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Continuous hemoglobin measurement based on photoplethysmography :

an experimental study
Zhao Long',Peng Ling’, Zhang Xue®,Zhang Yi’,Huang Yucheng’, Jiang Hao’,Lin Zhibin’,Gao Bo’, Wei Wei’
(1. Department of Cardiac Vascular Surgery , The Third People’s Hospital of Chengdu ;2. Department of
Anesthesiology , West China Hospital , Sichuan University ; 3.College of Physics , Sichuan University)
[ Abstract]Objective : To investigate the feasibility of descending aortic photoplethysmography (PPG) in the measurement of hemoglobin
(pHb). Methods : A total of 17 experimental pigs with an age of 3-5 months and a weight of 30-50 kg were selected. After anesthesia
induction, a reflectance PPG probe was inserted into the esophagus to detect characteristic descending aortic PPG signal. The method
of hemodilution was used to establish the gradient changes of the reduction in hemoglobin (Hb) , and the method of transfusion was used
to establish the gradient changes of the increase in Hb. Two—minute PPG signal was collected for each gradient to pair with the corre-

sponding hemoglobin reference value (Hb, ) measured by blood gas analysis and establish a correlation dataset. A program was written

ref
in Matlab to extract alternating component and direct component for both red and infrared lights in PPG signal , which was introduced
into a feedforward neural network model to obtain pHb. The linear regression analysis, Bland—Altman plot, and Polar Plot analysis were

used to evaluate the consistency between pHb and Hb . The error grid analysis was also used to assess the clinical significance of pHb

ref*

measurement error. Results : The descending aortic PPG signal was successfully detected in all experimental pigs in this study. The lin-

- was 0.81(P<0.01) , with a relatively small bias (0.6 ¢/L.) and a wide limit of agree-

ref

ear correlation coefficient between pHb and Hb
ment —20.49 to 21.69 g/L.) , and the consistency rate of trend ability was 59.3%. The Clark error grid analysis showed that 83% of the
data were distributed within the Zone A, 16% within the Zone B, and 0% within the Zone C. Conclusion : It is feasible to establish a

continuous pHb trend measurement based on descending aortic PPG signal , and there is a moderate correlation between pHb and Hb .

Continuous pHb measurements may be used a potential trend pre-
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diction tool to facilitate clinical decision—making. This animal study

provides an experimental foundation for the development of bedside
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<5 mm, 7EFE T T 23~26 em (TR EESE A, 1) T 5~
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Bennett Inc, Pleasanton, CA, USA) ; AFE4400 its i (22 B & B}
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BRI x 5 A HIT TR 28 R 46 43 A AR | FH 3000 35 % = s ik
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Y5, 30% A ECHE A F 3
14 %it®HE

¥ FH SPSS 17.0.SigmaPlot 12.0 11 GraphPad Prism 8.0 g
PTG T AR . TSR T IE A AR, BE R
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AR — BT, —BR>80% J il oy — B4
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2 & R
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F Bk PPG 55, el Bt FE v, Toi% 4% 2 min PPG 5574
KBGO R A . 4 PPG I AR FL T, 38 i 5 O R 7% 3 Ao
B BRSPS E B K PPG {545 . JLER1R T 376
SHERAE LR Bk PPG {5 5 A1 Hb (0GB BE 46 o i i Bl
BLATLLHE 376 X6 ST A 43 R A5 4E (n=263 ) A TR AL
P (n=113) o W2 72 W0 Il 0 30 ) 2% 2 8R4 B PPG
FRIESEUNE 1R .

4 PPGHFIE S8 AC, , (AC, . .DC,,.DC, 5 AR 2 M
A HITAL, 28 1AM A TN BRR)Z A 1 A4 R 2 0 I 4
ZEA 3RS pHD WA (E (B 3) o YIIZR4E v pHD 5 Hb 1973
18 73 9 (83.56 £ 13.20) /L F1 (83.89 +7.49) o/L, —#4 HY
Pearson tHICERELr 4 0.76(P<0.01) (E 4A) ; FMAE ) pHb 5
Hb,, 4 ¥ {5 4 (86.25 + 13.35) o/L F1(86.85 + 18.09) g/L,

R 1R A E Sk PPGAHIE RS BN i 3h 112 S8

k4 (n=263)

T4 (n=113)

2R P bl WOME ROl Wb Wi ok o Pl
ACred( v) 0.20 +£0.15 0.01 0.73 0.18+0.16 0.01 0.74 0.500 0.340
DCmd(V) 7.20+5.27 0.27 17.71 6.17 £5.10 0.39 17.46 1.760 0.080
ACM(V) 0.18+0.14 0.01 0.71 0.09+0.11 0.01 0.71 0.060 0.120
DC,,(v) 338+3.52 0.01 5.83 2.53+2.96 0.02 12.67 2250 0.080
Hb,(g/L) 83.90 + 17.49 51 143 86.85 + 18.09 51 133 ~1490  0.140
CO(L/min) 3.82+0.99 1.99 6.79 4.01 £1.09 1.84 6.36 -1.660 0.140
SBP(mmHg) 118.30 + 26.02 68 174 122.94 + 25.01 83 171 -1.610 0.130
DBP(mmHg) 68.67 + 19.68 34 119 72.19 £21.10 39 119 -1.560 0.140
MAP(mmHg) 94.67 +27.22 45 165 97.67 +26.18 54 155 -0.990 0.330
H R(bpm) 95.71 + 19.28 56 159 99.70 + 21.06 60 155 -1.800 0.080
Sp0,(%) 97.54 +7.13 95 100 96.78 + 6.93 96 100 0.960 0.280

4 : AC, alternating component ; DC , direct component; Hb, hemoglobin ; CO , cardiac output; SBP, systolic blood pressure ; DBP, diastolic blood pressure
MAP, mean arterial pressure; HR , heart rate; Sp0, , pulse oxygen saturation; v, voltage
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PRI AT .m0 JE T 2 Sl RRAE PR 3 sl ik
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DN AT AR Y

AR ABIF SR SE T 56 F 0% E s ik PPG {5 5 1
Hb B &K P17, {8 Bland—Altman 3871 B/~ —
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AT B 5 FLUR A B 5 4 AR YR B 1 2 T
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25 Y, A OC R B0 0.84 F1 0,74, HE I A
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