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Electrical and morphological changes of cardiac pressure over-load left ventricular hypertrophy in rabbits

LIU Gui-zhi* , CHANG Chao, YAN Shu-mei, HENG Zi-wei
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[ Abstract ]  Objective  To observe whether the changes of electrocardiogram (ECG) is earlier than the
morphological changes of ultrasonic cardiogram (UCG) during the development of cardiac pressure over-load left
ventricular hypertrophy (LVH) in rabbits, so as to discuss the value of ECG in the early diagnosis of hypertensive
LVH. Methods Forty male Japanese rabbits were randomly divided into experimental group (7z=25) and control group
(n=15). Rabbits in the experimental group were used to establish cardiac pressure over-load LVH model by subtotal
ligation of suprarenal abdominal aorta. The control group received the same treatment as that in the experimental group
except for the coarctation of abdominal aorta. Before operation and the 2™, 4", 6%, and 8" week after operation, 12-lead
ECG were recorded to measure R-wave and QRS complex wave amplitude, heart electric axis, QRS duration and QTc
period; UCG was performed to detect the thickness of left ventricular inferior wall (ILVIW), posterior wall (LVPW) and
interventricular septum (IVS), left ventricular end diastolic diameter (LVDd), left ventricular end systolic diameter
(LVDs), E/A ratio and left ventricular ejection fraction (LVEF). Before operation and the 8" week after operation,
chest X-ray examination was performed to detect cardiothoracic ratio. Then all the rabbits were sacrificed. Left
ventricular mass indices (LVMI) were measured and cardiac pathological examination was performed. Results The
blood pressure of rabbits increased gradually after operation in the experimental group, the cardiothoracic ratio and

LVMI aggrandized, and the cardiomyocytes hypertrophy, denaturalization or necrosis were observed under microscope in
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the experimental group. The thickness of LVIW, LVPW and IVS of rabbits in the experimental group increased
gradually, and the E/A ratio decreased gradually, showing significant difference when compared to those of the control
group at the 4" week (P<C0. 05). LVDd and LVDs of rabbits in the experimental group increased from the 4™ week, and
were significantly larger than that of the control group after the 6™ week (P <C0. 05). LVEF of rabbits in the
experimental group decreased gradually, showing significant difference when compared with the control group at the 8%
week (P<C0.05). R-wave and QRS complex wave amplitudes in [[ , [Il , aVF and chest leads in ECG of the experimental
group increased gradually, and became significantly higher than those of the control group at the 2™ week (P<C0. 05).
QRS duration and QTc increased gradually after operation, showing significant difference compared to that of the control
group at the 4™ week (P<C0. 05). The above mentioned indices had no significant change before or after operation in
control group (P>>0. 05). Conclusion During the development of cardiac pressure over-load LVH of rabbits, the

electrical changes of ECG are earlier than the morphologic changes of UCG, which indicates that ECG may has a value

for early diagnosis of the hypertensive LVH.
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Tab 1 Comparison of the blood pressure in rabbits at different time points between experimental group and control group

p/mmHg, x=+s5

Difference between preoperative and postoperative

Group Preoperative
2 weeks postoperative 4 weeks postoperative 6 weeks postoperative 8 weeks postoperative

Experimental n=23

SBP 94, 88+10. 05 6.34%1.25* 11.2741. 62" 16. 2642, 20" 23.54%1.06*

DBP 72.32%9.52 8.10+1.02% 13.88+2.44* 16.10£1. 22~ 20.00%1. 01"
Control n=14

SBP 95.0248. 12 1. 2940. 40 1. 4441. 22 1.524+0. 87 1. 2340. 97

DBP 74,6919, 51 0.85+1.03 —0. 44740. 84 1.7240. 42 1.6841. 15

SBP: Systolic blood pressure; DBP: Diastolic blood pressure.
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* P<C0. 05 vs control group
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Tab 2 Comparison of the UCG indices in rabbits at different time points between experimental group and control group

Tts
Difference between preoperative and postoperative
Index Group Preoperative 2 weeks 4 weeks 6 weeks 8 weeks
postoperative postoperative postoperative postoperative
LVDd d/mm Experimental n=23 11. 7940. 47 0.03%0. 68 0.37%0.56 0.6141.28* 1.3840. 74~
Control n=14 11. 64=%1. 04 0.06=0. 11 0.32%0. 54 0. 28+0. 37 0. 38%0. 30
LVDs d/mm Experimental n=23 7.1840. 98 —0.01%0. 40 0.11%0.21 1. 6440, 43" 2.49+0. 21"
Control n=14 7.02%1.11 0.01%0.18 0.07%0.05 0.02%£0. 35 0.01%£0.02
LVIW d/mm Experimental n=23 2.15+0.17 0.11+0. 11 0.42+0. 42" 1.2340. 20" 1.6140. 237
Control n=14 2.12%0.21 0.09%40. 10 0.13%0.08 0.21+0. 07 0.23%+0. 14
LVPW d/mm Experimental n=23 2.16+0.19 0.12+0.08 0.38+0. 23" 1.20+0. 20* 1.7040. 18>
Control n=14 2.2240. 24 0.08%0. 12 0.05%0. 15 0.08+0. 18 0.03%£0. 15
1VS d/mm Experimental n=23 2.26%0.18 0.10+0. 16 0.56+0.19* 1.20+0. 12> 1.7840. 16>
Control n=14 2.1640. 21 0.0940. 10 0.1440. 06 —0.0140. 10 0.0240. 36
E/A Experimental n=23 1.534+0. 32 —0.1440. 26 —0.7140. 18* —0.9240. 20* —0.9740. 28*
Control n=14 1.6240. 48 —0.0840. 28 0.0140. 11 —0.0140. 10 0.0240. 25
LVEF (%) Experimental n=23 66.57+5. 22 —0.75%1.22 —1.83£0. 46 —2.0540. 60 —6.3340. 38*
Control n=14 67.45+4.51 —0. 8740. 20 —1.14=£0. 61 —1.2740. 30 —1.2440.12

UCG: Ultrasonic cardiogram; LVDd: Left ventricular end-diastolic dimension; LLVDs: Left ventricular end-systolic dimension; LVIW . Left

ventricular inferior wall thickness; LVPW. Left ventricular posterior wall thickness; IVS: Interventricular septal thickness; LVEF: Left

ventricular ejection fraction. * P<C0. 05 vs control group
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Fig 1 Standard 12-lead ECG and ECG before and after operation of rabbits in experimental group
A Standard 12-lead ECG of rabbits; B: Limb lead ECG of rabbits in experimental group; C: Chest lead ECG of rabbits in experimental group.
ECG: Electrocardiogram
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Tab 3 Comparison of R-wave amplitudes in 12-lead ECG in rabbits at different time points between experimental group and control group
o/mV, zts

Difference between preoperative and postoperative

Lead Group Preoperative 2 weeks 4 weeks 6 weeks 8 weeks
postoperative postoperative postoperative postoperative
| Experimental n=23 0.12040. 090 0.019-0. 034 * —0.03070. 030" 0.0324£0. 048 0.011+0. 026
Control n=14 0.110=0. 084 —0.00540. 113 0.01340. 073 0.0020. 011 0.0140. 006
I Experimental n=23 0.273+0.102 0.0994£0. 004 * 0.128+0.086* 0.152%+0. 077 0.182+£0.076*
Control n=14 0.26140. 095 0.01140. 012 —0. 005740. 001 0.02240. 051 0.01320. 001
I Experimental n=23 0.254+0. 101 0.10140.003* 0.14340.012* 0.1700. 084 * 0.21140.083*
Control n=14 0.282740. 083 —0. 00840. 025 0.003%£0. 012 —0. 00940. 002 —0.0207%0. 007
aVL Experimental n=23 0.221+£0.100  —0.02740. 008* —0.03740.015* —0.016=+0.012* —0.02740. 008
Control n=14 0.21240. 092 0.011%£0. 009 —0. 00840. 009 0.005+0. 017 0.015+0.018
aVR Experimental n=23 0.142+0.113 0.0014+0. 025 0.014=+0.011* 0.004=+0. 027 0.032740.045*
Control n=14 0. 140=%0. 105 0.001%£0. 012 —0. 00540. 021 0. 006=+0. 005 0.016+0. 011
aVF Experimental n=23 0.263+0.073 0.064+0.034* 0.122+0.070* 0.162%0.095* 0.2094£0.091*
Control n=14 0.271+£0. 067 0.014+0.013 —0.01140. 018 0.001+0. 024 0. 025+0. 061
Vi Experimental n=23 0.589+0. 270 0.06240.032" 0.11740. 234" 0.166=+0. 130" 0.235740.036"
Control n=14 0.5874+0.300  —0.008%40. 038 —0.013%40. 039 0.005=+0. 061 0. 006+0. 057
V; Experimental n=23 0.679+0. 384 0.08240.089* 0. 144=+0. 008 0.205=+0. 102~ 0. 308+0.089~
Control n=14 0.671%0. 354 —0.00540. 015 0. 004+0. 009 0.013+0. 014 0. 003+0. 002
Vs Experimental n=23 0.625=+0. 310 0.074=0. 040~ 0.12440. 042~ 0.22740. 086" 0.3284+0.183~
Control n=14 0.632+0. 312 0.01370. 049 0.043740.011 0.01140.012 0.01140. 042
Vi Experimental n=23 0.570=£0. 397 0.062+0. 141~ 0.098=+0. 083~ 0.2397+0. 042~ 0.290=+0. 072~
Control n=14 0.566=0. 345 —0.02140. 031 0. 006=+0. 001 —0.00240. 031 0. 0014£0. 005
Vs Experimental n=23 0.273+0.118 0.051+0.112* 0.12140. 243~ 0.1694+0. 353 * 0.21240.138*
Control n=14 0.24740.118 0. 007=%0. 050 0. 020=+£0. 058 0.028+0. 016 0.01720. 061
Vs Experimental n=23 0. 18340. 082 0.04140.121* 0.073740.061* 0.121+0. 271" 0.22440.091*
Control n=14 0.174=%0. 054 —0.00140. 012 0.006=+0. 015 0.010%£0. 023 0.015+0. 023

ECG: Electrocardiogram. * P<C0. 05 vs control group
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Tab 4 Comparison of the QRS complex wave amplitude in 12-lead ECG in rabbits at different time points

between experimental group and control group
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o/mV, xts
Difference between preoperative and postoperative
Lead Group Preoperative 2 weeks 4 weeks 6 weeks 8 weeks

postoperative postoperative postoperative postoperative
1 Experimental n=23 0.209=40. 104 0.018+0.038 —0.05940. 012" 0. 009=%0. 063 0. 001%£0. 007
Control n=14 0.204=%0. 121 0.010£0. 004 0. 008£0. 002 0. 006=+0. 021 0.001%£0. 011

I Experimental n=23 0.548+0. 154 0.0894+0.014* 0.119#£0.010* 0.1794£0.055* 0.246+0.018*
Control n=14 0.545%0. 152 —0.0027%0. 046 —0.01140. 037 0.001%0. 019 —0.033%0. 002

1 Experimental n=23 0. 60040. 183 0.090+0. 127" 0.13040. 128" 0.16040. 062* 0.1984+0. 031"
Control n=14 0.538+0. 145 0.051+0. 026 0. 005+0. 031 0.036+0. 031 0.064+0.028
aVL Experimental n=23 0.361%0. 151 —0.03940. 008 —0.01540. 036 0.016+0. 028 0.015+0.018
Control n=14 0.34540. 123 —0.03240. 026 —0.01240. 048 0.018+0. 028 0.0114£0. 059

aVR Experimental n=23 0.374=%0. 209 0.001%£0. 010 0.002+£0. 082 0. 080+0.079* 0.1294£0.037*
Control n=14 0.375+0. 241 0.001+0. 025 0.00240. 049 —0.03140. 022 0.0010. 009

aVF Experimental n=23 0.550+0. 136 0.095+0.032* 0.138+0.051* 0.171+0. 081~ 0.230+0.021*
Control n=14 0. 55840. 145 —0.00440. 028 0.016+0. 038 0. 03840. 028 —0.01740. 021

Vi Experimental n=23 1. 37440. 666 0.14540.039* 0.166+0.082* 0.199+0. 059~ 0.2504£0.173*
Control n=14 1. 35640, 657 0.031+0.098 —0.02240. 008 —0.01040. 001 —0.02240. 016

V3 Experimental n=23 1. 522+0. 606 0.231£0.012* 0.390+£0. 141* 0.467+0. 124~ 0.528+0.183*
Control n=14 1. 556 0. 645 —0.02470. 230 —0.01340. 002 —0. 01440. 008 0.009+0. 132

Vs Experimental n=23 1. 367=40. 503 0.186+0.134* 0. 2600.018* 0.336+0.069* 0.39340.121*
Control n=14 1. 37440. 567 —0.02940. 019 0.002+0. 121 —0.04040. 118 —0.02340. 121

\Z Experimental n=23 0.953%0. 430 0.228+0.064* 0.293+0.049* 0.377+0.011" 0.420+0. 168*
Control n=14 0.94340. 201 0.0200. 244 —0.01140. 565 0.013+0. 082 0.001+0. 232

Vs Experimental n=23 0.507=0. 228 0.0974£0. 124~ 0.146+0.009* 0.185+0. 285 0.214+0.038*
Control n=14 0.514+0. 421 —0.00240. 171 —0.01040. 193 0.060=+0. 212 —0.01340. 142

Vs Experimental n=23 0.300%0. 128 0.078+0. 148~ 0.088+0.015* 0.12140. 248~ 0.180+£0.021*
Control n=14 0.293=%0. 145 —0.00970. 012 —0.03530. 024 —0.00620. 071 0.052+£0.113

ECG: Electrocardiogram. * P<Z0. 05 vs control group
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Tab 5 Comparison of QRS duration and QTc in rabbits at different time points between experimental group and control group

t/s, Tks
Difference between preoperative and postoperative
Index Group Preoperative 2 weeks 4 weeks 6 weeks 8 weeks
postoperative postoperative postoperative postoperative
QRS duration Experimental n=23 0. 037%0. 005 0. 002740. 001 0.011£0.001* 0.013+£0.001* 0.015%0. 001~
Control n=14 0. 0360, 006 0. 00240. 002 0.00140. 003 0. 00240. 002 0. 00140. 001
QTc Experimental n=23 0.2254+0. 018 0. 00240. 004 0.08340. 003 * 0.10440. 002 * 0.13240. 002 *
Control n=14 0.231%+0.021 0.00240.015 —0.00140. 015 —0. 004740. 004 0. 00140. 002

* P<0. 05 vs control group
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Fig 2 Comparison of the chest X-ray of rabbits before (A)

and 8 weeks after operation (B) in experimental group
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Fig 3 Comparison of myocardial tissue pathology between

control group (A) and experimental group (B)

Original magnification: X200
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