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Roteiro

* Mecanismos de controle cardiovascular

* Variabilidade da frequéncia cardiaca - HRV
* Analise tempo vs frequéncia

* Relevancia fisioldgica e clinica

* Bases fisiologicas

* Métodos nao-lineares

* Aplicacdes e perspectivas



Autonomic Control

Afferents Efferents

Peripheral :
chemorecpetors [

Baroreceptors

Cardiopulmonary

Floras et al JACC. 1993 ; 27:72A.
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semi-automatic monitor BRS

Reflex bradycardia for file F2412.DVW = -2.4166bpm/mmHg
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Parasympathetic

conservation

‘fight or flight’
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parasympathetic
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What Is HRV?



HRYV definitions

« Time domain: description of the variability of biological
signals over the time

* Frequency domain: description of the variability of
biological signals as the sum of elementary oscillatory
components defined in terms of frequency, amplitude and
phase



HRV Metodology

Time domain
Linear methods (frequency domain)
- autoregressive algorithms
- FFT
- time-varying algorithms

Non-linear methods
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sympathetic afferents i“

Muscarinic and adrenergic receptors heart
central " S \ )
: mpatovagal Cardiovascular rate
- 6% ymp 9 X O ,
Integration 1t - balance system blood
pressure
baroreceptors
-

& vagal afferents

Adapted from Malliani et al. Circulation, 84: 482-492, 1991



Séries temporals sistolica, diastolica e de intervalos
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Comparacao do Espectro do Intervalo entre
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ANALISE ESPECTRAL
Transformada Rapida de Fourier

Hering

sinal espectro
2 Hz

=
——
)
3
o

tempo [s] tempo [s] freq [Hz]



bbb

L 1 I 1 ] P 1
¥ G T 1 1 | |
H T B Ta 5 T
POWER SPECTRAL
DENSITY
30000
®
é‘ LF
- HF
o
0
0 Hz 0.50

TACHOGRAM

RR sec

0.7

0 beats 512
SPECTRAL COMPONENTS

30000

PSD[msec¥Hz)

o

Hz 0.50

o

1) F=000Hz P=758msec?
2) F=012Hz P=708msec? P=55n.u.
3) F=027 Hz P=433msec? P=34n.u



ANALISE ESPECTRAL
Transformada Rapida de Fourier

Low-frequency peak (a)

-frequency peak
M,ngﬁr 9 e Parasympathetic blockade

High-frequency peak
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Figure III.1 (a) Power spectrum of heart rate in an adult conscious dog, demonstrating three discrete
spectral peaks. The low- and mid-frequency peaks are often not distinct. The high-frequency peak is
associated with respiration. (b) Power spectrum of heart rate fluctuations under parasympathetic
blockade and combined parasympathetic and sympathetic (beta-adrenergic) blockade. (Reproduced with
permission from reference 4: (C) American Association for the Advancement of Science)




ANALISE ESPECTRAL
Modelo Autorregressivo

Supine Upright

RR mean=920 ms Variance=1412 ms? RR mean=724 ms Variance=299 ms’

beats

VLF=0.0 Hz P=524 ms?
LF=00.9Hz P=529ms?’ P=59 nu
HF=0.33 Hz P=261ms® P=29nu
LF/HF=2

VLF=00Hz P=136 ms"

LF=0.1 Hz P=128 ms® P=81nu
HF=036 Hz P=18ms° P=11nu
LF/HF=7 1

FIGURE 2. Top: R-R interval series (tachogram) of a healthy subject in supine and upright (passive 90° tilt) positions. Bottom:
power spectrum autoregressive analysis (note 2 different scales). The power of each component (spectral decomposition) is indi-

cated by dotted lines. PSD, power spectral density; VLF, very low frequency; LF, low frequency; HF, high frequency. For other
details, see text. From Ref. 7 with permission.
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Interpretacao da contribuicao das bandas de
baixa e alta fregiiéncias

LF HF
\EVE] respiracao
Hering
IP simpatico parassimpatico
+

parassimpatico

PAS  Simpatico “debito cardiaco”
+ “volume sistolico”
vasomotor

Japundzic et al.(1990), J Auton Nerv Syst, 30(2):91-100.
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POST EXERCISE RR INTERVALS
up to 120 min
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SPECTRAL ANALYSIS
heart rate variability
Fourier Transformation
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Espectro de Potencia Voluntario= projcol06

x 10

[zH/zsw] d3a

Nocew. Y

=

% el
S8

Series de RR Paciente= projcol06

600 -

500 -

400

0.3 0.35 0.4

0.25

0.2
Freq [Hz]
Freguencia Respiratoria

0.15

0.1

0.05

600

500

400

300

200

100

300

Frequencia Respiratoria

250 -

100

t
(@]
To]
—

[zH/,vN] d3a

200 [~

50 -

[seuwenigre sspepiun] spnyjdwy

0.3 0.35 0.4

0.25

0.2
Freq [Hz]

0.15

0.1

0.05

200 300 400 500 600 700

100

Tempo [seq]



PSD(imp./s)/Hz]

PSD[ms’/Hz]

Coherence

SND

24-10%;
o) :
0 0.5
R-R
25
(@) ey
o) 0.5

CROSS-SPECTRUM

r 314
<
=
o
»
D
»
2

-314

(0] 0.5

Hz

(From Montano et al. J Auton Nerv Syst 1992; 40: 21-32)



0.9

0.8

0.7 1

0.6

0.5

0.4

0.3

0.2~

0.1

CORRELACAO-CRUZADA
COERENCIA

CTR
DSAa
DSAcC

s

2.5

[
3.5



ANALISE ESPECTRAL

 FFT - Transformada Rapida de Fourier: decomposicao de um
sinal em seus componentes periodicos de freqliéncia atraves
de séries de senos e cosenos

— vantagem: independe de condicOes a priori

— desvantagem: apresenta perda de resolucao para freqliéncias
muito baixas quando em trechos curtos

« Modelamento Autorregressivo: modelamento parametrico que
se basela na dependéncia entre 0s eventos

— vantagem: pode ser aplicado a trechos curtos de sinal e
apresenta os componentes em freqléncia mais importantes

— desvantagem: depende da ordem do modelo
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 FFT - Transformada Rapida de Fourier: decomposicao de um
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ANALISE ESPECTRAL




CONSIDERACOES

A utilizacao da FFT e do modelo AR para analise
espectral fornecem informacoes e aplicabilidade
semelhantes no estudo do controle cardiovascular

A aplicacéo de um ou outro metodo depende da
definicao a priori dos parametros a serem estudados,
levando-se em consideracao tempo de registro e as
Informacoes de interesse

O estudo da FC e PA no dominio da freqiéncia deve
ser complementar ao dominio do tempo

O desenvolvimento de ferramentas computacionais
permite o dominio de tecnologias e amplia as
possibilidades de aplicacdo das mesmas



Existe relevancia clinica
para o uso da frequéencia
cardiaca?



The Autonomic Nervous System
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Pergunta:

Por que a variabilidade da FC
é util para predizer risco?

hipdtese:

HRV é uma janela para os

mecanismos autonomicos de
regulacao cardiovascular




Table 1
Studies of vagal function and montality

Studies
(15t author)

Subject and
sample size

Measures
employed

Controlled variables

Relative risk

Hahib, Crver 30,000 men
1555 and women

n=2428;

63% men

Cole et
al., 150G

n=5234,
gender nat
repaorted

Caole et

Mishime n=0454; TT%
et al., men
2000

HRE

HE recovery

HE recovery

HE recovery

Crender and ethnicity

Age, sex, the use or nonuse of medications,
the presence or absence of myocardial
perfusion defects on thallium scintigraphy,
standard cardiac risk factors, resting heart
rate, the change in heart rate during
exercise, workload achieved

Age, gender, chronotropic response to
exercise, habitual exercise, smoking, resting

blood pressure, resting HE., cholesterol level,

education and income

Resting systolic blood pressure considered
as a continuous variable, body mass index;
use of nondihydropyridine calcium channel

blockers, and lipid-lowering drugs, diabetes,

insulin use, known hypercholesterolemia,
documentation of total cholesterol value,
known prior coronary heart disease, prior
myocardial infarction, prior coronary artery
bypass graft surgery, reason for test
(screening or not), and presence of

chronic obstructive pulmonary disease

Afold greater risk if HR = 90 bpm
relative those with HE < 60 bpm

Unadjusted:
Not stated

Adjusted: 4.0 [CT, 3.0-5.2];
P 0.001

Unadjusted:
Mot stated

Adjusted: 2.58 [CI,
2.06-3.20]

Unadjusted: 4.16 [CI, 3.33
3151 p < 0.001

JE Thayer, R.D. Lane /Biological Psychology 74 (2007) 224-242
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HRV — Hypertension

Impairment in Cardiac Autonomic Regulation Preceding
Arterial Hypertension in Humans
Insights From Spectral Analysis of Beat-by-Beat Cardiovascular Variability

Daniela Lucim, MD, PhD; (niuseppe Sandro Mela, MD; Alberto Malliam, MD; Massimo Pagam, MD

300 subjects:
- 100 normotensive (mean SAP 103)

_ Spectral analysis of HRV
- 100 normotensive (mean SAP 133) —> Rest/stand

- 100 hypertensive (mean SAP 163)

(Circulation 2002, 106: 2673-2679)
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HRV — Obstructive Sleep Apnea

Fact 1:
OSA Is assoclated with an increased
cardiovascular morbidity/mortality

Fact 2:

OSA patients have an increased
sympathetic activity not only at nighr
but also during daytime

Hypothesis:

the heightened sympathetic activity
IS the link between OSA and
cardiovascular diseases

Moderate-to-
Severe OSA

*

]

80
so{ T 1
7
LF 404 /
(nu) /
%
Normal Mild OSA
Controls
50-
a{ | '
HF %7 7
{I"IU} 20' /
104 /
%
Normal Mild OSaA
Controls

Moderate-to-
Severe QSA

(From Narkiewicz K et al, Circulation 1998, 98: 1071-1077)



HEART RATE VARIABILITY IN HEALTH AND DISEASE:

Heart Rate (bpm) Heart Rate (bpm)

Heart Rate (bpm)

Heart Rate (bpm)
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A time series test

(Goldberger AL et al, PNAS, 94:2464-2472, 2002)
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AUTONOMIC MODULATION
IN HEART FAILURE

To evaluate autonomic control of
circulation In HF subjects after
maximal exercise.



- Maximal Cardiopulmonary Ramp Test

- Heart rate (HR) was recorded beat-by-beat for 5 minutes (Polar
Electro Oy, Finland), before (PRE), immediately (POST) and 60
minutes (POST60) after cardiopulmonary test

- RR time series were analysed in
time domain: mean RR, standard deviation and rMSSD

frequency domain: Fast Fourier Transformation (Welch’s
method, Hanning window, 50% overlap). Spectral power
calculated by integration in the low (LF= 0,04-0,15 Hz) and
high (HF= 0,15-0,40 Hz) frequency bands in absolute units
after natural logarithm transformation
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Autonomic Modulation
Following Exercise is
Impaired in HIV Patients

J. Borges, P.Soares, P. Farinatti

Borges J et al. Autonomic Modulation
Following Exercise ... Int J Sports Med
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Exercise training and initial values
of cardiac autonomic modulation
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Figure 1 — Intensity and duration of training, as quantified by the
training impulse (TRIMP) index, during the 12 weeks of training
accomplished by the training groups with low (TL) and high (TH)
cardiac vagal modulation at baseline. Open circles indicate significant
difference in comparison to week 1 training load (P < 0.05). Open
squares indicate significant difference in relation to Weeks 1 and 2
training load (P < 0.05). Values are Mean =+ SD.



A VOZp eak (%)

Exercise training

HRV vs VO

® TL group
O THgroup
r=-0,15 p=0,48

-e— TL group

r=-0,11 p=0,72

-8 TH group
r=0,64 p=0,02

2max

Moderate to high intensity
aerobic  training  improved
VOZIOeak despite differences in
baseline vagal control in young
fit subjects, but only those with
low HF power increased
parasympathetic autonomic
control. An elevated baseline
vagal control may be related to
higher VOzpeak gains due to

aerobic training.

Figure — Correlation coefficients between aerobic conditioning
gains (A Vozpeak) after 12 weeks and pre-training high-frequency

power (HF, n.u.), considering pooled data (n=25) of both trained
groups (A) and separate data of trained group with lower HF
power ( TL, n=13) (®) and trained group with higher HF power (
TH,n=12)(C). B
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Figure 2 — Mean values of the square root of the mean squared
difference of successive R-R intervals, measured in successive 30s-
intervals (rMSSD4,), presented by training groups of low (TL) and high
(TH) baseline vagal modulation, before (Pre) and after (Post) the
training protocol. * Significant difference in comparison to rMSSD;, at
30 s (P < 0.05).  Significant difference between Pre and Post values
within groups (P < 0,05). To improve figure clarity, the error bars were
omitted.
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Figure 4 — Mean values (+ SD) of (A) the relative change in
high-frequency power of HRV (A% HF, ), and (B) the relative
change in the square root of the mean squared difference of
successive R-R intervals during the last 2 min of the 5 min
postexercise recovery time (A% rMSSD, s.,i), for the low (TL)
and high (TH) baseline vagal modulation training groups and
the low (CL) and high (CH) baseline vagal modulation control
groups, as a result of training. Significant differences are
disclosed in the figure.

Duarte et al MSSE 2015
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Figure 3, Cardiovagal baroreflex sensitivity
of subjects in the cross-sectional study
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Figure 4. Cardiovagal baroreflex sensitivity before and
after the aerobic exercise intervention

¥ P< (005 vs. before exercise,




HRV - THE “INFORMATION DOMAIN”:

B provides info on autonomic neural control
mechanisms In cardiovascular as well as non-
cardiovascular diseases

B provides info on responses to therapy

B provides Info on cardiovascular risk
(morbidity/mortality)

B provides predictive info on disease development



HRV — Limitations of spectral analysis

In conditions characterized by an extremely low variability
(e.g. CHF) assessment of SVB by linear analysis might be limited
by irregularity and instability of signals.

Moreover, spectral analysis is not able to provide info on
complexity of variability signals. This is characterized by:

reqularity (recurrence of a pattern in a signal)

synchronization (when two mechanisms operate synchronously
and pace the activity of each other)

coordination (between control mechanisms, necessary to allow
adequate system functioning) (Porta et al, Med Biol Eng Comp, 2002)




HRV — Non-linear dynamics

Power-law scaling (1/f)
Detrended fluctuation analysis
Correlation dimension
Shannon entropy

Approxymate entropy
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Figure 3. (a) Fluctuations of arterial systolic blood pressure from a rat in the
control group. Blood pressure oscillates about safe, steady levels. (b) One day
after disrupting the pressure control loop with a surgical procedure, pressure
fluctuates in a non-stationary fashion, reaching dangerously high values. (c)
As a result of physiological adaptation, 20 days after surgical denervation of
baroreceptors average blood pressure returns to safe levels and fluctuations are
again stationary.




3. Fluctuation analysis and computer modeling

We used DFA [23, 25] to characterize long-term correlations in arterial systolic blood pressure.
This method has been successfully applied to analyze diverse non-stationary physiological
signals [25]-[28], [37, 38] and we briefly describe it in the following: let {P(r)} be the
systolic blood pressure time series and Py, its time average. Define the integrated time series
{v(1)} with

V(1) =) (P(k) — Puc). (1)

k=1

Divide the integrated series in boxes of equal sizes n and, for each box, calculate the detrended
profile subtracting from the original signal a [-degree polynomial least-squares fit, ¥/ (¢) (in the
following, DFA-/ will stand for DFA with [-degree polynomials [39]). At each box of size n,
calculate the fluctuation

N

1 5
’ _ . ol .
Fim= |5 (y®—yin)" (2)

i

A power-law relation F(n) ~ n® implies different correlation patterns for different values of
e: when 0 <o < 1/2, the signal is stationary and long-range anti-correlated, with o = 1/2
for a white noise (and o =3/2 for its integral, the Brownian motion), « = 1/2 for long-
range correlated signals, while the paradigmatic 1/f noise corresponds to @ = 1. This value
of & also marks the borderline between stationary and non-stationary behavior: for ¢ = 1, one
has non-stationary signals, with sub-diffusive (¢ < 3/2), diffusive (& = 3/2) or super diffusive
(e = 3/2) behavior.




al rat in the
. long-range

control group. There is a crx
rrelated behavior a : for short timescales we have o« = 1.18 and for

i 0.93. We apply DFA-1 (red crosses), DFA-2 (green times),

: ars) and DFA-4 (pink open squares) Lo the and find that the

ver always exists, although at different scales. We also applied DFA-1 to
shuffled data (bottom curve), for which @ == 0.5 as for a white noise. (b) DFA-1
for all rats in the control group. In both figures, curves are shifted vertically for

better visibility. The curves y = Ax® with e = 0.5 (full black line), 0.9 {dashed
blue line) and 1.3 (dashed green line) are plotted as guides to the eye.




Figure 6. (a) DFA of systolic blood pressure time series for a typical rat in
the chronic group: 20 days after surgical denervation, stationarity 1s recovered
at large timescales and fluctuations crossover from non-stationary (o = 1.42)
to stationary, long-range correlated (o =2 0.99) at a == 100. This resull suggests
that, although the fast response from the baroreceptors in the heart is lost,
physiological adaptation re-establishes homeostatic regulation. We apply DFA-1
(red crosses), DFA-2 (green times), DFA-3 (blue stars) and DFA-4 (pink open
squares) to the series and find that the crossover always exists, although at
different scales. We also applied DFA-1 to shuffled data (bottom curve), for
which & =2 0.5 as in white noise. (b) DFA-1 for all rats in the chronic group. In
both figures, curves are shifted vertically for better visibility. The curves v = Ax®
with @ = 0.5 (full black line), 1.0 (dashed blue line) and 1.4 (dashed green line)
are plotted as guides to the eve.




Autonomic changes after sucessive bouts of
maximal exercise in simulated rowing
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Detrended fluctuation analysis
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Symbolic Dynamics of Heart Rate Variability

A Probe to Investigate Cardiac Autonomic Modulation (Circulation. 2005;112:465-470.)

Stefano Guzzetti, MD; Ester Borroni, MD; Pietro E. Garbelli, MD; Elisa Ceriani, MD;
Paolo Della Bella, MD; Nicola Montano, MD; Chiara Cogliati, MD: Virend K. Somers, MD:
Alberto Mallani, MD: Alberto Porta, PhD
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SYMBOLIC ANALYSIS AND
AUTONOMIC STIMULI

R =rest
T =tilt
HG = handgrip

Al = atropine low
A2 = atropine high
Phe = phenilephrine
Np = nitroprusside
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(Guzzetti et al, Circulation, 112:465-470, 2005)
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Table 2

Comparison of HRV indexes at rest between SSc¢ and age-matched healthy
control group.

SSc (n = 69) HC (n = 36) p-value
Spectral analysis
Total power (ms?) 933 + 1107° 1769 * 1973 < 0.01
LFnu S7 = 22° 38 = 22 < 0.001
HFnu 34 = 19° 57 + 21 < 0.001
LF/HF 3.27 * 4.23° 1.12 = 1.60 < 0.001
Symbolic analysis
0V (%) 36.76 * 17.74° 16.55 + 9.84 < 0.001
1V (%) 43.48 + 991° 49.60 = 5.70 < 0.001
20V (%) 13.39 = 7.95° 21.37 *+ 855 < 0.001
2LV (%) 6.37 = 5.22° 12,49 + 6.28 < 0.001
Conditional entropy
RO 0.36 = 0.10° 0.27 = 0.08 < 0.001
CE 0.86 + 0.24° 1.10 =+ 0.12 < 0.001

HRV: heart rate variability; SSc: systemic sclerosis; HC: age-matched healthy
control group; HFnu: high frequency normalized unity; LFnu: low frequency
nomalized unity; 0 V%: pattems with no variations; 1 V%: patterns with one
variation, 2LV%: patterns with two like variations, 2ULV%: patterns with two
unlike variations; RO: regulatory index; CE: conditional entropy index; es: effect
size. Unpaired test t.

* Differences from HC. a < 0.05.



Table 3
Comparison of HRV indexes at rest and HRV adjustments from orthostatic stress between SSc subsets and age-matched healthy control group.

deSSe (n =18) leSSe (n = 39) EaSSc (n = 12) HC(n = 36) p-value
Spectral analysis
Total power (ms”)
SUP 439 + 248 1553 + 2858 1430 = 1173 1769 + 1973* 0.04
AORT% 0.08 = 0.68 0.38 = 1.35 0.31 = 1.23 0.82 = 3.40 097
LFnu
sup 61 = 20 58 + 22 54 + 25 38 + 22+t = 0.01
AORT% 0.18 + 0.98 =007 = 0.48 0.45 = 0.92 1.42 + 2.09*" = 0.001
HFnu
SUP 34 + 18 32 + 16 42 + 25 57 + 21" = 0.001
AORT% =0.05 = 0.63 001 = 0.69 0.35 = 1.84 =0.40 = 0.51 0.09
LE/HF
SUP 3.01 + 3.02 3.20 = 3.40 374 + 5.81 1.12 + 1.60%" = 0.001
AORT% 093 + 271 1.22 + 3.85 4.54 + 8.85 9.08 + 13.92*" < 0.01
Symbolic analysis
OV (%)
sup 35.11 = 22,41 40.12 = 17.11 30,63 = 11.86 16.55 + 0.84%"¢ = 0.001
AORT% 0.35 + 0.74 0.19 + 0.97 0.79 + 1.57 1.25 + 2.33" 0.03
1V (%)
SUP 43.20 = 11.88 42,16 + 10.62 46.50 = 3.79 49.60 + 5.70" < 0.01
AORT% 0.05 = 0.43 0.05 = 0.38 =0.07 = 0.27 =0.03 + 0.25 0.52
20V (%)
SUP 13.64 + 9.13 12,63 + 7.11 15.04 + 9.02 21.37 + 8.55%" = 0.001
AORT% 0.19 = 0.91 052 + 1.18 -0.30 + 028" -0.27 + 0.58" = 0.01
2LV (%)
SUpP 8.04 £ 6.77 4.65 = 1.18 7.83 £ 477 12.49 + 6.28" = 0.001
AORT% 0.24 + 1.74 1.37 = 3.56 —=0.38 = 043 -0.10 + 0.78" 0.02
Conditional entropy
RO 0.39 + 0.10 0.37 =+ 0.11 0.33 = 0.09 0.27 + 0.08%" = 0.001
CE 0.87 = 0.25 084 = 0.21 092 + 012 1.10 + 0.12%F = 0.001

SSc systemic sclerosis; leSSc: limited cutaneous SSc; deSSc: diffuse cutaneous SSc; EaSSc: Early SSc; HC: age-matched healthy control group; SUP: supine position;
ORT: Orthostatic position HFun: high frequency normalized unity; LFun: low frequency normalized unity; 0 V%: patterns with no variations; 1 V%: patterns with one
variation, 2LV%: patterns with two like varations, 2ULV%: patterns with two unlike variations; RO: regulatory index; CE: conditional entropy index. Both RO and CE
analysis were performed at rest. AORT%: (HRV in SUP position — HRV in ORT position) /HRV in SUP position); ANOVA one-way for independent measures and Tukey
post-hoc test.

? Differences from dcSSc.

® Differences from leSSc.

¢ differences from EaSSc. a = 0.05.
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Fig. 1. Comparison of HRV adjustments from supine to orthostatic position between SSc and healthy control individuals. SSe: systemic sclerosis (n = 69); HC: age-
matched healthy control group (n = 36); HFnu: high frequency normalized unity; LFnu: low frequency normalized unity; 0 V%: patterns with no variations; 2LV%:
patterns with two like variations, 2ULV%: patterns with two unlike variations; AORT%: (HRV in SUP position — HRV in ORT position)/HRV in SUP position);

Unpaired test t. *differences from HC. a < 0.05.
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Ortostatismo - Desafio circulatério - Physiological Pathway
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Convertino, 2014; Rodrigues, 2018a
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Modelo de integracao cardio-postural
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Xu et al., 2017



Introducéo

Desafio ortostatico - Estresse térmico - Physiological Pathway

Estresse térmico

- A

AC ﬁl Fluxo sanguineo cerebral
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Como a variabilidade inter-individuos
influencia essas respostas?

O controle autondmico cardiovascular em
conforto térmico tem valor preditivo?

SBR “l Presséo arterial
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Desvio circulatorio
Schlader et al., 2016
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Desafio ortostatico =2 Mecanismos
compensatorios
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Schlader et al., 2016; Mohramn & Heller, 2014
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Desafio ortostatico - Countermeasures
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Rodrigues, 2018b; tese de doutorado

Corroborando com os resultados encontrados durante a manobra de hipotensao
induzida (LBNP) em condicdes de conforto termico (Rickards et al., 2007).

Como obter efeitos semelhantes durante a respiracao espontanea?



Introducao

Treinamento da musculatura inspiratoria (TMI)
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< Mouthpiece

Modulacao vagal cardiaca durante a
respiracao espontanea.
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Rodrigues et al., 2018c.
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Musculatura inspiratéria - Bomba respiratoria mcconnei 2013
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Figura 5. Comparacgdes entre a queda da MCAv (AMCAVv) e tempo para recuperagdao da MCAv durante o inicio ortostatico entre
os grupos EXP e PLA antes e apoés as intervengdes em idosas.
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Figura 4. Comparagdes entre a distancia percorrida e a velocidade média do centro de

presséo do corpo (COP) antes e ap0s as intervencdes em idosas

Rodrigues, 2018b; tese de doutorado.



Introducéo - Hipotese - Estudo 1

Metodologia

Posicao supina - 10min

Analisador de Bioimpedancia Fotoplestiomografia
gases toracica e ECG infravermelha

- 4
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Doppler Cinta . . Plataforma de
transcraniano respiratoria Eletromiografia forca

Ambiente em conforto térmico ~22°C

Ordem _
Randomizada ~48h de intervalo

— Ambiente em estresse térmico ~32°C

Posicao Ortostatica- 10min

CEP: 2.172.240



Introducéo - Hipotese - Estudo 1

Metodologia

Protocolo de aquecimento da sala

Variaveis ambientais -
, : ST estacdo meteorologica portatil
/ ] r (Kestrel 4500, EUA).

Ventilador |5

Umidificador de ar

A temperatura corporal -
camera infravermelha (Fluke
Model Ti32; EUA).

llustracéo de um voluntario em repouso (~22°C).

Campos, 2017; tese de doutorado



Introducéo - Hipotese - Estudo 1 - Estudo 2

Metodologia

Ambiente em conforto térmico ~22°C

— [

— [ )

— [

Posicao supina - 10min

Cuff release - 5min

Recuperagcao — 15 minutos

e———————————

Atividade simpatica muscular periférica (MSNA)

Presséao arterial batimento-a-batimento (Finomiter, fotoplestimografia infravermelha)
Volume sistdlico, débito cardiaco e ECG (Physioflow, bioimpedancia transtorarica)
Presséao parcial de diéxido de carbono — PetCO, e ventilagao (Ultima, analisador de gases)
Velocidade do fluxo sanguineo cerebral (Doppler transcraniano)

Atividade simpatica muscular
periférica (MSNA)
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Dados do laboratério



Consideracoes finals

« A HRV possui aplicabilidade no diagnostico
e seguimento de intervencoes na salde e na
doenca

 Pode contribuir para descrever o
comportamento de mecanismos de
regulacao e integracao entre diversas
variavels cardiovasculares e outros sinais
bioldgicos
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Biology does not follow na Aristotelian logic:
fortunately, as it would be quite boring.
Discoveries are more likely to result from
sound observations than from a priori
reasoning. The Hegelian dialetic process in
which a contradiction between thesis and
antithesis is resolved by synthesis at a
higher level of knowledge, still appears as a
valid metaphor of biological organization
and of our attempt to understand it.

Alberto Malliani (Principles of cardiovascular neural regulation in health and disease)



