H39% 3 r ] B 2 A Vol. 39 No.3
20224 3 H Chinese Journal of Medical Physics March 2022 - 333 -

DOI:10.3969/j.issn.1005-202X.2022.03.013 EFfZ54EE EFMNE

E T PPG U4 EFr i I FHE S R T 8 I /E A2 M= B

HA,RE, B, IR AR, TR
M7 Rt Y B TR S B R, B 400038

[HEZE] 5 £k —AF & Tk & S ARBRIE I (PPG) M 4 B _E A% % (SUW) 4 AR IR0y o 3+ SEAE AL 428, SR 4R 13041 %,
FEREHNF WA F45PPG 125 AR o BAL, HAEAL AL A ) 4 56 (3£ 8048, H v 46 4] st JE SE 3 ) Fmill] 3R 42
(325040, 3 9 354 JE 5 ) . RIGMPPGAE5 69 SUW W #2BUAT 18]  EAR AH 5 & K 55 0k 5 5k 25 5 i ) 4 & /4 49 5E
DA B A & R TE B R S AR AR, SRR R R ) =R =03 k5 A S 4 R ArAT TR R ORI AR R . RGBT AR AP B ik
i} 18] (PAT) 69 B2 VA B PAT 854~ PPG e B AL AT 2 bb . 45 R B, AR i S el 45 R AmdT TR R 5 AZ AR 69 A8 X R 405
F 1 0.804=0.62, F) W b JESt-55 69 /A F 4 90%, X 354739 B34 % T A T PAT 4= PAT B4 PPG A%k 4y st AL A (P<0.05) .
R FER AT PPGIk 45 b T3 T 435 42 A4k 84 o A ot B A BE ) EL A7 45 46 6 G- b 85 0 69 7 e R AR 48 A7

[ £ 8217 | b v A ARBRAIT I 5 ot JE AR 5 0 45 A _EFH ok 0 3 R AE A B

[HE S ]R318 [z EftrER A [XE4=)1005-202X(2022)03-0333-08

Noninvasive blood pressure measurement model based on characteristic parameters of PPG

systolic upstroke waveform

PENG Li, SONG Xin, YAN Supeng, WEI Liang, GONG Yushun, LI Yongqin
Department of Biomedical Engineering and Imaging Medicine, Army Medical University, Chongqing 400038, China

Abstract: A model for noninvasive measurement of blood pressure based on the characteristics of the systolic upstroke
waveform (SUW) of photoplethysmography (PPG) is proposed in this study. Firstly, lead II electrocardiogram (ECG), finger
PPG signals and the blood pressure measured from a cuff-base electronic sphygmomanometer were recorded from 130 adult
volunteers, and the data were randomly divided into a training set (#=80, 46 of which had normal blood pressure) and a test
set (n=50, 35 of which had normal blood pressure). Some characteristics, such as upstroke time, area under SUW, tangent of
the angle between the line of the maximum slope point to the trough point and the time axis, and the ratio of upstroke period
to pulse width, were extracted from the SUW of PPG. The measurement models of systolic pressure and diastolic pressure
were established by partial least square regression method. Finally, the performance of the proposed method was compared
with the model based on pulse arrival time (PAT) and the model based on PAT combined with PPG. The correlation
coefficients between the calculation results by the proposed model and the reference values were 0.80 and 0.62 for systolic
pressure and diastolic pressure, respectively. The accuracy of the proposed model in finding abnormal blood pressure was
90%. These indicators were all significantly higher than those obtained by the model based on PAT combined with PPG
(P<0.05). The study reveals that the SUW-based noninvasive blood pressure measurement model has improved robustness
and better performance in finding abnormal blood pressure.
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Figure 1 Flowchart of data collection
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Figure 2 Schematic diagrams of ECG signal and PPG signal preprocessing waveforms
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Figure 3 Schematic diagrams of parameters used in the study
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Table 1 Characteristics and reference blood pressure values of the subjects in training set

25 AR B fi/em 1A i iR kg SBP/mmHg DBP/mmHg

1EH (n=46) 27.50+11.57 166.58+8.29 61.90+12.25 108.75(103.25,121.13) 70.00(66.38, 75.13)

fR ML (n=30) 60.20+10.07*  155.67+6.79* 64.02+8.95 153.50(144.00, 160.13)* 91.00(88.37, 98.00)*

I (n=4) 23.75+4.35# 173.00+6.83# 59.25+10.90 104.75(100.00, 121.13)* 58.25(53.00, 59.38)**

F/H{E 83.743 21.870 0.532 49.748 52.935

PiH 0.000 0.000 0.590 0.000 0.000

RN S IE R A HLER, P<0.05 ;#3575 i IR 41 L3R, P<0.05
F2 WAEZTHENERFENSEMNEE
Table 2 Characteristics and reference blood pressure values of the subjects in test set

2051 A% B /em A i kg SBP/mmHg DBP/mmHg
1EH# (n=35) 26.40+8.28 163.00(158.00, 168.00) 58.49+10.71 106.00(102.50, 115.00) 66.50(64.50, 74.00)
EIME(n=14)  62.29+4.12%  160.00(150.25, 164.25) 67.75+£7.93* 152.75(147.75, 157.25)* 91.75(84.25, 94.63)*
I (n=1) 18.00 171.00 55.00 99.00 53.50

*FR 5 1IEH 4 A, P<0.05
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DBP (AHSCHE T4 R o SR RIIART TR S
B ML AR SR B 5

#3 2EMESSHEH Pearson HX R H A

Table 3 Pearson correlation coefficient between reference blood pressure and parameters

SUWT

S8 SUWS 7

SUWT tanf

PAT K P I8k T 74

s

SBP 0.74* 0.75%* -0.72% 0.64*
DBP 0.48* 0.50%* -0.52% 0.66*

0.35% -0.13 0.19 0.07 0.07 0.22
0.20 -0.03 -0.10 -0.19 -0.17 -0.06

* IR P<0.05
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Figure 4 Pearson correlation analysis of calculated blood pressure and the reference values in different models
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Figure 5 Bland—Altman plot analysis of calculated blood pressure and the reference values in different models
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Table 4 Performance comparison among 3 models
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