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VALUE OF REPEATED DEXTRAN INFUSIONS IN THE TREATMENT OF 

POSTRESUSCITATION STATES AFTER LETHAL BLOOD LOSS IN DOGS 

V. L. Kozhura and I. E. Trubina UDC 616-005.1-036.882-092.9-085.384 

KEY WORDS: lethal hypovolemic hypotension; postresuscitation period; dextran in- 
fusion therapy. 

An important place among the combination of resuscitation measures adopted after lethal 
blood loss at the present time is occupied by'blood transfusion in conjunction with various 
blood substitute solutions. Infusion therapy of this type is aimed not only at restoring an 
adequate volume of circulating fluid, but also to creating artificial hemodilution in order to 
improve the rheologic properties of the blood, to abolish or reduce peripheral circulatory 
disturbances, and to restore the microcirculation [i, 4]. 

The object of the present investigation was to study the effect of repeated dextran in- 
fusion in the recovery period on the state of the central hemodynamics and the oxygen balance 
in animals after hypovolemic hypotension lasting 4 h. The survival rate of the animals and 
the completeness of their neurologic recovery after resuscitation were evaluated at the same 
time. 

EXPERIMENTAL METHOD 

Experiments were carried out on 25 dogs of both sexes weighing 15-20 kg. After premedi- 
cation with trimeperidine (8 mg/kg), rapid exsanguination of the animals was carried out 
from the femoral artery for 5-8 min under superficial pentobarbital anesthesia combined with 
local anesthesia, to reduce the arterial blood pressure (BP) on average to 40 mm Hg, and 
pressure was maintained at this level for 4 h. The total blood loss was 41• 4 ml/kg body 
weight. BP was restored by fractional (50-150 ml) intraarterial reinfusion of blood into the 
femoral artery. Immediately after restoration of the blood volume the animals were given 
dextran (20-30 ml/kg for i h) by intravenous drip. Dextran infusion therapy (i0 ml/kg for 
2 h) was repeated on the ist, 3rd, and 4th-6th days after resuscitation. During the study of 
the recovery period, the heart rate, the presence or absence of disturbances of the cardiac 
rhythm, the time course of the pressure in the aorta and pulmonary artery, and the hematocrit 
index were analyzed. BP and the ECG were recorded on a San-El -(Japan) polygraph. Mean- 
while the cardiac output was determined in the postresuscitation period by Fick's method, and 
the total oxygen consumption of the animal, and the oxygen concentration in the arterial and 
mixed venous blood (from the pulmonary artery) were determined by means of a GKhL-2 gas chro- 

Research Laboratory of General Resuscitation, Academy of Medical Sciences of the USSR, 
Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR V. A. Nee 
govskii.) Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 93, No. 2, 
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matograph. On the days following resuscitation observations were kept on the general state 
of the animals, the intake of water and food, posture, coordination of movements, the state 
of the skin, and responses to various stimuli. The state of all the functions mentioned 
above served as an indicator of external recovery of the corresponding divisions of the cen- 
tral nervous system. 

EXPERIMENTAL RESULTS 

At the end of the first hour of the postresuscitation period after reinfusion of blood 
and dextran infusion the cardiac index, the total peripheral resistancej and the hematocrit 
index of the animals were close to their initial values (Table i~. By contrast, the writers 
found previously that in cases when no dextran infusion was given and treatment was con- 
fined to reinfusion of blood, the cardiac output was reduced, the peripheral resistance was 
increased, and hemoconcentration developed [2~. Consequently, a combination of blood trans- 
fusion with dextran infusion after prolonged hypovolemic hypotension enables the volume ve- 
locity of the blood flow to be maintained at a sufficiently high level during the first hours 
of resuscitation. 

However, it follows from the data in Table 1 that after 1 h the cardiac index of all 
animals had fallen on average by 55.6% <P < 0.05) compared with the first hour after resusci- 
tation, but the oxygen concentration and hematocrit index were substantially unchanged. Oxy- 
gen transport toward the end of the first day of the recovery period was reduced. The de- 
crease in the quantity of transported oxygen was accompanied by a compensatory increase in 
oxygen utilization. Under these circumstances the total oxygen consumption of the animal did 
not differ significantly from its initial value. 

A single course of fractional infusions of dextran in the early recovery period after 
hypovolemic hypotension thus did not lead to prolonged stabilization of the circulation, and 
by the end of the first day the cardiac index was considerably depressed so that the tissue 
perfusion consequently was reduced. 

It will be clear from Table 1 that dextran infusions on the ist, 3rd, and 4th-6th days 
of the recovery period, in a volume of i0 ml/kg body weight, were accompanied mainly by 
similar changes in the parameters of the circulation: an increase in cardiac output and 
aortic pressure, a decrease in the total peripheral resistance. The only difference was 
that the degree of hemodilution increased (hematocrit index on the 4th-6th day 0.32-0.28 
liter/liter), but the cardiac index before each successive infusion was higher and came 
close to the initial values or even exceeded them. A gradual increase in the oxygen consump- 
tion was discovered equally clearly, for on the 4th-6th day it was i0.i ml/kg, which was 
twice the level before blood loss. This last fact was evidence of improvement in the oxygen 
supply to the tissues. Prolonged dextran infusion therapy thus prevented the development of 
secondary disturbances of the hemodynamics and of the oxygen supply to the body, and promoted 
stabilization and gradual normalization of the parameters of the circulation. The transport 
function of the blood with respect to oxygen, although depressed because of the reduction in 
the oxygen capacity of the blood because of hemodilution during the infusion therapy, never- 
theless remained much higher than the critical values, which lie within the range of 9-10 
ml/kg.min [7]. 

The beneficial effect of dextraininfusion therapy on the state of the hemodynamics is 
evidently associated with the correction of the relative and absolute hypovolemia, preven- 
tion of aggregation of blood cells in the small vessels, and maintenance of adequate perfusion 
in the tissue. 

Of the 25 animals subjected to hypovolemic hypotension 20 (80%) survived. Outwardly 
complete neurologic recovery occurred in 93.7% of cases. As was shown previously [3], only 
single small foci of death of nerve cells were observed in the cerebral cortex of the animals 
treated with repeated dextran infusion. At the same time we know that in animals subjected to 
prolonged hypovolemic hypotension and subsequent reinfusion of blood, but not treated with 
repeated dextran infusion, foci of pathologically changed neurons are larger [5, 6]. The 
increase in the volume of effectively circulating fluid and improvement of the microcircula- 
tion in the postresuscitation period following dextran therapy evidently prevent the develop- 
ment of profound degenerative changes in the cerebral cortex, potentiate the protective func- 
tions of the organism, and increase the survival rate of the animals. 

Prevention of secondary circulatory disorders by repeated fractional infusions of dex- 
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TABLE I. Changes in Blood Serum Lipid Levels and Severity of Atherosr in Ex- 
perimental Rabbits Kept on Atherogenic Diet after Partial Iliac Shunting and in Con- 
trol Animals after Laparotomy (M • m) 

Group of 
animals 

Exptl. (n=15)  

Control (n= 15 

Indicator of blood 
lipid spectrum, mg % 

Total  cholesterol 
Triglyc erides 

- c2aolesterol 
Total cholesterol 
Triglycerides 
a -  choiesterol 

Initial 
values 

23-I-3,8 
81-+16,2 

9,4• 
324-4,7 
30-+-3,4 

8,7-4-3,2 

Duration of experiment, weeks 

484-6,4 
76• 
14• 

6054-97 
554-I 1,8 
9,14-3,1 

434-5,2 
654-8,5 

13,84-1,8 
10454-46 
1474-15,5 
9,84-1,9 

12 

1154-16,2 
844-17 

14,84-4,5 
II01+75 
1784-24,8 
11-I-4,2 

16 

163_+28,9 
81• 

15,6-I-3,7 
I 176:1=87 
1794-19,4 

12,2+3,9 

I 
Area of involve- 
ment of aorta by 
atherosclerosis, 
~ercent 

0 

24--+6 

teries [6, 9, i0]. This method may prove effective in the treatment of obesity and of cer- 
tain forms of atherosclerosis in man. 

The object of the present investigation was to study the effect of the operation of par- 
tial iliac shunt on certain biochemical indices and on digestion as a whole, and also to de- 
termine whether surgical correction of marked hyperlipidemia is possible in rabbits kept on 
an atherogenic diet. 

EXPERIMENTAL METHOD 

In the experiments of series I, 18 dogs of different sexes were used. Under anesthesia, 
a midline laparotomy was performed. The length of the small intestine was measured and it 
was then divided at a distance of one-third of its length from the iliocolic valve. The dis- 
tal end of the small intestine was closed by sutures and the proximal end was anastomosed 
with the cecum at the iliocecal angle by an end-to-side method. 

In the experiments of series II 30 male chinchilla rabbits weighing from 2.5 to 3 kg 
were used. Partial shunting of the ileum was performed on the animals of group 1 (15 rabbits) 
under anesthesia, whereas the animals of control group 2 (15 rabbits) underwent laparotomy 
alone. The animals of both groups were transferred to an atherogenic diet one month after 
the operation. 

Experimental atherosclerosis was produced by Anichkov's method by peroral administration 
of 5 ml of 10% cholesterol solution in sunflower oil (200 mg cholesterol/kg body weight) five 
times in the course of a week. The duration of the experiment was 16 weeks. Before the be- 
ginning of the experiment and during its course at 4-weekly intervals the concentration of 
total cholesterol, and of cholersterol of e-lipoproteins and triglycerides, was determined in 
the blood serum of all the rabbits. Lipids were determined by a standardized method on an 
AA-II automatic analyzer (from Technicon) [2]. 

At the end of the experiment the atherosclerotic index in the aorta of all the experi- 
mental rabbits was determined by Avtandilov's method [i] after preliminary staining of the 
blood vessels ~n toto with Sudan III. For histological investigation sections were stained 
with Sudan III and hematoxylin by Van Gieson's method; for elastic fibers by the Weigert-- 
Hart method and impregnated with silver by Foot's method. 

EXPERIMENTAL RESULTS 

Observations on the dogs during 6 months after Buchwald's operation showed that it pro- 
duced no marked biochemical or pathological changes in the animals apart from moderate hypo- 
kalemia during the first month after the operation. During the three months after the op- 
eration the animal became completely adapted to the new conditions of digestion. For ex- 
ample, whereas in the first month after the operation the dog lost about 8% of its normal 
body weight, by the 3rd month it was completely restored. Diarrhea ceased by the end of the 
first month, except in one dog in which it persisted for 2.5 months. The serum cholesterol 
level five months after the operation was lowered on average by 15.6%. 

When the rabbits of both groups were kept on an atherogenic diet it was observed that 
four weeks after the beginning of the experiment the blood serum cholesterol concentration 
in animals of the control group was 19 times higher than initially, whereas in the experimen- 
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tal animals it was only twice as high (Table i). The same ratio persisted later during the 
experiment. At the end of the experiment the blood cholesterol concentration in rabbits of 
the control group was 7.2 times higher and the triglyceride concentration 2.2 times higher 
than in the experimental animals undergoing Buchwald's operation. 

In the experimental rabbits cholesterol of ~-lipoproteins accounted for 10% of the total 
cholesterol compared with only 1% in the control rabbits. This fact is important in light 
of modern views on the role of hypo-~-cholesteremia in the risk of development of athero- 
sclerosis. 

The results of the biochemical investigation of the serum cholesterol concentration thus 
confirmed previous observations [6, 8] showing that Buchwald's operation prevents the de- 
velopment of hypercholesteremia. This last effect is linked with the exclusion from the di- 
gestive process of that portion of the small intestine where cholesterol is absorbed most 
rapidly, with the result that the excess cholesterol is excreted by the animal. 

The results of morphological investigation agreed with those of biochemical lipid analy- 
sis. In the animals of the control group, kept for 16 weeks on an atherogenic diet, lipid 
stains and atherosclerotic plaques were observed to be formed in all parts of the aorta. The 
area of aorta involved (the atherosclerotic index) averaged 24• 6%. In 14 of the 15 rabbits 
previously undergoing Buchwald's operation, no atherosclerotic changes were observed to de- 
velop in the arterial wall even after total staining of the aorta with Sudan III (Table i). 
Only in one rabbit were lipid stains observed to be formed above the aortic valve and in the 
region of the arch, and in this case the atherosclerotic index was only 5%. 

On histological investigation of the aorta of the rabbits of the control group we ob- 
served atherosclerotic plaques with a well-developed connective-tissue membrane and with 
deposition of lipids in foam cells, their destruction and the beginning of an ather- 
omatous focus in the depth of the tissue. As alredy mentioned, in the rabbits of the 
experimental group atherosclerosis was not seen to develop, and the process was limited 
to moderate edema of the subendothelial layer. It is possible that the mechanism preventing 
the development of atherosclerotic lesions in the arterial walls of the animals undergoing 
partial iliac Shunting comprised not only the basic cause, namely prevention of absorption 
of cholesterol, but also a number of contributory factors. In particular, in experiments to 
study regression of atherosclerotic lesions in pigeons undergoing the operation at the height 
of development of experimental atherosclerosis, not only was rapid normalization of the blood 
lipid level found, but also activation of lysosomal hydrolytic enzymes [i0]. Evidently dur- 
ing moderate hypercholesteremia after Buchwald's operation lipoproteins enter the cells of 
the intima by a process of receptor-dependent endocytosis [7]. As a result of this process 
foam cells are not formed or destroyed, there is no tissue necrosis, and no hypertrophy of 
the connective tissue in the cells. 

The results of this investiagion with a comparison of data in the literature thus 
show that the operation of partial iliac shunting can evidently have a beneficial effect on 
normalization of lipid metabolism, and may possibly lead to reabsorption of lipids from the 
plaques. The result can be regarded as providing a basis for the development of methods of 
surgical correction of atherosclerosis. 
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