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Bleeding Vo lume  Indices  of Hydroxyethyl Starch, Dex t ran ,  Blood, and 
Glucose.” (28945) 

W. L. THOMPSON, D. H. WAYT AND R. P. WALTON 
Department of Pharmacology, Medical College of South Carolina, Charleston, S .  C. 

Intravenous administration of selected var- 
iations of hydroxyethyl starch in dogs has 
indicated that their blood stream persistence 
and tolerance reactions are of the same order 
as dextran(1). A high grade of tissue com- 
patibility might be expected particularly in 
the instance of amylopectin which is struc- 
turally more closely related to glycogen than 
any other glucose polymer(2). In experi- 
ments with starch as a plasma substitute 
in World War 11, there was no evident means 
of preventing rapid enzymic degradation of 
this colloid polymer. Currently, a controlled 
degree of enzyme resistance is obtained on an 
industrial scale by introduction of hydroxy- 
ethyl groups through interaction with ethyl- 
ene oxide and alkali. The present series of 
studies has led to the selection of a “waxy” 
maize starch consisting largely of the highly 
branched amylopectin with minimal content 
of the linear, amylose fraction (3),  acid-modi- 
fied to a stage of low viscosity (specified 
industrially in this case as 70 or 90 fluidity) 
and, after gelatinization, derivatized to 0.7 
degree of substitution (hydroxyethyl groups 
per anhydroglucose unit). These and a num- 
ber of related products were obtained through 
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the cooperation of Drs. T. J. Schoch and 
E. F. Paschal1 of the Corn Products Co., 
Argo, Ill. Biologic variables which have been 
tested with these products in over 400 ex- 
periments have included hemodynamic, res- 
piratory and renal function changes, bleeding 
times, acid base balance, sedimentation rates, 
plasma protein values, histamine release and 
tissue storage( 1,4,5). One of the most criti- 
cal characteristics in terms of possible use- 
fulness is the bleeding volume index. The 
present study was designed to compare the 
“bleeding volume indices” of hydroxyethyl 
starch and dextran as well as that of blood 
and glucose. This procedure first described 
by Gordon et aZ(6) represents a simple but 
significant means of analyzing the relative 
efficacy of volemic agents in hemorrhagic 
hypotension. 

Methods. Thirty-nine mongrel dogs of both 
sexes weighing 9.0 to 14.4 kg were anes- 
thetized with 15 mg/kg of sodium pento- 
barbital and 2 2 5  mg/kg of sodium barbital 
intravenously, a combination producing stable 
anesthesia for a t  least 4 hours. Polyethylene 
catheters were inserted into both femoral 
arteries and veins and advanced to the thor- 
acic level. Aortic pressures were measured 
with Statham transducers through one arter- 
ial catheter and the contralateral arterial 
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catheter was used for bleeding and micro- 
hematocrit sampling. The femoral venous 
catheters were used for infusion of the test 
solutions. 

The dogs were bled into heparinized 
syringes at  the uniform rate of 4.0 ml/kg/ 
min to a mean arterial pressure of 30 mm 
Hg or slightly less; the mean bleeding volume 
was 42.0 t S.D. 6.43 ml/kg. Immediately 
after the end of bleeding, one of 6 test solu- 
tions was infused intravenously by a Sigma- 
motor pump at rates of 2.2 to 61.5 ml/kg/ 
min. The starch and dextran solutions were 
infused at  about equally matched rates the 
average of which was 15.9 (7.8 to 61.5) ml/ 
kg/min. Glucose and whole blood were in- 
fused at  the average rate of 4.0 (2.2 to 
11.5) ml/kg/min. The volume of infusion 
was equal to the blood loss during the initial 
hemorrhage. Three hours after the end of 
test solution infusion, a second hemorrhage 
procedure was performed in the same man- 
ner as the first, the bleeding volume was 
carefully measured, then the blood lost dur- 
ing this second hemorrhage was infused intra- 
venously. The ratio of volume of blood loss 
during the second hemorrhage to initial blood 
loss was expressed as a percentage and re- 
corded as the bleeding volume index. 

Three dogs received solutions of 70-fluidity 
hydroxyethyl corn starch (7OF-CS), 7 re- 
ceived 90-fluidity hydroxyethyl corn starch 
(90F-CS), and 6 received 90-fluidity hydrox- 
yethyl waxy maize starch (90F-WS) . “Fluid- 
ity” here is the reciprocal of viscosity with 
the fluidity of water being 100. Eleven dogs 
received dextran (Gentran, Baxter) 6 g/100 
ml in normal saline, 5 received dextrose, 
U.S.P., 6 g/100 ml in water, and 7 received 
fresh autologous whole blood containing 2 
mg/100 ml of heparin sodium, U.S.P. The 
starch solutions were prepared as 6 g/lOO ml 
in Tyrode’s balanced saline solution modified 
by the replacement of glucose and magnesium 
by equal osmolar amounts of sodium chloride. 
The starches were gelatinized in a boiling 
water bath with intermittent magnetic stir- 
ring and then were autoclaved for 20 minutes 
a t  15 psi. Some of these resulting solutions 
contained sediment after a few days and all 
solutions used in the present study were 

filtered through 2 thicknesses of Whatman 
No. 5 filter paper immediately before use. 
Solutions of hydroxyethyl waxy starch re- 
autoclaved after filtration did not develop 
turbidity or other gross signs of deteriora- 
tion during the 2 5  year period of obser- 
vation. 

Results. Bleeding volume indices were not 
significantly different in dogs receiving whole 
blood or the colloidal solutions, but glucose 
solutions produced significantly lower values. 
These relationships among the group were 
calculated according to the method of Dun- 
can (7) at  the significance level P< .05. Using 
the same procedure, there was a significant 
difference in the instance of glucose when 
calculating mean arterial pressures after the 
second infusion and in the instance of both 
blood and glucose in the calculation of arterial 
hematocrit values a t  the 3 hour interval. 

MEAN BLEEDING VOLUME INDICES 

Mean S.E.? Mean S.E.+ 

Glucose 49.970 2.3 9OF-WS 85.3% 4.2 
70F-CS 82.470 1.2 9OF-CS 90.3% 8.1 
Blood 84.970 7.2 Dextran 100.9% 2.2 

Mean femoral arterial pressures following 
infusion of starch solutions, dextran, and 
whole blood quickly returned to the range 
of control levels. With glucose, mean arterial 
pressures were significantly lower during the 
first hour after infusion and progressively 
approached control levels in the second and 
third hours. After the second hemorrhage, 
the arterial pressure responses to reinfused 
blood were significantly lower in those ani- 
mals which had received glucose than in those 
which had received the other solutions. 

MEAN ARTERIAL PRESSURES 30 MIN 
AFTER SECOND INFUSION 

V0 of initial prehemorrhage mean pressures 

Glucose 70.3% 9OF-WS 91.070 
70F-CS 90.1% Blood 94.270 
9OF-CS 90.3% Dextran 96.770 

~~~ ~ 

After the initial infusion, pulse pressures 
were lowest in dogs that received glucose 
solution and fresh autologous whole blood. 
The highest pulse pressures occurred with 
the most viscous product, 70-fluidity corn 
starch. 
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FEMORAL ARTERIAL PULSE PRESSURES 
90 MIN AFTER INITIAL INFUSION 

yo of prehemorrhage pulse pressures 
~~~~ ~ 

Glucose 8870 n e x t r a n  13970 
Blood 11GoJo 9OF-CS 15670 
9OF-WS 13070 70F-CS 242% 

Pulse pressures following the second hemor- 
rhage-infusion procedure were similar to those 
during the interval between the bleedings. 

Heart rates were reduced to 70 to 88% 
of prehemorrhage values immediately follow- 
ing infusion, but increased to 101 to 146% 
of prehemorrhage values 3 hours after the 
initial infusion. There were no significant 
differences in mean heart rates among the 
6 groups. 

Prehemorrhage arterial hematocrit values 
averaged 37.4 t S.D. 5.63 and no significant 
differences were observed among the 6 control 
groups. After infusion of the test solutions 
there were significant differences in arterial 
hematocrits. During the 3-hour interval be- 
tween bleedings, arterial hematocrits increased 
in each of the 6 groups. The increments 
were minimal in the case of the colloidal 
solutions and whole blood, but in dogs that 
received glucose solution, arterial hematocrits 
3 hours after infusion of 42 ml/kg of glucose 
were equal to the prehemorrhage hematocrits. 

ARTERIAL HEMATOCRIT VALUES 3 HR 
AFTER INITIAL INFUSION 

70 of prchcmorrhage values 

9OF-WS 48.4% Dest ran  56.6% 

70F-CS 52.0% Glucose 103.570 
SOF-CS 49.3To Blood 102.8Yo 

Discussion. The bleeding volume indices 
obtained in our study following infusion of 
hydroxyethyl starch solutions are comparable 
to those reported by others after infusions, 
in dogs, of albumin, plasma, dextran, and 
gelatin derivatives. In the studies of Mor- 
rison et  aZ(8) and Lawson and Rehm(9), 
dogs were bled initially to 60 mm Hg mean 
arterial pressure, but during the second 
hemorrhage period, they were bled to death. 
An average value for the residual blood vol- 
ume of dogs bled to 60 mm Hg was used 
to calculate the blood loss that would have 
occurred if the dogs had been bled to death 

initially. The studies by Parkins et aZ( 10-15) 
were conducted by two procedures: dogs were 
bled to 20 mm Hg and immediately infused 
with test solution or dogs were held a t  30 
mm Hg mean arterial pressure for 60 minutes 
before infusion. The hypotensive period re- 
sulted in decreased values of the bleeding 
volume index, but the relationships between 
the bleeding volume indices after infusion of 
blood, colloidal solutions, or saline solutions 
were not altered by the hypotensive interval. 
The relatively high bleeding volume indices 
reported by Govier and Colovos(l6) may 
be attributed to rapid bleeding, to respiratory 
arrest, and rebleeding after an interval of 
only 30 minutes. In general, the bleeding 
volume indices reported by others were lowest 
with saline and intermediate in the case of 
polyvin ylpyrrolidone. 

In  normal individuals receiving dextran 
there is substantial expansion of the blood 
volume in excess of the infused volume( 1 7 ) .  
Pirani et aZ( 18) noted that the colloidal 
osmotic pressure of 6% dextran in saline is 
50 to 100% greater than that of plasma, 
and Thorsen( 19) found that the colloidal 
osmotic pressure of plasma-dextran mixtures 
was greater than the sum of the osmotic pres- 
sures measured in pure solutions. Metcalf 
and Rousselot (20) reported that the plasma 
volume increment following infusions of dex- 
tran in normovolemic patients was directly 
proportional to the initial plasma protein 
concentration. 
Summary. Solutions of hydroxyethyl starch 

were approximately equivalent to dextran 
and autologous whole blood in restoring and 
maintaining near normal arterial pressures in 
bled dogs. Bleeding volume indices with 
hydroxyethyl starch solutions, dextran, or 
whole blood were not significantly different. 
With glucose solution, arterial pressures and 
bleeding volume indices were significantly 
lower. During the interval between bleedings, 
arterial hematocrit values were maintained a t  
about 50% of prehemorrhage levels by hy- 
droxyethyl starch and dextran, whereas with 
glucose solutions hematocrits progressively 
rose to levels in the range of prehemorrhage 
values. 
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Effects of Blood Taken from Patients with Neoplastic Disease on the 
Chick Embryo.* (28946) 

CORINNE R. LACON AND DAVID A. KARNOFSKY 
Divisions of Experimental Chemotherapy and Clinical Chemotherapy, Sloan-Kettering Institute 

for  Cancer Research, N e w  York City  

Handler et a1 (1) reported that whole blood 
or blood fractions, obtained from patients 
with various forms of neoplastic disease, were 
toxic to chick embryos when inoculated onto 
the chorioallantoic membrane (CAM) of the 
chick embryo a t  the 6th to 9th day of incu- 
bation. They state that a comparison of the 
toxicity in chick embryos of blood from pa- 
tients with and without neoplastic disease 
revealed that blood from 186 of 187 patients 
with neoplastic disease tested was toxic in 
eggs. Of 35 samples of normal blood, 5 were 
toxic; 3 of these patients had hairy or pig- 
mented nevi, one had an osteochondroma 
with fever, and one a laceration, presumably 
under treatment. The toxic factor was pres- 
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ent in whole blood, plasma and plasma sus- 
pensions of leukocytes. Handler ( 1 )  suggests 
that a subcellular factor exists in the blood 
of patients with neoplastic disease that is 
involved in the high rate of chick mortality, 
and furthermore, that the utilization of these 
techniques may be a possible tool for clinical 
diagnosis. Because of the important implica- 
tions of this report, their technique has been 
used in an attempt to confirm the presence 
of a factor in the blood of patients with neo- 
plastic disease toxic to the &day chick 
embryo. 

Materials and methods. Fertile chicken 
eggs were obtained from a commercial source 
and incubated at  38OC. The embryos were 
checked for viability on the 8th day. A win- 
dow was made over a major blood vessel and 
the CAM was dropped. Blood was obtained 


