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Abstract

Small vessel disease induced by arterial hypertension is associated
with an increased risk of stroke, dementia, cognitive impairment, and death.
It comprises a group of lesions visible only by magnetic resonance imaging
technique, which cannot be used in a comprehensive evaluation of hypertensive
patient because of its cost and availability. We present an uncontrolled
hypertensive patient with cardiovascular risk factors, with no history of previous
cerebro vascular events presenting signs of small vessel disease on brain
resonance imaging. Evident signs of hypertensive retinopathy in both eyes
were observed, with micro hemorrhage and micro exudates in the left eye.
Quantitative electroencephalographic analysis showed a significant increase
in theta frequency, predominantly in left frontal, central and temporal regions.
These findings could indicate the potential of these simpler and economical
methods, in the prediction of subclinical brain damage of hypertensive patients.
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Introduction

Arterial Hypertension (AH) is estimated to about 12.8% of the
total annual deaths. It is the most prevalent disease affecting about 1
billion people worldwide, and is one of the most important risk factors
for cerebral ischemia and intracerebral hemorrhage development [1].
Beyond those well-known effects, AH is associated with the risk of
asymptomatic brain damage identified in magnetic resonance imaging
(MRI) images by lesions such as lacunar infarcts, white matter lesions
(WML), perivascular spaces dilatation, and microbleeds [2]. These
lesions are expressions of cerebral small vessel disease (SVD) induced
and accelerated by AH. They course subclinically for long periods
promoting cognitive and silent structural abnormalities that precede
the final complication.

Neither the availability nor the cost of MRI studies allow its
wide use to assess subclinical brain injury, contrary to the ease
identification of subclinical damage to another target organs such as
heart, by means of electrocardiogram or echocardiogram, and kidney,
through blood creatinine or microalbuminuria tests [2]. Therefore,
the early detection of cerebrovascular subclinical lesions is currently
an unsolved problem in medical practice, which drives the search for
useful tools that allow the early identification of such brain lesions.
The aim of this work is to illustrate the usefulness of the information

contained in the electroencephalogram (EEG) and retinal digital
images for the prediction of asymptomatic cerebrovascular lesions
related to AH.

Case Presentation

A 49-year-oldhypertensive woman, obese, sedentary, non-smoker,
with no history of other chronic diseases or previous cerebro vascular
events, refers difficult control of the hypertension accompanied by
occasional frontal headache. On physical examination were found an
increase in blood pressure (180/110 mmHg), and body mass index
(30.6 kg/m?). The neurological examination was negative, with a total
mental mini exam score of 26 and a decreased performance in the
items of calculation/attention, and language.

Blood chemistry test showed alterations in fasting (7 mmol/L)
and postprandial (11.7 mmol/L) glycemia, diagnosing Diabetes
Mellitus type 2; Quantitative microalbuminuria (27.23 mg/L), with
a borderline atherogenic index [3-9]. Ambulatory blood pressure
monitoring reflected uncontrolled hypertension with high mean
systolic and diastolic pressures in the daytime period (167/110
mmHg), nocturnal (152/97 mmHg), and during 24 hours (164/108
mmHg ), high pressure loads at 100% and increased arterial stiffness,
with a mean pulse pressure of 56 mmHg and a non-dipper circadian
pattern.

Scans were obtained on a 3.0-T scanner (Siemens, MAGNETOM
Concerto, Germany). The protocol included TI-weighted
tridimensional (3D), T2-weighted 3D, T2 weighted gradient-
recalled echo and axial fluid-attenuated inversion recovery (FLAIR)
sequences. A rounded hyperintense signal of approximately 5 mm in
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Figure 1: Brain scans showing: (A) a rounded hypointense signal on axial
T1 3D sequence, localized in subcortical white matter close to the posterior
cingulate, compatible with lacunar infarction; (B) the same lesion, hyperintense
on sagittal T2 3D; (C) Multiple frontal white matter hyperintensities,
predominantly left on axial FLAIR sequence and (D) perivascular spaces
dilated at basal nuclei.

Figure 2: Retinal digital image showing grade Ill hypertensive retinopathy
in the left eye reflecting multiple arteriovenous crosses (transparent arrows),
micro exudate (black arrow) and micro hemorrhage (white arrow).

diameter was observed in the left parietal region of vascular origin
compatible with lacunar infarction, as well as multiple subcortical
hyperintense lesions, mainly frontal and periventricular, and Virchow
Robins spaces dilated at basal nuclei (Figure 1).

Direct ophthalmoscopy and retinal digital images of both eyes
(Topcon Mydriatic Eye Fund Camera-TRC-50EX) showed signs of
grade II hypertensive retinopathy such as arteriolar narrowing and
arteriovenous nicking in both eyes. In the left eye, two small lesions,
a micro exudate and a micro hemorrhage (ME and MH) were also
observed, so grade III hypertensive retinopathy was diagnosed in the
left eye [3] (Figure 2).

The EEG recordings (MEDICID-04 System, Neuronic S.A.) was
made using 10/20 international system and standard procedures
described elsewhere [4]. It reflected an increase in slow (theta
frequency) activity predominantly localized in left frontal, center and
temporal regions, with a maximum at 6.2 Hz. It was interpreted as
probable subcortical origin, due to its reactivity to ocular opening.
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Figure 3: Quantitative EEG analisys showing a significative increase in
thetha activity (6.2 Hz) on frontal, central and temporal derivations at rest,
mainly on left hemisphere.

Figure 4: Electric brain tomographic showing theta activity sources exceeding
2.5 standard deviations. (A) Orthogonal planes. (B,C) Tridimensional
representation of the increased theta activity mainly at left hemisphere in
medial and temporal regions. (B) Tomographic section of medial, lateral and
posterior regions on left hemisphere. (C) Tomographic section of homologous
regions on right hemisphere.

For quantitative EEG analysis, we applied Fast Fourier Transform
method to twenty segments of 2.56 sec. duration at closed eyes
state, free of artifact and state’s changes, selected by an expert
electroencephalographer, through visual inspection (Figure 3).
Source Localizer software (Neuronic SA) was used for the estimation
of current sources using Low Resolution Electrical Tomography
method [5] and the Montreal Neurological Institute probabilistic
brain atlas. We obtained a 3D map of Z values for 6.2 Hz sources on
axial, sagittal and coronal slices of 1 mm each, showing more than 2.5
standard deviation at this frequency in the left hemisphere mainly at
temporal region (Figure 4).

Discussion and Conclusion

Chronic AH induces vascular remodeling that determines
structural changes in cerebral vessels favoring the appearance of
cerebral SVD. It has a subclinical course for long periods, causing
lesions such as lacunar infarcts, white matter lesions, and microbleeds.
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WML are visualized on MRI as hyperintense signals in T2-weighted
images (including FLAIR images), while lacunar infarcts correspond
to small lesions with a diameter ranging from 3 to 15 mm with signal
intensity comparable to that of localized cerebrospinal fluid present
in white substance or subcortical gray matter [6]. Microbleeds
are visualized as small hypointense rounded foci observed in T2’
susceptibility images in echo gradient sequences, mostly located in
the basal ganglia or in cortical or subcortical areas [7]. In this patient,
we found on MRI a small cavitated lacunar infarct close to posterior
cingulus region and multiple subcortical WML at frontal lobe and
periventricular areas, as expression of SVD.

Several studies have pointed out that these lesions are much more
prevalent than other target organs lesions induced by AH and that
they frequently occur in absence of demonstrable damage in other
target organs [8-10]. In these cases, stratification of cardiovascular
risk is not faithful, since it requires the identification of target
organs lesions [11]. This limitation can lead to insufficient patient
management. However, even in countries with big resources, it is not
possible to use MRIs for early identification of silent cerebral lesions.
Therefore, there is an unmet need for biomarkers or predictors of
SVD that can be used in medical practice [12].

The local and superficial nature of the electrical potentials
recorded by the EEG has made it a very useful technique in the
differentiated exploration of the functional status of each cortical
region. Previous works have proposed EEG neurophysiological
markers for cerebrovascular damage including general parameters
of EEG and specific indices as alfa3/alfa2 ratio, and theta/alphal
ratio in subjects with mild cognitive impairment and Alzheimer
disease [13-15]. However, few evidence has arisen from neurological
asymptomatic hypertensive patients.

In the current case, we were able to map an increase in theta
frequency with the use of quantitative EEG parameters obtained from
a conventional array. This change could be explained on the bases of
cortico-subcortical fibers disruption by subcortical cerebrovascular
lesions [14]. It has been pointed out that axonal delay and synaptic
times of these fibers determine the EEG frequencies and that fiber
myelination affects the speed propagation along cortical fibers. This
parameter is strictly correlated to the frequency range recorded on
the scalp [16]. Based in these reports, we thought that lacunar infarct
present in this patient, as well as the WML, can cause the EEG changes
founded, which not necessarily identify the exact localization of these
lesion, but could predict its presence and perhaps its intensity.

Another important aspect to consider is the proximity of
lacunar lesion to the posterior cingulate cortex, which may affect its
function. The posterior cingulate cortex has prominent connections
to the frontal lobes, specially the dorsal region of posterior cingulate
cortex. Although there is not clear consensus about its function some
evidence suggests that may play a direct role in regulating focus
of attention [17]. Therefore, it can be an explanation for cognitive
alterations found in this patient mainly in calculation and attention
capacities. The milder frontal lesions may also have affected these
cognitive functions. These clinical alterations are frequently under
diagnosed in the clinical context.

On the other hand, small vessels in retina and brain share
similar physiological and anatomical features. Retina offers a unique

window to the study of cerebral micro vascular lesion, because of
its accessibility and non-invasiveness through fundoscopy. Several
studies [18-20] report that retinal micro vascular changes such as
arteriolar narrowing, arteriovenous nicking, micro aneurysms,
micro exudates and micro hemorrhages are strongly associated with
subclinical [21-24] and clinical cerebrovascular damage. Agreeing
with those reports, we found in our patient, several lesions, indicating
an important degree of retinal small vessels injury associated with
important silent cerebrovascular injuries observed on MRI.

Currently, SVD is considered a major health problem
transcending the asymptomatic or subclinical stage [25-27]. Several
studies report that SVD has a negative impact on the stroke prognosis
and on functional recovery after stroke. Therefore, being able to
identify these alterations in early stage is very important. This must
necessarily be carried out through rational diagnostic alternatives,
with simple and economical technologies that can be applied
in medical practice. At this point, the quantitative EEG analysis
combined with quantitative parameters of fundus alterations could
provide predictive value information to identify those patients who
require more sophisticated assessments and access to more complex
and expensive diagnostic tools.

However, these results require further extensive research
regarding the identification and mapping of specific EEG indices
related to vascular damage, and quantitative methods of retinal
parameters obtained from digital retinal photographs. This will
allow us to evaluate the diagnostic efficiency of these methods in
the prediction of subclinical cerebrovascular lesions in patients with
vascular risk.
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