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Functional electrical stimulation training
on functional capacity and blood pressure
variability in a centenarian woman: case study

Treinamento com estimulacao elétrica funcional sobre a capacidade funcional e a
variabilidade da pressao arterial em uma idosa centenaria: estudo de caso

Bruna Eibel', Graciele Sbruzzi', Thiago Dipp', Karina R. Casali', Rodrigo D. M. Plentz'?

Abstract

Background: Functional electrical stimulation (FES) is a rehabilitation method that can revert alterations provoked by aging, such as
reductions in functional capacity and modifications on blood pressure variability (BPV). Objectives: To evaluate the training effects of
FES on functional capacity and BPV in a centenarian woman. Methods: A 101-year-old woman without previous disease underwent FES
training for 12 weeks, with three 40 min sessions/week. FES was applied at a frequency of 20 Hz with a 0.5 ms pulse, 5 s contraction
time, 10 s relaxation time, the maximum tolerable intensity and with progressive overload. Functional capacity was assessed with a
six-minute walk test (6MWT) and proximal lower limb strength was assessed with a sit-and-stand test (STST). BPV was measured
by continuous recording of pulse pressure and calculated by spectral analysis. All variables were measured before and after FES
training. Results: After training there was a 70% increase in distance walked in the 6MWT, a 300% increase in the number of STST
repetitions, an 8 mmHg reduction in systolic blood pressure (SBP) and a 4 mmHg reduction in diastolic blood pressure (DBP) and
mean blood pressure (MBP). Reductions in SBP (11.8 mmHg?), DBP (2.3 mmHg?) and MBP (6.0 mmHg?) variability were also observed.
Conclusions: Three months of FES training improved functional capacity and BPV in a centenarian woman.
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Resumo

Contextualizagéo: A estimulacéo elétrica funcional (EEF) é uma forma de reabilitagdo que pode reverter alteragcdes provocadas pelo
envelhecimento, como diminuicdo da capacidade funcional e modificagdes na variabilidade da pressédo arterial (VPA). Objetivos:
Avaliar os efeitos do treinamento com EEF sobre a capacidade funcional e a VPA em uma idosa centenéria. Métodos: Paciente do sexo
feminino, 101 anos e sem patologia prévia. O treinamento com EEF foi realizado durante 12 semanas, sendo trés sessdes/semana e
tempo méaximo de aplicacao de 40 min/sessdo. A EEF foi aplicada com frequéncia de 20 Hz, largura de pulso de 0,5 ms, tempo de
contragdo de 5 s, tempo de repouso de 10 s, intensidade maxima toleravel e aplicacao de sobrecarga progressiva. A capacidade
funcional foi avaliada por meio do teste de caminhada de 6 minutos (TC6) e do teste de sentar e levantar (TSL). A VPA foi mensurada
pelo registro continuo da presséo de pulso e calculada pela anélise espectral. Todas as varidveis foram mensuradas pré e pos-
treinamento. Resultados: Apds treinamento, houve um aumento de 70% na distancia percorrida no TC6 e aumento de 300% no nimero
de repeticdes no TSL. Observou-se redugédo de 8 mmHg na pressao arterial sistélica (PAS) e de 4 mmHg na presséo arterial diastélica
(PAD) e na pressao arterial média (PAM), havendo ainda uma redugédo na variabilidade da PAS (11,8 mmHg?), da PAD (2,3 mmHg?)
e da PAM (6,0 mmHg?). Conclusdes: O treinamento com EEF durante trés meses proporcionou aumento da capacidade funcional e
melhora da VPA em uma idosa centenaria.
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Introduction

Brazil is experiencing a reversal in its population pyramid.
The age group consisting of those over 65 years old increased
from 3.5% in 1970 to 5.5% in 2000 and is expected to include
about 19% of the national population in 2050".

Functional capacity in this age group should be better clari-
fied, thus allowing interventions that will result in improved
functional performance and quality of life. Because muscle
strength directly influences functional capacity in this popula-
tion, the strengthening of the lower limb muscles plays a fun-
damental role in decreasing the risk of falls and fractures®. In
addition to musculoskeletal changes, cardiovascular changes
must be targeted in strategies for this age group, since they are
responsible for many deaths and hospitalizations'.

Regular low-intensity exercise improves autonomic car-
diovascular control by decreasing sympathetic tone and bra-
dycardia at rest. These changes counter decreases in cardiac
output and blood pressure (BP), as well as improve baroreflex
sensitivity during BP variation®. Blood pressure variability
(BPV) analysis has shown that the antihypertensive effects of
physical training on mild hypertensive subjects are associated
with readjustment of the damaged cardiovascular autonomic
system in this population®.

However, some individuals cannot tolerate exercise be-
cause they present a weakened physical state. In such cases,
functional electrical stimulation (FES) training may serve as an
alternative to conventional training® since it shows beneficial
effects similar to physical exercises’. FES has been shown to
affect muscle plasticity by increasing the diameter of muscle
fibers and the proportion of type I fibers due to its activation of
specific motoneurons®’.

A meta-analysis by our group has demonstrated the effec-
tiveness of FES intervention in populations with severe cardio-
vascular disease in that its use in patients with heart failure (HF)
resulted in increased maximum oxygen consumption (VO,) and
distance walked in the 6-minute walk test (6MWT)®.

It is necessary to study the possible cardiovascular and
functional implications involved in the use of FES. Thus, the
aim of this study was to verify the effects of FES training on the
functional capacity and BPV of a centenarian woman.

Methods
Patient

A centenarian woman (101 years old, weighing 42 kg and
152 cm in height) without previous disease or current medica-
tion use was assessed.

The study was approved by the Ethics Committee of the
Instituto de Cardiologia do Rio Grande do Sul/Fundacédo
Universidade de Cardiologia (IC/FUC), Porto Alegre, Brazil
(n°. 4327/09). The consent form was signed by a person
responsible for the participant.

Assessments

Six-minute walk test
The 6MWT used to assess functional capacity followed the
guidelines proposed by the American Thoracic Society’.

Sit-and-stand test

In order to assess the proximal strength of the patient’s
lower limbs, the sit-and-stand test (STST) was performed as
follows: with the patient sitting in a chair, her feet apart and
flat on the floor and her arms crossed against her chest, she
was encouraged to get up and return to a seated position as
many times as possible in 30 s. BP, heart rate (HR), respiratory
rate and oxygen saturation (SO,) were monitored before and
after the test.

Assessment of the sympathetic and
parasympathetic systems

The sympathetic and parasympathetic systems were as-
sessed by means of the BP signal, which was obtained in a
continuous and noninvasive way by a sensor placed on the
middle finger that had been set to a sampling rate of 1000 Hz
per channel. The signal was captured by FINAPRES (Ohmeda
2300, Monitoring Systems, Englewood, CO, USA). The signal
was recorded at rest in the supine position after a 30 min
signal stabilization period. The BPV was analyzed in the fre-
quency domain using an autoregressive model and station-
ary sequences of 200 beats. Spectral power was obtained in
the low frequency (LF: 0.03 - 0.15 Hz) and high frequency
(HF: 0.15 - 0.4 Hz) ranges.

Biochemical assessment

Blood glucose, glycated hemoglobin, urea, creatinine, uric
acid, total cholesterol, HDL cholesterol, cholesterol/HDL
cholesterol, triglycerides, glutamic-oxaloacetic transaminase,
glutamic-pyruvic transaminase, total and direct bilirubin, alka-
line phosphatase and C-reactive protein (CRP) were analyzed.

Quadriceps perimetry

Quadriceps perimetry was measured every 5 cm, starting
from the top edge of the patella in the proximal direction. Thus,
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measurements of 5, 10, 15 and 20 cm were performed in both
lower limbs.

Training Protocol

Three weekly sessions of FES training with a functional
electrical stimulation device (Physiological Electricalstimula-
tor - LYNX - FMUSP, Séo Paulo, Brazil) were conducted in the
participant's home for a period of 12 weeks.

Table 1. Anthropometric and biochemical parameters before and after

FES training.
Before FES After FES

Body Mass (kg) 42 44
Height (m) 1.52 1.52
BMI (kg/m?) 18.2 19
RSP 20 ¢cm (cm) 47 49
LSP 20 cm (cm) 47 50
Cholesterol (mg/dL) 132 131
HDL Cholesterol (mg/dL) 29 34
Cholesterol/HDL Cholesterol 46 39
Fasting Glucose (mg/dL) 89 91
HbA._ (%) 5.6 59
Urea (mg/dL) 36 45
Creatinine (mg/dL) 11 1.3
Uric acid (mg/dL) 3.7 34
Triglycerides (mg/dL) 115 132
AST (U/L) 8 8
GPT (U/L) 5 4
Direct Bilirubin (mg/dL) 0.14 0.06
Total Bilirubin (mg/dL) 0.54 0.57
Alkaline phosphatase (U/L) 64 51
CRP (mg/dL) 0.28 0.04

FES=Functional Electrical Stimulation; BMI=Body Mass Index; RSP=Right Suprepa-
tellar Perimetry; LSP=Left Suprapatellar Perimetry; HDL=High-Density Lipoprotein;
HbA'=Glycated Hemoglobin; AST=Aspartate Aminotransferase; GPT=Glutamic Pyruvic
Transaminase; CRP=C-Reactive Protein.

Table 2. Autonomic and hemodynamic parameters before and after
FES training.

Before FES After FES

SBP (mmHg) 128.41 120.61
SAPV (mmHg?) 21.38 9.59
DBP (mmHg) 54.64 50.70
DAPV (mmHg?) 3.47 1.17
MAP (mmHg) 7411 70.51
MAPV (mmHg?) 8.94 2.93
SAPV spectral analysis

LF frequency peak (Hz) 0.12 0.12

LF power (mmHg?) 8.54 421

HF frequency peak (Hz) 0.26 0.31

HF power (mmHg?) 425 4.03

FES=Functional Electrical Stimulation; SBP=Systolic Blood Pressure; SAPV=Ssystolic
Arterial Pressure Variability; DBP=Diastolic Blood Pressure; DAPV=Diastolic Arterial
Pressure Variability; MAP=Mean Blood Pressure; MAPV=Mean Arterial Pressure Variabi-
lity; LF=Low-Frequency component of SAPV; HF=High-Frequency component of SAPV.

FES was applied at a frequency of 20 Hz with a 0.5 ms pulse
width, a 5 s contraction time, a 10 s rest time and at the maxi-
mum tolerable intensity for 40 min/session or until muscle fa-
tigue, which was defined as the participant’s inability to perform
a full knee extension, even with the device set to higher intensity.
The load imposed on the patient progressed 0.5 kg each week
(overload principle) during the training period, such that at the
12th week 5.5 kg of weight was lifted in each lower limb due to
FES alone. Self-adhesive electrodes (Spes - 50 x 90 mm, Italy)
were placed on the inguinal region and on the vastus medialis
and vastus lateralis of the femoral quadriceps of both thighs,
which caused alternating contractions between the lower limbs
to full extension of knees, placed at 60° of flexion.

Results :::.

After 12 weeks of FES training, there were changes in an-
thropometric variables such as body mass, body mass index
(BMI) and quadriceps perimetry at 20 cm. With regard to bio-
chemical variables, there was a 17% increase in HDL choles-
terol (mg/dL) and an 85% decrease in CRP (mg/dL). The other
variables remained similar to baseline (Table 1).

Functional capacity increased 70% according to the dis-
tance walked in the 6MWT (64 vs. 109 m) and there was a 300%
increase in STST performance (3 vs. 9 repetitions).

There were decreases of approximately 8 mm Hg in sys-
tolic blood pressure (SBP) and of 4 mmHg in diastolic blood
pressure (DBP) and mean arterial pressure (MBP) after train-
ing. In addition, there was a decrease in SBP, DBP and MBP
variability and in the absolute value of the LF component of
BPYV, indicating a decrease in vascular sympathetic modula-
tion (Table 2).

Discussion :::.

This is the first case report in the literature regarding the use
of FES in an individual over 100 years old. The results demon-
strate an increase in functional capacity and muscle strength,
decreased resting blood pressure values, reduced vascular sym-
pathetic activation and a decrease in inflammatory markers.

Agingleads to decreased muscle strength as well as cardio-
vascular changes. FES training may be a non-pharmacological
and non-invasive alternative means of preventing or treating
these changes™.

It has already been shown that the use of FES in patients
with HF improves functional capacity, muscle strength and in-
flammatory markers®®. The possible mechanisms involved are
increases in the number of muscle fibers, enzyme activity and
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energy expenditure, which, although not evaluated in our study
(i.e., being limitations) have probably occurred and would jus-
tify the improvement observed in the studied variables. Other
factors that would support the occurrence of an increase in
muscle fibers were the observed increases in strength and in-
crease in perimetry values of lower limbs.

There was significant decrease in the values of DBP, MBP
and, in particular, of the SBP, which had a decline of 8 mmHg,
shifting its value of pressure for a condition considered to be
ideal. These values are related to lower cardiovascular risk
and, consequently, higher survival of population'®. Another
aspect that is related to the improvement in the cardiovas-
cular system can be observed by the analysis of BPV, which
showed decrease in systolic, diastolic and mean BPV consid-
ered important indices in the assessment of cardiovascular
autonomic control. Another important indicator that shows
a direct relationship with these results is the decrease of the
LF component of SBPV, associated with vascular sympathetic
modulation, which may, partly, explains the decrease in blood
pressure values.

References : ...

Studies show that conventional exercise provides decrease
of sympathetic vascular modulation®, however there was still
no study demonstrating this effect with FES. The hemody-
namic and autonomic changes observed suggest a potential
benefit provided by the FES, very similar to that achieved with
conventional exercise.

Thus, it was concluded that FES training promotes increase
of functional capacity, muscle strength and improvement of
the autonomic control in a centenarian woman. Further stud-
ies with larger number of individuals in this age group are re-
quired, allowing the formation of evidence about the benefits
of FES in this population and providing the widespread use of
this physical therapy tool as an alternative in the prevention or
treatment of disorders related to aging,
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