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Cerebral hemodynamics play an important
role in maintaining coordinated flow
responses in the brain as neuronal tissues
require tight coordination between
neuronal activity and CBF within the brain
parenchyma
(NEUROVASCULAR COUPLING).
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Age-related vascular changes
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FIGURE 1.

Statistical parametric maps showing regions of hypoperfusion in the 13 mild cognitive
impairment subjects who converted to dementia relative to the 35 mild cognitive impairment
subjects who remain nondemented. Converters had hypoperfusion in the right precuneus/
posterior cingulum (shown in the sagittal and axial slices), right middle cingulum (shown in
the sagittal and coronal slices), right middle frontal cortex (shown in the coronal slice), and
right inferior parietal cortex (shown in the axial slice). The shaded areas in the sagittal and
coronal slices represent regions not covered by our implementation of arterial-spin labeling
magnetic resonance imaging,
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. . . . Alzheimer's disease Cognitively normal Mean Difference Mean Difference

Study or Subgroup Mean [cm/s] SD [cmis) Total Mean [cm/s] SD [cmi/s] Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Foersti 1989 476 98 9 50.7 1.3 14 3.3% -3.10 [-9.54, 3.34) 1989 I
Provinciali 1990 56.8 11 20 54.6 6 25 3.7% 2.20(-3.16, 7.56] 1990 s g
Biedert 1990 476 98 17 50.7 13 27 3.9% -3.10(-7.78, 1.58] 1990 -
Bressi 1992 416 6.85 23 63.5 3.58 10 4.2% -21.90[-25.47, -18.33] 1992 _
Caamano 1993 39.92 10.55 12 56.5 10.21 12 2.8% -16.58[-24.89,-8.27] 1993

' ' ] ] Ries 1993 47.5 10.6 21 52.1 123 64 3.7% -4.60 [-10.04, 0.84] 1993 == I

. Ni 1994 423 1.8 21 47.2 10 20 3.3% -4.90 [-11.58, 1.78] 1994 = = .l
Biedert 1995 455 88 23 50.4 12 36 4.2% -4.90 [-8.52, -1.28] 1995 =
. Franceschi 1995 46.55 10.24 17 59.81 6.09 20 3.6% -13.26[-18.81.-7.71] 1995 ——
Doepp 2006 43 13 20 58 13 12 2.5% -16.00[-25.30. -6.70] 2006 T = ____ =
Vicenzini 2007 39.3 3 60 521 32 62 4.7% -12.80[-13.90. -11.70] 2007 "
' . . Lee 2007 56.14 14.2 17 551 129 17 26% 1.04 [-8.08, 10.16] 2007 -1
Claassen 2009 38 71 9 55 19 8 1.6% -17.00 [-30.96, -3.04] 2009 ==
Kong 2011 36.5 6.8 30 54.7 8.9 40 4.2% -18.20[-21.88,-14.52] 2011 — =
Gommer 2012 373 23 15 51 28 20 4.6% -13.70[-15.39,-12.01] 2012 =
Van Beek 2012 37.7 14.7 21 421 9.9 20 3.0% -4.40 [-12.04, 3.24) 2012 —1
Meel-van den Abeelen 2014 45 15 12 50 11 24 2.4% -5.00 [-14.56, 4.56] 2014 _
Shim 2015 4513 13.65 67 516 13.01 52 3.9% -6.47 [-11.29, -1.65] 2015 ==
Urbanova 2018 39.61 11.26 14 45.69 967 24 3.2% -6.08 [-13.13, 0.97] 2018 i
De Heus 2018 388 10.4 53 46.6 8.93 47 4.2% -7.80 [-11.59, -4.01] 2018
Gongora-Rivera 2018 3888 14.95 26 49 15.52 19 26% -10.12[-19.16, -1.08] 2018
Kouzuki 2018 204 115 42 25.2 7.8 18 3.8% -4.80 [-9.81, 0.21] 2018
Zhou 2019 61.37 0.36 31 63.13 11.89 30 4.0% -1.76 [-6.02, 2.50] 2019
Albatwan 2019 49 86 10 546 121 9 25% -5.60 [-15.13, 3.93] 2019
Cipoliini 2019 451 8.6 35 52 9.1 17 3.7% -6.90 [-12.08, -1.72] 2019
Battistella 2020 322 10.2 31 48.4 10.5 10 3.0% -16.20[-23.63.-8.77] 2020
Liu 2021 4583 472 30 571 10.92 30 40% -11.27 [-1553.-7.01] 2021
Diomedi 2021 49.71 138 37 51.02 13.66 17 2.9% -1.31[-9.18, 6.56] 2021
Total (95% CI) 765 754 100.0% -8.42 [-10.56, -6.28]
Heterogeneity: Tau® = 24.97; Chi* = 190.24, df = 28 (P < 0.00001); 1* = 85% 2'0
a Test for overall effect: Z = 7.71 (P < 0.00001) tively normal

Vascular dementia Cognitively normal Mean Difference Mean Differenfiie
Study or Subgroup Mean [cm/s] SD [cm/s] Total Mean [cm/s] SD [cm/s] Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Foerstl 1989 39.1 10.2 9 50.7 1.3 14 7.1% -11.60 [-18.30, -4.90] 1989
Biedert 1990 39.1 10.2 14 50.7 1.3 27 82% -11.60[-16.97,-6.23] 1990
Provinciali 1990 40.2 145 20 5486 6 25 7.0% -14.40[-21.18,-7.62] 1990
Caamano 1993 4275 9.37 12 56.5 10.21 12 62% -13.75[-21.59, -5.91] 1993 e
Ries 1993 41.4 12.6 17 521 12.3 64 71% -10.70 [-17.40, -4.00] 1993 e
Ni 1994 a4 12.9 19 47.2 10 20 6.6% -3.20 [-10.47,4.07] 1994
Biedert 1995 38.2 9.5 19 50.4 1.2 36 9.1% -12.20[-16.49,-7.91] 1995 ———
Doepp 2006 36 8 20 59 13 12 6.0% -23.00 [-31.15, -14.85] 2006
Vicenzini 2007 46.1 3.2 58 52.1 3.2 62 11.0% -6.00 [-7.15, -4.85] 2007
Kong 2011 39.3 8.2 34 547 89 40 9.4% -15.40([-19.30, -11.50] 2011
Battistella 2020 31.9 108 12 48.4 10.5 10 55% -16.50 [-25.43, -7.57] 2020
Liu 2021 46.14 52 44 571 10.92 30 9.1% -10.96 [-15.16, -6.76] 2021
Staszewski 2021 384 10.4 20 46.8 8.7 20 T.7% -8.40 [-14.34, -2.46] 2021
Total (95% CI) 298 372 100.0% -11.75[-14.68, -8.82)
Heterogeneity: Tau” = 19.92; Chi* = 58.24, df = 12 (P < 0.00001); I = 79%

b Test for overall effect: Z = 7.86 (P < 0.00001)

-
D e m e n t la a n d Mild cognitive impairment Cognitively normal Mean Difference

Study or Subgrou; Mean [cm/s] SD [em/s Total Mean [cm/s] SD [cm/s] Total Weight IV, Random, 95% CI Year
Roher 2011 41.09 13.84 1 40.85 10.87 50 2.4% 0.24 [-8.48, 8.96] 2011
o o < o Gommer 2012 46.6 28 19 51 28 20 57.9% -4.40 [-6.16, -2.64] 2012
G e r I at rl c ‘ o n It Ive Viola 2013 47.8 13.8 21 52 a7 10  45% -4.20([-10.53,2.13] 2013
Shim 2015 49.05 13.28 75 51.6 13.01 52 8.3% -2.55[-7.19, 2.09] 2015
Urbanova 2018 44 .45 15.63 24 45.69 9.67 24 3.3% -1.24 [-8.59, 6.11] 2018
@ De Heus 2018 43 13.03 37 46.6 8.93 47 7.4% -3.60 [-8.51, 1.31] 2018
D r d r Kouzuki 2018 19 8.2 20 25.2 7.8 18 6.9% -6.20[-11.29, -1.11] 2018
ls o e s Albatwan 2019 53.4 6.7 8 54.6 121 9 21% -1.20([-10.37,7.97] 2019
Battistella 2020 36.6 12.9 18 484 10.5 10 2.3% -11.80 [-20.62, -2.98] 2020
Tomoto 2020 48.7 9 53 53 133 22 4.9% -4.30 [-10.36, 1.76] 2020

Total (95% CI) 286 262 100.0%  -4.19 [-5.52, -2.85]

Heterogeneity: Tau® = 0.00; Chi* =6.07. df = 9 (P = 0.73); " = 0%

Fresnais 2023 € Test for overall effect: Z = 6.13 (P < 0.00001)




Dementia and — —
Geriatric Cognitive Cerebrovascular Hemodynamics in Cognitive

Disorders Impairment and Dementia: A Systematic Review
and Meta-Analysis of Transcranial Doppler Studies

Alzheimer's disease Vascular dementia Mean Difference Mean Difference

Study or Subgroup  Mean [cm/s] SD [em/s] Total Mean [cm/s] SD [cm/s] Total Weight IV, Random, 95% CI Year IV, Random, 95% CI

Foerstl 1989 476 9.8 9 39.1 10.2 9 56% 8.50 [-0.74, 17.74] 1989 S

Biedert 1990 476 98 17 391 10.2 14 6.7% 8.50 [1.41, 15.59] 19890

Provinciali 1990 56.8 11 20 40.2 145 20 6.2% 16.60 [8.62, 24.58] 1990

Caamano 1993 39.92 10.55 12 42.75 9.37 12 6.2% -2.83[-10.81,5.15] 1993 e

Ries 1993 47.5 10.6 24 414 12.6 17 6.6% 6.10 [-1.24, 13.44] 1993 H . A

Ni 1994 42.3 1.8 21 44 12.9 19 6.4% -1.70 [-9.39, 5.99] 1994 —

Rundek 1995 42.45 12.81 22 37.35 9.49 0 7.1% 510 [-1.24, 11.44] 1995 =

Biedert 1995 455 8.8 23 38.2 95 19  7.4% 7.30[1.72, 12.88] 1995

Doepp 2006 43 13 20 36 8 20 6.9% 7.00[0.31, 13.69] 2006

Vicenzini 2007 393 3 60 46.1 32 58 90%  -6.80[-7.92 -568] 2007 B

Kong 2011 36.5 6.8 30 393 8.2 34 83% -2.80 [-6.48, 0.88] 2011 ==

Gao 2013 39.34 6.21 26 38.67 7.67 23 82% 0.67 [-3.27, 4.61] 2013 |

Battistella 2020 322 10.2 31 319 10.8 12 6.7% 0.30 [-6.79, 7.39] 2020 —

Liu 2021 4583 4.72 30 46.14 52 44  88% -0.31[-2.59, 1.97] 2021 S

Total (95% CI) 345 331 100.0% 2.79 [-0.78, 6.35] ’

Heterogeneity: Tau® = 36.43; Chi* = 125.96, df = 13 (P < 0.00001}); I* = 90% t t : t y
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d Test for overall effect: Z = 1.53 (P = 0.13) Vascular dementia  Alzheimer's disease
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Age-related vascular changes
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ISP Sere Al Figure 1 Proposed mechanisms for the association between carotid stenosis and cognitive impairment.
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CEREBROVASCULAR REACTIVITY
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BREATH-HOLDING INDEX (BHI)
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MFV= mean flow velocity

Il valore di BHI< 0.69 e stato preso come cut-off patologico.

Silvestrini 1999




Decreased Vasomotor Reactivity i Alzheimer's Disease
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Vascular predictors of cognitive decline in patients with mild
cognitive impairment

Giovanna Viticchi®, Lorenzo Falsetti®, Fabrizio Vernieri®, Claudia Altamura®,
Marco Bartolini®, Simona Luzzi®, Leandro Provinciali®. Mauro Silvestrini®#
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Differencesin mean MMSE at 3 years in patients affected by bilateral carotid artery
stenosis considering BHI and IMT
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> - grrrr Cerebral hemodynamics and cognitive

NEUROLOGY. ~ . . ...
performance in bilateral asymptromatic
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> ECO-DOPPLER DEI TRONCHI
SOVRAORTICI (TSA)

Figun 11. Occlusion of ICA. (a) in the case of an oM occiusion, the ccchuded lumen can be wedl visuakzed in §-mode on account of the increased echogerscity

(B) in the case of » recently formed occluson, the ronperfused lumen Ippears i & ypoechok gion it B mode. The occhusion can only be detected by flow reversal us

g the cokor coding mode (arowd. (€ A biphasic Doppler signal can be recorded usualy in the region of the reversed flow, st before the acduded segment [irmow
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MULTIFACTORIAL GENESIS
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* AUTONOMI(

The role of the autonomic nervous system in cerebral blood flow regulation NEUROSCIENCI
in dementia: A review |

ABSTRACT

In this review we will examine the role of the autonomic nervous system in the control of cerebral blood flow
(CBF) in dementia. Worldwide, 55 million people currently live with dementia, and this figure will increase as
the global population ages. Understanding the changes in vascular physiology in dementia could pave the way
for novel therapeutic approaches. Reductions in CBF have been demonstrated in multiple dementia sub-types, in
addition to increased cerebrovascular resistance and reduced vasoreactivity. Cerebral autoregulation (CA) is a
key mechanism for the maintenance of cerebral perfusion, but remains largely intact in cognitive disorders,
despite reductions in global and regional CBF. However, the tight coupling between neuronal activity and CBF
(neurovascular cough_n' " NVCQ) is lost in demeng'gz which may be a kez driver of cogE'tive dxsfunction. m
numerous studies investigating disturbances in the control of CBF in dementia, less is known about the specific
mechanisms responsible for the observed changes. Disturbances could be related to one of a number of pathways
and mechanisms including disruption of the autonomic component. In this review we will explore clinical and
animal studies, which specifically investigated the autonomic component of CBF control in dementia, drawing on
the clinical implications and potential for novel biomarker and therapeutic targets.
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ALZHEIMER'’S DISEASE

VASCULAR HYPOTESIS

Abnormal APP cleavage Advanced ageing and vascular risk factor
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