ChetstelXITtsts| x| Mi11d A& oo7d 128)
The Journal Of The Korea Institute Of Oriental Medical Diagnostics. 2007;11(2):1-12

25} Frze] BE AWEANs} Yol st

[wm}
AR weloiet A - A7) 5o St ua, Py w edel g gt

R}

[ Abstract ]

Change of the Finger Photoplethysmographic Pulse Shape According to
Decrease of Harmonics

Kyung-sook Han, Tong-hyun Nam, Sang-hoon Shin*, Young-Jae Park, Young-bae Park

Dept. of Biofunctional Medicine and Diagnosis, College of Oriental Medicine,
Kyunghee University
*Dept. of Oriental Biomedical Engineering, Sangji University

Objectives:

The aim of the present investigation was to determine whether the finger photople-
thysmographic waveform of a healthy young man will become analogous to those of
healthy old men when the photoplethysmographic harmonic components in the young
man decrease.

Methods and Results:

The finger photoplethysgmoraphy was measured in 21 old men over the age of 60
years and a young men. We acquired the representative pulse waveform of old man by
averaging the finger photoplethysmographic waveforms measured in the old men. after
the photoplethysmographic harmonic components in the young man were diminished
with notch filtering, we compared the representative pulse waveform of old man and the
pulse waveforms of which the harmonic components decreased in the young man. The
finger photoplethysmographic waveform of the young man became analogous to those of
the old men as the photoplethysmographic harmonic components in the young man were
diminished with notch filtering.

Conclusions:

Decrease of the second harmonic component may be a precondition of typical
age-related change of the pulse waveform.

Key Words: Photoplethysmography, spectrum analysis, harmonics
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Table 1. Characteristics of Male Subjects
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Old men > 60 years Young man
Number of Subject 21 1
Age (years) 64.5+4.8 19
Height (cm) 166.126.6 178
Weight (kg) 65182 72
Body mass index (kg/m?2) 23.612.6 27
Systolic BP (mmHg) 121.9+21.8 120
Diastolic BP (mmlIHg) 72.9£11.9 70
Pulse rate (beats/min) 65.6+9.7 76
Total cholesterol (mg/dl) 189.1437.9 151
Triglyceride (mg/dl) 164.6+73.0 67
Total lipid (mg/dl) 583.3+126.9 410
Phospholipid (mg/dl) 197.5+34.0 151
HDL cholesterol (mg/dl) 39.7487 40
Glucose (mg/dl) 93.4+16.8 9%
BUN (mg/dl) 16.0£3.6 12
creatinine (mg/dl) 1.00+0.29 0.9
Hemoglobin (g/dl) 143411 13.9
Hematocrit (%) 42.0+3.1 418
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Figure 1. The representative finger photoplethysmographic waveform on male subjects over 60 years of age
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Figure 2. Change of the PPG waveforms according to notch filtering, A, PPG waveform before notch
filtering; B, PPG power spectrum before notch filtering; C, after notch filtering on the 2nd
harmonic; D, after notch filtering on the 2nd and 3rd harmonic; E, after notch filtering on the 2nd,
3rd and 4th harmonic; F, after notch filtering on the 2nd, 3rd, 4th and 5th harmonic; G, after
notch filtering on the 2nd, 3rd, 4th, 5th and 6th harmonic; H, power spectrum after notch filtering
on the 2nd, 3rd, 4th, 5th and 6th harmonic,
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Figure 3. Change of the PPG waveforms according to notch filtering on the harmonics except the 2nd
harmonics, A, PPG waveform after notch filtering on the 3rd harmonic; B, after notch filtering on
the 3rd and 4th harmonic; C, after notch filtering on the 3rd, 4th and 5th harmonic; D, after notch

filtering on the 3rd, 4th, 5th and 6th harmonic, E, PPG power spectrum after notch filtering on the
3rd, 4th, 5th and 6th harmonic.
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Table 2. Relationship Between the PPG of a Young Man After Notch Fiitering And the Representative PPG

of Oild Men

Representative PPG of old men

Filtered harmonic number R Filtered harmonic number R
PPG of young man  No filtration. 0.9363
2nd harmonic 09784  3rd harmonic 0.9398
2nd and 3rd harmonic 09882  3rd and 4th harmonic 0.9419
2nd - 4th harmonic 09920  3rd - 5th harmonic 0.9432
2nd - 5th harmonic 09936  3rd - 6th harmonic 0.9431
2nd - 6th harmonic 0.9935
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Figure 4. Change of correlation coefficient between the representative PPG of old men and the PPG of a

young man according to removal of the harmonics, N.F_,
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