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[ Abstract)

techniques to comprehensively evaluate the characteristics of cardiac function and structural changes during disease

Objective To establish a heart failure model in mice, and to use ultrasound imaging and pathology

development. Methods The transverse aortic constriction ( TAC) surgical technique was used to establish a model of
pressure-overload-induced heart failure in mice. Blood flow Doppler spectra were collected to evaluate the pressure at the
aortic arch stenosis before surgery and at weeks 2, 4, and 8 after it. B-mode and M-mode ultrasound images were collected
to evaluate cardiac structure and systolic function. The blood flow Doppler spectrum from the mitral valve orifice and tissue
Doppler spectrum from the mitral annulus were combined to evaluate cardiac diastolic function, and cardiac tissues were
collected for histopathological observation. Results The ultrasound result showed that the blood pressure of the aortic arch
stenosis increased significantly at weeks 2, 4, and 8 after the operation. At 2 weeks after the operation, the thickness of the
left ventricular wall typically showed compensatory increases, while the inner diameter was decreased, accompanied by
impaired diastolic function and myocardial fibrosis. Four weeks after the operation was the transition period, which was
mainly manifested as a transition of the left ventricle from hypertrophy to dilation, decreased systolic function, continuously
impaired diastolic function, and further fibrosis in the myocardium. Eight weeks after surgery, the ventricle was
characterized by cavity enlargement, significant reductions of systolic and diastolic function, and cardiomyocytes being
partially lysed and significantly fibrotic. Conclusions

By evaluating the structure and function of the left ventricle in the

three stages of compensated hypertrophy, transitional stage, and decompensated dilatation of a TAC-induced heart failure

model in mice, the use of the model should advance basic research and translational medicine.
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Note. A, The overall design of the experiment. B, Surgery thoracotomy. C, Schematic diagram of establishment of TAC model in mice.

Blue, the needle for determining the constriction size.

Figure 1 Model establishment and experimental design for the murine heart failure model
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Figure 2 B-mode and blood flow Doppler indices at the aortic arch stenosis
R EDKD MR B S MRS (% + 5,n=8)
Table 1 Peak velocity and pressure at the aortic arch stenosis( x + s,n=8)
215 ML DA AELEEE (mmy/s ) M4 H J] (mmHg)
Groups Peak velocity (mm/s) Peak pressure( mmHg)
0 J& 0 week 689.42 + 45.92 1.91 + 0.26
2 J 2 weeks 4773.00 = 622.71* 92.48 +23.25°
4 J#] 4 weeks 4395.57 + 572.69 " 78.43 +21.21°
8 JH 8 weeks 4553.73 + 644.53" 84.40 £ 25.03"

H. 50 F4 K, " P <0.05,
Note. Compared with the 0 week group, * P < 0. 05.
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Note. A, Parasternal long-axis B-mode ultrasound, short-axis B-mode ultrasound, and short-axis M-mode ultrasound images of the left ventricle at 0,

2, 4, and 8 weeks, a-Left ventricular septal end-systolic thickness IVS;s and b-Left ventricular septal thickness IVS;d, c-Left ventricular end-

systolic diameter LVID; s and d-Left ventricular end-diastolic diameter LVID; d, e-Left ventricular end-systolic thickness LVPW; s And f-Left

ventricular end-diastolic thickness LVPW ;d. B-D, end-systolic (red) and end-diastolic ( blue) interventricular septal thickness, left ventricular

diameter, and left ventricular posterior wall thickness. Compared with 0 week, 2 weeks, and 4 weeks respectively, ** * & P < 0. 05.

Figure 3 B-mode and M-mode ultrasonic images in the pathological process
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R2 LA x £ 5,0=8)

Table 2 Structural indices in the pathological process( x + s,n=8)

Wi A %= IR ARME WA EF KA Wi A EFIRA
(1) P R 3 ( mm ) (i) & 55 ( mm) Ji5 BEJEERE (mm) J5 BE JEE B (mm) EENE(mm)  AEZENZE(mm)
25 5 Interventricular Interventricular Left ventricular Left ventricular Left ventricular Left ventricular
Groups ventricular septum ventricular septum  posterior wall thickness, posterior wall internal dimension, internal dimension,
thickness, end-systolic, thickness, end-diastolic, end-systolic, thickness, end-diastolic, end-systolic, end-diastolic,
IVS; s(mm) IVS; d(mm) LVPW; s(mm) LVPW; d(mm) LVID; s(mm) LVID; d(mm)
0 J#
0 week 1.23 + 0.04 0.74 + 0.03 1.08 + 0.05 0.71 £ 0.03 2.47 +0.19 3.84 +0.20
2 JH . . . .
1.53 + 0.08 0.90 + 0.03 1.50 = 0.07 0.90 + 0.04 1.96 + 0.30 3.60 = 0.27
2 weeks
4 Jﬁ s * w# * # #
1.39 £ 0. 16 0.89 + 0.09 1.34 £ 0. 10 0.87 £ 0.07 2.69 +0.13 3.97 £ 0. 16
4 weeks
8 JA & #& HE #& & H&
8 weeks 1.08 + 0.05 0.81 + 0.05 0.97 + 0.09 0.77 + 0.07 3.69 +0.19 4.45 £ 0.20

TE:0005 0.2 .4 J4Less, * % P < 0.05, (FE/ER)

Note. Compared with 0 week, 2 weeks, and 4 weeks respectively, ** # & P < 0.05. (The same in the following Figures and Tables)
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Figure 4 Systolic function of left ventricle in the pathological process
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Table 3 Assessment results of the left ventricular systolic function( x + s,n=8)

415 Lo i (mL/min) SFIf A3 E (% ) BINAR LR (%)

Groups Cardiac output per beat( mL/min) Ejection fraction, EF( %) Short axis fractional shortening, FS( %)
0 J& 0 week 17.46 + 1. 86 66.08 + 2. 68 35.84 + 1.91
2 J& 2 weeks 16.56 + 2.52 77.44 £ 5.97" 45.57 £ 5.48"
4 i 4 weeks 15.95 = 1.95 61.13 + 2.69* 32.31 = 1.89%

8 Jil 8 weeks 13.66 + 2.46*

35.89 + 2.48"#¢ 17.10 + 1.31 *#&
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Note. A, 0, 2, 4 and 8 weeks group mitral valve orifice blood flow Doppler and mitral valve annulus tissue Doppler spectrum. E-mitral peak E wave
velocity in diastole, A-mitral peak A wave velocity in diastole, a-isovolumic contraction time, b-isovolumic relaxation time, c-ejection time. e’-mitral
annular e’ velocity in diastole, a- mitral annular e’ velocity in diastole. B, The cardiac diastolic function changes during the pathological process. a,
E/A, ratio of early diastolic blood flow peak E and late diastolic peak A. b, Ratio of early diastolic annular e’ velocity and late diastolic annular a’
velocity. ¢, Ration of early diastolic blood flow peak E velocity to early diastolic annular e’ velocity.

Figure 5 Blood flow and tissue Doppler spectrum of mitral valve

R4 TRRRMRZEHIEE(x +5,n=6)

Table 4 Measurement of blood Doppler of mitral valve( x = s,n=6)

RN SEANETIR LR E IE{H3H A (R
13 ] (ms ) 5[] (ms ) St st (ms ) Viocan dijl (mm/s) (mm/s) E 1A HfE
iy Isovolumetric Isovolumetric Ejection time, X Peak E-wave Peak A-wave Ratio of E
Groups . . performance . .
contraction relaxation ET(ms) index. MPI velocity, velocity, to A, E/A
time, TVCT(ms)  time, TVRT(ms) maex, E(mm/s) A(mm/s)
0
0 week 11.74 + 1. 44 12.57 £ 1.18 50.49 + 4.70 0.48 + 0.05 466.53 + 57.33 672.00 = 49.67 1.45 £ 0.14
Dweeks  (HTTE4H 1567 1.66"  49.79x5.11 0.62 % 0.16 483.58 £ 61.86  50L.99+ 110.65° 1.03+0.15
48 ) N « #
4 weeks 14.48 + 1.60 16.20 + 1.79" 49.34 + 3.4 0.62 + 0.07 429.282 + 84.79 561.57 + 86.78 1.33 £0.19
8 J# ] . . ; . .
& 18.26 + 4.137 20.73 + 3.21& 5250 + 9.25 0.76 + 0.12 268.94 + 101 02  681.08 + 80.77*¢ 2.84 + 0.99**

8 weeks
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Table 5 Measurement of tissue Doppler of mitral valve( x + s,n=6)

ZH 5 a WE(EEE (mm/s) e WE(EEE (mm/s) el a’ FUAE E fl e B
Groups Peak a’ velocity, a’'(mm/s) Peak e’ velocity, e'(mm/s) Ratio of e’ to a’, e'/a’ Ratio of E to ', E/e’
04
25.09 + 2.26 28.74 + 3.24 1.15 £ 0.13 23.64 + 3.02
0 week
24 . . . .
19.26 = 2.71 15.31 = 1.80 0.80 = 0.09 32.74 £ 5.72
2 weeks
414 . . . .
20.91 £ 1.97 15.28 + 2. 11 0.73 = 0.09 39.03 + 7.53
4 weeks
8 /A 14.31 + 1.63™ 11.61 = 1.38 " 0.81 £ 0.04" 59.35 = 10.37 "¢
8 weeks

b
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= ha & 0
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2 4 8
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Figure 6 Pathological evaluation of cardiac tissue(n=8)
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