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ABSTRACT

Project entitled “Cerebrovascular mediated subclinical brain injury — interaction between cardiovascular function,
brain structure and cognitive function- study rationale, design and principal methods” is a cross-sectional study
in a group of older individuals with no apparent symptoms of stroke, transient ischemic attacks or cognitive
impairment. The primary aim of the projects is further our understanding of the patomechanism of cerebrovascular
disease associate brain injury as well as vascular cognitive impairment and give a better insight into the interplay
between arterial wall, ventriculo-vascular coupling, wave reflection and pulsatility of the flow and how these
interplays are mirrored by MRI neuroimaging. With our novel, interdisciplinary approach, we will define the
methodology and build tools for those who want to follow in this challenging and non-standard direction.
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Introduction

A population study performed with the magnetic reso-
nance imaging (MRI) demonstrated high prevalence of
salient changes in central nervous system [1, 2]. Among
3301 participants (mean age 65 years) who underwent
MRI scanning and denied a history of stroke or tran-
sient ischemic attack only 4.4% had scans which were
assigned a white matter grade of O, indicating that
they were free of any abnormal signal in the white
matter. Thus, most of this population showed degen-
erative changes, which may not be considered benign
because they were associated with impaired cognitive
and lower extremity function [2]. A large part of this
problem is enhanced by vascular disease contributing to
subclinical brain injury, silent brain infarction or clinically

apparent stroke. The clinical spectrum of vascular con-
tribution to cognitive impairment and dementia rang-
es from subclinical forms, being in fact risk factors for
the development of clinically overt syndrome to overt
stroke. Recently a broader terminology was introduced
namely “vascular cognitive impairment” (VCI) in order
to capture the entire spectrum of cognitive disorders
linked to all forms of cerebral vascular brain injury
[3]- Thus, VCl is regarded as syndrome with evidence
of stroke or subclinical vascular brain injury based on
clinical as well as neuroradiological imaging. Moreover,
these changes are linked to impairment of > 1 cogni-
tive domain.

Cerebrovascular disease brain injury (CVBI) ranges
from overt stroke to microinfarction, brain athrophy or
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white matter lesions (WMLs). WMLs are highly corre-
lated with white matter ischemic injury while gray mat-
ter volume changes are associated with both CVBI and
Alzheimer [4]. In populations study WMLs as well as
silent cerebral infarction are very common [5]. Never-
theless, several studies demonstrated the association
of MRI markers of vascular brain injury with incident
stroke, mild cognitive impairment, dementia, and mor-
tality [6]. The risk factors for the development of CVBI
include hypertension, atherosclerosis, tobacco, diabe-
tes and atrial fibrillation [7].

Non-traditional risk factors for vascular brain injury
Recently considerable interest was focused on non-
traditional risk factors for the development of vascu-
lar cognitive impairment. Increased arterial stiffness
or arteriosclerosis, represents a physiological part of
aging that leads to diminished elastic properties of the
media and increased arterial stiffness. This process may
be further accelerated by hypertension, diabetes, renal
insufficiency and other risk factors [8]. There are sever-
al methods, such as pulse wave velocity, digital volume
pulse and pulse wave analysis or ultrasonographic indi-
ces of local arterial distensibility that allow the assess-
ment of general, segmental or local arterial stiffness as
well as central hemodynamics or pressure wave reflec-
tion. These measures as well as derived indices served
as indicators of increased risk of cardiovascular compli-
cations independently of other well known risk factors
[9, 10, 11].

Henskens et al. [12] demonstrated that increased
arterial stiffness measured by aortic pulse wave velocity
(PWV) is associated with silent cerebral small-vessel dis-
ease in hypertensive patients. Kearney-Schwartz et al.
[13] in a prospective study performed in 198 elderly
(mean age 69 years) hypertensive patients showed that
increased PWV, brachial endothelial function as well as
increased intima-media thickness in carotid artery are
associated with white matter hyperintensities and cog-
nitive performance. There are several possible explana-
tions for the pathophysiological link between increased
arterial stiffness and microvascular brain injury. First,
increased arterial stiffness leads to increased pulsatil-
ity in the ascending aorta which has a direct transfer
to brain vasculature. Second, arterial stiffness is linked
to endothelial dysfunction and oxidative stress both of
which are associated with microvessel injury. Third, arte-
rial stiffness leads to left ventricular hypertrophy, a risk
factor for subclinical brain damage and dementia.

Cardiac diseases are associated with increased risk
of cognitive impairment or dementia. It is obvious that
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chronic cerebral hypoperfusion due to severe carot-
id stenosis caused by atherosclerosis or significantly
reduced cardiac output caused by left ventricular dys-
function may lead to cognitive impairment. There-
fore, the majority of research concerning relationship
between cardiac function and cerebral structure and
cognitive performance was done in the population of
subjects with chronic heart failure [14]. Recently, in pre-
liminary studies we demonstrated that grey matter vol-
ume is correlated with some metrics of central hemo-
dynamics as well as with arterial and left ventricular
stiffness in a population of healthy subjects. Moreover,
subclinical white matter lesions were present in those
with higher arterial stiffness and increased values of
aortic excess pressure [15, 16].

Study hypothesis

It is established that indices of subclinical atherosclero-
sis, wave reflection, arterial stiffness and cardiac dys-
function predict cardiovascular complications. Several
investigators demonstrated that the characteristics of
vascular beds obtained by these techniques are not
synonymous and indicate different aspects of vascular
status. Currently it is not known what exact contribu-
tions to cerebrovascular disease associated brain injury
and/or vascular cognitive impairment may be attribut-
ed to each cardiovascular metric. We hypothesized that
complementary assessment of vascular wall properties
as well as cardiac structure and function combined
with MRI evaluation of brain structure and cognitive
testing allow to quantify the contribution of different
cardio-arterial properties to subclinical brain injury and
cognitive decline.

Aim

To perform complimentary assessment of arterial struc
ture and function, left ventricular structure and func
tion, peripheral and central hemodynamics in conjunc
tion with brain magnetic resonance imaging. Addition-
ally cognitive assessment will allow to performe anal-
ysis assessing interaction between cardiovascular and
brain morphology metrics and cognitive performance.

The novelty input and influence of obtained results
The novelty of our basic research is comprehensive
evaluation of arterial and cardiac structure and func
tion, together with central hemodynamics in the frame
of neuroimaging and neuropsychologic evaluation of
study subject. We hope that the obtained results will
help to determine the optimal cardiovascular and brain



structure metrics for testing in a future research per-
formed in risk factors groups as well as subjects with
established diagnosis of brain injury in order to prevent
further deterioration or to monitor targeted therapy.

Method and experimental plan

Study group

The study group will include 230 volunteers, age > 60
years with the perception of normal health, without
apparent history of stroke, transient ischemic attack or
cognitive decline. The exclusion criteria are: neoplasm,
chronic kidney disease requiring hemodialysis, status
post kidney or heart transplantation, atrial fibrillation,
active infection, hyperthyreosis, implanted artificial
device preventing MRI assessment (pacemakers, hip
replacement etc.).

Brain magnetic resonance imaging
All brain examination will be performed on 1,5-Tesla
MRI (Avanto Simens Medical System, Germany) using
standard, circular, polarized volume head coil. MR
images will be done in standard sequence. For the
automatic separation of brain and nonbrain matter as
well as the evaluation of white matter and gray mat-
ter brain volumes the FSL (University of Oxford) pack-
age as well as the SPM (Wellcome Trust Centre for Neu-
roimaging, London) and VBM (Structural Brain Map-
ping Group, University of Jena) Matlab toolboxes will
be used. Additionally, use will be made of the MRIC-
RON software to further analyze the regions of interest
in the transformed images.

MR angiography of brain arteries will be made with
Time of Flight sequence (TOF) without contrast injection.

For detailed brain structure segmentation into vol-
umes and surfaces with the use of state-of-the-art algo-
rithms the FreeSurfer (Laboratory for Computational
Neuroimaging, Athinoula A. Martinos Center for Bio-
medical Imaging) software package will be used. White
matter hyperintensities will be assessed with the use of
the LST (Structural Brain Mapping Group, University of
Jena) Matlab toolbox.

Measurements

All patients will be evaluated in a temperature con-
trolled laboratory. Anthropometric measurements
(height, weight, Waist-to-Hip Ratio [WHR]) will all be
made according to standard guidelines. Brachial blood
pressure will be obtained by an oscillometric method
(M-6, Omron Healthcare Co, Ltd, Kyoto, Japan) in the

supine position, after 10-minutes rest. Plasma glucose,
cholesterol and creatinine levels will be obtained from
subjects after an overnight fast. Six minute walk test
will be performed.

Cognitive function testing

Psychological assessment

To account for psychological outcomes related to car-
diovascular and brain changes we will measure sub-
jective health status (Nottingham Health Profile) and
cognitive function (neuropsychological battery) with
reliable and validated measures. These assessments
will be assigned, coded, and interpreted by trained psy-
chologists. This approach will provide a comprehensive
examination of outcomes resulting from identified med-
ical conditions and enhance its unique interdisciplinary
application. Findings will be particularly relevant to the
discipline of psychocardiology and neuropsychology.

Neuropsychological battery

A comprehensive battery of neuropsychological assess-
ments, including standard clinical neuropsychological
instruments with established reliability and validity
will be completed by all participants. We will evalu-
ate attention-executive function with the Trail making
B time to completion test, Digits Forward and Back-
wards, and Controlled Oral Word Association Test.
Memory will be assessed with California Verbal Learn-
ing Test-1l immediate recall and delayed recall. A total
cognitive composite score will also be calculated. We
will account for the premorbid functioning with WAIS-R
vocabulary subtest. Composite measures will be com-
puted for each test by converting raw scores to stan-
dardized z-scores and averaging them across the tests
in each composite [17-22].

Amount of body fat

A bio-impedance analyzer (Bodystat 1500, Bodystat
Ltd, UK) will be use to measure the fat content as
a proportion of total body mass. Bio-impedance analy-
sis (BIA) will be performed with a single frequency (50
kHz) device.

Digital volume pulse analysis

Measurement of the digital volume pulse (DVP) wave-
form will be performed by a photoplethysmographic
method (Pulse Trace 2000, MicroMedical, UK). The
Stiffness Index of the DVP (Slyy) will obtained from the
subject’s body height (h) divided by the time between
the systolic and diastolic peaks of the DVP. The Sy, is
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an estimate of pulse wave velocity in large arteries and
is regarded as a measure of large artery stiffness.

Peripheral and central pressure waves assessed

by pulse wave analysis (PWA) for measurement of
wave reflection and central hemodynamics

The SphygmocorMx validated system (AtCor Medical,
software version 7.0) will be used for measurement of
the wave reflection indices and central hemodynamics.
Non-invasive beat-to-beat finger arterial blood pressure
will be recorded continuously with the use of a volume-
clamp photoplethysmograph (Portapres 2, FMS, The
Netherlands) with the sensor on the middle finger of
the right hand. Calculations of mean blood pressure
(MBP), heart rate (HR), total peripheral resistance (TPR)
will be made using the Modelflow algorithm.

Carotid Intima-Media Thickness and local carotid
stiffness evaluation

All patients will undergo common carotid artery (CCA)
measurements with a novel system (ArtLab, Esaote,
Italy) based on high-resolution echotracking technol-
ogy (WallTrack system), including the use of a 128 RF
line multiarray. This novel technology gives access to
all major mechanical parameters. The system employs
dedicated software (RF-data technology involving RF
Quiality Intima-media Thickness (RFQIMT) and RF Qual-
ity Arterial Stiffness (RFQAS); Esaote Medical Systems).

Echocardiography

Patients will be imaged using a commercially available
system (Vivid 9, General Electric-Vingmed). Data acqui-
sition will be performed using a 3.5 MHz transducer, at
a depth of 16 cm in the parasternal and apical views.
Standard M-mode and 2D images will be obtained and
analysis will be performed off-line. Peak systolic longi-
tudinal strain and strain rate will be assessed on apical
two-chamber, four-chamber, and long-axis views using
speckle tracking analysis. Left ventricular end systolic
stiffness, effective arterial elastance and ventricular-
arterial coupling will be estimated with the single beat
technique. Total arterial compliance (TAC) is an addi-
tional measure of arterial pulsatile load on the heart
and it will be estimated by dividing SV by the pulse
pressure (PP).

Conclusion and dissemination
of the results

It is expected that the work proposed will further our
understanding of the patomechanism of cerebrovascu-
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lar disease associated brain injury as well as vascular
cognitive impairment and give a better insight into the
interplay between arterial wall, ventriculo-vascular cou-
pling, wave reflection and pulsatility of the flow and
how these interplays are mirrored by MRI neuroimag-
ing. Also, with our novel, interdisciplinary approach,
we will define the methodology and build tools for
those who want to follow in this challenging and non-
standard direction.
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