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Abstract: Objectives To investigate the effect of the Bioinformatics Infrared Liver Therapeutic (BILT) instrument on portal vein
blood flow, liver stiffness, and spleen stiffness in patients with liver cirrhosis, and to preliminarily explore the therapeutic effect
and mechanism of the BILT instrument. Methods A total of 78 patients with compensated liver cirrhosis who attended the
outpatient service or were hospitalized in Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine from
October 2017 to December 2021 were enrolled, among whom 68 patients completed the 12-week treatment and were randomly
divided into BILT group and simulated instrument group, with 34 patients in each group. In addition to basic treatment, the
patients in the BILT group received irradiation with the BILT instrument, while those in the simulated instrument group received
irradiation with the simulated instrument, for 30 minutes each time, twice a day; the course of treatment was 12 weeks for both

groups. The two groups were compared in terms of laboratory markers (liver function, renal function, and routine blood test
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results) , liver and spleen ultrasound morphology, color Doppler blood flow detection (portal vein diameter, portal vein cross-
sectional area, mean portal vein velocity, peak portal vein velocity, and mean portal vein flow) , and liver/spleen stiffness
measurement before and after treatment. The independent samples i-test was used for comparison of normally distributed continuous
data between two groups, and the non-parametric Mann-Whitney U rank sum test was used for comparison of non-normally
distributed continuous data between two groups; the chi-square test was used for comparison of categorical data between groups.
The paired samples correlation test was performed for the data before and after treatment within each group, and the paired samples
t-test or the non-parametric Wilcoxon signed-rank test was performed for data with significant correlations. Results The paired
samples correlation test showed no correlation in spleen attenuation parameter before and after treatment , suggesting that the results
of spleen fat measured by FibroTouch could not be used for statistical analysis. After 12 weeks of treatment, compared with the
control group, the treatment group had significantly greater increases in portal vein diameter, portal vein cross-sectional area, and
mean portal vein flow and a significantly greater reduction in liver stiffness measurement (all P<0.05). At week O before treatment
and after 12 weeks of treatment, comparison of the immediate effect after 30 minutes of BILT irradiation showed that the treatment
group had significant increases in portal vein diameter, portal vein cross-sectional area, mean portal vein velocity, and mean portal
vein flow (all P<0.05), while the control group showed no significant changes after irradiation (all P>0.05) ; compared with the
control group, the treatment group had significantly greater changes in all indicators except peak portal vein flow at week 0 (all P<
0.05). No adverse events were observed in either group. Conclusion The BILT instrument can improve portal vein blood flow in

the liver and alleviate liver stiffness/fibrosis in patients with liver cirrhosis.
Key words: Liver Cirrhosis; Hepatic Fibrosis; Elasticity Imaging Techniques; Hemodynamics
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Table 1 Baseline characteristics of cirrhotic patients treated with BILT therapeutic apparatus

T H TBITH (n=34) X E4L (n=34) G H PH
BH41(%)] 21(61.8) 21(61.8) X*=0.000 1.000
AEI () 62.5(49.8 ~ 66.0) 56.5(47.8 ~ 63.0) Z=-1.873 0.061
BMI(kg/m?) 23.55+2.44 23.8142.78 1=-0.387 0.700
Child-Pugh 734% (A/B, i) 33/1 30/4 X'=1.984 0.159
IR [](%) ] 22(64.7) 27(79.4) X=1.826 0.177
ALT(U/L) 25.7+13.8 28.1+15.2 =0.177 0.535
AST(U/L) 31.0£14.5 322117 1=0.268 0.724
Alb(g/L) 42.31+3.88 42.25+6.03 1=0.043 0.966
TBil(mol/L) 18.20+6.74 22.53+13.26 1=-1.525 0.136
BUN (mmol/L) 5.417+1.483 5.705+1.272 =-0.717 0.477
Cr(wmol/L) 66.1+14.0 70.1+14.8 1=—1.048 0.300
PT(s) 13.85+1.36 13.89+1.49 1=0.013 0.914
INR 1.097+0.117 1.118+0.072 1=—-0.806 0.425
PLT(x10°/L) 112.4+71.4 115.6+55.8 1=0.878 0.856
WBC(x10%/L) 4.540+1.987 4.625+1.800 1=0.527 0.873
Hb(g/L) 136.4+20.7 135.8+21.8 1=0.589 0.911
I TE K ELAE (em) 1.10(1.00 ~ 1.23) 1.00(1.00 ~ 1.20) 7=-0.536 0.592
IR E B (em?) 0.895(0.768 ~ 1.223) 0.880(0.718 ~ 1.135) Z=-0.417 0.677
I TR 23 3 (em/s) 16.63+5.17 16.28+5.20 =0.278 0.782
1 Ik B e Y 2 (em/s ) 20.60+5.70 19.87+6.17 1=0.506 0.614
I T -2 3 £ (mL/min ) 985.24+502.9 896.2+352.8 1=0.844 0.402
LSM(kPa) 18.92+10.99 16.05+8.51 1=1.204 0.233
BT UAP(dB/m) 238.4422.5 250.9433.5 1=—-1.806 0.076
SSM (kPa) 27.51+11.58 22.74+7.25 =1.838 0.073
Ji# UAP(dB/m) 198.5+42.7 206.5+37.4 1=0.783 0.454

1 VAYT 41 ALT (AST . Alb . TBil \PT.INR 26 5 44, BUN 2 9 441, Cr ik 2 8 451, PLT \WBC . Hb .SSM . Jlft UAP itk 745 ; X} R4 ALT . AST . TBil fikt
4¢ 745, BUN 2 1245, Alb . Cr Bl 2 8 45, PT . INR 525 6 4], PLT \WBC .Hb -2 9 51 , SSM il UAP 2 4 451 . BUN, ML /R Z A ; Cr, LEF; INR, [H bR

brifEfb MR
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Table 2 Effects of BILT therapeutic apparatus on hepatic portal vein blood flow and hepatic and splenic elasticity in cirrhotic

patients

i H 200 gk 0\ (WYY T 12 M RIF)E) JRITTIIE 2 G d P

I TE K E AR (em) BT 34 1.10(1.00 ~ 1.23) 1.10(1.00 ~ 1.30) 0.00(0.00~0.10)  Z=-2.117 0.034
YHRZH 34 1.00(1.00 ~ 1.20) 1.00(1.00 ~ 1.20) 0.00(0.00 ~ 0.00)

I IER TR (em®) BYFH 34 0.895(0.768 ~ 1.223) 1.000(0.805 ~ 1.315) 0.110(-0.005 ~ 0.225) Z=-2.881  0.004
XFHRZH 34 0.880(0.718 ~ 1.135) 0.890(0.680 ~ 1.155) 0.000(-0.060 ~ 0.055)

FIEICE I (em/s) YT 34 16.63+5.17 17.88+5.02 1.37+4.86 t=1319  0.192
YR 34 16.28+5.20 16.08+4.78 -0.08+4.05

Ik R TE (em/s)  JRITA 34 20.60+5.70 21.52+46.17 0.98+6.42 1=0.922  0.361
XHHRZ] 34 19.87+6.17 19.49+5.88 -0.29+4.72

I T (mL/min) JAJT4H 34 985.2+502.9 1154.7+538.6 190.2+319.4 1=2.425  0.019
XTHR4] 34 896.2+352.8 917.74£396.5 28.14213.3

LSM(kPa) RITY 34 18.92+10.99 15.92+6.85 -3.00+7.69 t=2.026  0.048
XA 34 16.05£8.51 16.11£7.09 0.06+4.28

JiF UAP(dB/m) BRI 34 238.4+22.5 237.2422.2 -1.1422.7 =-0.679  0.500
TR, 34 250.9+33.5 245.4429.7 -5.5+30.0

SSM(kPa) WITH 27 27.51+11.58 29.27+15.26 2.41+15.16 1=-0.718  0.476
XFHRZH 30 22.74+7.25 22.63+11.34 -0.12+10.88

J UAP(dB/m) BT 27 198.5+42.7 214.7434.3 16.1+45.8
XTHRZH 30 206.5+£37.4 208.6+28.6 3.3+41.6
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Table 3 Immediate effects of BILT therapy apparatus on hepatic portal vein blood flow in cirrhotic patients

1 s I Tk AR [Tk AR AR TR 2 g lj%ﬂh%%} IV KT 28 U
(mm) (em?) (em/s) g (em/s) (mIL/min)
BIT A 34
0JH
TSR 1.10(1.00 ~ 1.23) 0.895(0.768 ~ 1.223) 16.63+5.17 20.60+5.70 985.2+502.9
TS 1.10(1.10 ~ 1.30) 0.880(0.718 ~ 1.135) 18.36+5.13 22.24+6.53  1187.1+581.6
i 7=-4.894 7=—4.429 1=-3.036 =-2.015 1=-5.099
PAE <0.001 <0.001 0.005 0.052 <0.001
12 J&
TSR 1.10(1.00 ~ 1.30) 1.000(0.805 ~ 1.315) 17.88+5.02 21.5246.17  1154.74538.6
e 1.20(1.10 ~ 1.30) 1.130(0.900 ~ 1.325) 19.22+5.96 23.01+7.05 1360.1+647.8
S aRIE] 7=-2.566 7=-2.176 =-2.216 1=-2.002 1=—4.400
P 0.026 0.013 0.034 0.054 <0.001
X HEZH 34
0JH
TSR 1.00(1.00 ~ 1.20) 0.880(0.718 ~ 1.135) 16.28+5.20 19.87+6.17 896.2+352.8
MRS 1.05(1.00 ~ 1.20) 0.870(0.720 ~ 1.083) 15.91+5.17 19.5446.11 869.0+358.6
iiE 7=1.139 7=1.807 1=0.681 1=0.550 1=0.898
PE 0.257 0.217 0.501 0.586 0.376
12 J&
MRS 1.00(1.00 ~ 1.20) 0.890(0.680 ~ 1.155) 16.08+4.78 19.49+5.88 917.7+396.5
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