehagia et al. Brain 2014;137:1986-1997.	  
	  
Some	  frontal	  cholinergic	  deficit	  (cor0co-‐striato-‐thalamic	  loop/nigrostriatal	  system)	  also	  
compromises	  early	  Parkinson’s	  disease	  cogni0on.	  
	  
Bohnen et al. Archives of Neurology 2003;60:1745-1748.  
Meyer et al. Arch Gen Psychiatry 2009;66:866-877. 
 
	  
	  
	  

NeurotrasmiFers	  projecHon	  loss	  in	  PD	  



•  PET imaging in patients with mild AD, PDD, and PD without dementia show 
greater and more extensive reductions in cortical AChE levels in PDD 
compared to AD of similar dementia severity [Bohnen NI 2003].  

•  Cortical cholinergic denervation affects esecutive processes[Bedard 
MA, 1999 ] and include symptoms such as visual allucination, depression 
and/or apathy and impaired activities of daily living [BohnenN 2007,2009].  

•  Subcortical cholinergic denervation, may relate to hyposmia, the 
presence of dopamine non-responsive gait and balance impairments, 
including falls, in PD [Stein JF et al 2009]. 



The	  pa:ern	  of	  Cogni0ve	  Impairment	  in	  PD	  is	  
heterogeneous	  
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Muslimovic et al. Neurology 2005; 65: 1239-1245 
 

Biundo et al., J Neural Transm 2013; 120:627-33 



Spectrum	  of	  cogni&ve	  impairment	  in	  PD	  

Normal	  Cogni0on	   PD-‐MCI	  
30%	  (20-‐55%)	  

PDD	  
50%	  at	  15ys	  

•  Cogni<ve	  impairment	  
•  Normal	  general	  cogni<ve	  

func<oning	  	  
•  Normal	  func<oning	  in	  

ac<vi<es	  of	  daily	  living	  
	  	  

•  Severe	  cogni<ve	  
impairment	  	  

•  Impairing	  daily	  func<on	  	  



Demen&a	  in	  Parkinson’s	  Disease	  (PDD)	  

•  The	   point	   prevalence	   is	   30%	   and	   the	   incidence	   rate	   is	  
increased	  4	   to	  6	  <me	  compared	   to	  age-‐matched	  controls	  
(Emre	  et	  al.,	  2007).	  

•  The	   cumula0ve	   prevalence	   is	   reported	   to	   be	   up	   to	   83%	  
aYer	  20	  years	  of	  follow	  up	  (Williams-‐Gray	  et	  al.	  2013;	  Hely	  et	  al	  2008;	  

Perez	  et	  al.,	  2012).	  

•  The	   main	   risk	   variables	   include	   higher	   age,	   lower	  
educa<on,	   longer	   disease	   dura<on,	   depression,	  
hallucina<on,	  MCI	   at	   baseline,	   rigidity,	   gait	   disturbance	  
and	  postural	  instability.	  



It affects 
functioning and 
quality of life 

It increases  
heathy care 
burden 

……only	  25%	  of	  PD	  pts	  with	  
demen<a	  are	  recognised	  by	  
clinicians	  in	  rou<ne	  care	  



Mild	  cogni<ve	  changes	  even	  in	  newly	  diagnosed,	  untreated	  
PD,	   are	   associated	   with	   increasing	   age,	   disease	   dura<on,	  
and	  disease	  severity	  (Biundo	  et	  al.,	  2013,	  Aarsland	  et	  al.,	  2011;	  Troster	  et	  al.,	  
2011;	  Williams-‐Gray	  et	  al.,	  2007).	  
	  
PD	  pa<ents	   have	   an	   increased	   risk	   of	   developing	   cogni<ve	  
impairment,	  and	  those	  with	  MCI	  may	  progress	  to	  demen<a	  
more	   frequently	   and	   more	   rapidly	   than	   those	   without	  
cogni<ve	  impairment	  (CI)	  (Pedersen	  et	  al	  2013;	  Barone	  et	  al.,	  2011;	  Janvin	  
et	  al.,	  2006;	  Williams-‐Gray	  et	  al.,	  2009).	  	  

Parkinson	  with	  mild	  cogni0ve	  impairment	  (PD-‐MCI)	  



	  Cogni&on	  in	  Untreated,	  Early	  PD:	  
PPMI	  Study	  

Weintraub	  et	  al.	  Movement	  Disorders	  2015;10.1002/mds.26170.	  



Frequent	  Progression	  From	  MCI	  to	  
Demen&a	  Over	  3-‐5	  Years	  

Pigott et al. Neurology (in press). 

Long-‐term	  outcomes	  for	  
incident	  MCI	  in	  
established	  PD	  



 
To	  implement	  rehabilita0ve	  interven0ons	  can	  
ul<mately	  have	  great	  effect	  on	  	  
pa0ents	  quality	  of	  life,	  	  
cogni0ve	  symptom	  relief	  and	  
	  promo<on	  of	  func0onal	  independence	  

Early	  MCI	  detecHon	  may	  ameliorate	  accuracy	  of	  
DemenHa	  and	  enhance	  the	  pharmacological	  and	  
rehabilitaHon	  treatment	  
 



•  Two	  test	  for	  each	  of	  the	  5	  
cogni<ve	  domain:	  aFen<on,	  
execu<ve,	  language,	  memory	  
and	  visuo-‐spa<al	  

•  Impairment	  (>	  1,	  1.5,	  2	  SD	  
below	  the	  norma<ve	  mean)	  on	  
at	  least	  two	  NPSI	  tests	  

Impairment	  on	  a	  scale	  of	  globale	  
cogni<ve	  ability	  or	  in	  at	  least	  two	  
tests	  



To	  validate	  the	  MDS	  PD-‐MCI	  criteria	  by	  pooling	  and	  analyzing	  cross-‐
sec<onal	  and	  longitudinal	  neuropsychological	  databases	  comprising	  ≥5,500	  
PD	  pa<ents	  and	  ≥1,700	  controls.	  

26 sites 



Current	  issues	  about	  PD-‐MCI	  	  
	  
	  

 
•  Neuropsychological	  issues.	  No	  specific	  global	  cogni<ve	  scale	  (MMSE	  vs	  

MoCA)	  or	  neuropsychological	  test	  baFery	  to	  detect	  cogni<ve	  impairment	  in	  
PD	  or	  cogni<ve	  decline	  over	  <me	  (Biundo	  et	  al	  2013;	  Marras	  et	  al	  2010;	  Lessig	  et	  
al	  2012;	  Hu	  et	  al	  2014)	  

	  
•  Sta<s<cal	  issues.	  A	  threshold	  values	  	  (-‐1	  or	  -‐1.5	  or	  -‐2	  SD)	  is	  a	  rather	  crude	  

approach	  assuming	  each	  test	  contributes	  in	  an	  equivalent	  manner	  to	  
iden<fy	  the	  cogni<ve	  state	  of	  the	  individual	  examined	  (Biundo	  et	  al.2013)	  

	  
•  Neuroimaging	  issues.	  Cor<cal	  changes	  associated	  with	  cogni<ve	  decline	  in	  

PD	  are	  not	  fully	  explored	  and	  required	  inves<ga<ons	  (Biundo	  et	  al	  2014;	  
Rektorova	  et	  al	  2014;	  Weintraub	  2011,	  Meltzer	  2012)	  	  

	  
•  Clinical	  issues.	  No	  consensus	  about	  PD-‐MCI	  profile	  that	  can	  predict	  

demen<a	  (Biundo	  2014;	  Williams	  Gray	  2013;	  Goldamm-‐Litvan	  2011)	  
	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  



Lancet	  Neurology,	  2010	  

Heterogeneity	  of	  cogni&ve	  impairment	  in	  PD	  

Different	  
neuropsychological	  
profiles	  

Different	  clinical	  
mainfesta<ons	  

Diverse	  underlying	  
neurochemistry	  

Different	  underlying	  
neurosubstrates	  

There	  is	  neuropsychological	  overlap	  because	  PDD	  have	  acetylcholine-‐based	  visuo-‐spa<al	  and	  
memory	  deficits	  as	  well	  as	  dopamine-‐dependent	  execu<ve	  deficits,	  noradrenergic-‐dependent	  
execu<ve	  deficits,	  and	  some	  degree	  of	  frontal	  cholinergic	  deficit	  might	  also	  contribute	  to	  
cogni<ve	  impairment	  early	  in	  the	  disease	  course.	  	  
	  



..where	  do	  we	  start	  assessing	  cogni&ve	  
status?	  



PD-‐MCI	  detec<on	  

Subject complaints of 
cognitive deficits 

Normal functioning on 
activity of daily living 

Level I 
Impairment on a scale of 
globale cognitive ability 



Elici<ng	  cogni<ve	  concerns	  and	  assessing	  	  
func<on	  related	  to	  cogni<on	  

•  Ask	  pa<ent	  AND	  companion	  
Global	  ques<ons:	  “do	  you	  have	  concerns	  about	  your	  memory	  or	  thinking?”	  or	  
”does	  it	  interfere	  with	  your	  ability	  to	  carry	  out	  your	  acHviHes?”	  
	  
•  Cogni<ve	  complaint	  interview	  

•  Func<onal	  ra<ng	  scales:	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PD-‐Cogni<ve	  func<onal	  ra<ng	  scale	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Disability	  assessment	  for	  Demen<a	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pill	  Ques<onnaire	  
•  Neuropsychological	  assessment	  

	  



Cogni<ve	  complaint	  interview	  

10 items 
(6 on memory) 
 
>3 = complaint 

Thomas Anterion C et al., Psychogeriatrics 2006  

Several studies in the elderly have suggested that cognitive 
complaints (when recorded using standardized items) may help to 
predict dementia (Thomas Anterion C., 2003; Miranda B et al., 2008) 



EliciHng	  cogniHve	  concerns	  and	  assessing	  	  
funcHon	  related	  to	  cogniHon	  

•  Ask	  pa<ent	  AND	  companion	  
Global	  ques<ons:	  “do	  you	  have	  concerns	  about	  your	  memory	  or	  thinking?”	  or	  
”does	  it	  interfere	  with	  your	  ability	  to	  carry	  out	  your	  acHviHes?”	  
	  
•  Cogni<ve	  complaint	  interview	  

•  Func<onal	  ra<ng	  scales:	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PD-‐Cogni<ve	  func<onal	  ra<ng	  scale	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pennsylvania	  Daily	  Ac<vi<es	  Ques<onnaire	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pill	  Ques<onnaire	  
•  Neuropsychological	  assessment	  

	  



Parkinson’s Disease Cognitive Functional Rating Scale 
(PD-CFRS) 

PD-CFRS cut-off score of > 3 for detecting functional impairment in PD-MCI  
PD-CFRS cut-off score of > 6 for detecting functional impairment in PDD 

(free of charge for scientific study: jkulisevsky@santpau.cat)  

Kulisevsky J. et al. 2013  



Pennsylvania	  Daily	  Ac0vi0es	  Ques0onnaire	  (PDAQ)	  
(Weintraub,	  D;	  Brennan	  et	  al.	  2015)	  	  



Elici<ng	  cogni<ve	  concerns	  and	  assessing	  	  
func<on	  related	  to	  cogni<on	  

•  Ask	  pa<ent	  AND	  companion	  
Global	  ques<ons:	  “do	  you	  have	  concerns	  about	  your	  memory	  or	  thinking?”	  or	  
”does	  it	  interfere	  with	  your	  ability	  to	  carry	  out	  your	  acHviHes?”	  
	  
•  Cogni<ve	  complaint	  interview	  

•  Func<onal	  ra<ng	  scale	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PD-‐Cogni<ve	  func<onal	  ra<ng	  scale	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pennsylvania	  Daily	  Ac<vi<es	  Ques<onnaire	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pill	  Ques<onnaire	  
•  Neuropsychological	  assessment	  

	  



Elici<ng	  cogni<ve	  concerns	  and	  assessing	  	  
func<on	  related	  to	  cogni<on	  

•  Ask	  pa<ent	  AND	  companion	  
Global	  ques<ons:	  “do	  you	  have	  concerns	  about	  your	  memory	  or	  thinking?”	  or	  
”does	  it	  interfere	  with	  your	  ability	  to	  carry	  out	  your	  acHviHes?”	  
	  
•  Cogni<ve	  complaint	  interview	  

•  Func<onal	  ra<ng	  scale	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PD-‐Cogni<ve	  func<onal	  ra<ng	  scale	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pennsylvania	  Daily	  Ac<vi<es	  Ques<onnaire	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pill	  Ques<onnaire	  
•  Neuropsychological	  assessment	  
	  	  	  	  	  	  	  



Tools	  

•  Global	  cogni<ve	  ra<ng	  scale	  

•  Neurospychological	  tes<ng	  
Ø Clinical	  interview	  
Ø Detailed	  cogni<ve	  tes<ng	  
Ø Feedback	  session	  
	  
	  

½ day 



Validated	  cogni&ve	  scales	  

Non-‐specific	  for	  PD	  
•  Mags	  Demen<a	  Ra<ng	  Scale	  

(MDRS)	  
–  measures	  frontal-‐subcor<cal	  deficits	  	  
	  

•  Mini-‐Mental	  State	  Examina<on	  
(MMSE)most	  commonly	  used	  for	  
demen<a	  but	  low	  sensi<vity	  to	  detect	  MCI	  

•  Cambridge	  Cogni<ve	  Assessment	  
(CAMCOG)	  accurate	  for	  diagnosis	  of	  PDD	  

•  	  Frontal	  Assessment	  BaFery	  (FAB)	  
Non-‐compa<ble	  with	  paFern	  of	  CI	  
predominant	  in	  PD	  

Specific	  for	  PD	  
•  The	  MoCA	  -‐	  	  	  brief	  screening	  test	  covering	  the	  	  

whole	  	  	  spectrum	  of	  CI	  in	  PD	  pa<ents	  
	  

•  Parkinson’s	  Disease	  –	  Cogni<ve	  Ra<ng	  Scale	  
(PD-‐CRS)designed	  to	  capture	  the	  whole	  spectrum	  
of	  CI	  in	  PD	  pa<ents	  

	  
•  Parkinson	  Neuropsychometric	  Demen<a	  

Assessment	  (PANDA)	  designed	  to	  screen	  for	  CI	  
in	  PD	  pa<ents	  

	  

•  Scales	  for	  Outcomes	  of	  Parkinson’s	  Disease-‐
Cogni<on	  (SCOPA-‐COG)	  mainly	  assesses	  
frontal-‐subcor<cal	  func<on	  
	  

Reviewed by Kulisevsky and Pagonabarraga. Mov Disord 2009; 24: 1103-1110  



Montreal	  Cogni&ve	  Assessment	  
(MoCA)	  

•  MoCA	  (maximum	  score	  30)	  
•  7	  subscores:	  	  
•  visuospa<al/execu<ve	  (5	  points);	  	  
•  naming	  (3	  points);	  
•  memory	  (5	  points	  for	  delayed	  recall);	  	  
•  aFen<on	  (6	  points);	  
•  language	  (3	  points);	  	  
•  abstrac<on	  (2	  points);	  
•  orienta<on	  (6	  points).	  	  
•  One	  point	  is	  added	  if	  the	  subject	  has	  

12	  years	  of	  educa<on.	  	  



Mini-‐Mental	  State	  Exam	  (MMSE)	  

"   MMSE	  (maximum	  score	  30)	  

" Orienta<on	  

" Registra<on	  

"   	  AFen<on	  and	  calcula<on	  

"   3	  words	  recall	  

"   Language:	  denomina0on,	  
repe00on,	  comprehension,	  
wri0ng.	  

" Visuo-‐spa<al	  skills	  

	  



AFenHon	  and	  Working	  Memory	  
-‐	  Spa<al	  span	  
-‐	  Digit	  Ordering	  Test	  
-‐	  Trail	  Making	  Test	  

Cognitive flexibility 

Sustained attention 



ExecuHve	  FuncHons	  

-‐	  Phonemic	  Fluency	  (words	  beginning	  with	  a	  given	  leFer)	  
-‐	  Stroop	  Test	  (response	  inhibi<on:	  say	  the	  color	  of	  the	  ink)	  

Green 
blu 
red 
blu 
green 
green 
red 
red 



Language	  

-‐	  Denomina<on	  Test	  

-‐	  Category	  Fluency	  Task	  (words	  pertaining	  
to	  a	  seman<c	  category)	  

 



Visuo-‐spaHal	  FuncHons	  
-‐	  	  	  	  LeFers	  Recogni<on	  (VOSP)	  
-‐  Rey-‐Osterrieth	  Complex	  

Figure	  Test	  (copy)	  
-‐  Clock	  Drawing	  test	  copy	  



Memory	  
-‐	  Cued	  Recall	  Test	  (frontal	  or	  posterior	  deficits?)	  
-‐	  Prose	  Memory	  Test	  
-‐	  Rey-‐Osterrieth	  Complex	  Figure	  test	  (recall)	  



 PDD detection 





Trail Making test 
TMTA	   TMTB	  



Clock	  drawing	  test	  



Rey	  Figure	  immediate	  and	  delayed	  
copy	  

Direct copy Delayed copy 



Case C.D. 

•  Men 
•  Age: 49 years 
•  Edu:  13 years 
•  Left/righ handed 
•  Family history: negative for neurological disease 
•  Personal history: unremarkeble 
•  Concomitant pathologies: none 
•  Disease onset: 2004  (Sx) 

 
 



Neuropsychological assessments 
	  
•  Temporal	  disoriented	  
•  Physical	  and	  Verbal	  disinhibi<on	  
•  Execu<ve	  deficits	  +	  persevera<on	  
•  Marked	  AFen<on	  deficits	  	  
•  Working	  memory	  deficits	  
•  Visuo-‐percep<ve	  deficits	  
•  Amnesic	  deficits	  
•  ICD	  (Hypersexuality)	  
•  Depressed	  (BDI	  18)	  

 
•  Executive deficits 
•  Attention deficits 
•  Working memory deficits 
•  Visuo-perceptive deficits 
•  Language normal 
•  Temporo-spatial oriented 
 

2009 
2010 

•  Previuos cognition abilities 
marketly worsened  

•  Language deficits (anomia) 
•  Apraxia with closing-in 
 
 

2011 



Neuropsychological assessments 
2009  MOCA 18  2010  MOCA 19 



Visuo-spatial skills impaired  

IMMEDIATE	  COPY	   DELAYED	  RECALL	  

REY’S	  FIGURE	  



2010 2011 

MMSE 20.2 MMSE 8.2 MMSE 6.2 

2012 



2010 2011 2012 



FLUENZE SEMANTICHE 

2010 2011 2012 





Take	  home	  messagges	  

•  Tes0ng	  Condi0ons	  
ü ON	  therapy	  (verify	  at	  the	  beginning	  and	  at	  the	  
end	  of	  tes<ng)	  

ü Well	  rested	  
•  Assess	  mood	  and	  anxiety	  
•  Rule	  out	  other	  medical	  condi0ons	  that	  may	  affect	  
cogni0on:	  

ü Ac<ve	  infec<on,	  thyroid,	  hepa<c	  or	  renal	  
disorders	  



•  Ask	  about	  cogni<ve	  concerns	  and	  func<ons	  related	  to	  
cogni<on	  (pa<ent	  +	  collateral	  historian)	  

•  Use	  a	  global	  test	  to	  screen	  for	  cogni<ve	  impairment	  
•  If	  diagnosis	  is	  uncertain,	  refer	  for	  neuropsychological	  
tes<ng	  

•  Repeat	  cogni<ve	  assessment	  every	  12-‐18	  months	  for	  
PD-‐MCI.	  	  

Take	  home	  messagges	  



•  Cogni<ve	  impairment	  is	  an	  important	  part	  of	  PD,	  can	  be	  
present	  early	  in	  the	  course	  of	  the	  disease	  and	  frequently	  
leads	  to	  demen<a.	  

•  Fronto-‐striatal	  altera<ons	  are	  characteris<c	  of	  PD	  
physiopathology	  

•  PD-‐MCI	  is	  an	  heterogeneous	  condi<on	  with	  aFen<ve/
execu<ve	  tasks	  most	  frequently	  altered.	  

•  Iden<fica<ons	  of	  PD-‐MCI	  is	  important	  to	  develop	  
therapeu<c	  strategies	  that	  may	  slow	  down	  cogni<ve	  
decline.	  

Conclusion 


