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The Comparison of the Effects of Various Crystalloid Solutions
on the Resuscitation in Rabbits with Acute Hemorrhagic Shock

Sun Joon Bai, M.D., Soon Ho Nam, M.D., Yong Taek Nam, M.D.
and Jung Sub Kim, M.D.

Department of Anesthesiology, Yonsei University
College of Medicine, Seoul, Korea

Background: The purpose of this study is to evaluate what kind of crystalloid solution could function
as the best buffer and correct the metabolic acidosis most effectively in rabbits with hemorrhagic shock.

Methods: Twenty eight rabbits were bled until mean arterial pressure(MAP) became 70% of control.
Thirty minutes after hemorrhagic shock fluid resuscitation was started with either plasmalyte or
Hartmann's solution or 0.9% normal saline until MAP returned to 90% of the control. Hemodynamic
and blood gas study, plasma lactate and electrolyte concentration were measured before, during, and 30
minutes after recovery from shock.

Results: The amount of shed blood to reduce MAP to 70% of control ranged 76~87 ml. And the
volume for fluid resuscitation was 274 ~324 ml. There was no statistically significant difference among
the three groups. The pH decreased during shock in all group and still decreased after resuscitation in
Hartmann’s solution and normal saline. But it increased significantly after resuscitation in plasmalyte.
Lactate was increased in all group during shock and decreased by 22 and 23 mg/dl after resuscitation
in plasmalyte and normal saline. But it still increased by 40 mg/dl in Hartmann's solution. Serum
potassium level decreased significantly after resuscitation with normal saline. Serum calcium level
decreased significantly after resuscitation with plasmalyte and normal saline.

Conclusion: With the above results the plasmalyte which has pH closer to that of normal blood might
be able to avoid the metabolic acidosis and maintain acid-base equilibrium effectively after fluid
resuscitation in acute hemorrhagic shock. (Korean J Anesthesiol 1998; 35: 16 ~22)

Key Words: Acid-base equilibrium: metabolic acidosis; pH. Fluids: plasmalyte; Hartmann’s solution;
saline. Shock: hemorrhagic.
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Table 1. Comparison of Extracellular Fluid and Various Crystalloid Solutions(mEg/L)

2+

Na”* K* cl Ca’" Mg pH Base
ECF 142 5 103 5 3 7.4 HCO;  : 27
Plasmalyte 140 5 98 0 3 7.4 Acetate:27
Hartmann’s 130 4 109 3 0 6.5 Lactate:28
Normal saline 154 0 154 0 0 6.0

ECF,; extracellular fluid, Hartmann’s, Hartmann's solution
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Table 3. Changes of Mean Blood Pressure(mmHg) and Heart Rate(beat/min)

Group Control Hemorrhage Resuscitation
Mean Plasmalyte 81427 57+17 72+1.3
blood Hartmann 81+24 57+14 74+2.7
pressure Saline 78+2.4 55+1.38 69+2.1
Heart Plasmalyte 285166 295+45 287+4.4
rate Hartmann 285+5.2 289+72 275+6.8
Saline 262+8.0 28368 263+8.2

Values are meanz SEM, control; measured immediately before bleeding, hemorrhage; measured 30 min after bleeding,

rescucitation; measured 30 min after fluid rescucitation.

Table 2. Amount of Blood Loss and Fluid Resuscitation

(ml)

Group Blood loss  Fluid resuscitation
Plasmalyte 87+47 324+275
Hartmann 76+52 274+19
Saline 79+35 313+224

Values are mean+ SEM.

e AL fHdo Fiol wel plasmalyted
Folit F(plasmalyted, n=10), 3tETF §HE Fof
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Al(hemorrhagic phase)?] HFHH £ 2 HAE
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of variance)2} Student’s t-test2 AAlsl. o] pghol
0.05 o3 W FAHoE Ut e AeE
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Table 4. Changes of Hemoglobin(g/dl) and Hematocrit(%)

Group Control Hemorrhage Resuscitation
Plasmalyte Hgb 9.7+0.3 6.6+0.2 55%+03
Hct 289+1.0 199+05 164+25
Hartmann Hgb 9305 66+04 5.7x03
Het 279*+14 199+13 173%1.0
Saline Hgb 9.0x02 63+02 53+06
Het 27.1+04 189+0.5 168406

Values are mean-+ SEM, control; measured immediately
before bleeding, hemorrhage; measured 30 min after bleed-
ing, rescucitation; measured 30 min after fluid rescucitation.

d L
) 3937 FAeTF
AYFL 76~87 mIAERZ AFE7Hol 93 o]
7t gdlen, FAadEA] 27" FAFE 274~
324 mAEE FAHoE AMFel FAL Xolrt
2AgiFH(Table 2).
2) 3 #5k(mean arterial pressure)@} wfulS

(pulse rate)

Bk 294 di=Xe] 0% PEe F
Y F9 FHE ZETAA dz2 0% FE2 F
detAl F7Vebleh =@ bR Zbzke] AelollA
AT el FAH o2 F% Xol= flitKTable 3).

3) ¥ F(hemoglobin)9} H W 23 X](hematocrit)
Ay e}l Y7 SAXNE FYARE Alg B
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T 7A%E HAR sALYFdE U A
AFdell FAAE Fo4F Xl glirk(Table 4).

4) pH

pHY F8A] plasmalyted 7.32, Hartmang 7.34+
0.06, salines™ 7.35+0.043 thzX] 7.370| ulsl 7
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Fig. 1. This figure shows change of pH at control, he-
morrhage and rescucitation.

All values are mean+SEM.

*, p<0.05 compared with saline group

#; p<0.05 compared with control

ot Azl FAIMLR fo% Aol UM
t}. v L AE Fole plasmalyted  7.35,
Hartmannt 7.32+0.06, salined 7.31%+0.07%2 plas-
malyteFo] salined-ol] vlsi ZAIHoE 2efAA(p<
0.05) F9YhFig. 1).
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Fig. 2. This figure shows change of lactate at control,
hemorrhage and rescucitation.

All values are mean=+SEM.

*, p<0.05 compared with Hartman group

**. p<0.05 compared with plasmalyte group

¥ p<0.05 compared with control

Table 5. Effects of Fluid Resuscitation on Electrolyte

Electrolyte Group Control Hemorrhage Resuscitation
Na Plasmalyte 136.8+0.8 13513 134.6+1.1
(mEq/L) Hartmann 134615 1342+1.1 133.1+14

Saline 139+1.9 137.7+1.9 1409+1.7
K Plasmalyte 42403 4102 40+0.2
(mEq/L) Hartmann 3.8+£04 3.8+0.2 3.6+04
Saline 3.5+0.1 34210.1 3.2+0.5*
Cl Plasmalyte 103.9+1.5 103.8+1.4 104.1+09
(mEq/L) Hartmann 104.61+1.2 105.5+1.8 105.7+1.6
Saline 111.9+17 1129+2.2 119.3£22
Ca Plasmalyte 55+03 53+04 4.5+0.2*
(mg/dL) Hartmann 55+03 55+02 54+02
Saline 54102 53102 4.8+04*

Values are mean+ SEM, control; measured immediately before bleeding, hemorrhage; measured 30 min after bleeding,

rescucitation; measured 30 min after fluid rescucitation.
*: p<0.05, compared with control
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§) 2 A (lactate)

FAxEe 94 ST plasmalyted 28+
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6) A 3l & (electrolyte)
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