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ABSTRACT

Background: Alzheimer’s disease (AD) is known to cause an enormous impairment to the quality of life and
impact in the health system; meanwhile, studies show that in the coming years, the number of affected individuals
will continue to grow. It is also believed that amnestic mild cognitive impairment (MCI) could represent an early
symptomatic form of AD, which precedes dementia.

Methods: The present study aimed to evaluate the intracranial pressure (ICP) through a noninvasive method in
patients with AD and MCI, seeking for differences when compared to healthy elderlies. This is a cross-sectional,
correlational, and observational study of a quantitative character, carried out in a Brazilian city, with patients from
the ANEC of the UFSCar.

Results: It was found a statistically significant difference between the ICP morphology when analyzing the results
in patients with AD and MCI, compared to healthy volunteers. It is known that dementias means a progressive
disorder that leads to the loss of independency and function of the patient, although, it is believed that it can be
found early ICP alterations in these patients. Nevertheless, considering this is an unprecedent study, it was not
possible to compare results with previous studies and literatures. However, the study has a limitation related to the
sample size; an expansion of it could possibility lead to different findings.

Conclusion: The findings through the ICP measurement could indicate an early diagnosis, which would lead to
an early treatment and an improvement in the quality of life of patients with AD. Thus, further investigation and
widening studies are encouraged.

Keywords: Altered intracranial pressure, Alzheimers disease, Alzheimer’s early diagnosis, Mild cognitive
impairment, Noninvasive intracranial pressure monitor

INTRODUCTION

Alzheimer’s disease (AD) causes an enormous loss of quality of life of elderly people and
impacts the health systems, and in the coming years the number of people with this disease
will increase all over the world. However, even when the patients report symptoms and present
objective cognitive losses, the dementia may not be discovered. Studies demonstrates that
up to 75% of patients with dementia and near 97% of those with mild cognitive impairment
(MCI) may not be diagnosed.!"¥! It is believed that the amnestic subtype of MCI (aMCI) could
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represent an early symptomatic form of AD, which precedes
dementia.!

The concept of MCI was developed by Petersen et al., 1999,
and has as diagnosis criteria: memory complaint, subjective
or referred by an informant, objective impairment of
memory, normal general cognitive functions, preserved daily
living activities, and absence of dementia.®"!

The prevalence of MCI was estimated in 36.7% in individuals
with over 50 years,”! and it is believed that the aMCI may
correspond to a symptomatic phase of AD that precedes
the dementia.”?® This hypothesis gains more relevance as
it receives support from genomic image findings® that
confirm this relation between MCI and AD.!$20)

Dementia is characterized by cognitive decline and behavioral
changes in a sufficient intensity and duration to interfere with
the person’s occupational and social functioning, involving at
least two domains, one of which must be memory.**! With
the population aging, dementia has become one of the most
relevant health problems worldwide; the United Nations
estimated 35.6 million people with dementia in 2010, a
number that will almost double to 65.7 million in 2030 and
to 115.4 million in 2050 and is projected that this increase
in the occurrence of dementias will have a major global
economic impact.*?

Furthermore, for the first time, a successful experimental
therapy in blocking the formation of oligomers involved
in the etiopathogenesis of AD was achieved in an animal
model.™  This experimental therapy introduces the
perspective of developing a successful way to prevent
disease  progression through the manipulation of
immunomodulators, such as transforming growth factor
beta-1, which has been proved to be an effective modulator
of the astrocytes activities, implicated in the disease etiology.

Regarding the use of the noninvasive method of measuring
the intracranial pressure (ICP) through the brain4care
monitor and sensor under conditions that would not be
indicated an invasive measurement, findings of important
clinical relevance were observed in case studies in infectious
diseases such as cryptococcal meningitis in an human
immunodeficiency virus-immunosuppressed patient’® and
even in chronic renal patients.! In both cases, a pathologic
ICP patterns (P2 > P1) was present, which could indicate an
useful clinical marker of conditions that usually would not
have their ICP measured due to invasive standard procedures.

In the light of the new discoveries of a potential
immunomodulatory therapy that is effective to prevent
the progression of AD, and of the new technology, created
by researchers from Sdo Carlos, Brazil, with has proven
sensitivity to evaluate a parameter that was lightly explored in
many clinical and neurological conditions. Both associated,
brought up the question: Is there an influence on the values
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and morphology obtained from the measurement of ICP in
patients with AD or MCI, which associated with clinical and
proteomic markers under development may constitute new
tools in the early identification of AD?

The present study aimed to evaluate the ICP through
a noninvasive method in patients with AD and MCI,
seeking for differences when compared to elderly
individuals without the conditions. Therefore, monitoring
the ICP in elderly patients with AD and MCI through
the noninvasive method and analyzing possible statistic
associating the ICP with the clinical conditions studied,
when compared to the control group, compose the specific
objectives in this study.

MATERIALS AND METHODS
Ethical aspects

All ethical precautions were adopted. The study was
forwarded to the Federal University of Sdao Carlos (UFSCar)
Research Ethics Committee and the predicted evaluations
only started after its approval by the Committee.

All assessments were carried out after signing the term of
informed consent form Termo de Consentimento Livre e
Esclarecido (TCLE), also approved by the Ethics Committee.
The evaluations took place in an outpatient setting, where
participants were invited to participate in the study. When
they agreed, they participated in the evaluations after the
medical consultation. In the case of patients with AD, it
was necessary for the caregiver to indicate their consent
together with the patient and for both to sign the consent
form.

Study design

This is a cross-sectional, correlational, observational study of
a quantitative character, carried out in a city in the interior
of Sdo Paulo, with people who are assisted at the Cognitive-
Behavioral Neurology Clinic of the UFSCar.

Place of study

The sample of this study was composed of elderly people
diagnosed with AD, family members of the same, and/
or caregivers and elderly people without a diagnosis of
dementia. All subjects are followed up at the Cognitive-
behavioral Neurology Outpatient Clinic at UFSCar (ANEC),
which is located in the city of Sdo Carlos, State of Sdo Paulo,
Brazil.

ANEC is a specialized neurological medical clinic, which
serves people with cognitive and behavioral disorders
associated with neurological and nonneurological diseases,
especially dementias, among other neurological diseases.
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Sampling method

The sample was composed by participants aged 55 years or
older, being in total 32 participants. They were divided in
two groups, resulting in 20 volunteers with AD, clinically
identified by scoring in the memory complaints scale (MCS
A and B), mini-mental state exam (MMSE), and clinical
dementia rating (CDR); and 12 volunteers whom did not
presented clinical alterations in the tests (MCS, MMSE,
and CDR) composing the control group. For data analysis,
the subjects were paired by gender, education, and age.

The inclusion criteria included the agreement to participate
in the study, expressed through the subject’s signature in the
informed consent form term (TCLE). The AD Group was
composed by individuals that had been diagnosed (probable
diagnosis) with AD and/or had the diagnosis confirmed by
the ANEC team, being followed up on the same equipment
and having a family caregiver; and the control group was
composed by elderly people whom did not have any type of
neurological disease and/or dementia.

The exclusion criteria were based on mental illness or
disorders, or untreated systemic diseases; and untreated
hearing and/or visual deficits that preclude cognitive tests.
Both exclusion criteria prevent the inadequate volunteers
from participating in the study, considering that their
participation may compromise the study’s result.

The MCS (A and B) was validated to the Brazilian population
in the year of 2012 by Vale ef al.,*” being a useful tool in
the screening of individuals with memory complaints. The
CDR is a rating that aims to stratify the clinical severity
of dementia, its influence in the patient’s daily functions,
autonomy and quality of life, created in 1993 by Morris,™!
and translated by Macedo, 2005,?! becoming valid for the
Brazilian population in 2006.%2 The MMSE in its turn is one
of the most validated and useful tests in clinical practice and
research for the detection and measurement of cognitive
impairment, created in 1975 by Folstein et al,'®! and
validated to the Brazilian reality in 2003 by Brucki et al.®®

ICP collection method

As the patient arrived in the outpatient clinic consult, it was
applied the neuropsychological tests (MCS, MMSE, and
CDR), to evaluate if the patient fitted in the study. The ICP
was measured through the noninvasive brain4care monitor
and sensor, by trained professionals, with the patient sited,
with its hands lied on their knees, and as still as possible,
during 5 min, in this condition. The device consists of a
headband with a monitor that captures form alterations in
the patients skull caused by the ICP and transmits the data
to an electronic device. In case of any complications, such as
agitation and movements, the professionals would calm the
patients and re-evaluate the ICP.

RESULTS

The casuistry was composed mostly by women. It was
analyzed the CDR, memory, fluency, language, spatial
reference, numerical level, the ICP morphology (P1 and P2),
the emerge time of the ICP waves (characterized by T1 and
T2), the Pfeffer scale, the quality of life scale, age, educational
level, the MMES, the Addenbrooke’s Cognitive Examination
and the attention and orientation of the volunteers [Table 1].

[Table 1] shows the patients classified according to the CDR
and the sample of the volunteers nominal variables (gender).

As shown in [Table 2], the variables of the difference between
the emerge time of P1 and P2 (T2/T1) and the difference
between the amplitude of P1 and P2 (P2/P1) were observed
in the group of patients with AD. In both measures (P2/P1
and T2/T1), the values suggested differences in the groups’
ICP, with higher rates in the group of patients with AD.
In [Figure 1], it is possible to graphically visualize the PIC
measurements between the groups.

A statistically significant difference between the ICP
morphology when analyzing the results in patients with AD
and MCI, compared to the volunteers whom did not have the
conditions was found, as the results show.

DISCUSSION
Population ageing

At present, in Brazil, we are experiencing an increase in the
percentage of the population with 65-years-old or over; with
the population ageing, dementia has become one of the most
relevant public health issue worldwide, affecting almost 7% of
the people in this age group. Among the different types, the
dementia caused by AD is the most frequent, corresponding
to almost 60% of the cases.?

In 2013, the Brazilian Institute of Geography and Statist
Instituto Brasileiro de Geografia e Estatistica (IBGE) verified
that in the period from 2001 to 2011 there was an increase in

Table 1: Frequency and socio-demographic data of the samples in
the present study.

Elderly with AD Elderly without AD
n % n %

Female 14 70 8 66.7
Male 6 30 4 333
CDRO 0 - 12 100.00
CDR 1 6 30.00 0 0.00
CDR 2 6 30.00 0 0.00
CDR 3 8 40.00 0 0.00

AD: Alzheimer’s disease, n: Sample size, %: Percentage, CDR: Clinical
dementia rating
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Table 2: Descriptive statistics of the study variables according to
the ICP.

Credibility Gap (CG)

Group n  Average SD Min. Max.
Memory

AD 20 7.900 6.719 4.755 11.045

Healthy 12 13.750 6.956 9.330 18.170
Fluency

AD 20 5.000 4.437 2.924 7.076

Healthy 12 5.333 4.418 2.527 8.140
Language

AD 20 14.900 8.759 10.800 19.000

Healthy 12 16.667 9.228 10.804 22.530
Spatial

AD 20 8.200 4.348 6.165 10.235

Healthy 12 10.000 5.292 6.638 13.362
Num_Lev

AD 20 1.300 1.218 0.730 1.870

Healthy 12 1.167 1.193 0.408 1.925
P2_P1

AD 20 996.600 141.385  930.430  1.062.770

Healthy 12 979.583 292478  793.752  1.165.415
T2_T1

AD 20 1.799.900 2.284.205 730.859  2.868.941

Healthy 12 1.458.500 110.628  1.388.211 1.528.789
Pfeffer

AD 20 3.450 7.430 -0.027 6.927

Healthy 12 0.083 0.289 -0.100 0.267
QoLS_care

AD 20 19.050 8.852 14.907 23.193

Healthy 12 28.417 12.515 20.465 36.368
QoLS_self

AD 20 20.800 10.729 15.779 25.821

Healthy 12 28.083 15.252 18.393 37.774
Age

AD 20 78.150 10.545 73.215 83.085

Healthy 12 78.167 7.408 73.460 82.873
Edu_Lev.

AD 20 4.250 2.881 2.901 5.599

Healthy 12 3.750 1.545 2.768 4.732
MMES

AD 20 14.800 8.205 10.960 18.640

Healthy 12 21.917 10.544 15.217 28.616
ACE-R

AD 20 44.050 26.047 31.859 56.241

Healthy 12 59.333 28.949 40.940 77.727
AtenOrien

AD 20 8.550 5.414 6.016 11.084

Healthy 12 13.583 6.445 9.488 17.678

AD: Alzheimer’s disease, n: Sample size, %: Percentage, SD: Standard
deviation, QoLS: Quality of life scale, MMES: Mini-mental state exam,

ACE-R: Addenbrooke’s cognitive examination, ICP: Intracranial pressure

the number of elderly, the numbers revealed a modification
from 15.5 million to 24.85 million people. According to the
IBGE data (2013), Brazil presents one of the most intense
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and accelerated process of population ageing, known as
demographic transition; in 2010, 10.7% of the Brazilian
population had 60 or more years old and only in Sdo Carlos,
and 8.96% of the population has over 65-years-old. That said,
the latest estimation points out that in Brazil, the number of
people with dementia is near 1 million.""

AD dementia

Dementias stand out due to two factors, their high
prevalence, affecting about 7% of the population over 65
years,® and its already high socioeconomic cost.*" A
Brazilian population study showed a dementia incidence of
13.8/1,000 person-years and a prevalence of 7.1% in people
aged 65 and over.”? AD is the leading cause of dementia,
responsible for more than half of the cases; it is a disease
with grand socioeconomic impact and in the last decades
it has been defined as one of the main public health issues
worldwide.[!

A Brazilian population study showed that de AD was the
cause in 55.1% cases of dementia, number which rises to
69.5% if the cases of association with cerebrovascular disease
are included.? The AD is a chronic nontransmissible,
neurodegenerative, and progressive disease, and it is
characterized by deterioration of cognitive functions,
neuropsychiatric symptoms, and impairment in activities of
daily living.

The cerebral pathology in AD is characterized macroscopically
by cortical atrophy predominantly in the medial temporal
regions, and microscopically by extensive neuronal losses,
neurofibrillary tangles, and senile plaques.”” Age is the
most relevant risk factor, the pathology affects 5-10% of
the population in the age range of 65-years-old and 50% of
those with over 85.0%1 The incidence of dementia syndromes
also increases in adult and elderly populations with Diabetes
Mellitus, Hypertension and Dyslipidemia,® conditions
known to be prevalent in the Brazilian population.

Current epidemiological estimates of AD indicate that
more than 20 million people worldwide are affected by this
disease, with 4.6 million new cases per year, due to global
demographic development, an increase in the number of
cases is expected for 2030 for approximately 36 million
people with AD.F!

The fast and accurate diagnosis of the dementia has a grand
value in the multidisciplinary therapeutic approach, since it
allows early monitoring and interventions!!>! with a positive
influence for the patient to slow the progression of the disease
and implement adaptations that preserve the quality of life of
the demented patient.” Therefore, it is extremely worrying
that even when the patients report symptoms and have
objective cognitive losses, dementia it may not be diagnosed;
it is known that up to 75% of patients with dementia may
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Figure 1: Graphical visualization of PIC measurements between groups of people with and without Alzheimer’s disease.

not be diagnosed by the primary care physician as having
cognitive impairment and up to 97% of patients with MCI do
not have this problem identified.!'"!

The training of health teams with the implementation of
screening algorithms for the dementia syndromes diagnosis
in the most affected populations proved to be an effective
method of improving the identification of this condition in
the populations of third world countries,® the training is
fundamental and one of the limitations to ensure adequate
care for this population is the construction of instruments
that facilitate the identification of dementia syndromes and
neurodegenerative processes of great importance to increase
the access of this population to the specialized healthcare
they need.

ICP

At present, the gold standard for ICP monitoring requires
intracerebral introduction into one of the ventricles, guided
by sensors, catheters permeated with fluid or optic fibers
connected to a transducer and connected to a monitor at
the patient’s bedside that allows continuous measurements
of the ICP and drainage of the cerebrospinal fluid (CSF),
when it is necessary.®’”! The invasive method, inherent to
the most validated techniques makes the measurement
indicated only in some cases, since it involves risks that
must be considered.

According to studies cited by Prodan ef al., 2010,**! the most
common complication of the catheters installation procedure
is the infection (2-22%) with its risk increased if the
measuring catheter remains for more than 5 days installed, the
complication is followed by bleeding and obstruction (1-6%).
Several methods have been developed for direct or indirect
measurement of ICP with different values of sensitivity and
specificity. A device for noninvasive measurement of ICP
should ideally be accessible and inexpensive, easily available,
operable in emergency situations, risk-free, independent of
operators, reliable, and accurate.

In this context, the team of the Professor Dr. Sérgio
Mascarenhas and Dr. Gustavo Henrique Frigieri Vilela, from
the Sédo Carlos” Institute of Physics of the University of Sdo
Paulo, developed a new noninvasive method for measuring
ICP that consists of an external system of chips that transmits,
through the mechanic sensor brain4care, the reflection of the
retraction and expansion of the skullcap. Transmitting this
data in real time through specialized algorithms, it is able
to translate these electrical signals of cranial deformation
to a monitor, in the form of a curve in numerical value,
mirroring the ICP in real time, which can be used as a source
of diagnostic information by health professionals.

This system has already been patented®”? and it is in the
process of propagation and dissemination among the
medical-scientific community.!! The method is based
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on proof of the Invalidity of the Monro-Kellie Doctrine,
which determines that the cranial case would be completely
inelastic;! the instrument was validated in experimental
models and is currently being studied with humans, being
able to monitor with good sensitivity and in accordance
with the invasive measures used as parameters for
comparison of ICP.Y

Dementia and ICP

The Grading of Recommendations, Assessment, Development
and Evaluating method considers clinical application on the
evaluation of CSFs biomarkers such as amyloid-f31-42, tau,
and phosphorylated tau in the diagnosis and evaluation of
patients whom present dementia, the analysis of this CSF
biomarkers could indicate and early diagnosis. Relating to
AD, reduced levels of amyloid-f1-42 and elevated levels of
tau and phosphorylated tau were found in correlation to
the disease.®® It is known that spontaneous, secondary or
idiopathic hydrocephalus could lead to a, possibly reversible,
dementia state, characterized by an insidious start, typically
followed by ataxia and urinary incontinence.!"” That stated,
it is possible to hypothesize that the CSF density and volume
could also present alterations in patients whom present
dementia, in a reverse sequel, presenting altered ICP as an
early marker for dementias such as AD.

Many morphology alterations in dementias, such as AD,
consist of brain atrophies, which lead to an enlargement
of the ventricles and a wider flow of CSF inside the skull,
resulting in altered ICP. It is also stated that many patients
whom present dementia could develop communicating
hydrocephalus, leaded by the alterations in the ventricles
proportions.!'!

Dementias, such as AD, are already degenerative pathologies,
an alteration in the ICP or even an hydrocephalus state could
lead to a more rapidly and progressive state of the cognitive
dysfunction. This could mean an early loss of independency
and function to the patient.

Limitations

This study was conducted with volunteers from the
Cognitive-Behavioral Neurology Outpatient Clinic (ANEC)
at UFSCar, Sdo Carlos, Brazil; which resulted in a sample of
20 AD patients and 12 healthy volunteers (control group),
being in its total majority, composed by women (68.75%).

The patients were awake and sited during the ICP
measurement; it is believed that if they were in their sleep
and/or lied down, the results could have expressed a larger
difference between the groups studied.

The quality of the patients sleep was also evaluated, although
it was based in a self-referred scale, where the patient would
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grade their sleep quality, or a scale based on the caretaker’s
perception.

The sample is considered to be limited, which may not reflect
the results in a widening field and may not be enough to
conclude a direct correlation between the ICP and the early
diagnoses of AD.

CONCLUSION

In this study, it was found a statistically significant difference
between the ICP of individuals with AD and the control
group, whom do not have the condition; these findings
could indicate an early diagnosis to AD patients; however,
considering it is an unprecedent study, it is not possible to
compare the findings with the previous studies and literatures.
Considering the limitations of the study, the results serve as
a basis for further research, aimed at validating a possible
useful, inexpensive, and noninvasive marker for a chronic
neurodegenerative condition.
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