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Why Spectral Analysis?

Detection and characterization of cyclical or
periodic processes present in physiological signals

Rhythms are present in nearly all physiological
signals - but not always evident to the ‘naked eye’!
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Generating a time series signal
from the Electrocardiogram
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R- R Time Series
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How do you
extract spectral (frequency)
components present Iin
physiological signals?
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Power Spectral Density

Amount of power per unit (density) of frequency (spectral)
as a function of fregeuncy

PSD describes how the power (or variance) of a
time series is distributed with frequency!
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Example with Simulated Signals
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0.065 Hz
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A+ B+ C
100 sec

OK Resolution
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For a given sampling rate the length
of time a signhal Is sampled sets the
Frequency Resolution
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Real Physiological Signals
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Blood Flow Signals




At site of application of the magnet
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Experiment




Experiment

45 seconds
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Why 2 peaks?

Flow F2

1.2
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Physiological signals whose spectral
content changes with time

Principle of STFT
Short Time Fourier Transform
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Principles of Short Time Fourier Transform Analysis
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Time > T10 = Ttotal - Nprecision/FS

= 1200 - 819.2 = 380.7 sec

= (Nsegs-1) X S =9 x 846/20 =9 x 42.3 sec = 380.7 sec
Ttotal = 20 minutes =1200 sec, Fs =20 s/sec

Nprecision = 16384 = 16384/20 = 819.2 sec
Fprecision:(1/819.2) =0.0012 Hz
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Heart Rate Variability
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Heart Rate Variability
(HRV)
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Heart Rate Variability
(HRV)

ULF: <0.003 Hz

Peripheral Vascular __ VLE: 0.003 - 0.04 Hz

& Thermoregulatory

Baroreceptors phase delay —|{LF: 0.04-0.15 Hz
Sympathetic & Parsympathetic ' ' '

Respiratory Sinus Arrythmia (RSA) —|HF: 0.15 - 0.40* Hz
Cardiac Vagal Activity Change
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RSA Main Source of HF peak
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Respiratory Linkage to HF & LF

Parasympathetic
(Vagus)

Heart Rate Brake HR
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Clinical Findings & Applications
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R-R interval, ms

Hypothesis: respiratory sinus arrhythmia i1s an intrinsic resting function
of cardiopulmonary system cardiovascular Research 58 (2003) 1-9
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Time Analysis of HRV

uses standard deviation or variance
of (normal) R-R intervals

Coefficient of variance = SD/mean
= SDNN/mean
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Kleiger RE. Miller JP. Bigger JT. Moss Al. Decreased heart rate

variability and its association with increased mortality after acute
myocardial infarction. Am J Cardiol 1987:59:256-62.
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Measures of Heart Period Variability as
Predictors of Mortality in Hospitalized
Patients With Decompensated
Congestive Heart Failure

Doron Aronson, MD, Murray A. Mittleman, MD, DiPH, and Andrew J. Burger, MD
(Am J Cardiol 2004;93:59-63)
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Prognostic Marker of Suden Coronary Death in DM

Nondiabetic Diabetic
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Geomagnetic disturbance associated with decrease in heart
rate variability in a subarctic area  siomes Bhamacoter 2001 ;55 516

K. Otsuka'*, G. Cornélissen’, A. Weydah!®, B. Holmeslet*, T.L. Hansen®,
M. Shinagawa', Y. Kubo', Y. Nishimura', K. Omori', S. Yano®, F. Halberg?
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Modulatory effects of respiration
[.uciano Bernardi®*, Cesare Porta®, Alessandra Gabutti *, Lucia Spicuzza®, Peter Sleight ©

Autonomic Neuroscience: Basic and Chinical 901200147 -56

RSA PERSISTS IN APNOEA RSA IS REDUCED IF RESPIRATION RESPIRATION AND NECK SUCTION
DURING NECK SUCTION IS COUNTERACTED BY NECK SUCTION ALONE GENERATE SIMILAR HF PEAKS
IN THE RR INTERVAL SPECTRUM
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Fig. 1. Effect of artenal (carotid) baroreceptors on respiratory sinus arrhythmia (RSA). Left panel: Despite apnoea, RSA persists if carotid baroreceptors
are stimulated at (by neck suction} the same frequency of breathing. Middle panel: If carotid baroreceptors are stimulated at the same frequency of
respiration but with appropriate phase, RSA can be reduced by the counteracting effect of neck suction on respiratory changes 1n arterial pressure. Right
pancl: Stimulation of carotid barorsceptors at a frequency close but distinct to that of respiration (0.20 and 0.25 Hz, respectively ) produces an RSA of
similar amplitude (as could be seen in the power spectra) of that simultaneously generated by the respiration.




Phase delay of baroreceptor response to inspiration induced
Increase in BP may account for LF component of HRV

A Respiration

Heart Rate

\_“ y S

L

Neck suction (during Apnea)

-

RR Interval

S

Fig. 3. A single deep breath elicits a damped oscillation in the RR interval (and in blood pressure) whose period 1s similar to that of spontaneous
low-frequency oscillation (i.e., 10-5 peniod, or 0.1 Hz or 6 cycles/min): a very similar effect can be obtained by a sudden and transient stimulation of
carotid baroreceptors (by neck suction).




SPONTANEOUS BREATHING FREE g‘;'-K'NG MENTAL STRESS SILENT

MENTAL STRESS ALOUD
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| RESPIRATION 1 RESPIRATION 1 RESPIRATION

! I | | | | | | J | | |
0 0.1 0.2 03 0 0.1 02 03 0 0.1 0.2 0.3
Hz Hz Hz

Fig. 4. Effect of talking and stress on respiration and RR interval power spectra: during spontancous breathing (subject silent) the RR spectrum has
predominant HF respiratory power; during free talking, due to the slowing of breathing. the RR spectrum shows a marked increase of low-frequency power
due to the slowing of respiration; during mental stress aloud, the LF increases both because of the sympathetic activation and because of the slow
breathing: when the subject undergoes a mental stress silent, the increase in LF is due only to sympathetic activity and not to the modulatory effect of
breathing.
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R-R Interval series as obtained

Detrended Series
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Effect of Detrending

Detrended Series
240

Time |§




Coherence Function - Degree of linear correlation as fn of frequency

Gxx, Gyy and Gxy are spectra of x(t), y(t) and crosspectrum of x and y

SBP * HRV
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Some Basic Definitions



Heart rate variability in chronic heart failure

Stefano Guzzetti *, Renata Magatelli, Ester Borroni, Silvia Mezzett

Autonomic Neuroscience: Basic and Clinical 90 (2001) 102105

Control Heart failure

0.008 £ ———————  0.006




x(k) 15 the k-th value of a time senes of A samples with sampling period Af . its energy

ZeEro-tean tine series, the power 18 ecqual to the vanance of the sample of the M values x(k).
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Autocorrelation Function

Measure of the dependence of time series values at one time on the values at another time.

Given the time senies x(»%), »=1, 2, ... N, the autocorrelation function at lag & 15 defined as:
MN-k

= Zx(n)x(n +k)

The value of the autocorrelation function at lag 0 1s the power of x(»), or its vartance if the mean value of x(») 15 zero:
N-k

R, (0)=~ Zx(n)
Moreover, / Rrr | o0 ) 1s the mean value for random processes.




Broad Band Smoothinc

original spectrum smoothed spectrum broad—band spectrum
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Left: unsmoothed FFT spectrum of blood pressure from « 8-h recording: this spectrum is characterized by a very high frequency resolution, but also
by avery high estimation variance. Centre: the same specirum smoothed by a moving average filter of order 250 (i.e., average over 250 adjacent
specired lines). Estimation variance is largely reduced, but the frequency reselution dramatically worsens and impeortant spectial details may be lost
at the lower frequencies. Right: broad-band spectrum abtained from the rew FF T spectrum by averaging adjacent specirad lines: in this case the
number of lines to average incredases with the frequency from 1 to 250. The desired reduction of the estimation variance is ebtained at the highest
frequencies preserving the ariginal frequency reselution at the lowest frequencies.



-2 -start; 0.30001
| —o—start: 0.30000

Sensitivity to initial conditions. Small changes in initial conditions lead to totally different behaviour paiterns after a certain time (here 14 cycles).
This sensitivity to initial conditions may be quantified by means of the largest Lyapunov exponent.




Effects of drugs on the autonomic control of short-term heart
rate variability
Jean-Luc Elehozi *. Arlette Girard. Dominiaue Laude

Autonomic Neuroscience: Basic and Chnical 90120011 116121
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Note reduction in power by 15 minutes due to atropine




heart rate respiration
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HNM: 20” moor signal at 20 s/sec = 24000 pts on left hand =24000/20=1200 sec
precision=16384, #seg=10 therefore step =1756

precision ~ 16384/20 = 819.2 sec; step ~ 846/20 = 42.3 sec
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Precision=number of points per spectrum

Step = S = number of points from start of one spectrum to start of the next
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Thank you for your attention

May your HRV be great!
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