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SD 35% 45%
LR HES HSD LR + HES
mean arterial blood pressure MAP left intraventricular systolic pressure
LVSp the maximal change rate of left intraventricular pressure =+ dp/dt,,,
35% LR HSD
P>0.05 30 ml/kg HES 20 ml/kg HES P<0.05 1
LR + HES 2 3 LR + HES P <0.05 45% 3 LR
1 2 LR P<0.05 6 ml/kg HSD
4 8 ml/’kg  HSD P <0.05 30 ml/kg HES 2 LR + HES
HES LR +HES P<0.05 HSD pH
LR 3 HES 30 ml/kg HSD 6 ml/kg
2 LR + HES
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On proper volume of different fluids for hemorrhagic shock resuscitation in rats
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Abstract Objective To study the proper volume of different fluids to resuscitate hemorrhagic shock in
rats. Methods SD rats were hemorrhaged to 35% or 45% total blood volume. Then lactated ringer’ s LR
of 1 x 2x 3 x shed blood volume 20 or 30 ml/kg hydroxyethyl starch HES  7.5% NaCl/6% Dextran40

HSD at dose of 4 6 8 ml/’kg LR+HES of 1 Xx 2 x 3 x shed blood volume were transfused to resusci-
tate the rats respectively. Mean arterial blood pressure MAP left intraventricular systolic pressure

LVSP  the maximal change rate of left intraventricular pressure +dp/dt,, were observed before and after
hemorrhagic shock 1 and 2 hours after transfusion. Blood gas was detected 1 h after transfusion and at the end
of transfusion and 12-hour survival rate of the animals was also observed. Results For the rats with 35% total
blood loss the effects of LR and HSD on hemodynamic parameters were not significantly different. HES at dose
of 30 ml/kg and HES + LR of 2 x shed blood volume improved hemodynamic parameters and the survival rate
as compared with HES at 20 ml/kg and other LR + HES groups. For the rats with 45% total blood loss LR of
3 % shed blood volume and HSD at 6 ml/kg improved hemodynamics better than LR of 1 x 2 x shed blood
volume and HSD at 4 and 8 ml/kg. Similarly HES at 30 ml/kg and LR + HES of 2 x shed blood volume im-
proved the hemodynamic parameters and survival rate better than HES at 20 ml/kg and HES + LR of 1 x 2 X
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shed blood volume. For blood gas all fluids had no obvious effect except that HSD significantly decreased the
blood pH value. Conclusion Besides LR of 3 x shed blood volume is effective in resuscitating the rats of 45%
total blood loss the transfusion of HES at 30 ml/kg HSD at 6 ml/kg or LR + HES of 2 x shed blood volume a-

chieves better resuscitation effect in the rats of 35% or 45% total blood loss.

Key words hemorrhagic shock hydroxyethyl starch 7.5% NaCl/6% Dextran40 lactated ringer’ s

35% 45%
1 12h
MAP 1h
. , 12 h
lactated ringer’ s LR
hydroxyethyl starch HES 12
7. 5% NaCl/6% ’
‘ ’ s SPSS 13.0
Dextran40 HSD
23
2
2.1 MAP
35% HES30 2 h MAP
1 HES20 P<0.05 LR +HESI 2 h MAP LR
+HES2 LR + HES3 P<0.05 LR HSD
1.1 MAP P>0.05
SD 220 14 ~ 16 45% LR3 2 h MAP
223.0+19.2 ¢ LRl LR2 P <0.05 HSD4 MAP HSD6
HSD8 P<0.05 LR +HESI 2 h MAP LR
0.58 mm 0.965 mm +HES2 LR +HES3 P <0.05 HES MAP
P>0.05 1
500 U/kg 2.2 LVSP
left intraventricular
systolic pressure LVSP the 35% LR1 LVSP LR2 LR3
maximal change rate of left intraventricular pressure +dp/dt,, P<0.05 HES30 LVSpP HES20 P <
LR n=60 HES 0.05 HSD4 LVSP HSD6 HSD8 P<
n=40 HSD n =60 LR + HES n =60 2:1 0.05 LR + HES LVSP P>0.05
LR LR + HES 123 45% LR3 LVSpP LRl LR2
LRl LR2 LR3 LR +HESI LR +HES2 LR + HES3 P<0.05 HSD4 LVSP HSD6 HSDS
HES 20 ml/kg 30 ml/’kg HES20 HES30 2 P<0.05 HSD6 LR + HES LVSP
HSD 4 6 8 ml/kg HSD4 HSD6 HSD8 3 P>0.05 2
1 MAP mmHg ¥ +5
35% 45%
1h 2h 1h 2h
LR1 109.3 8.4 47.0+6.5 98.7+6.9 108.5+5.2 106.3+5.6 105.0+3.5 109.1+8.4 37.8+6.5 90.5+6.9 89.3+5.2 93.7+5.6 98.3+3.5
LR2 120.1+12.9 50.0+10.5 94.1+9.9 100.1+12.9 98.5+8.2 100.6+9.2 118.0+12.9 31.6+10.5 95.8+9.9 M.6+12.9 92.6+8.2 96.7+6.2
LR3 121.8 9.9 48.4+10.5 98.9+8.8 108.3+9.1 101.8+5.6 107.5+9.8 118.4+9.9 32.4x10.5 92.0+8.8 93.6+9.1 96.7+5.6 110.2+9.8?2
HES20 117.0£10.3 47.3+5.5 90.0+6.5 101.0+5.4 107.2+5.4 97.1+6.4 111.2+10.3 35.2+5.5 93.4+6.5 92.9+5.4 103.1+5.4 102.5+6.4
HES30 118.4 +8.3 45.1+4.5 103.5+9.3 96.6+8.1 105.1+9.8 112.1+8.5> 116.2+8.3 39.5+4.5 95.3+9.3 94.2+8.1 105.1+9.8 109.9+8.5
HSD4 109.1£10.1 45.8+3.2 92.8+7.3 99.8+7.9 101.0+8.1 95.4+88 114.2+10.1 31.6+3.2 74.6+7.3 78.3+7.9 81.5+8.1 85.8+8.8
HSD6 114.1£8.6 44.5+3.2 93.9+6.8 91.1+10.9 92.2+5.6 M4.2+59 111.2+8.6 29.5+3.2 84.5+6.8 85.1x10.9 92.1+5.6 96.3+5.9
HSD8 122.0+£6.5 48.6+4.0 92.6+8.5 99.4+6.4 94.4+9.7 92.5+9.4 112.5+6.5 40.6+4.0 85.2+85 83.9x6.4 90.5+9.7 100.5+9.4¢
LR +HESI 115.1+8.8 54.1+£2.9 96.6+5.1 98.3+4.7 115.1+10.7 118.2+8.7 111.5+8.8 40.1+2.9 99.3+5.1 9B.6+4.7 111.0+10.7 112.3 +8.7
IR +HES2 118.2+6.2 49.5+1.3 104.0+6.4  96.3+91.1 102.1+10.1 97.5+6.1¢ 114.2+6.2 42.8 1.3  99.5+6.4 93.6+91.1 103.5+10.1 109.8 6.1
LR+HES3 122.09.5 47.6+3.1 106.0+5.6 95.3+9.8 103.0+5.6 98.1+9.99 118.5+9.5 33.2x3.1 96.5+5.6 92.8+9.8 105.6+5.6 97.8+9.9¢
a P<0.05 LR1 b P<0.05 HES20 ¢ P<0.05 HSD4 d P<0.05 LR + HES1
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2.3 + dp/dtmx —dp/dt,,,, LR + HES3 P <0.05 34
35% HES30 2 h + dp/dt,,. 2.4 12 h
HES20 P<0.05 LR +HES1 —dp/dt,,.
LR + HES2 LR + HES3 P <0.05 HSD 12 h
45% HES30 2h +dp/dt,,, LR P>0.05 HES30
HES20 P<0.05 LR +HESI LR + HES2 +dp/dt,,,. HES20 P<0.05 LR +HES2
LR + HES3 P<0.05 LR3 2h —-dp/dt,,, P <0.05
LRI LR2 P<0.05 LR +HESI LR + HES2
2 LVSP mmHg x +s
35% 45%
1h 2h 1h 2h
LR1 182.8+11.1 120.1+6.5 150.1+8.1 155.1+5.6 160.5+6.3 145.5+5.4 199.0+10.3 14.5+7.6 170.5+11.3 163.0+11.3 163.1+9.3 138.5+9.9
LR2 174.8 £10.1  95.4+7.6 132.3+10.1 164.4+£9.6 153.2+10.1 160.3 +10.22192.3 £9.9  84.5+8.9 152.9 +10.6% 164.5 £10.1* 164.8 £12.92136.5 +7.9
LR3 204.1£10.1 101.9 8.2 152.9+9.7 168.4 £10.6 168.7 £8.3 160.5+9.8* 189.9+10.5 91.1+9.5 143.9+8.6* 149.9+12.3 154.8 +8.7 158.7 £9.7*
HES20 186.4 £7.9 127.4+8.2 159.8+8.5 150.8 £10.1 159.1+7.5 146.2+8.9 176.9£10.2 71.9+9.8 145.8 £10.6 138.9+9.6 152.1+9.3 145.9+10.6
HES30 199.5 +8.4 87.6+5.6 156.4+10.2 145.6 +13.2 158.7+9.8 167.4£10.8P182.5+10.8 86.9+11.3 149.8 +12.6 131.4+9.3 156.9+13.1 148.9+14.5
HSD4 178.5+9.8 108.9+9.1 155.3+9.6 159.6+7.5 163.9+7.6 127.4+9.8 186.2+10.3 72.9+7.6 134.5+11.3 135.9+11.3 142.9+9.3 134.5+9.9
HSD6 180.5+£11.5 115.2+8.6 160.2+8.9 158.7+10.8 160.5+10.2 153.9+9.9¢ 178.9 +9.9 87.9+8.9 148.5+10.6 147.1+10.1 151.1+x12.9 154.2 +7.9¢
HSD8 186.9+10.3 111.3+6.7 183.6+5.2 154.8+9.6 165.9+5.7 153.9+9.1¢ 192.0+10.5 99.2+9.5 146.5+8.6 140.9+12.3 149.1+8.7 149.8 +9.7¢
LR +HESI 183.6 +7.5 98.7+5.5 143.5+5.7 137.9+7.9 167.9+4.9 153.6+7.9 167.4+27.8 87.1+14.0 136.5+28.5 147.4+19.6 156.9 £10.3 141.5+24.8
LR+HES2 172.99.8 104.2+11.3 140.9+9.6 135.9+10.3 147.8 +6.7 142.9 £10.79176.9 £21.2  98.9 +22.1 148.2 +20.3 132.9 +21.4 149.5+22.5 144.9+29.1
LR +HES3 188.1+10.7 116.0£5.6 148.6+5.4 140.9+8.1 140.9+6.1 148.0+8.19 183.9+29.4 84.3+10.8 146.2+16.9 116.9£20.6 124.4+22.5 119.8 +18.8¢
a P<0.05 LR1 b P<0.05 HES20 ¢ P<0.05 HSD4 d P<0.05 LR + HES1
3 +dp/dt,,. mmHg/s x *s
35% 45%
1h 2h 1h 2h
LR1 6962 £325 3161 £369 5323 £564 5848298 6387265 5543552 8014 +£569 3997 498 6743 +692 6807 £698 6480 £456 5428 +448
LR2 6423 £259 2728 +213 4828331 6316352 5350883 5716673 7995+469 2882456 6170506 6516399 6416659 5069 +£524
LR3 8128 +313 3809201 6142 +351 6869 +452 6426569 5467498 7053 +£569 3045559 5220477 5441 +619 5547 +452 5992 £568
HES20 7338 £412 4595481 6006546 5292598 6614 +£663 5426313 7251 £580 3021 £584 5354671 4343658 5976758 2933 +£495
HES30 8007 £326 2838278 6050401 5274468 6494 +554 6735+502¢ 6625 £554 2792584 5251 £521 4274 +425 5396685 4973 +495%
HSD4 6651 £323 3350502 5615+£394 5920375 6406+348 5087 +309 7351 +£569 2373498 5276+692 5166698 5707 £456 5475 +448
HSD6 6886 +446 3901 £365 6 104 +£551 5978 £568 5869 +£582 5238 +449 6409 +469 2665456 5282 +506 5173399 5554+659 5833524
HSD8 7074 £364 3801 326 5930336 5697 +401 5864421 5238319 7697 £469 3596 +456 5402506 5056+399 5944 +659 5901 +524
LR +HESI 7132378 3082+313 5531 +338 5431+401 6129356 5942+601 5753580 2724+584 4697 +671 5069 +658 5947 +758 5 601 +495
LR +HES2 6399 +369 3561341 4917254 4551498 5786 +883 5244 +883" 6458 £554 3078584 5270 +521 4553425 5406+685 5467 +495"
LR +HES3 6584+323 3803224 5409+301 4420456 5891+347 5371 £383> 638284 2964 +415 5132564 3716+558 4356569 3619 +549>
a P<0.05 HES20 b P<0.05 LR + HES1
4 —dp/dt,,. mmHg/s x *s
35% 45%
1h 2h 1h 2h
LR1 6153 £325 2257369 4111 £564 4950+298 5016 +£265 4781 +£552 6917 £569 2551 +498 4434 +£692 4751 +698 4601 +456 4 017 +448
LR2 5004 £259 1693213 3246331 4690352 3830883 4545673 6259469 1889456 4055+506 484399 4759659 3890524
LR3 6674 £313 2334 201 4051 £351 5400 +452 4527 £569 4355+498 6536569 1933559 3914477 4376619 4201 £452 5 103 +568*
HES20 5497 £412 3016 481 4581 £546 4438 +£598 4531 +663 4391 £313 4864 £580 17930 +584 3999 +671 3933 £658 4 542+758 3 655 +495
HES30 5956 +326 2015278 3937401 3944468 4641 £554 4915+502 4799 £554 2192584 3990 £521 3452425 4099 £685 4092 +495"
HSD4 57354323 2369502 4197394 4430375 4677+£348 3349309 5893569 1587498 3416692 3402698 4079 £456 3 646 £448
HSD6 5858 +446 2649 £365 4561 £551 4634 £568 4492 +£582 3853449 5366+469 1817456 3856506 4188 +399 4486659 4523 +524¢
HSD8 5902 £364 2348 +326 4038 +336 4534401 4604 £421 3438319 5871469 2173 +456 3699 £506 3930+399 4167 £659 4 039 +524¢
LR +HESI 5416 +£378 2313+313 3956338 4279+401 5079356 5046601 4905+580 1734+584 3374+671 3840+658 4469 +758 4932 +495
LR +HES2 5452+£369 2612+341 3973254 4067 +498 4386883 3847833 5228554 2296584 4307521 3869+425 4803685 4564 +495
LR +HES3 52724323 2849224 3764 +301 38324456 4747347 4009 +383 5906834 2039415 4343+564 3032+558 3549 +5697 3209 +5491
a P<0.05 LR1 b P<0.05 HES20 ¢ P<0.05 HSD4 d P<0.05 LR + HES1



202 30
2.5
35% 45% 35%
HSD pH LR HES LR +HES 30 ml/kg HES 1 LR + HES
pH 45%
LR3 HES20 HSD6 LR + HESI1 (6} (0}
2 P 3 LR 6 ml/kg
(0(0) CO
2 P Pl
HSD 2 1
P>0.05 56
LR 4 8 ml/kg HSD 30 ml/kg
5 35%
HES 2 LR + HES
XS
pH p CO; mmHg p Oy mmHg HES LR
1h 1h 1h + HES LR 3
LRI 7.351+0.014 7.328+0.013 35.83.1 31.5+2.6 110.2+7.9 105.010.1
HES 30 ml/kg HSD 6 ml/kg
LR2  7.323+0.000 7.341+0.007 35.442.6 31.7+2.8 115.3+6.5 111.3%6.8
LR3  7.308+0.025 7.389£0.008° 36.4x3.3 31.5x3.2 116.6x10.1121.28.62 2 LR + HES
HES20 7.287+0.016 7.332+0.014 37.7+2.3 36.2+2.1 105.1+8.2 108.9+6.7
HES30 7.343+0.012 7.4130.013> 38.7+1.3 35.8+1.9 104.848.6 9.3+0.8b
HSD4  7.330+0.015 7.289£0.021 33.7+1.9 28.7+2.1 114.6+6.6 119.3+7.6
HSD6  7.274+0.011 7.231£0.016 34.142.6 28.2£2.4 120.8+5.8 140.2+9.9¢
HSDS  7.27840.012 7.224+0.000 35.7+1.6 28.63.1 115.9+90.4 148.15.2¢
LR+HESI 7.349+0.014 7.376+0.010 37.9+3.5 26.6+2.6 111.4%6.5 121.29.8
IR+HES2 7.317+0.016 7.363+0.018 42.3+3.8 33.8+3.4 115.6+4.8 117.6+10.7
LR +HES3 7.312£0.010 7.413+0.0200 39.3%2.0 36.7+3.1 110.6+7.2 101.6+5.8¢ HSD
a P<0.05 LRI b P <0.05 HES20 c P<
0. 05 HSD4 d P<0.05 LR + HESI
7.5%
6 45% 5
Xxs 6
pH p COp mmHg p O mmHg ;
Ih Ih Ih HSD
LRI 7.301 £0.010 7.337+0.010 31.7£2.7 31.1x4.4 105.4+9.6 97.8+10.1
LR2  7.312+0.000 7.388+0.011 36.4+5.8 29.6+5.2 105.0+10.2 92.9+10.4
LR3  7.295+0.010 7.413£0.0008 35.9+3.1 26.2%3.2 122.5%9.5 113.9£9.24 HSD
HES20 7.280£0.010 7.297+0.015 37.1%3.9 30.6+3.6 115.0+9.7 107.6+9.4
HES30  7.380£0.007 7.3630.0080 33.5+5.8 33.3+5.2 110.049.8 99.5+8.8b
HSD4  7.230£0.010 7.161+0.010 30.8+2.7 28.6+4.4 122.7+9.6 121.0+10.1
HSD6  7.272+0.009 7.260%0.011 33.4:5.8 20.3%5.2 125.4%10.2120.0+10.4
HSD8 7.253 £0.010  7.235+0.009 32.8+3.1 31.9+£3.2 111.9+9.5 108.5 +9.2¢
LR +HES1 7.331£0.010 7.378 +0.015 34.7+3.9 26.9+3.6 129.1+9.7 116.4+9.4
LR +HES2 7.290+0.007 7.374%0.008 40.45.8 391452 118.3£9.8 99.3+8.8d
LR +HES3 7.287+0.006 7.392+0.013 32.6+3.1 33.1+4.20 112.849.2 92.8+8.8¢ 1 I
a P<0.05 LRI b P<0.05 HES20 ¢ P< 2004 24 6 432 -433.
0.05  TSD4 d P<0.05 LR+HESI 2 J
2000 7 6 661 —662.
3 3 26
J . 1999 20 12 1094 -1096.
4 . J .
32.6% ~59.5% 2003 15 5 314 -316.
4

LR HES
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