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Pain _Analysis

While temperature, pulse, respirations, and blood
pressure are all objectively measure; pain is
inherently subjective.

» failure to properly assess pain is a common cause of
its poor control and lack of treatment in patients in
different settings

* It has been termed "the fifth vital sign" and is now
being evaluated and registered in the patients’ charts
during routine checkups.
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Aim
Our objective is to find
correlation between the ECG
and the Heart rate to pain

by novel analysis methods
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The ECG

Points of interest for advanced analysis

Fiducial Points and Measurements
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ECG and Pain???
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ECG Analysis
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ECG Analysis

* Forming the R-R wave
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Why bother? - HRV for Pain Analysis
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Fourier Transform

The Fourier transform (FT) is an operation that transforms one
complex-valued function of a real variable into another.

That of the new function is frequency, and so the Fourier
transform is often called the frequency domain representation
of the original function.

The Fourier transform decomposes a function of time (a signal)
into the frequencies that make it up



Fourier Transforms




The Wavelet Transform

A wavelet series is a representation of a square
integrable (real - or complex - valued) function by a
certain orthonomal series generated by a fixed and
known pattern known as a wavelet.

Unlike FT, the continuous wavelet transform
possesses the ability to construct a time-frequency
representation of a signal that offers very good time
and frequency localization.
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 Fourier Transforms -
sighal Harmonics

* Wavelets -
time dependant acute change




Orthogonal Matching Pursuit

OMP is a greedy least-squares procedure that chooses the dictionary

vectors one at a time.

At each step (A=1) a single vector from the combined dictionary that
has the highest correlation with b is chosen by solving the following
problem:

min (mcin Ib—cv]| 2)

vis a vector of thematrix [A, | A,]Jandce R

61 be the resulting best approximation of b

e, = b — b1 be the error after the first step
In the A-th step the next vector is determined by solving
min(min lews — chz)

vis a vector of thematrix [A | A,Jandc e R



The Cold Pressor Experiment

15 healthy adult volunteers
participated in this experiment.

The subjects were sampled during
10 minutes of rest as baseline.
Then they dipped their dominant
hand into icy water to produce
acute pain and each subject kept
the hand till the point of maximal
pain and voluntarily took the hand
out.

Sampling ended when the subject
was relieved of any pain




Sparse representation of the EKG of

Using Over-complete dictionaries

Original RR Signal
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Sparse representation of the EKG of

Using Over-complete dictionaries
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Original RR Signal
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Sparse representation of the EKG of

Using Over-complete dictionaries

Original RR Signal 13 Fourier coefficients
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Sparse representation of the EKG of

Using Over-complete dictionaries




Original R Signal
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Experiment #2

- UCSD - VA

Anasthesia
department
- Pain research

» Controlled pain was
inflicted on 15
subjects by capsaicin
injection to the right
thigh during ECG
sampling, correlated
to blood cortisol and
substance P levels.




Sparse representation of the EKG of

Using Over-complete dictionaries

Original RR Signal 41 Fourier coefficients
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Sparse representation of the EKG of

Using Over-complete dictionaries
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Wavelet of R-R signal
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Wavelet of R-R signal
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Conclusions

* HRV - is personal dependant

* WT - Suggestive

* OMP - best representation

But.... Thisis not all.......



Arrhythmia Prediction

+ Initial assessment: RR intervals from patients who
experienced ventricular arrhythmias were made
public by Medtronic Inc. on the Web (the Physionet
database).

* Those patients’ data were analyzed using the Wavelet
transform and the OMP algorithm with an over-

complete Fourier/Wavelet dictionary



Combined baseline and pre-arrhythmia

Original RR Signal
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Wavelet of R-R signal
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Cool ? —wait........
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