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Least squares regression identification and analysis diagram of pulse diagnosis informa-

tion in coronary heart disease patients with blood stasis syndrome and non-blood stasis syndrome
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Table2 Comparison of frequency domain parameters of pulse
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Table 4 Comparison of pixel values of sublingual collateral

vessel width between coronary heart disease patients with blood

stasis syndrome and non-blood stasis syndrome
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2151 ik -2 1L T LA 508 7 S
IMFATEZH 221 11.15(10.45,11.98)  3.98(3.37,4.75)
JEMFIEL 205 4.13(3.85,4.35)  1.38(1.18,1.56)
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Table 3 Comparison of frequency domain parameters of pulse diagnosis information between coronary heart disease patients with blood

stasis syndrome and non-blood stasis syndrome (x+s)

WIRSHL MFUELH (202461)) AR M uELH (188 £4)) P1H Bk 24 MLHATELE (20261 AR MR (188 i) P
ZioTHER 6 0. 52+0. 34 0. 59+0. 43 0. 028 fioTRER 6 0. 55+0. 38 0. 65+0. 48 0.016
il RERE T 0.24=0. 18 0.29+0. 25 0.011 AT RERT 0.24=+0. 18 0. 30+0. 33 0.017
Aol hEE 8 0. 15+0. 11 0. 18+0. 16 0. 007 AT REE 8 0. 15+0. 14 0. 18+0. 18 0.029
Ziol e 11 0. 03+0. 04 0. 04+0. 06 0.028 fivTRER 9 0.09+0. 11 0. 11+0. 13 0.036
AEREER T 0.26+0. 15 0. 29+0. 20 0. 040 FiRRER 1 76. 61+5. 42 75. 68+5. 23 0. 044
JERHEER 9 0. 100. 08 0. 11+0. 09 0. 047 FKREHR 3 4. 64+2.17 5.112.71 0.031
e AL 9 0. 08+0. 01 0. 07+0. 02 0.022 FRHER 4 1. 59+0. 66 1. 72+0. 81 0. 042
ARG 78.11+5. 61 76.07+9. 29 0. 005 i AL S 0. 110. 02 0. 100. 02 0. 025
AR EER 3 3.99+1. 74 4. 68+3. 09 0. 004 FRHER 6 0. 62+0. 38 0. 70+0. 40 0.031
IEREERS 1. 26+0. 51 1.49+1.79 0.045 FICHER 7 0.25+0. 15 0.30+0. 21 0. 009
A RGERE6 0. 50+0. 30 0. 65+0. 85 0.013 FICHER 10 0. 06+0. 05 0. 07+0. 07 0.029
LR g7 0.26+0. 15 0.35+0. 64 0. 027 i CRE R 11 0. 03+0. 03 0. 04+0. 05 0.022
LR GERES 0. 16+0. 11 0.22+0. 36 0.011 FOCRERE 12 0. 02+0. 03 0. 03+0. 03 0. 029
e RS 0. 09+0. 01 0. 08+0. 02 0. 048 i R 1 76.78+5. 24 75.26+7. 96 0.014
Aot g9 0.09+0. 11 0.1120. 13 0.036 F Rk 3 4. 65+2.03 5.33+3.50 0.011
ZERigdt 10 0. 05+0. 05 0. 09+0. 28 0.038 FRBEE6 0. 59+0. 39 0.71+0. 71 0.015
ARG 11 0. 03+0. 03 0. 04+0. 06 0.024 i RN 12 0. 05+0. 03 0. 06+0. 02 0. 005
AT AL 3 0. 20+0. 02 0. 19+0. 02 0. 031

e PSR AGERAL, S Z B 251 Bonferroni KE1E HLEAT T 10 AR, HeZA53) B 1K P=0. 005,
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Figure 2 Scatter plot of sublingual collateral vessel width characteristics of coronary heart

disease patients between blood stasis syndrome and non-blood stasis syndrome groups
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Figure 3 Box plot of sublingual collateral vessel width characteristics between blood stasis syndrome

and non-blood stasis syndrome groups
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Table 5 Results of multi-modal diagnostic model for coronary

heart disease patients in blood stasis syndrome group (%)

A HERG RT3 AW FI{E
Pkiz 55.88 52.22 51.79 50.72
Fig 71.88 72.30 71.88 72.02
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"z 80.56 80.12 80.90 80.56
AR (Fi2+n]i2) 80.56 80.69 81.94 80.56
AR =S (H 2 +Hki2+12) 83.33 83.44 84.06 83.33

LIS E RIS+ 12+n2)  86.11 86.17 86.35 86.11
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Construction of a Diagnostic Model for Coronary Heart Disease with Blood Stasis Syndrome Based on Objective

Multi-Modal Data Fusion

DING Yan', WANG Ye’, LIU Jia"?, WANG Nanyue'?

1. Experimental Research Center, China Academy of Chinese Medical Sciences, Beijing, 100700; 2. Beijing Key Laboratory of

Traditional Chinese Medicine Basic Research on Prevention and Treatment of Major Diseases

ABSTRACT Objective To construct a diagnostic model for coronary heart disease (CHD) with blood stasis syn-

drome by integrating objective multi-modal data from the four examinations of traditional Chinese medicine (TCM)

thereby enhancing the accuracy and objectivity of TCM syndrome differentiation. Methods A total of 426 patients
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with CHD were enrolled and divided into blood stasis syndrome group (221 cases) and non-blood stasis syndrome
group (205 cases). Different devices were used to collect tongue image , pulse manifestation, and auscultation infor-
mation of CHD patients, so as to establish an objective TCM four-diagnostic database for CHD. Meanwhile, clinical
questionnaires were used for manual information collection. In single-modal analysis, pulse diagnosis data were dis-
criminated using principal component analysis (PCA) , least squares regression (LS), and Lasso regression; tongue
diagnosis data were classified using a convolutional neural network ; manually collected information data were classi-
fied using a random forest. For multi-modal modeling, deep learning was used to splice multi-source information,
such as pulse manifestations and tongue images, with inquiry data from CHD patients with blood stasis syndrome
through a fully connected layer, thereby constructing the diagnostic model for CHD with blood stasis syndrome.
Results The single-modal objective analysis showed that in the pulse analysis, there were significant differences in
pulse diagnosis information between the blood stasis syndrome group and the non-blood stasis syndrome group. The
PCA difference was mainly in the first principal component, with a discrimination accuracy of 99% (P=0.010) ; the
classification accuracy of LS and Lasso was 64% (P=0.360) and 67% (P=0.400), respectively. Compared with the
non-blood stasis syndrome group, the time-domain parameter differences in the blood stasis syndrome group were
mainly manifested as a decrease in the left-hand Cun pulse force h1 (P=0.018), and increases in the left-hand Guan
pulse S1/S2 (P=0. 008) and right-hand Chi pulse t1 (P=0.002) ; the frequency-domain parameter differences were
particularly significant in the left-hand Chi pulse and right-hand Guan pulse. In the tongue analysis, the average vas-
cular width and variability of sublingual collaterals in the blood stasis syndrome group were significantly higher than
those in the non-blood stasis syndrome group. In the analysis of manually collected information, the clinical features
with the highest discriminative value for blood stasis syndrome included distended and tortuous sublingual collaterals ,
chest pain, chest tightness, rough pulse, palpitations, and shortness of breath. In addition, among the single-modal
analysis in the blood stasis syndrome group, the tongue diagnosis achieved the highest discrimination accuracy of
83.33% (30/36), while the accuracy of pulse, auscultation, and inquiry diagnosis was lower than that of tongue diag-
nosis. The optimal modal combination (tongue diagnosis + pulse diagnosis + inquiry + auscultation) achieved the
highest accuracy of 86. 11% (31/36) , which was superior to the single-modal model. Conclusion The diagnostic
model based on multi-modal data fusion can effectively achieve objective differentiation of coronary heart disease with
blood stasis syndrome, validating the advantage of multi-modal information fusion in improving TCM syndrome differ-
entiation accuracy, and providing scientific evidence for objective research of TCM syndrome diagnosis.

Keywords coronary heart disease; blood stasis syndrome; four-diagnostic objectification; multi-modal data fusion;

diagnostic model
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