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Experimental study on the establishment of rabbit model of acute right heart failure

YIN Jun,HE Wen-juan, LIAO Wei-gong, GAO Zhi-qi, TANG Zhong-wei, NI Bing (Department of Pathophysiology , College of
High Altitude Military Medicine, Army Medical University/Key Laboratory of High Altitude Medicine of PLA/Key Laboratory of Extreme
Environmental Medicine , Ministry of Education,Chongqing 400038 , China)

Abstract: Objective To explore the optimal conditions of the concentration and dose of ferric hydroxide in the replication of rabbit
model of acute right heart failure, clarify their roles in the formation process of right heart failure,, and optimize the model of rabbit acute right
heart failure. Methods Rabbits in the control group were not injected with ferric hydroxide ; two different concentrations and three different
doses of ferric hydroxide were designed, to obtain six experimental groups. After the rabbits of the experimental groups were anesthetized,
intubated and injected with ferric hydroxide, the changes of rabbit lip skin color, respiratory rate ( RF),heart rate (HR) ,blood pressure
(BP) ,central venous pressure ( CVP) ,and right ventricular indexes [ right ventricular systolic pressure ( RVSP) ,maximum rate of right ven-
tricular pressure rise ( + dp/dimax ), right ventricular diastolic pressure ( RVDP), maximum rate of right ventricular pressure decline
( - dp/ditmax) ] before and after embolization were observed. Immediately after the rapid administration of normal saline,the rabbit lip skin
color,RF,HR,BP CVP,and right ventricular indexes were observed,and the rabbit model of acute right heart failure was replicated. Results
All rabbits in the experimental groups had different degrees of acute right heart failure. After successful embolization, compared with the
control group,rabbits in each experimental group had cyanosis on lips and pale skin mucosa;the CVP,RVDP and - dp/dtmax increased sig-
nificantly (P <0.05) ,while the BP,RVSP and + dp/dtmax decreased significantly ( P <0.05) ;compared with the experimental group 5 and
the experimental group 6,the RVSP and + dp/dtmax of rabbits in the control group,the experimental group 1,the experimental group 2 and
the experimental group 3 increased significantly (P <0.05). After successful embolization and injection of 10 mL,30 mL,50 mL and
70 mL of normal saline,compared with the experimental group 5 and the experimental group 6,the CVP of rabbits in the control group,the
experimental group 1,the experimental group 2 and the experimental group 3 decreased significantly (P <0.05) ;in addition, after successful
embolization and injection of 90 mL of normal saline , compared with the experimental group 5 and the experimental group 6,the CVP,RVDP,

— dp/ditmax of rabbits in the control group,the experimental group 1,the experimental group 2 and the experimental group 3 decreased
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significantly (P <0.05) ;compared with rabbits in other groups,the degree of pleural effusion,ascites and liver ascites in the experimental

group 5 and the experimental group 6 was more serious, and the volume of cardiac cavity was larger. Conclusion Pulmonary embolization

with ferric hydroxide can successfully replicate the rabbit model of acute right heart failure. Mastering the best conditions of ferric hydroxide

concentration and dose is the premise to ensure the successful replication of rabbit model of acute right heart failure. HR and BP are relatively

stable after infused with 1 ml/kg of ferric hydroxide (4% ) for pulmonary embolism in rabbits,and the effect of replicating the rabbit model

of acute right heart failure is the best.

Keywords: acute right heart failure ; ferric hydroxide concentration ; dosage ; experimental condition
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HR/ (3K - 471)) 162.00 +15.00 196.00 +18.00 * 198.00 +19.00 * 192.00 +18.00 * 193.00 +20.00 * 196.00 £23.00 * 195.00 +24.00*
RVSP/mmHg 36.00 +3.00%4 2.00+£2.00%%  20.00£2.00*%4  21.00+2.00**4  14.00=1.60* 12.00+1.43* 14.00 £1.52*
+dp/dimax/ (mmHg + s 1) 2020.00 £105.002 1020.00 £90.00 *#2  980.00 £75.00 *#2 1 090.00 £95.00***  680.00 +65.00* 600.00 +50.00 * 630.00 +60.00 *
RVDP/mmHg -2.00£0.20%2 4.00 £0.42 *#4 3.00£0.21 *#4 4.00 0,33 *#4 6.00 +0.51 * 7.00£0.52* 7.00 £0.60 *
—dp/dimax/ (mmHg + s ') =3100.00£110.00*2 -2 600.00 +120.00 *#2 ~2500.00£130.00 *#2 ~2400.00£110.00*# -2200.00£120.00*  -2100.00£125.00*  -2050.00£135.00*
BP/mmHg 125.00 11,0074 93.00£7.00"*~  90.00+8.00**  88.00+6.00***  68.00+6.00* 61.00 +7.00* & 48.00 +6.00**
CVP/cemH,0 1.00 +0.20* 1.70 £0.22** 1.90 +0.30 ** 1.90 £0.21 ** 3.80£0.2* 4.00 +0.31 4.20+0.32*
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10 ml OB kGG Lxeh #H #H #H £H &l
RE/(W - 471) 45.00 £4.00 4.005.00 4.00£5.00 65.00£6.00 6.00£7.00 64.00£7.00 63.00+6.00 *
HR/ (% - 431 162.00 £15.00 178.00 £ 18.00 173.00£17.00 177.00 £18.00 162.00 16.00 155.00 £ 16.00 153.00£15.00
BP/mmHg 122.00 +11.00* 88.00£8.00 *#4 85.00£7.00 *#4 84.00 £9.00 *#4 59.00+5.00 4 56.00+5.00 & 44,00 £4.00 *#4
CVP/mmH,0 1.2£0.21%4 2.32£0.42 %4 2.51+0.42%#4 2.72£0.40*#4 3.91£0.42% 4,5340.51* 4.70£0.61 *
RVSP/mmHg 35.03 £3.00%4 18.032.03*#4 16.02£1.6*#4 17.03+1.80*#4 3.03+1.40" 1.00£1.32* 13.01£1.50*
+dp/dimay/ (mHg + s 71 2010.00 110,002 980.00£85.00*A  960.00£75.00**4  995.00£85.00 %A 620.00£55.00 570.00 £60.00 * 580.00 £65.00
RVDP/mmHg 2.02+0.40%4 3.70£0.3 %4 2.81£0.30*#4 3.63£0.40 **2 5.73+0.51* 5.10£0.41 % 5.20+0.42%
—dp/dima/ (mHg + s ™) =3 02000 £220.00%4 -2020.00£160.00*  -1980.00+170.00* -1955.00+185.00*  —1880.00+180.00*  —1850.00+160.00* -2 060.00+180.00*
BR300 mL OB R MkE (G B #H #BH #H #A #H
RE/(3% - A7) 46.00 £3.00 60.00£4.00 61.00£4.00 60.00£3.00 61.00 £4.00 59.00 £5.00 * 58.00+5.00
HR/ (% - 431 155.00 £18.00 161.00£17.00 163.00 £15.00 158.00 £ 14.00 142.00 £ 14.00 138.00£13.00 125.00£13.00 *
BP/mmHg 117.00 £10.00%4 82.00 £8.00 *#4 80.00 £8.00 *#4 78.00£7.00 *#4 53.00£4,00 4 50.00 £4.00 * & 38.00£3.00*#
CVP/mmH,0 1.52£0.20*4 311 £0.4 %4 3.33£0.41 7 #4 3.5140.2 %4 4.9:0.5* 5.7340.53* 5.92£0.60*
RVSP/mmHg 33.00£3.00%4 15.00£1.40*#4 B.00£1.2*# 14.00£1.51 *#4 2.00£1.71% 1.00£1.50* 1L02£1.71%
+dp/dmas/(mmHg + s™1) 195,00 £105.00%4  700.00£75.00**4 670,00 £70.00*#4  655.00£65.00 *#4 450,00 £65.00 405.00+50.00 * 425.00 +45.00 *
RVDP/mmHg -1.00£0.20*2 3.00£0.42* 2.80£0.42* 2.71+0.50* 360204 3.21£0.40* 3.40+0.41%
—dp/dimax/ (mmHg +s™') =2950.00 £150.00*2 -1360.00£180.00*  -1490.00£150.00%  -1475.00£190.00*  -1760.00+140.00*  -1580.00£170.00*  ~1625.00+180.00 *
RS0 mL R Bk i #H #A #TH Eexs| #H
RE/(3% - 471 44.00£4.00 .00 +4.00 " 54.005.00 55.00 £4.00 5.00£5.00 53.00£4.00* 53.005.00*
HR/ (¥ - 43~ 15200 £17.00%2  145.00 £13.00%4 142.00 £16. 00%4 149 £ 162 21154 13:10%2 oBx11**
BP/mmHg 112.00 £11.00%2 78.00 £7.00 *#4 74.00 £6.00 *#2 75.00 £6.00 * #4 47.00£3.00* 4 4.00£3.00% 4 B.00£3.00#
CVP/mmH,0 1.91£0.32%4 3.81 0.4 *#4 4.03£0.52 %4 4.13£0.60**4 6.12£0.81 *#4 7.5+0.60 7.71£0.60
RVSP/mmHg 31.00£3.01%2 1L.02£1.00*#4 10.00£1.00*#2 10.00£1.31 *#2 6.05:0.70* 5.52+0.60* 5.73+0.50"
+dp/dmas/(mmHg - s™") 1980.00£120.00%4  510.00£55.00*#4 480,00 £30.00*#4 495,00 £60.00 ¥4 250,00 £45.00*#4  215.00 40,00 *#4 235,00 £45.00 * #4
RVDP/mmHg -0.50£0.11*4 2.60+0.41" 2.30£0.32* 2.500.30* 2.61£0.32* 230£0.33* 2.40£0.21%
—dp/dimax/ (mmHg s ™') =2920.00 £210.00%2 ~1250.00£110.00 *#2 ~1 160.00 +120.00 *#2 -1 185.00 £ 150.00 *#2 - 660.00 £30.00 * -530.00£55.00%  -530.00£45.00*
R0l HEEHREG bl #H EA EH EH #H
RE/(3% - 4+~ 48.00 £4.00 51.00+3.00 48.00 +4.00 49.00 £4.00 48.003.00 47.003.00 45.00 £4.00
HR/ (¥« 41 148.00£16.007  121.00£15.00**4  15.00£14.00* %4 119.00£13.00*%4  9%6.00£9.00* 4 88.00+8.00 4 61.00 +8.00 *#
BP/mmHg 110.00 £12.00%4 63.00+7.00 *#4 61.00 £5.00 *#4 59.00+5.00 *#4 4£2.00£3.00%4 40.00£2.00 4 26.00+2.00*#
CVP/mmH,0 2.10£0.32%4 4.7£0.50*#4 490,43 %4 5.03£0.54*#2 7.2140.80 *#4 8.60£0.71% 8.82:+0.71%
RVSP/mmHg 29.00 £3.02%4 6.00£0,53 *#4 5.8:0.70*#4 5.70£0.61 **4 3.30:0.92* 27+041% 320042~
+dp/dmay/ (mmHg + s ™) 1880.00£125.00%4  250.00£55.00 %4 230.00£50.00*#4  215.00£55.00*%4 18500 £15.00 170.00 +10.00 * 180.00£15.00 *
RVDP/ g 0.51 0,224 2.01£0.30 1.92+0.3~ 1.90£0.30 " 22+031* 2.02£0.30% 2.30£0.33*
—dp/dima/ (mmHg + s 7Y 287000 £160.00%2 850,00 £110.00*#2 790,00 £85.00**~  -765.00£75.00 4  -330.00£25.00%  -280.00£20.00 * 300,00 £35.00 *
LR =254 ) ) #H Eois| £l &H EH
RE/(3 - 4+7Y) 45.00£5.00 46.00£3.00 45.00£4.00 47.003.00 45.00£3.00 4.002.00 45.00£3.00
HR/(K - 471 42.00£15.00%  102.00£13.00%%4  106.00£12.00**2  97.00£10.00**2  78.00£9.00*#~ 63.00£7.00 <2 40.00£6.00 **
BP/mmHg 108.00 +11.00* 57.00£6.00 * #4 52.005.00*#4 54.00£6.00*#4 8.00£2.00% 4 %.00£2.00 2 20.00£2.00*#4
CVP/mmH,0 2.50 £0.41%4 5.92£0.51 *#4 6.13£0.62*#4 6.22£0.70*#4 8.31£0.72*#4 9.42+0.80* 9.72£0.83*
RVSP/mmHg 28.02 +3.00%4 4.00£0.70*#4 3.70£0.62*#4 3.90£0.50*#4 1.2£0.21* 1.30£0.40* L2+0.2*
+dp/dimay/ (mmHg + s ™) 1780.00£115.00%4  150.00£15.007%A  110.00£10.00**  120.00£15.00*%4  52.00£5.00* 36.00£3.00* 42.00+5.00
RVDP/mmHg 0.70 0. 114 1.50£0.22 *#4 1.31£0.2 %A 1.42£0.20 **2 0.71£0.20* 0.52+0.10* 0.51+0.2*
—dp/dimax/ (mmHg + s 71 281000 £200.00%4  -450.00£50.00*#4  -310.00£35.00*#4  -320.00£25.00 %4 -50.00£6.00 * ~45.00 £4.00 47.00£5.00

* G P <0.05;#: 5 145 b ,P<0.05; A5 340 6 tix P <0.05
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