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ARTERIAL HYPERTENSION IMPACT
ON CEREBRAL BLOOD FLOW IN
PATIENTS WITH ALZHEIMER'S DISEASE

|mpac’co da hipertenséo arterial sobre fluxo de
sangue cerebral em pacientes com a o|oenga de Alzheimer

Jadwiga Attier-Zmudka®®, Roger Bouzerar<, Catherine Gondry2¢,
Frederigue Couvillerse, Bader Chaaranif, Olivier Balédent®*

BACKGROUND: Studies show the potential deterioration of brain vascularization and probable involvement of hypertension in
Alzheimer disease (AD). OBJECTIVE: The objective was to evaluate the potential impact of hypertension on cerebral vascular
flows in a sample of Alzheimer’s patients. METHODS: 19 patients with AD, including 10 with hypertension (aHT+) and 9 without
hypertension (aHT-) were recruited. They underwent clinical evaluation and phase-contrast MRI protocol for flow assessment.
Cerebral arterial flow distributions were evaluated using kurtosis and skewness indices at the intracranial and extracranial
levels. RESULTS: No significant differences were found in the mean arterial flow, pulse flow and kurtosis between the levels
in the AD aHT+ population. There was a significant difference in skewness between extra- and intracranial levels (p = 0.01).
No significant differences were found in the mean arterial flow between the levels in the AD aHT- population. A significant
difference was observed in the pulse flow (p = 0.03), kurtosis (p = 0.02) and skewness (p = 0.008) between the levels. At the
extracranial level we did not find any significant differences in the mean arterial flow, pulse flow or skewness between aHT+
and aHT-. There was a significant difference in kurtosis at the extracranial level between the aHT+ and aHT- (p = 0.03). At the
intracranial level, there were no significant differences in all parameters. CONCLUSION: Results showed a difference between
cerebral vasculature in AD for aHT+ and aHT- groups. This is probably related to the loss of arterial compliance induced by the
degradation of the vascular system.

KEYWORDS: aging; Alzheimer disease; hypertension; blood flow velocity; contrast media; magnetic resonance imaging.

ABSTRACT

aBioFlowlmage, University of Picardie Jules Verne — Amiens, France.
®Department of Gerontology, General Hospital — Saint-Quentin, France.
‘Image Processing Unit, University Hospital — Amiens, France.

9Department of Radiology, University Hospital — Amiens, France.
¢Department of Gerontology, University Hospital — Amiens, France.
‘Department of Psychiatry, University of Vermont — Burlington, United States.

Correspondence data

Jadwiga Attier-Zmudka — Department of Gerontology, General Hospital, Avenue Michel de I'Hospital, 02321 — Saint-Quentin Cedex, France —
E-mail: ja.g.n.a@wp.pl

Received on: 04/12/2017. Accepted on: 08/02/2017

DOI: 10.5327/72447-211520171700032

Geriatr Gerontol Aging. 2017;11(3):107-15 107



Hypertension and Alzheimer’s disease

RESUMO

INTRODUGAO: Estudos demonstram a potencial deterioragdo da vascularizagdo cerebral e a provavel relaco da hipertenso
na doenca de Alzheimer (DA). OBJETIVO: O objetivo foi avaliar o potencial impacto da hipertensdo no fluxo vascular cerebral
numa amostra de pacientes de Alzheimer. METODOS: foram selecionados 19 pacientes com DA, incluindo 10 com hipertensao
(@HT+) e 9 sem hipertensdo (aHT+). Foram submetidos a avaliacdo clinica e a um protocolo de ressonancia magnética de
contraste de fase para avaliacdo de fluxo. A distribuicao de fluxo arterial cerebral foi avaliada através dos indices de curtose e
assimetria nos niveis intra e extracraniano. RESULTADOS: Nao foram encontradas diferencas significativas no fluxo arterial
meédio, no fluxo de pulso e curtose entre os niveis da populacdo DA aHT+. Houve uma diference significativa na assimetria
entre os niveis extra e intracranianos (p = 0,01). Nao foram encontradas diferencas significativas no fluxo arterial médio entre
os niveis da populacdo DA aHT-. Uma diferenca significativa foi observada no fluxo de pulso (p = 0,03), na curtose (p = 0,02)
e na assimetria (p = 0,008) entre os niveis. Nao foram observadas diferencas significativas no fluxo arterial médio, no fluxo
de pulso ou na assimetria entre aHT+ e aHT- para o nivel extracraniano. Foi observada diferenca significativa na curtose
extracraniana entre aHT+ e AHT- (p = 0,03). Nao houve diferenca significativa em todos os parametros do nivel intracraniano.
CONCLUSAO: Os resultados mostraram uma diferenca entre a vasculatura cerebral nos grupos de DA aHT+ e aHT-. Isso est4
provavelmente relacionado a perda de complacéncia arterial induzida pela degradacao do sistema vascular.

PALAVRAS-CHAVE: envelhecimento; doenca de Alzheimer; hipertensao; velocidade do fluxo sanguineo; meios de contraste;

imagem por ressonancia magnética.

INTRODUCTION

In 2004, Bateman demonstrated the key role of vascular
risk factors in the development of neurodegenerative dis-
eases, linking vascular pathophysiology and neurological
effects on blood pulsation force sent into the arterial tree.
The study showed that vascular pathophysiology is related
to the strength of the pulse waves induced in the craniospi-
nal cavity by the arterial vascular tree.!

In 2009, Bell described the crucial role of vascular dys-
function in Alzheimer’s disease (AD). Recent data from
brain imaging studies in humans and animal models sug-
gest that cerebrovascular dysfunction can precede cognitive
decline and the onset of neurodegenerative changes in AD.
Cerebral hypoperfusion and impaired clearance of amyloid 3
across the blood-brain barrier (BBB) may contribute to the
onset and progression of Alzheimer’s dementia. A decrease
in cerebral blood flow adversely affects the synthesis of pro-
teins required for memory and learning, and can eventually
lead to neuronal injury and death. Inadequate clearance of Af}
in the brain by cells of the neurovascular unit can lead to its
accumulation in the blood vessels and the brain parenchyma.
The accumulation of A in the cerebral blood vessels, known
as cerebral amyloid angiopathy (CAA) is associated with cog-
nitive decline and is one of the AD pathology characteristics.*

A previous study showed both an increased average blood
flow in the cerebral arteries and high arterial systolic peak in
patients with amnestic mild cognitive impairment (MCI).?
Similarly, in 2009, Dai showed that average blood flow in
cerebral arteries, average blood flow in cerebral veins and the
oscillations of the cervical cerebrospinal fluid (CSF) were

highest in patients with amnestic mild cognitive impairment.*
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These results had come as a surprise as several authors have
demonstrated a local decrease in blood flow in patients
with amnestic mild cognitive impairment.®*® Other stud-
ies have paradoxically showed that early on, cerebral blood
flow is increased in the hippocampus and other regions in
Alzheimer patients.®

Various clinical, epidemiological and pathological studies
suggest that AD is more frequently associated with stroke
than expected; vascular brain lesions and those connected
with AD are often related; B-amyloid plaques are more abun-
dant in non-demented patients who have died from coronary
artery disease than in those who have died from other causes.
These findings suggest that vascular pathology and AD are
directly related or at least share common determinants.”$1012

High blood pressure and atherosclerosis are associated
with an increased risk of AD.* 1135 A history of hyperten-
sion is more frequent in patients with AD. Hypertension
promotes the onset of leukoaraiosis, and stroke could also
be a factor for AD. Raffaitin et al. demonstrated the impact
of hypertension on cognitive decline.”?'® In 2005, Hanon
et al. found that cognitive decline was more marked in AD
patients who had a history of hypertension whereas there
was no relationship with cognitive decline associated with
a deterioration in autonomy in patients who reported their
hypertension after the first signs of AD."

According to Kalaria et al., vascular diseases might be a
cause of AD. Vascular risk factors such as hypertension, arte-
riosclerosis, and diabetes can have an impact on the struc-
ture of vessels and, consequently, play a role in blood flow.**
There is a relationship between blood pressure and blood flow.
'The flow in an artery depends on the blood pressure at each
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end of the vascular tree (the pressure change) and the resis-
tance of the vascular tree to the flow of blood. Unfortunately,
studies on the direct link between high blood pressure and
cerebral blood flow are scarce. Toyoda et al. demonstrated in
a population of spontaneously hypertensive rats that chronic
hypertension alters cerebral autoregulation in the large arter-
ies and arterioles by decreasing vessel dilation.”

Phase Contrast Magnetic Resonance Imaging (PC-MRI)
is currently the only technique used to noninvasively quan-
tify cerebral blood flows during the cardiac cycle, with-
out the limitation of the skull barrier.’ In 2009, studying
patients with dementia assumed to be AD, Henry-Feugeas
routinely performed PC-MRI in addition to morphological
MRI. The study discussed the role of the vascular component
in the advanced stages of the disease.'”” Many authors have
demonstrated the potential impairment of cerebral vascula-
ture in AD.b#1417193:4.203_Qther studies show that hyperten-
sion may be involved in the pathophysiology of AD.20:2124-26

'The hypothesis in the present study is that hypertension
alters cerebral vascular blood flow in AD.The objective of this
study was to evaluate the potential impact of hypertension on
cerebral vascular flow in a population of Alzheimer’s patients.

MATERIAL AND METHODS

Participants

'The subjects used in this study were elderly patients with
memory disorders treated in the Geriatric Medicine and
Neurology Department at the University Hospital of Amiens.
'The study protocol was approved by the local ethic committee
(Comité de protection des personnes nord-ouest 11 CPP n° 2007/33;
NCT 01815112). All participants received an explanation of
the study’s objective and procedure. Written inform consents
were obtained for all subjects to participate in the research.

Patients included in the study met the following criteria:

*  Age greater than or equal to 65 years old;

*  Memory complaint reported by the patient and/or

their family;
*  Dementia syndrome.

We have selected patients with mild AD, diagnosed
according to both, the DSM-IV and NINCDS-ADRDA
criteria®?> with a Mini Mental State Examination (MMSE)
score > 15 out of 30.%3

A total of 19 patients with Alzheimer’s like disease were
recruited. After signing the informed consent, patients were
hospitalized for neuropsychological assessment, MRI with

flow sequence and clinical evaluation.

Blood pressure was measured three times a day, in the
morning before taking medication, at noon and in the eve-
ning during hospitalization. The diagnosis of hypertension,
was reported by general practitioners. The population was
divided into two groups:

1. aHT+ group: 10 subjects with controlled hyperten-
sion diagnosed by the general practitioner before the
diagnosis of dementia. 7/10 of them were receiving
antihypertensive therapy, 2 with Angiotensin convert-
ing enzyme (ACE inhibitors) inhibitors. Other anti-
hypertensive drugs found in this group were calcium
channel blockers, sartans, beta blockers, thiazide
diuretics and central antihypertensive drugs;

2. aHT- group: 9 subjects without hypertension.

|maging

Subjects were imaged on a 3 T scanner (Signa, GE
Healthcare, WI). The protocol consisted of phase-contrast
velocimetry sequences with retrospective cardiac gating
(through a peripheral pulse sensor) performed as in previ-
ous studies.'®?#2*1%.27.2 The main parameters were as follows:
TE (echo time): 6-9 milliseconds (ms); TR (repetition time):
20 ms; the flip angle: 25%; the number of stages: 32; the field
of view: 160 x 120 mm; the matrix: 256 x 128; slice thick-
ness: 5 mm encoding speed (Venc): 80 cm/s for cervical and
intracranial vascular flow. The acquisition planes were selected
perpendicularly to the assumed direction of cervical and intra-
cranial vascular flow with angiography sequence (Figure 1).

Processing and data ana|ysis

An analysis of the images to calculate flow rates and
associated curves was made using an open IDL based flow
processing software(Figures 2A and 2B).*

The cerebral arterial flow was defined as the summation
of the internal carotid and vertebral arteries (at the extra-
cranial level) and the internal carotid and basilar arteries
(at the intracranial level). The pulse flow was defined as the
difference between the peak systolic flow and the diastolic
flow (Figure 2C).

Cerebral arterial flows and pulse flows were automatically
calculated from the global arterial flow curves at the extracra-
nial (cervical) and intracranial (cerebral) levels (Figure 2B).

Flow distribution during a cardiac cycle can be assessed
through kurtosis (flattening) and skewness (asymmetry)
coefficients? of the data at the intra- and extracranial levels
(refer to appendix).

Statistical ana|ysis
Results are expressed as (mean £ SD).
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A non-parametric Wilcoxon test was used to evaluate the
variability of the parameters describing arterial flow curves
between the two populations aHT + and aHT- and between
the intra- and extracranial levels. The values of skewness
and kurtosis between each group were compared using the
Mann-Whitney test. A p-value of 0.05 was taken as statis-
tically significant.

RESULTS

Participants
The mean age of the AD population in the present study
was 79+ 5 (aHT+: 79+ 6 and aHT-: 79 £ 5, p = 0.96).
For aHT'+ group (9 females and 1 male), the mean MMSE
score was 20 % 6.

Cerebral

10 stuay : 25212

Velocity encoding : 500 mm/sec

cervical

Figure 1 Image acquisition: A): A sagittal angiographic image is used to determine flow acquisition levels (cerebral intracranial
B and cervical extracranial C); B): Phase contrast acquisition data at intracranial (cerebral) level. Acquisition plane was
selected perpendicular to the basilar artery (BA) and right & left internal carotid arteries (R- and L- IC); C): Phase contrast
acquisition data at extracranial (cervical) level. Acquisition plane was selected perpendicular to the vertebral and internal
carotid arteries (IC & VA). Black pixels represent flow entering in the section plane, white pixels represent flow out of the
plane and grey pixels correspond to static tissues.

000 X Define ROI
Fetions Gptions trck Levels Curves thits

= o Bl
| oo oo o

e e — |

i h: o Flow (ml/min) Systolic peak

Diastolic flow

Time % (Cardiac cycle)
100

Figure 2 Flow image analysis: Image A is one of the 32 phase images corresponding to 32 times of the cardiac cycle. From these
temporal images, the free software FLOW extracts a frequential mask B containing the pixels which motion is synchronized with
the heart rhythm. The mask selection is then applied to the 32 phases of the cardiac cycle in order to calculate the blood flow
of individual vessels. The individual arterial vessels are summed at each level to obtain the cerebral blood flow; C) The pulse
flow (PF), defined as a difference between the peak systolic flow and the diastolic flow, is an index of arterial flow pulsatility.
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For aHT- group (3 females and 6 males), the mean

MMSE score was 18 + 8.

Intra-group comparison: aHT'+ extracranial versus intra-
cranial level (Figures 3A and 3B).
Mean cerebral blood flow curves over time are depicted

No significant differences were found in the mean arte-

rial flow, pulse flow and kurtosis between the levels in the

AD aHT+ population. However, there was a significant dif-

ference in skewness between extra- and intracranial levels
(p = 0.01, extracranial level: 0.73 £0.15 vs. intracranial level:

in Figure 3C. 0.64+0.17) (Table 1).
A
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Figure 3 Comparison of mean cerebral blood flows at intra- and extracranial levels for the two groups: A) extracranial level :
aHT+ vs aHT- (dotted line = aHT- group); B) intracranial level : aHT+ vs aHT- (dotted line = aHT- group); C) aHT+ group : extra
vs intracranial level (dotted line = intracranial level); D) aHT- group : extra vs intracranial level (dotted line = intracranial level).

Table 1 aHT+ and aHT- groups: extracranial and intracranial levels comparison.

| Extracranial level | Intracranial level | P-value

aHT+ group

mean arterial flow (mL/min) 485 + 74 515+ 165 0.63

pulse flow (mm?/s) 11320 + 2517 11029 +£ 4319 092

kurtosis -1.11+ 031 -1.07+03 0.84

skewness 0.73£0.15 0.64+0.17 0.01
aHT- group

mean arterial flow (mL/min) 508 + 94 509 + 103 0.9

pulse flow (mm3/s) 11636 + 3185 9941 + 2574 0.03

kurtosis -0.78 £ 0.39 -1.02+0.18 0.02

skewness 0.88 + 0.16 0.69 + 0.07 0.008
Comparison aHT+ vs aHT-

mean arterial flow (mL/min) P=02 P=0.88

pulse flow (mm?/s) P=078 P =084

kurtosis P = 0.035 P=04

skewness P = 0.095 P=0.28

Data expressed as mean + SD; Bold value indicates statistical significance; Wilcoxon or Mann-Whitney's tests were used for P-value calculation.

Geriatr Gerontol Aging. 2017;11(3):107-15
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Intra-group comparisons:
aHT- extracranial versus intracranial level

Mean cerebral blood flow curves over time are depicted
in Figure 3D.

An example of individual cerebral blood flow curves of
aHT- subject, at intra- and extracranial levels, is depicted
in Figure 4.

No significant differences were found in the mean arte-
rial flow between the levels.

A significant difference was seen in the pulse flow between
the levels (p = 0.03, extracranial level: 11636 £ 3185 mm?¥/sec
vs. intracranial level: 9941 + 2574 mm?/sec), “kurtosis”
(p = 0.02, extracranial level: -0.78 £ 0.39 ws. intracranial
level: -1.02 £ 0.18), “skewness” (p = 0.008, extracranial level:
0.88 £ 0.16 vs. intracranial level: 0.69 + 0.07) (Table 1).

Comparison between aHT+ and
aHT- groups at extracranial vs. extracranial level

Mean cerebral blood flow curves over time are depicted
in Figure 3A.

At the extracranial level we did not find any significant
differences in the mean arterial flow, pulse flow or “skewness”
between aHT+ and aHT- groups. There was a significant
difference in the kurtosis at the extracranial level between
the two groups (p = 0.035, aHT+: -1.11 £ 0.31 vs aHT- :
-0.78 £ 0.39) (Table 1).

Comparison between aHT+and aHT-
groups intracranial versus intracranial level

Mean cerebral blood flow curves over time are depicted
in Figure 3B.

At the intracranial level there were no significant differ-

ences in the mean arterial flow, pulse flow, “kurtosis” or “skew-

ness” between aH'T+ and aH'T- groups (Table 1).

25,000
20,000
15,000
10,000

5,000

Cerebral blood flow (mm?3/s)

Time (%CC)

Figure 4 Example of cerebral blood flow curves of a
patient without arterial hypertension at the extra- and
intracranial levels.
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DISCUSSION

The question we initially posed was whether or not
hypertension would have an impact on cerebral vascular flow.
'The primary discovery of our research was the flattening of
the blood curve in the aHT- patients, which is not preserved
in aHT+ patients. The present findings do not show statis-
tically significant differences in the mean arterial or pulse
flow between the aHT+ and aHT- patients. The phenome-
non occurs in a rigid box, so compliance must intervene to
compensate for the rigidity. The difference in kurtosis is due
to the deleterious effect of hypertension on compliance by
the stiffening of vessels.”

Age, sex and the covariates of stucly participants

'The mean age in the present study was 79 £ 5. Because the
average age of our Alzheimer’s patients were similar for both
groups with and without hypertension, the groups were easily
comparable. Age is a major risk factor for AD,? hypertension®

and cerebrovascular changes develop with age®*!

,influencing
the results of blood flow. With age, arterial changes appear:
intimal thickening, the destruction of endothelial cells, and
smooth muscle cells losing their contractile phenotype to a
secretory phenotype. The calcification of arterial walls occurs,
contributing to high blood pressure and increasing the risk
of stroke, which is often associated with increased morbid-
ity and mortality in patients with chronic kidney disease.
'The arterial system becomes less compliant due to the alter-
ation of the elastic fibers and the rigidification of collagen.
Increased arterial stiffness leads to an increase in systolic and
pulse blood pressure. The ability of the endothelium to relax
the smooth muscle cells of the arterial wall is then impaired,
limiting the possibilities of arterial vasomotoricity in phys-
iological or pathological conditions.**™

In 2007, Stoquart-El Sankari confirmed that cerebral
blood flow decreases with age regardless of the study tech-
nique®”3!. She observed a decrease in the cerebral blood
flow in the elderly with preserved compliance. Flow mea-
surements were made using MRI to compare 19 young sub-
jects (mean age 27 £ 4 years old) with 12 elderly patients
(mean age 71 + 9 years old). The mean cerebral blood flow
in the young and elderly subjects was 688 £ 115 ml/min and
509 £ 103 ml/min, respectively.* In our aHT-population,
consisting of 9 patients, the mean cerebral blood flow was
508 + 94 ml/min at extracranial level and 509 = 103 ml/min
at intracranial level. The mean age of our aHT-population
was 79 £ 5 years old, which is older than the population
in the study of Stoquart-El Sankari. On the other hand,
the mean cerebral blood flow in the aHT+ population was
485 + 74 ml/min at extracranial level, i.e., lower than in
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the elderly studied by Stoquart-El Sankari. In contrast, the
mean intracranial cerebral blood flow was 515 + 165 ml/min,
much higher than among the elderly in the cited study.
Physiological brain aging has an impact on vascular flow, the
impact of AD on blood flow was demonstrated by the same
authors in 2011. They found increased cerebral blood flow in
patients with amnestic MCI and decreased blood flow (even
standardization) in Alzheimer patients.’> Unfortunately, we
note an imbalance of genders in the groups (aHT+ : 9 females
and 1 male and aHT- : 3 females and 6 males), which could
influence the results.

We didn't include vascular risk factors such as cigarette
consumption, body mass index, cholesterol levels, diabetes
mellitus, stroke, cardiovascular disease or apolipoprotein gen-
otype in statistical analyses, which is a limitation of this study.

Dassage from the
extracranial to the intracranial level

Arterial flow propagation conditions are not the same
at cervical and cerebral levels. We must not forget that the
skull (intracranial = cerebral level) is rigid and non-extend-
able. In order to observe vascular flow and to obtain the most
accurate measurements, we are interested in two scanning
levels, the extra- and the intracranial ones. Cerebral blood
flow at the extracranial level (cervical) is estimated by using
the sum of flow in the internal carotid and vertebral arteries,
whereas at the intracranial level (cerebral) it is estimated using
the sum of flow in the basilar and internal carotid arteries.
In our aHT- and aHT+ population, the mean arterial flow
remained unchanged during the passage from the extra- to
the intracranial level.

Apart from the loss of a small part of arterial blood flow
related to cerebellar irrigation, which represents 10% of the
cerebral vasculature, there was no significant reduction in
the mean cerebral blood flow, taking into account the fact
that the precision of the measurement was within the mag-
nitude of decrease.”® We expected a potential difference in
the peak flow, which is logically slightly delayed between the
levels'® and represents the flow propagation in the arterial tree.
'This small phase shift causes a difference in skewness coeffi-
cient (asymmetry), which is slightly but significantly differ-
ent for aH'T- and aHT'+ subjects. This is related to a signifi-
cant drop in pulse flow (11,636 mm?/sec vs. 9,941 mm?/sec,
p = 0.03) among aHT- patients, which translates into the
flattening. As for the kurtosis coefficient, the pulse flow is
not modified in the aHT+ patients. This flattening of the
flow distribution can be explained by the compliance of
the vascular system in AD patients who are not affected by
hypertension. In aHT+ group, compliance is modified due

to impairment of the vascular wall leading to the failure of

protective mechanisms because of the stiffening effect.?’

aHT-vs.aHT+

Hypertension is a cardiovascular risk factor often found
in Alzheimer patients.*® Given that our results, in particular
the mean blood flow in the aH'T— subjects at the extra- and
intracranial levels — were similar to the elderly population
studied by Stoquart-El Sankari et al. in 2007* but different
from the aHT+ population, suggests the impact of hyper-
tension on vascular blood flow. A study by Kuyumcu et al.
showed conflicting results. The prevalence of hypertension
was lower in AD patients than in those with normal cogni-
tive function in the study population.*” In the present study,
7 out of 10 aHT+ patients were given treatment, including
two who received ACE inhibitors (angiotensin converting
enzyme). The protective influence of ACE inhibitors and
calcium channel blockers on the vascular wall has been pre-
viously demonstrated in the literature.®® There were no sig-
nificant differences between blood flow in the aHT+ and
aHT- groups, but there were major standard deviations.
The aHT+ and aHT- populations did not behave in the
same way when observing the passage from the extra- to
the intracranial compartment. The lack of statistical sig-
nificance in kurtosis in the aHT+ patients could be due to
the hardening of vessels affected by the process related to
hypertension. Similarly, the lack of a loss of pulse flow in
the same population (11,320 mm?sec at the extracranial
level and 11,029 mm?/sec at the intracranial level) could be
linked to the non-compliance of vessels damaged by hyper-
tension. The loss of flow is well marked in the aHT- pop-
ulation in the passage from extra- to the intracranial level
(11,636 mm?®/sec at the extracranial vs. 9,941 mm?>/sec at the
intracranial level for p = 0.03).

No clear impact on the curves was observed; however,
on an individual basis, aHT+ patients showed no significant
differences crossing the extra- and intracranial levels, demon-
strating the lack of vascular compliance most likely related
to vascular stiffness (vascular remodeling).

We must not forget that blood flow does not equal blood
pressure, flow rate increases with increasing pressure, but it
depends on vascular resistance. Therefore, special attention
must be given to the parameters of resistance (viscosity,
calcifications, rigidity etc.) modifiable by ACE treatment.
'The hypothesis here is that among elderly, hypertension
(mainly systolic) will damage the vessels.*” Without the
knowledge of whether or not our patients had been receiv-
ing effective antihypertensive treatment and for how long,

we can only suppose that patients presenting MCI were in

Geriatr Gerontol Aging. 2017;11(3):107-15 113
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“a state of fight”, where an increase in cerebral blood flow
was followed by its fall back to normal levels (or pseudo
return to balance). This might be associated with vascu-
lar adaptation (deterioration) in hypertension, which was
deactivated due to hypertension-induced vascular changes.
'This phenomenon would lead to a failure of self-regulatory
system of the brain.

Another explanation for the lack of differences between
the two groups is effective treatment or proper choice of
medication (ACE protects the walls, so there is no influence
on blood flow). Among aHT'+ patients (whose hypertension
was discovered by general practitioner more than 10 years
before cognitive decline and is well controlled), 7 were receiv-
ing treatment, 2 with ACE inhibitors (angiotensin convert-
ing enzyme). ACE inhibitors improve endothelial function
and reduce left ventricular and arterial hypertrophy more
effectively than other antihypertensive drugs.* We may not
have seen any differences in the mean pulse flow between
aHT+ and aHT- patients due to the fact that most of aHT'+
subjects were taking antihypertensive treatment, and no

complications of high blood pressure were found. We also
note a significant difference in MMSE score for participants
in the aH'T+(20+/-6) and aH'T-(18+/-8). It is surprising that
hypertensives performed better on this test.

CONCLUSION

Results showed a difference between cerebral vascula-
ture in AD for aHT+ and aHT- groups. Our hypothesis is
that there is a linear and evolutionary relationship between
arterial hypertension and AD. In at least both hypertension
and Alzheimer’s disease, we see a degradation of the vascu-
lar system, more precisely a modification in the character-
istics of the vessel function (vasoreactivity). As a result, we
witness a failure of the self-regulatory system of the brain,
and an amplification of the phenomenon in the final stage.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Bateman GA. Pulse wave encephalopathy: a spectrum hypothesis
incorporating Alzheimer's disease, vascular dementia and normal
pressure hydrocephalus. Med Hypotheses. 2004;62:182-7.

2. Bell RD, Zlokovic BV. Neurovascular mechanisms and blood-brain barrier
disorder in Alzheimer’s disease. Acta Neuropathol. 2009;118:103-13.

3. ElSankari S, Gondry-Jouet C, Fichten A, Godefroy O, Serot JM, Deramond
H, et al. Cerebrospinal fluid and blood flow in mild cognitive impairment
and Alzheimer’s disease: a differential diagnosis from idiopathic
normal pressure hydrocephalus. Fluids Barriers CNS. 2011;8:12.

4. Dai W, Lopez OL, Carmichael OT, Becker JT, Kuller LH, Gach HM. Mild
cognitive impairment and alzheimer disease: patterns of altered
cerebral blood flow at MR imaging. Radiology. 2009;250:856-66.

5. Chetelat G, Desgranges B, de la Sayette V, Viader F, Eustache F, Baron
JC. Mild cognitive impairment: Can FDG-PET predict who is to rapidly
convert to Alzheimer’s disease? Neurology. 2003;60:1374-7.

6. Alsop DC, Casement M, de Bazelaire C, Fong T, Press DZ. Hippocampal
hyperperfusion in Alzheimer’s disease. Neuroimage. 2008;42:1267-74.

7. Kosunen O, Talasniemi S, Lehtovirta M, Heinonen O, Helisalmi
S, Mannermaa A, et al. Relation of coronary atherosclerosis and
apolipoprotein E genotypes in Alzheimer patients. Stroke. 1995;26:743-8.

8. Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner PA, Markesbery
WR. Brain infarction and the clinical expression of Alzheimer disease.
The Nun Study. JAMA. 1997;277:813-7.

9. Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, ladecola C,
et al. Vascular contributions to cognitive impairment and dementia:
a statement for healthcare professionals from the american heart
association/american stroke association. Stroke. 2011;42:2672-713.

10. Skoog I, Kalaria RN, Breteler MM. Vascular factors and Alzheimer
disease. Alzheimer Dis Assoc Disord. 1999;13(Suppl. 3):5106-14.

1. Wysocki M, Luo X, Schmeidler J, Dahlman K, Lesser GT, Grossman H,
et al. Hypertension is associated with cognitive decline in elderly people
at high risk for dementia. Am J Geriatr Psychiatry. 2012;20:179-87.

12. Raffaitin C, Gin H, Empana JP, Helmer C, Berr C, Tzourio C, et al.
Metabolic syndrome and risk for incident Alzheimer’s disease or vascular
dementia: the Three-City Study. Diabetes Care. 2009;32:169-74.

114 Geriatr Gerontol Aging. 2017;11(3):107-15

13. Hanon O, Latour F, Seux ML, Lenoir H, Forette F, Rigaud AS. Evolution of
blood pressure in patients with Alzheimer’s disease: a one year survey
of a French Cohort (REAL.FR). J Nutr Health Aging. 2005;9:106-11.

14. Kalaria RN, Akinyemi R, Ihara M. Does vascular pathology contribute
to Alzheimer changes? J Neurol Sci. 2012;322:141-7.

15. Toyoda K, Fujii K, Ibayashi S, Kitazono T, Nagao T, Takaba H, et al.
Attenuation and recovery of brain stem autoregulation in spontaneously
hypertensive rats. J Cereb Blood Flow Metab. 1998;18:305-10.

16. Baledent O, Fin L, Khuoy L, Ambarki K, Gauvin AC, Gondry-Jouet
C, et al. Brain hydrodynamics study by phase-contrast magnetic
resonance imaging and transcranial color doppler. J Magn Reson
Imaging. 2006;24:995-1004.

17. Henry-Feugeas MC. Assessing cerebrovascular contribution to late
dementia of the Alzheimer’s type: the role of combined hemodynamic
and structural MR analysis. J Neurol Sci. 2009;283:44-8.

18. Henry-Feugeas MC, Onen F, Claeys ES. Classifying late-onset dementia
with MRI: is arteriosclerotic brain degeneration the most common
cause of Alzheimer's syndrome? Clin Interv Aging. 2008;3:187-99.

19. Stefanova E, Pavlovic A, Jovanovic Z, Veselinovic N, Despotovic
I, Stojkovic T, et al. Vascular risk factors in Alzheimer’s disease -
preliminary report. J Neurol Sci. 2012;322:166-9.

20. Chen HF, Chang-Quan H, You C, Wang Z-R, Hui W, Liu Q-X, et al. The
circadian rhythm of arterial blood pressure in Alzheimer disease (AD)
patients without hypertension. Blood Press. 2013;22:101-5.

21. Skoog |, Lernfelt B, Landahl S, Palmertz B, Andreasson LA, Nilsson
L, et al. 15-year longitudinal study of blood pressure and dementia.
Lancet. 1996;347:1141-5.

22. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan
EM. Clinical diagnosis of Alzheimer's disease: report of the NINCDS-
ADRDA Work Group under the auspices of Department of Health
and Human Services Task Force on Alzheimer’s Disease. Neurology.
1984;34:939-44.

23. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician.
J Psychiatr Res. 1975;12:189-98.




Attier-Zmudka J, Bouzerar R, Gondry C, Couvillers F, Chaarani B, Balédent O

24,

25.

26.

27.

28.

29.

30.

31.

32.

Baledent O, Henry-Feugeas MC, Idy-Peretti |. Cerebrospinal fluid
dynamics and relation with blood flow: a magnetic resonance study
with semiautomated cerebrospinal fluid segmentation. Invest Radiol.
2001,;36:368-77.

ElSankari S, Baledent O, van Pesch V, Sindic C, de Brogueville Q,
Duprez T. Concomitant analysis of arterial, venous, and CSF flows using
phase-contrast MRI: a quantitative comparison between MS patients
and healthy controls. J Cereb Blood Flow Metab. 2013;33:1314-21.

Sheskin DJ. Parametric and nonparametric statistical procedures. 32
ed. Boca Raton, FL: Chapman & Hall/CRC; 2004.

Mukherjee D. Atherogenic vascular stiffness and hypertension: cause
or effect? JAMA. 2012;308:919-20.

Kukull WA, Higdon R, Bowen JD, McCormick WC, Teri L, Schellenberg
GD, et al. Dementia and Alzheimer disease incidence: a prospective
cohort study. Arch Neurol. 2002;59:1737-46.

Wirth A, Wang S, Takefuji M, Tang C, Althoff TF, Schweda F, et al.
Age-dependent blood pressure elevation is due to increased vascular
smooth muscle tone mediated by G-protein signalling. Cardiovasc
Res. 2016;109:131-40.

Balbi M, Ghosh M, Longden TA, Jativa Vega M, Gesierich B, Hellal F,
et al. Dysfunction of mouse cerebral arteries during early aging. J
Cereb Blood Flow Metab. 2015;35:1445-53.

Jaruchart T, Suwanwela NC, Tanaka H, Suksom D. Arterial stiffness is
associated with age-related differences in cerebrovascular conductance.
Exp Gerontol. 2016;73:59-64.

Benetos A, Laurent S, Hoeks AP, Boutouyrie PH, Safar ME. Arterial
alterations with aging and high blood pressure. A noninvasive study
of carotid and femoral arteries. Arterioscler Thromb. 1993;13:90-7.

33.

34.

35.

36.

37.

38.

39.

Zhang Y, Agnoletti D, Protogerou AD, Topouchian J, Wang JG, Xu Y,
et al. Characteristics of pulse wave velocity in elastic and muscular
arteries: a mismatch beyond age. J Hypertens. 2013;31:554-9;
discussion 559.

Stoquart-El Sankari S, Baledent O, Gondry-Jouet C, Makki M, Godefroy
0, Meyer ME. Aging effects on cerebral blood and cerebrospinal fluid
flows. J Cereb Blood Flow Metab. 2007;27:1563-72.

McCauley TR, Pena CS, Holland CK, Price TB, Gore JC. Validation
of volume flow measurements with cine phase-contrast MR
imaging for peripheral arterial waveforms. J Magn Reson Imaging.
1995;5:663-8.

De Reuck J, Deramecourt V, Cordonnier C, Leys D, Pasquier F,
Maurage CA. Prevalence of small cerebral bleeds in patients with
a neurodegenerative dementia: a neuropathological study. J Neurol
Sci. 2011;30:63-6.

Kuyumcu ME, Yesil Y, Ozturk ZA, Halil M, Ulger Z, Yavuz BB, et al.
Alzheimer's disease is associated with a low prevalence of hypertension.
Dement Geriatr Cogn Disord. 2012;33:6-10.

Hanon O, Seux ML, Lenoir H, Rigaud AS, Forette F. Prevention of
dementia and cerebroprotection with antihypertensive drugs. Curr
Hypertens Rep. 2004;6:201-7.

Franklin SS, Gustin Wt, Wong ND, Larson MG, Weber MA, Kannel WB,
et al. Hemodynamic patterns of age-related changes in blood pressure.
The Framingham Heart Study. Circulation. 1997;96:308-15.

40.0'Keefe JH, Wetzel M, Moe RR, Bronsnahan K, Lavie CJ. Should

Geriatr Gerontol Aging. 2017;11(3):107-15

an angiotensin-converting enzyme inhibitor be standard therapy
for patients with atherosclerotic disease? J Am Coll Cardiol.
2001;37:1-8.

115



