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DSM |V criteria of dementia

Al. Memory impairment

A2. One or more of the following cognitive
disturbances

a. Aphasia

b. Apraxia

c. Agnosia

d. Disturbance in executive functioning

B. Significant impairment in social or occupational
functioning and significant decline from a previous
level of functioning
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Langa et al, JAMA, 2005
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Vascular dementia

A clinico-radiological syndrome
Various definitions
More of less specific criteria

Most specific: NINDS-AIREN criteria
e based on presence of
1. Dementia
2. Cerebrovascular disease (focal signs of stroke and

Nnatirnimaninn ovidancro)
neurdimaging eviaence)
3. Temporal relationship between 1 and 2
4. Clinical features consistent with the diagnosis of VaD
5. Clinical features not suggestive of Alz D
e conservative for diagnosis, specificity 91%
e miss classify 9% AD, 29% Mixed D (Chui et al, 2000)




All causes of stroke can lead to

Main causes of stroke Percent

Lhn

Primary hemorrhage

Ischemic stroke
Atherothromboembolism
Intracranial small-vessel diseases
Cardiac source of embolism
Cerebral venous thrombosis
Miscellaneous unusual causes

(e.g. dissection, arteritis, drug abuse)

Undetermined cause
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Can a single stroke cause
dementia ?



Bithalamic infarction

(paramedian arteries)

Clinically: Acute stupor > apathy, loss of psychic self activation,
memory disturbances (korsakoff type)



Extensive metabolic and neuropsychological
abnormalities associated with discrete infarction of the
genu of the internal capsule

Chukwudelunzu FE et al, INNP, 2001; 71: 658-662

- Improvement with time: acute disorientation, memory loss, language impairment,
and behavioral changes (Madureira et al, 1999)
- Persisting symptoms: associated ischemic lesions (Pantoni et al , 2001)



Demographic and clmical Teatures of 12 patients with single stroke dementia

Single stroke dementia

Age (years) Gender Hermsphere Stroke locaton stroke mechanism MNeuropsychology
(impaired domains)

ol F Left thalamus lacune Vebd, VO

20 M Left thalamus lacune VbhM, ViM, VT

72 M Lelt thalamus hemaorrhage A, L, VsM, VU

6y M Left thalamus + hypothalamus lacune L. VsM

55 F Lelt thalamus + subthalamus + 1C(pl) lacune Vb, VU

59 M Left subcortical frontal lobe including minor forceps giant lacune L, VbM, VsM, VC

82 F Lefi angular gyrus MCA embolism A, L, VbM, VsM

54 M Left anterior corpus callosum ACA thrombosis VbhM, ViM, VT

56 M Left anterior CC+basal forebrain +medial frontal lobe ACA thrombosis A, L, Vs

58 F Left thalamus+ occipital lobe PCA embolism L, Vsh, VC

54 F Left thalamus + hippo + splenium + 1C(pl) PCA e¢mbolism L, VbM, VsM, VC

68 M Right thalamus + hippo + splenium + occipital lobe PCA embolism VbM, VsM, VC

IC(pl)y=1internal capsule, posterior limb; CC=corpus callosum; hippo =hippocampus; MCA=mddle cercbral arery; ACA=anienor cercbral artery;

PCA =postenor cerebral artery; A= attention; L=language; VbM = verbal memory; VsM=visual memory; VU =visuoconstruction.

Single stroke dementia: Insights from 12 cases in

Singapore. Auchus et al. Journal of the Neurological
Sciences 203- 204 (2002) 85-89



» Structures of the Brain That Play a Role in Memory
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3 year incidence of post-stroke dementia in 202 patients

Independent predictors PSD
- Age
- Preexisting cognitive decline
- Severity of deficit
- Diabetes
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Risk factors associated with dementia
after stroke in the Framingham study

TABLE 2. Relative Risk of Dementia in Subjects With Stroke as Compared to
Controls: Crude Risks and Risks After Adjustment for Ape, Sex, Education, Apok
Genotype, Stroke Recurrence, and Stroke Risk Factors

Variable Adjusted for: DementiaM* RR 95% Cl
None: crude rigk 1581272 2.2 154

Ane, sex, and education 1531230 20 14-214
ApoE e4 genotypet /a0 28 1744
Stroke typet (hemisphere, ABLCE] 15311230 20 14-24
Second stroket 531230 20 1420

Second sroke and stoke risk factorst 114/844 1637
(hypertension, diabetes, atrial fibrillation,
current smaking)

RR indicates mlative risk; Cl, confidence interval, apoE, apolipopmtein E; ABI, atherathrombitic
brain infarcts; CE, cardioembalic.

"N represerts total number of cases plus controls with information available regarding status of
each vascular risk factor within 3 years of enfry (stroke for cases and match year for controls).

TAdjusted for age, sex, and aducation in addition to listed variable.

lvan et al, Stroke, 2004
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Cardiovascular Health Cognition Study: Cox models for incident VaD

\VZ:1D) Mixed D

Variables in the Model 05% CI 05% I

Age at MRI . 1.03-1.14 : 1.12-1.19
Female 1 0.39-1.24 b 0.84-1.76
Race (nonwhite) . 1.16-5.41 : 1.06-3.27
3MSE at MRI . 0.87-0.94 . 0.9-0.94
ApoE, (yes) . 0.42-1.67 : 1.64-3.58
Whitc matter grade 34 1.09 7.3 : 1.47 2.21
Ventricular grade 5+ : 0.87-2.93 : 1.28-2.85

Large infarcts (present) : 1.25-4.22 : 2.66-6.0

Stroke before MRI . 1.23-4.85 . 0.88-2.59
Education < grade 12 : 0.10-2.14 : 0.20-1.39
Diabetes by ADA 6 0.24-1.41 . 0.95-2.52
Hypertension 1.00-3.20 : 0.66-1.39
MI before MRI : 0.50-2.11 : 0.18-1.61
Angina before MRI : 1.05-4.01 : 0.90-2.21




Multiple cortical vascular
lesions: volume or location ?



Amyloid angiopathy

Bilateral carotid

occlusion
(Rabinstein et al, 2004)




Vascular dementia: location of lesions >>> volume of lesions
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Multiple subcortical vascular lesions,
weight and significance of visible lesions ?



e Revised NINDS-AIREN criteria (Erkinkuntti et al, 2000)

e Dementia

Memory deficit
Dysexecutive syndrome

Impaired activities of daily life

Focal signs: hemiparesis, pyramidal signs, sensory
deficit, dysarthria, gait disorders, extrapyramidal signs

Extensive WML and > | lacune in deep gray matter or
multiple deep gray matter lacunar infarcts




White-matter T2
hyperintensities, which role ?



WM T2-hyperintensities are frequent and
appear most often silent

e SVD responsible for « silent » WM hyperintensities

— WM high intensity lesions (WML) w suggestive topographic distribution
(previously so-called « leukoaraiosis »)

— Cardiovascular Health Study: population based, no dementia or
severe disability, age > 65 years, 3301 pts with MRI, 95% with
WML (Longstreth et al, Stroke, 1997)

Factors > severity of
WML

-Age, hypertension (systolic),
silent infarcts, poor income




Correlation of MRI with cognitive performances
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Volume of WM lesions and cognitive performances

age-matched > 0.5% volume IC

Nb 17 5

Age 69 + 6 /4+14
WMHI 0.19+0.11 0.80+0.24
Cerebrum 79%3 77+2
Central CSF 2.1+£0.8 34 +1
General 1Q 135+ 14 124 + 20
WAIS Verbal 859 20+ 3
WAIS Performance 50+ 9 47 + 14
Wechsler Immediate verbal memory 19+5 17+ 2
Wechsler Visual memory 10+ 2 6+5
Wechsler Delayed Visual memory 9 £3 65
WAIS Digit Symbol 53+9 46 £ 11
Porteus Maze 14 +3 15+2
FAS Word List 46+ 9 15+2
Trail Making A time (sec) 38+ 9 66 + 29
Trail Making B time (sec) 75+ 26 153+ 70
Cmrglu

Global grey matter 7.8+£0.8 6.9+£0.3
Frontal 8410 7.320.5
Parietal 8.0£0.9 7.2+£04
Temporal 6.87+£0.9 5.99+0.7

De Carli et al, Neurology, 1995



Hazard Ratio

0-3

The Rotteram study: risk of dementia
5572 person-years of follow-up (mean per person, 5.2 years)

11/66  RR: 1.50 after adjustement
95% ClI, 1.04-2.16 for stroke
and exclusion pf pts w MMS
<25 at onset

18/261
16/749

No adjustment for silent
infarcts

=0 =65
azverily of Periventricular WL (frade)

10/65

24/763
10/244
Prins et al, Arch

Neurol. 2004;61:1531-1534

=»1-6 »E-29.5
Savarity of Subcortical WML {mL}



Short physical performance battery and

Ladis study
Mot active Active
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Stand score (0-4), walk score (0-4), chair stands (0-4): total 12

Baezner et al, Neurology, 2008



Mean single leg stance time (A) and the standing balance subscore of the
Short Physical Performance Battery (SPPB) (B), dependent on the rate of falls
in the year prior to study inclusion.

5 p<0.001

| N N N B & . N e N BN
0 1 | W 0 i e
Falls in the year prior to study inclusion Falls in the year prior to study inclusion
1 Mild ARWMC i

B Moderate ARWMOE
Bl Severs ARWMC

N Avarage of all three
ARWMC grades

Blahak, C et al. J Neurol Neurourg Psychiatry 2009;80:608-613



Table 4. Assoaation Between Urmary Complaints and Age-Related White Matter Change (ARWMC) Severity (Fazekas
Scale) Adjusung for Age, Sex, Lacunar and Nonlacunar Infarcts, Diabetes Mellitus, and Use of Diuretics (Logistic

Regression Analysis)

Any Urinary Complaint Frequency Nocturia Incontinence Urgency
ARWMC Odds Ratio (95% Confidence Interval)
Moderate versus mild 0.86 (0.57-1.23) 0.87 (0.54-1.42) 0.83 (0.56-1.22) 0.83 (0.51-1.34) 1.13 (0.68-1.87)
severe versus mild 1.22 (0.76-1.94) 1.20 (0.73-1.29) 0.83 (0.54-1.28] 0.90 (0.53-1.53) 1.74 (1.04-2.90)

Lenary :h.:ll::l|'.l|:]|.|:'.l::i (NOCOuAA, urnd v Fequendcy, Urpency,

incontinence) were recorded basad on patenis answers o [our QUWESTions

Poggesi et al, JAGS, 2008



Miction impérieuse ou urgences urinaires et
lésions de la SB: étude LADIS

Severe Versus Mild
ARWMC
Odds Ratio (95%

AUJS0ED T ages, Ses I = P LW e
Adjusted for age, sex, memory disturbances 1.80 (1.11-2.93)
Adjusted for age, sex, gait disturbances 1.76 (1.10-2.87)
Adinetad far anes eav hictnru nf denreccinn 1 74 M 1R_2 ath
Adjusted for age, sex, memory, gait disturbances, 1.78 (1.08-2.91)

or history of depression

Poggesi et al, JAGS, 2008



Volume of WMH and risk of major depression
(3C study)

Lifetime Major Dapression?

Mo Yes
Mean SE Mecan SE g°
N (i — 1417 85.5%0) (r — 241;14.5%0)
Mean WML Volume 6.0 S5C 7.5 54 03
Mean WML Volume by Type
Perivertricular 5.5 44 5.1 AL L5
Deep 1.3 ng 15 0 02
Mean WML Volume by | abe
Frontal 3.1 L8 35 S0 L1
Jcclplal T 03 o A A8
Parieta 1.4 a3 1.5 J4 Jd2
Temporzl 1.6 13 1.7 4 25

Sk stzmdard error.

“l itetinn e major depression episnde measured by the Mini-Intermational Meurapsychiatric Interview or use
of antdepressive medication.

tﬁuﬁalysis of covariance adjusting for sex, age, hypertension, history of cardiovascular disease, aleohel and
tobacce consumption, physical impairment, and brain white matter velume.

Godin et al, Biop Psych, 2008



Risk of incident depression according to WML
(3C Study)

Table 4. Relation between Baseline White Matter Lesion (WML) Volume
and the Risk of Incident Depression? in Subjects with No Depression® at
Baseline (n = 958)

WML Volume Percentile N OR (95% CI)*
< 25th 242 1
25th-50th 251 1.2 (.6-2.3)
50th-75th 237 1.5(.8-2.9)
=75th 226 24 (1.3-4.6)

“Defined as high depressive symptomatology or antidepressive intake.
“That is, no antidepressant, no high depressive symptomatolegy, and no

MDE at baseline.
“‘Adjusted for sex, age, hypertension, history of cardiovascular disease,

alcohol and tobacco consumption, baseline Center for Epidemiological
Studies—Depressionscale score, physicalimpairment, and brain white mat-

ter volume.

Godin et al, Biop Psych, 2008



Silent infarcts, which role ?
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Table 3. Association between the Presence of Silent Brain Infarcts on Magnetic Resonance Imaging in 1955-1996
and Subsequent Cognitive Decline.*

Variable Silent Brain Infarcts

All Thalamic Monthalamic

decline in z score (95% C1)

Memory performance -0.01 -0.16 to 0.15) -0.50 087 to -0.13) 0.06 {-0.10 to 0.23)
Psychomotor speed -0.19 -0.34 1o -0.04) -0.11 -0.36 to 0.13) -0.20 (-0.36 to-0.05)
Global cognitive function -0.15 {-0.27 to -0.02) -0.23 [-0.50 to -0.08) -0.13 (-0.26 to 0.001)

*Values are the mean differences in the z scores between follow-up and base line, with 85 percent confidence intervals
(Cls) between those with and those without silent brain infarcts, adjusted for age, sex, level of education, and interval
between neuropsychological tests. A positive value indicates an increase inthe z score.




Table 2. Relation between the Presence of Silent Brain Infarcts at Base Line,
the Severity of Periventricular and Subcortical W hite-Matter Lesions,
and the Risk of Dementia.

Variable Hazard Ratio (95% Confidence Interval)
Adjusted for Age,  Adjusted for Age, Sex,

Sex, and Level Level of Education,

of Education and MRl Measures®

Silent brain infarcts (yesvs. no) 2,26 (1.05-4.70) 2.03 (0.91-4.55)

Severity of periventricular white- 1,59 (1.13-2.25) 1.47 (0.92-2.35)
matter lesions (per 5D in-

crease)

Severity of subcortical white- 1.21 (0.896-1.53) 0.92 (0.65-1.29)
matter lesions (per 5D in-
crease)

* The magnetic resonance imaging (MRI) measures adjusted for were presence
or absence of silent brain infarcts, severity of periventricular and subcortical
white-matter lesions, and severity of subcortical brain atrophy.

Vermeer et al, NEJM, 2003, 348, 1215-



Microbleeds, which role ?



Microbleeds are associated with other markers of severity in SVD
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Table 3 Analysis of facters of poor cutcome in CADASIL

patents
Che racrzristic mRS < 3 mRS5 = I Fvalue
[ (%] [» (%]
Male 45 |l |8 [53) 0.2
Age (vears = 30) AL 110 595 =80 <0000
Hisrary of hyperrensisn - 18 (&) 9 (74 01%
Demer bz 4[I7) |5 [83) <0000/
Past er current smoker 56 (51) 14 [41) R P
Dianatze mal e 33 | 3] 100
History of 52 {47 21 [62) 014
Aypercnolesteralzemiz
Anticoagulant use LR 4{12) iz
Antithrembets use 75 (68 26 (@2) all
Any zleshel eonsumption 83 (62.4) |4 [42.4) 004
Toral chilasrarn SR L0015 Ol
LDOL 33 0% 33 0% 04
HDL 52 =042 |27 =002 000
HeAle 55 =044 53 =037 Q04
Bleed glucese 23 =008 53 =058 043
[mmadi £ 0
3BP [mmHg L 30 126 * 14 |36 L 2| 003
DEF [rmHg = SD) A=) F = 0.28
AWMH 703+ 481 G5 =454 000C
alV 058 +072 |82 =127 0000
Mumber of 057 = 1% 135 = 304 <000

microbaEmormiages

LOL = leww-densgry lipczrotein; HDL = high-dersity lizepratan;
Hovi | c = haemeglobn Ale, 5B = systolc olood pressure, DEP =

dizseadic blood pressure; rWMH = normal zed white matrzr

ayzer ntensity velume; nlY = nermalized laeunar irfarct velume.

Viswanathan et al, Brain 2006



Cerebral volume




Intracranial cavity segmentation

CSF segmentation




The framingham stroke risk profile is associated
with cerebral atrophy and cognitive decline

Framingham stroke risk profile

Paints

Men

Ae, y o-56  5/-50 6062 6365  GB-BS  E-72 7375 7e-7R V841 8RB 85

Untreated systolic blood Gr-105 106-115 116125 126-135 136-145 146155 156-165 166-175 176185 186-185 196-205
pressure, mm Hg

Treated systolic blood O7-105 106-112 113117 118123 124129 130135 136142 143150 151161 162476 177-206
pressure, mm Hg

History of diabetes Mo Yes
Cigarette smoking Mo
Cardiovascular diseass No
Mrial fibrillztion No

Left ventricular hyperkophy No
on electrocardiogram

AGA Stroke Council, Circulation, 2006




The framingham stroke risk profile is correlated to

cerebral atrophy and cognitive decline

3
=
w
X g§-
o
S 6
= -
; Q2 | 9 o | —
e % ol FH_ = o
0+—LY — 0.73 Q4
A Quartiles of Stroke Risk 0.72 ' - |

Correlated to performances in

- attention

Seshadri et al, Neurology, 2004 - executive |
- visuospatial functions



Diagnosis eGM WM sCSF vCSF WMSH

Contral 503 + 28 3+ 450 = 31* 267 + 43 46 = 14
AD 458 + 40 [ +5 419 £ 37 319 + 52 66 = 22}
Percent change -10 = 19 43

SIVD 438 * 42* 15 +4 426 + 36" 286 + 65 85 + 24%4 45 + 39%
Percent change -13 -17 ol T 85 800

Data represented as mean = SD in units of em®. Percent change compared with cognitively normal subjects.

¥ p < 0.01 subjects with SIVD vs cognitively normal subjects.
tp <001, £ p < 0.05 eubjects with SIVD vs subjects with AD.

cGM = cortical gray matter; sGM = subcortical gray matter; WM = white matter; sCSF = sulcal CSF; vCSF = ventricular CSF,
WMSH = white matter signal hyperintensities; SIVD = subcortical izchemic vascular dementia.

From Du et al, Neurology, 2002




Visual assessment of hippocampus atrophy in Alzheimer’s disease

18 months 36 months



CN SIVTD AD

Figure 1. Flot of volumes of entorfinal cortex (ERC) and
hippocampus in cognitively normal (CN) subjects, subjects
with subcortical ischemic vascular dementia (SIVID)) and
AD. Black circles = ERC; open circles = Rippocampus;
black triangles = ERC of confirmed SIVI); open

triangles = ippocampus of confirmed STV,

Du et al, Neurology, 2002



Medial temporal cortex in AD and in SIVD
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Natural History of CADASIL
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Weight of MRI lesions in CADASIL
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Brain atrophy is related to lacunar infarction and microstructural changes
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Weight of MRI lesions in CADASIL
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Total explained variance: 45%
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[Iippocampal volume 15 an independent predictor
of cognitive performance in CADASIL AN AE
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Apoptose neuronale corticale dans CADASIL

Viswanathan et al, Stroke, 2007
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Conclusion

Les démences vasculaires correspondent a un syndrome clinico-
radiologique et non a une maladie

Les démences vasculaires « pures » sont en rapport avec des lesions
d’origine vasculaire interrompant les réseaux neuronaux qui sous-tendent
les fonctions cognitives altérées définissant la « démence »

Les hypersignaux de la SB lorsqu’ils sont étendus et diffus sont

responsables d’une atteinte des fonctions exécutives mais ne sont pas
responsables lorsqu’ils sont isolés d’une demence

e stade de démence est en rapport avec des lésions destructives du tissu
cerébral associées aux hypersignaux de la SB: infarctus lacunaires,
altéerations microstructurales tissulaires, reduction du volume cerebral,
atrophie hippocampique

TOUTES les lésions du tissu cérebral d’origine vasculaire peuvent réduire
la « réserve ceérébrale cognitive » et modifier le seuil d’apparition de la
démence comme I’age, le niveau d’éducation, I’apoE4 ou des lésions
dégéneératives
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