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Abstract
Background: Cerebral small vessel disease and extracranial atherosclerotic carotid disease
are manifestations of silent cerebrovascular disease (CVD). Information on these two pathologies
in hypertensive population with low cardiovascular risk (CVR) is scarce.
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Objective: To explore frequency and characteristics of silent CVD in hypertensive adults and
cognitive repercussion of these alterations.
Methods: 39 hypertensive patients (mean age: 53.5 years) were studied. Cerebral magnetic
resonance imaging (3T), doppler ultrasound of the carotid artery and neuropsychological studies
were obtained.

OPEN ACCESS

Results: 79% of patients presented white matter lesions (WML), 18% showed only cerebral
atrophy and/or enlarged perivascular spaces, 60% presented hyperplasia of intimal media
complex (IMC) and/or atheroma plaques. In women, a signiﬁcant correlation was observed
between IMC thickness and bifrontal index, and WML was greater in patients with carotid plaques.
A non-signiﬁcant decrease in neuropsychological performance was observed in the groups of
patients with intra and/or extracerebral injury and a negative correlation with the bifrontal index
in men was found.
Conclusion: Frequency of intra and extracerebral silent CVD was high in hypertensive
adults with low to moderate CVR. WML and brain atrophy were partially related with carotid
lesions. Age signiﬁcantly inﬂuenced the appearance of intra and extracerebral lesions. Cognitive
performance did not decrease signiﬁcantly due to the presence of these lesions.

Introduction
Cardiovascular diseases account for about 48% of all
deaths from chronic non-communicable diseases. It include
cerebrovascular diseases (CVD), which are the second leading
cause of death worldwide [1]. It is recognized that prevalence
of silent CVD exceeds that of clinically manifest CVD and
constitutes the most frequent incidental inding in brain
imaging, especially in elderly patients [2]. These abnormalities
generally represent signs of cerebral small vessel disease
(CSVD), which comprises a group of lesions visible on magnetic
https://doi.org/10.29328/journal.ach.1001021

resonance imaging (MRI) such as recent small silent infarcts,
lacunar infarcts, white matter lesions (WML), microbleeds,
cerebral atrophy, and enlarged perivascular spaces [3].
Similarly, Extracranial Carotid Atherosclerotic Disease
(ECAD) develops asymptomatically over a long period of time,
causing up to 20% of all ischemic strokes [4]. However, results
of ECAD s studies mainly focus on the signi icant carotid
stenosis (≥ 50% -70%) identi ication and on the increase
in intima-media complex (IMC) thickness. Only recent
investigations begin to consider subclinical morphological
and hemodynamic changes present in ECAD [5-9].
https://www.heighpubs.org/hjch
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Several studies have reported a high predictive value of
these pathologies, which is why they are considered potential
biomarkers useful to improve the algorithms for predicting
vascular events [10,11]. However, the cost and availability
of neuroimaging techniques necessary for identi ication of
silent CVD does not allow its massive application. On the other
hand, identi ication of ECAD by doppler ultrasound as the
most affordable technique, is currently recommended only
for evaluation of patients with high cardiovascular risk [4].
Therefore, the information on these two pathologies is not
suf icient, especially in the hypertensive population of low
to moderate risk. In this work we explore the frequency and
characteristics of silent intra and extracerebral CVD in a group
of adult hypertensive patients. Additionally, we evaluated the
relationship between carotid morphological changes with
asymptomatic brain injury, and the cognitive impact of these
injuries in these patients.

Methods
Subjects
A cross-sectional study was carried out in the period from
October 2015 to July 2016 in neurologically asymptomatic
hypertensive patients, who came consecutively to the service
of Vascular Risk Group at Calixto García Hospital. The inclusion
criteria included a history of essential arterial hypertension
(HT), of any time of evolution and age under or equal to 65
years. Exclusion criteria included a history of cerebrovascular
disease or cerebral disease from any other cause, diagnosis
of cognitive impairment or dementia, claustrophobia and
incompatibility with the study of resonance. Variables such
as arterial hypertension control and treatment were not
taken into account to participate in the study. All patients
signed the informed consent for inclusion in the study, which
was approved by Institutional Ethics Committee and was in
accordance with the principles of the Helsinki´s Declaration
for research in humans.
Global cardiovascular risk of patients was calculated
using the online application from Pan American Health
Organization (PAHO) web, available at https://www.paho.
org/cardioapp/web/. It allows to estimate the risk of a
relevant cardiovascular disease for irst time in ten years,
such as myocardial infarction, angina, stroke, in individuals
over 40 years, taking into account the following variables:
gender, age, smoking, systolic pressure, cholesterol levels and
the presence of Diabetes mellitus.
Hemochemical results were obtained from peripheral
venous blood in the morning with standardized procedures in
the hospital laboratory.
Brain magnetic resonance
Brain images were obtained with high-resolution (3T)
MRI equipment at Cuban Neuroscience Center (Siemens,
MAGNETOM Concerto, Germany). Three-dimensional T1
https://doi.org/10.29328/journal.ach.1001021

and T2 sequences were used in the axial, sagittal and coronal
planes (1 mm cuts); FLAIR sequences (2 mm cuts) and T2*
sequences (4 mm cuts), both in axial plane [12].
The images obtained were evaluated by an observer and
the Scheltens visual semi-quantitative scale was applied for
quanti ication of cerebral WML, using FLAIR sequence images.
The same observer also performed linear measurements
of cerebral atrophy including bifrontal index and frontal
interhemispheric issure, using images of T1 sequences [13].
In one case, it was not possible to obtain these indices due
to image sharpness defects because of artifacts produced by
patient movements.
Carotid doppler ultrasound
Both carotid axes (common carotid artery, bulb) were
studied by color echo-doppler in the ALOKA equipment
(PROSOUND alpha 10 model, Japan). The same image expert
performed all the procedures, following the standardized
methodology for it. Thickness of Intima-Media Complex (IMC)
in the posterior wall of the distal third of common Carotid
artery was determined taking as normal value ≤ 0.9 mm. The
presence of carotid atherosclerotic plaque was evaluated by
the Mannheim consensus (focal structure that invades the
arterial lumen at least 0.5 mm or 50% of the value of the
adjacent IMC; or IMC > 1.5 mm measured from the adventitia
interface to the intimate interface) [14]. The hemodynamic
low parameters of the explored vessels were evaluated, but
were not taken into account in this study. In one case it was not
possible to perform the test due to insuf icient visualization
due to a poor acoustic window. In other 3 cases it was not
possible to adequately de ine the IMC thickness.
Neuropsychological test
The Digit Symbol-Coding test was applied to all participants.
It is one of the most sensitive test for cognitive deterioration
secondary to vascular damage and allows evaluation of
processing speed and executive function [15]. It was done by
one examiner at a desk in a quiet room, with privacy, in the
morning session.
Statistical analysis
Statistical analysis was performed using the Statistic
program (Statsoft Inc.). Continuous variables with normal
distribution were evaluated using mean and range parameters,
and categorical variables using frequency and percent
parameters. Continuous variables were compared using the
non-parametric statistical tests Mann-Whitney and Kruskal
Wallis test, to assess the differences between groups, and
Spearman’s correlation coef icients were obtained to assess
the relationship between variables. To evaluate the association
between qualitative variables, the X2 test was used. In all
statistical tests, the signi icance level was set less than 0.05.

Results
Thirty-nine neurologically asymptomatic hypertensive
https://www.heighpubs.org/hjch
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patients were studied, ive patients were withdrawn from
the study due to the impossibility of performing the MRI
(claustrophobia and unknown metals in the body). The inal
sample comprised 34 patients, 9 men and 25 women, with
mean age of 53,5 years (SD: 6.7) and mean years of HT for 15.6
years (SD: 9.4). 8 patients (1 man and 7 women) also suffered
from Type 2 Diabetes Mellitus. Clinical and demographic data
are shown in table 1.
The application of the PAHO cardiovascular risk calculator
revealed 58.8% of patients with low risk, 14.7% with
moderate risk and 26.5% with high risk; all diabetic patients
were included in this last category.

Table 2: Mean values of Scheltens scale score (global and by brain regions) and
linear measurements of brain atrophy and statistical signiﬁcance of the diﬀerence.
Variables

Men

Women

p level

Scheltens Score
mean (range)

6 (0-21)

6.92(0-24)

0.70

Frontal Subcortical

2

2.24

0,81

Parietal Subcortical

1

1.36

0,64

Frontal Periventricular

1

0.80

0,50

Occipital Subcortical

0,78

0,68

0,94

Temporal Subcortical

0,78

0,56

0,53

Occipitals Periventricular

0,55

0,48

0,99

Lateral Periventricular

0,44

0,48

0,84

Insula Subcortical

0,11

0,16

0,92

Bifrontal index
mean (range)

0.32(0.28-0.35)

0.29(0.26-0.34)

0.00

Frontal interhemispheric ﬁssure
mean (range)

3.83(3-5)

3.82 (1.9-6.10)

0.98

Intracerebral injury

26
24
22
20
18

Schelten score

Subcortical and periventricular white matter lesions
were observed in 79% of these patients (27 cases), one of
them presented a lacunar infarction. 18% (7 cases) showed
only signs of cerebral atrophy and/or enlarged perivascular
spaces (EPS), the latter appeared in 82% of the cases, located
globally, mainly in the basal ganglia. Only 3% of the patients
(1 case) were free of hypertensive-induced brain disorders.
Based on these indings, the patients were divided into 2
groups, one group with non-ischemic injury (no lesion, brain
atrophy and/or EPS) and another group with ischemic injuries
(white matter injury or lacunar infarction). The application of
Scheltens semi quantitative scale re lected predominance of
subcortical white matter injury in frontal and parietal regions.
Periventricular injuries were less frequent and predominantly
at frontal horns. Women presented a higher frequency of
subcortical frontal and parietal lesions than men, but these
differences were not statistically signi icant (Table 2).
A positive signi icant correlation was observed between age
and WML quanti ication (R = 0.36; p = 0.03) (Graph 1A).
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68% of patients presented cerebral atrophy isolated
or in combination with other lesions. The most frequent
presentation was generalized atrophy (87%), followed
by frontally located atrophy (9%). These patients had a
signi icantly higher mean age (55 vs. 50 years; p = 0.02).

Table 1: Demographic, clinical and laboratory data from patients and statistical
signiﬁcance of the diﬀerence.
Parameters (mean, range)

Women n = 25

Men n = 9

p level

Age

53.4 (41-65)

53.7 (40-64)

0,81

Years of HT

14.5 (1-37)

18.6 (1-31)

0,17

BMI

28.8 (20-42)

29 (21-33)

0,70

Systolic BP

155 (117-214)

144(115-167)

0.29

Diastolic BP

95 (71-134)

90(66-105)

0.73

Glycaemia (mmol/L)

6.07 (4.6-12.7)

6.24(4.7-9.3)

0,56

Cholesterol (mmol/L)

5.4 (3.5-8.2)

5.04 (4.27-6.19)

0,55

Triglycerides (mmol/L)

1.61 (0.69-3.21)

2 (0.96-4.55)

0,42

Uric acid (μmol/L)

318(157-486)

443 (277-607)

0,01

IMC thickness (mm)

0.89 (0.6-1.3)

0.92 (0.6-1.3)

0,67

Digits -symbols score

39 (20-59)

40(27-63)

0,87

HT: Hypertension; BMI: Body Mass Index; BP: Blood Pressure; IMC: Tntima Media Complex
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Graph 1: Correlation between age and the severity of white matter lesion (A) and
frontal interhemispheric ﬁssure (B) in all patients.
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between age and interhemispheric issure values (R = 0.33; p =
0.06) (Graph 2), while bifrontal index values were signi icantly
higher in men than in women (0.32 vs. 0.29; p = 0.002), which
forced subsequent analyzes taking into account gender.
Individuals with ischemic brain injuries presented
similar bifrontal index (0.30 vs. 0.30, p = 0.94,) and higher
frontal interhemispheric issure (3.98 vs. 3.22, p = 0.12)
compared with those with atrophy and/or EPS, without
showing signi icant differences for both men and women. No
signi icant correlation was obtained between Scheltens score
and the bifrontal index in men (R = 0.02; p = 0.95) and women
(R = 0.06; p = 0.77). A positive but non-signi icant correlation
between Scheltens score and interhemispheric issure was
observed in men (R = 0.66; p = 0.08), but not in women (R
= -0.03; p = 0.87). Subjects with cerebral atrophy presented
more Scheltens score (8.34 vs. 2.37; p = 0.005), indicating a
relationship between brain atrophy and white matter injury.
Extracerebral injury
The study of the common Carotid artery, revealed 60%
of the patients with alterations, either an increase in IMC
thickness or the presence of atheroma plaques. The IMC
thickning isolated was observed in 15% of patient, presence
of atheroma plaques isolated was observed in 21%, and
24% of the patients presented both lesions, without gender
differences. There were no signi icant differences in the IMC
thickness between sides (D/I: 0.90 vs. 0.79 mm, p = 0.18), so
right-side values were considered for analysis. There were
also no differences between men and women regarding this
variable, and a weak and non-signi icant positive correlation
was observed between age and the IMC thickness (R = 0.23;
p = 0.21). Patients with plaques were signi icantly older than
those without plaques (57 vs. 50, p < 0.001). In any case was
signi icant carotid lumen stenosis, an irregular surface plaque
with intraplate low, classi ied as unstable, was observed in
one 42 years old patient. According to this indings, patients
were classi ied into 4 groups: normal, with IMC hyperplasia,

with atheroma plaques only, and with IMC hyperplasia
associated with plaques.
Relationship between intra and extracerebral injuries
Values of the mean IMC thickness were similar in patients
with ischemic brain injury and with atrophy and/or EPS (0.90
vs. 0.89; p = 0.89). We observe no correlation between IMC
thickness and the total Scheltens score (R = 0.02, p = 0.88).
Patients with cerebral atrophy presented greater IMC
thickness (0.91mm vs. 0.88 mm, p = 0.93) and in women a
signi icant positive correlation between the IMC thickness and
Bifrontal Index was observed (R = 0.59; p < 0.001) (Graph 2).
We also explore severity of WML in each group of patients
according to indings in carotid examination. Progressively
higher scores on Scheltens scale were observed, especially
in those patients with carotid plaques (isolated or associated
with IMC hyperplasia), without signi icant differences
(p = 0.65) (Graph 3).
This led us to compare the severity of WML according to the
presence or not of carotid plaques (isolated or associated with
IMC hyperplasia), and higher mean values of total WML were
observed (8.2 vs. 5.7, p = 0.24) in those with plaques. They
also have higher mean values of WML in frontal subcortical
regions (2.7 vs. 1.8, p = 0.19), but this differences were not
statistically signi icant.
No signi icant association was obtained between the
presence of cerebral atrophy and carotid plaques (X2 = 0.14,
p = 0.71). Bifrontal index (0.30 mm vs. 0.29 mm, p = 0.23) and
the frontal interhemispheric issure (4.16 mm vs. 3.66 mm,
p = 0.18) were also not signi icantly different between patients
with and without plaques, in both sexes.
Relationship of intra and extracerebral injuries with
cardiovascular risk
In general, patients with low and moderate CVR presented
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0,31
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1,2

1,3

1,4
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Graph 2: Correlation between the IMC thickness and the Bifrontal Index in women.
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Graph 3: Mean values of total Scheltens score in 4 groups of patients according
to carotid ﬁndings. IMT: intimal thickening.
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a higher frequency of intracerebral lesions (both ischemic and
cerebral atrophy) and extracerebral lesions, than patients
with high CVR. (Graph 4). However, no signi icant differences
were found in total Scheltens score, linear measurements of
atrophy, IMC thickness and cognitive performance in relation
to the CVR of patients (Table 3).
Neuropsychological ﬁndings
No statistic signi icant effects of age were observed on
neuropsychological score of patients (R = -0.10; p = 0.55), nor
differences between men and women (40 vs. 38, p = 0.76).
However, a marked in luence of the degree of education were
observed, with signi icantly higher neuropsychological scores
in those with higher education level (p = 0.01). This factor
could not be considered in subsequent analysis because it
caused inhomogeneity in the sample.
A non-signi icant decrease in neuropsychological score
was observed in the groups of patients with ischemic brain
injury compared with those without it (38 vs. 44, p = 0.24)
(Graph 5A). A weak positive but not signi icant correlation
was obtained between neuropsychological and total
Scheltens scores (R = 0.35; p = 0.09) in these patients. A slight
decrease in cognitive score was observed in patients with
cerebral atrophy compared with those without it (38 vs. 41,
p = 0, 56) (Graph 5B). A negative correlation was obtained
between neuropsychological score and bifrontal index in men
(R = -0.67; p = 0.07), but without statistical signi icance.
In patients with carotid plaques, isolated or combined

Number of patients (%)

80.0

70.0

66.7

50.0

40.0
40.0

Low CVR

55.6
37.5

40.0

Moderate CVR

37.5

High CVR

Ischemic lesion

Cerebral atrophy

CaroƟd plaques

Intra and extracerebral lesion

Graph 4: Frequency of ischemic brain injury, cerebral atrophy, carotid plaques,
and combined intra and extracerebral injuries in each group of patients according
to the cardiovascular risk (CVR).

Table 3: Mean values of quantiﬁcation of intra and extracerebral lesions and
cognitive performance in each cardiovascular risk group and statistical signiﬁcance
of the diﬀerence.
Variables

Cardiovascular Risk
Low n = 20 Moderate n = 5

High n = 9 p level

Total Scheltens Score

7.5

4.40

6

0.96

Bifrontal index

0.30

0.29

0.29

0.42

Frontal interhemispheric ﬁssure

3.78

4.78

3.36

0.22

IMC thickness

0.93

0.76

0.89

0.58

Digits -symbols Test

37.8

37

42.5

0.47

https://doi.org/10.29328/journal.ach.1001021

Considering the effect of the concurrence of both types of
injuries (intra and extracerebral) on cognitive performance
we observed a non-signi icant decrease in patients with both
injuries compared with those who just have one type of injury
(37 vs. 40, p = 0.69) (Graph 5D).

Discussion
Intracranial vascular injury
CSVD is very common in elderly patients [16], however, in
our study we found a high frequency of these lesions in a group
of hypertensive patients with a mean age below 65 years, most
of them with low to moderate CVR. Few studies have reported
these injuries in non-elderly individuals [-2017], in which
WML is the most common injury, as in our study. Nonetheless,
our results showed a positive correlation between age and
WML, and cerebral atrophy, re lecting the aging process
underlying these lesions. In particular, WML were more
frequent in frontal and parietal subcortical regions, which
could affect the cognitive performance of patients. It has been
pointed out that white matter lesions contribute to cerebral
atrophy, which agrees with the relationship between these
lesions obtained in our study, speci ically in men, although it
wasn’t statistically signi icant [21,22].
Other frequent alterations found were cerebral atrophy
and enlarged perivascular spaces. They are also commonly
reported in elderly individuals and associated with cognitive
decline and dementia [18]. Enlarged perivascular spaces
are part of the changes seen in the CSVD, although its
diagnostic and prognostic signi icance has not yet been
de ined. Its pathophysiological mechanism is not precise and
its appearance becomes more frequent with age and with
chronic hypertension [23]. In agreement, our results re lect a
high frequency of enlarged perivascular spaces in this group
of patients related to the chronic effect of HT.

100.0
80.0

with IMC hyperplasia, a non-signi icant decrease in
neuropsychological score was observed compared with those
without it (37 vs 40, p = 0.70) (Graph 5C). No correlation was
obtained between cognitive performance and IMC thickness
(R = -0.07, p = 0.72).

Other CSVD markers visible on MRI such as recent small
subcortical infarcts and microbleeds were not observed
in this group of patients. Frequency of these injuries is less
than that of WML and brain atrophy. A 3% - 7% prevalence
of microbleeds has been reported in people with no history
of cerebrovascular disease and its consistent association with
age and hypertension has been reported [24]. The absence of
these brain lesions in our study possibly is related to the mean
age of this group under 65 years or based in ethnic differences.
Extracranial vascular injury
Atherosclerosis is the most frequent cause of extracranial
carotid artery disease and these patients have a higher risk of
https://www.heighpubs.org/hjch
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Graph 5: Frequency of ischemic brain injury, cerebral atrophy, carotid plaques, and combined intra and extracerebral injuries in each group of
patients according to the cardiovascular risk (CVR).

suffering from adverse vascular events such as heart attacks,
peripheral arterial disease and death. It is recognized that it is
responsible for 15% - 20% of ischemic strokes [4]. However,
most studies have focused on the relationship between carotid
stenosis and the occurrence of fatal vascular events, while few
investigations have explored the prevalence of earlier stages
of this disease in hypertensive patients with low or moderate
CV risk, and the association between ECAD and CSVD.
Presence of carotid plaques is common in asymptomatic
patients, reaching up to 40% in the general population and
mostly in the elderly [25]. Few studies have reported data on
the prevalence of these lesions in non-elderly adult patients.
In PESA study [26], 31% of subjects with carotid plaques was
detected in a group of asymptomatic persons with a mean
age of 45 years. In another group of asymptomatic subjects
with a mean age of 47 years, Varleta, et al. detected 15% of
patients with carotid plaques and 33% of subjects with IMC
hyperplasia, these indings were more frequent in patients
with HT [27]. In our study, a higher frequency of carotid
https://doi.org/10.29328/journal.ach.1001021

plaques and/or IMC hyperplasia was found, which can be
explained by the presence of hypertension in all the patients
studied. As with intracranial lesions, age was related to these
injuries, especially the presence of carotid plaques. Also, it’s
worthwhile to note the presence of a risky and unstable carotid
plaque in a young patient in whom other cardiovascular risk
factors must be present.
Regarding the relationship between intra and extracerebral
vascular lesions, a meta-analysis carried out based on 7 studies
evaluating IMC thickness in 6,571 subjects, and on 11 studies,
evaluating carotid stenosis in 12,347 subjects, revealed that
both forms of carotid disease were signi icantly associated
with the presence of silent cerebral infarction [28]. Another
meta-analysis including 9 systematic reviews showed that
ECAD was signi icantly associated with presence of WML,
but could not demonstrate the relationship with cerebral
atrophy due to lack of adequate studies [29]. In that study,
only the presence of fully developed atherosclerotic lesion
was considered, without including IMC hyperplasia.
https://www.heighpubs.org/hjch
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Our results partially agree with these reports, pointed to a
relationship between IMC thickness and cerebral atrophy in
women. Also the presence of carotid plaque was associated
with more WML although in a non-signi icant way. This could
be the expression of atherosclerosis process affecting large
and, more extensively, the small vessel of cerebral circulation.
Several studies have reported the impact of carotid
plaques and the increase of IMC thickness in the prognosis
of adverse vascular events [7-9,11,28-30], which indicates
the importance of considering these injuries in re inement of
cardiovascular risk strati ication. The results of our study are
in line with this opinion, especially in hypertensive patients in
whom the treatment strategy involves the detection of target
organ injury to de ine CVR and, accordingly, to impose the
most appropriate treatment regimen.
Cognitive impact of vascular lesions
Vascular cognitive impairment is a wide term including all
forms of cerebrovascular disease with cognitive consequences.
CSVD is possibly its more frequent cause and is associated
with speci ic cognitive de icits such as slowed information
processing, mild memory and attention de icits and a
dysexecutive syndrome [31]. The later includes impairment in
goal formulation, initiation, planning, organizing, sequencing,
executing, set-shifting and set-maintenance. Therefore, it is
recommended that neuropsychological evaluation in vascular
cognitive impairment assess especially executive functions
[15]. In our study, a non-signi icant decrease in Digit SymbolCoding test score was observed in patients with both intra
and extracerebral lesions, which could be an expression of
the beginning of cognitive de icit in these relatively young
patients. However, is important to note that this test just
provide a direct measure of processing speed, so alterations
in memory, attention and executive functions could not be
explored, which constitute a limitation of this study.
However, information processing speed is recognized as
an essential cognitive resource underlying the basic cognitive
mechanisms and is correlated with the performance in a wide
range of cognitive domains [32]. There are several evidences
about the relationship between cognitive processing speed
and the structural integrity of white matter tracts, re lecting
that appropriate connections of white matter tracts allow a
more ef icient information processing in neural networks
responsible for cognitive functions [33-35]. However, our
result doesn’t show a signi icant and inverse relation between
quantitative measure of WML and neuropsychological score.
This could be related direct or indirectly with the effect of
higher education´s degree in those individuals with higher
neuropsychological score, but with higher WML score. So
is necessary to increase the sample size and make more
homogenous the education´s degree factor in the groups of
patients. Also we must consider other risk factors such as
arterial hypertension control and treatment.
https://doi.org/10.29328/journal.ach.1001021

Finally, it is important to highlight the higher frequency
of injuries found in patients with low and moderate CVR,
compared to those with high CVR. This could have been
in luenced by the fact that the CVR strati ication method used
does not take into account the presence of target organ lesions
from cerebral vascular territory, as frequently happens in
clinical practice, since these studies are not applied to all
patients with HT. Asymptomatic cerebrovascular injuries
often occur earlier than in other structures such as heart and
kidney, which have most available and least expensive markers
of damage. In this way, a discordance could be established
between the real CVR and that calculated in hypertensive
patients, making it important to search for markers of silent
cerebrovascular injury.

Conclusion
Findings of this study point to the high frequency of
silent intra and extra-cerebral cerebrovascular lesions in
low to moderate risk hypertensive patients. WML in frontal
and parietal regions and generalized cerebral atrophy were
the most frequent brain lesions and were related, in nonsigni icant way, with carotid IMC hyperplasia and atheroma
plaques. Age signi icantly in luenced the appearance of intra
and extracerebral lesions, which points to the aging process
as an important underlying factor. A non-signi icant decrease
in cognitive performance was observed related to intra and
extra-cerebral lesions. More comprehensive future studies
may provide more information on the presence and impact
of silent cerebrovascular injury in hypertensive patients with
low and moderate CVR.
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