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Veterinärmedizinische Klinik', Institutfür Pharmakologie und Biochemie2 der Universität Zürich

KINETICS OF HYDROXYETHYL
STARCH1 IN HORSES

D. MEISTER1, M. HERMANN1, G.A. MATHIS2
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INTRODUCTION

he application of hydroxyethyl starch (HES) as a plasma
(pander in horses for the treatment of shock and volume
abilization has been repeatedly described (Deegen, 1975;
tier and Meagher, 1989; Hermann et al. 1990; Piacenza and

aberstroh, 1990). However, no exact kinetic data on the use
fHES in horses are available. The objective ofthis study was
'examine the kinetics of HES in horses.

MATERIAL AND METHODS

Animals and study design

Horses: Five Swiss warmbloods (2 geldings and 3 mares)
between 7 and 13 years of age were used in this study. The

body weight of the horses was between 520 kg and 620 kg.
The horses were examined clinically shortly before and

immediately after the study and hematological and serum
chemistry evaluation^"were performed. All horses were clinically
healthy at the start of this study and none had received any
medication. The horses were familiarized with their new
environment 4 days prior to the study. During the study they

were fed and watered as usual and either had daily access to

pasture or were ridden lightly each day for one hour.

HAES-sterif 10%, Fresenius AG, CH-6370 Stans
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Hematological evaluation: Blood samples were collected
before infusion ofHES (pre-infusion) and at the following times

(hours) after initiation of infusion: V2, 1, 2, 3, 4, 6, 8, 12, 24,

48, 240. The following parameters were determined: HES

concentration, hematocrit, plasma protein, serum albumin,

plasma viscosity, serum amylase and coagulation parameters

(prothrombin time, partial thromboplastin time and thrombin

time). Blood samples at 6 and 8 hours were not collected in
horse 1 because this horse had been previously examined as a

screening animal. In horse 1, the HES analysis of the blood

sample collected 48 hours after initiation of infusion could not
be performed due to technical reasons.

Urinalysis: At time 0, the horses were catheterized, provided
they did not urinate spontaneously. Urine was collected over
a 24 hour period with a urinary collecting device (net with a

plastic bag) similar to that used for doping controls. At 12 and

24 hours after initiation of infusion, the volume ofurine was
measured and a sample of 30 ml was drawn for the determination

of HES concentration. At 48 and 240 hours after
initiation of infusion, either spontaneously voided urine or
urine obtained via a catheter was collected for analysis.
Administration and dosage of HES: Immediately after the

zero value blood samples were drawn, the horses received
HES via an indwelling jugular vein catheter2. The dosage was
0.8 g/kg body weight which corresponds to 8 ml/kg body
weight of infusion solution. Hydroxyethyl starch was
administered from a 4 1 infusion bag within 30 minutes, using an
infusion pump3 (0.27 ml/kg/min.). The dosage was adjusted
to 100 kg body weight. This dosage was lower than that used

in human medicine (up to 20 ml/kg body weight/hour; Anonymous,

1987); however, it does correspond approximately to
the dosage and infusion rate used by Hermann et al. (1990) in
clinical use in horses.

Muscle biopsy: On day 10, a muscle biopsy (approximately
500 mg) was obtained from the caudal thigh muscles after
local anesthesia; the concentration ofHES was determined for
the evaluation of the retention behavior of HES.
Fecal analysis: The feces of two horses were collected from
the rectum prior to and 24 hours after initiation of infusion
and examined for the concentration of HES.

Sample management and storage: Hematocrit, total solids

(measured with a refractometer), and plasma viscosity were
determined immediately after collecting each blood sample.
The other samples were frozen at -30 °C for subsequent

analyses.

Laboratory test methods

Hydroxyethyl starch: Hydroxyethyl starch concentration was
determined in serum, urine, feces and muscle using the hexo-

kinase/glucose-6-phosphate dehydrogenase method (Wika-
ryczyk, 1981) in the laboratory of the Center for Anesthesiology

and Resuscitation, Wolfgang Goethe University Frankfurt

a. Main.
Hematocrit: The hematocrit was determined after centrifuga-
tion ofanticoagulated (EDTA) blood in a laboratory centrifuge4.

Plasma protein concentration: Plasma protein concentration

was determined refractometrically as well as by the Biuret
method using an autoanalyzer5.

Serum albumin: Serum albumin was determined using the the

bromocresol green method and the above described analyzer,

according to the manufacturer's instructions.

Plasma viscosity: Plasma viscosity was measured using a

fully automated capillary viscosimeter6. The mean value was
determined from two measurements. To date, none of the

reference values provided (Archer and Allen, 1970; Mason
and Kwork, 1977; Dintenfass and Fu-Lung, 1982; Allen and

Blackmore, 1984; Amin and Sirs, 1986) have been measured

by the capillary viscosimeter described above. Therefore, at
the start of the study reference values were determined in 80

clinically healthy horses, 4 to 25 years of age (mean age 10.5

years). These horses came from 8 different locations in
Switzerland; the horses were clinically healthy and had not received

medication for at least 14 days prior to blood collection.
Ten ml of anticoagulated (EDTA) blood was collected from
49 geldings, 30 mares and one stallion. Plasma viscosity was
measured within 2 hours after plasma collection.
Serum amylase: The determination of serum amylase was

performed using a kinetic UV test and the previously described

analyzer according to the manufacturer's instructions.

Coagulation analyses: Prothrombin time, partial thromboplastin

time and thrombin time were determined at 0, 12,24, 48

and 240 hours after initiation of infusion. Determinations

were performed on plasma froiji blood containing Na-citrate

as an anticoagulant and using a coagulation analyzer7.

2 14 G 6 Dauerkatheter, Becton Dickinson, CH-4002 Basel
3 Baxa, Schoch Electronics, CH-8105 Regensdorf
4 Hettich Hämatokrit 2011, Hettich, D-7200 Tuttlingen
5 Cobas Mira, Hoffmann-La Roche, CH-4002 Basel
6 Rheomat, Fresenius AG, CH-6370 Stans
7 Cobas Fibro, Hoffmann-La Roche, CH-4002 Basel
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Statistics RESULTS

Graphs: Blood parameters during the experimental period

were presented graphically; individual HES concentrations

for all horses are listed in a table. Urinary excretion of HES

was calculated by multiplying the concentration by the
*

amount of urine voided during the first 12 and 24 hours,

respectively. Results are presented graphically and also computed

in terms of percentage of the total amount of HES
infused. The box plot method (Eggenberger and Thun, 1984)

was used to present reference values for plasma viscosity.

Statistical analysis: The calculation of the pharmacokinetic
data was carried out with the two compartment model
(Derendorfand Garret, 1987) with 0 order invasion (continuous
drip infusion during 30 minutes) and 1st order elimination
with a pharmacological computer modelling program8 according

to the following equation:

Cp a*e"a,+b*eßt.

The following kinetic parameters of HES were calculated

(Derendorfand Garret, 1987):

- Elimination constants a and ß

- Half-lives t^a and t^p

- Transfer rates kio, ki2 and k2j

- Transfer half-lives tw (i0), tw (i2> and t1/5(2i)

- Distribution volume Vc

The Friedmann two-way of analysis by ranks for related

samples (Sachs, 1984a) was used to test the null hypothesis
H0 that the experimental values were not different from
reference values. When Ho was rejected, a test by Wilcoxon-
Wilcox (Sachs, 1984b) was used for comparison of individual
experimental values with the initial measurments. A good-
ness-of-fit test using 9 categories was employed to test the

agreement between the observed distribution of the plasma
viscosity and a normal distribution (Werner, 1984).

The Friedmann analysis and the goodness-of-fit test were
computed using a statistic program9. The Wilcoxon-Wilcox
test was calculated with the method described by Sachs

(1984b). To establish reference values for plasma viscosity,
mean, standard deviation, median 50th percentile), and
2.5th, 25th, 75th and 97.5th percentiles were calculated. For
all analyses, p < 0.05 was significant.

MKMODEL, Vers. 4.0, N. Holford, Biosoft, Cambrige, UK.

Hydroxyethyl starch concentration and its
calculated values

Serum (Table 1, Fig. 1): The concentration and mean value of
HES and the percentage of the HES volume still present
compared to 0.5 hours (end of infusion) are presented in
Table 1. The highest concentration of HES (11.68 ±
0.58 mg/ml) in serum was measured immediately after the

end of the infusion. Subsequently, the serum concentration of
HES continued to drop during the entire period ofobservation

Fig. 1: Concentration ofHES (g/l) in the serum offive horses

before (0 hours) and after the intravenous administration of
HES (0.8 g/kg body weight).

HES (g/l)

60 80 100 120 140 160 180
Houres after initiation of infusion

240

" Horse 5

Fig. 2: Amount ofHES (g) infused and absolute amount of
HES (g) in the total amount ofurine voided in thefirst 12 and
24 houres after intravenous administration ofHES (0.8 g/kg
body weight) in five horses.

500
HES (g)

Statgrafics, Vers. 2.6., STSC Inc., USA.

Horse 1 Horse 2 Horse 3 Horse 4 Horse 5

Horse no.

ÜÜ Infused volume — in urine (12) 1—i in urine (24)
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Tab. 1: Changes in HES concentration (mg/ml), means and % of the initial HES concentration in the serum offive horses

following a 30 minute infusion

"•^-5

pöurs), 1

Horse no

•2

0.06'opt.,.. ; 0.09 0.08 111

t, <c

11.94 11.82
'
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8-72 '
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6.26 •. 7.22 6.87 6.78 -• ''slis'';
5.60 ,6.46 5.97 6.05 51.80
4.45 5.37 4.97 4.85 41.52

'3.44 '
3.66 " '335 333 28.51

2.49 2.6i 2.27 2.46 ,21.06
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0

Ifb-
II?
p

3

4

6

24

'48

0.05

11,19

10.19

9;05
"

8.32

7.46

.4,46
2.65

0,08
11.01

10.05

8.91

8.79

6.18

5,00.

3.56

2.47
0.

Tab. 2: Elimination constants, elimination half-lives, transfer rates, transfer half-lives and distribution volumes ofHES in horses

and in human beings

a
tvüa -

ß

% -

Vtüav
hi

k,o •

Vc

0.123810.0161
5.59 ± 0.73 h

0.0056710.0006
122.22111.95

0.07272 1 0.0071

9.53 h
0.0385610.0038.

17.92

0.0181210.0018
38.25

72.5

0.207/h
3.35 h
0.0226/h

30.61 h
0.0841/h
8.24 h
0.0481/h

14.41 h
0.0974/h :

7.12 h
81.3 ml/kj

(Fig. 1). All HES had not been eliminated from the serum of
any horse 240 hours after initiation of infusion. The calculated

pharmacokinetic values are reported in Table 2 and are
compared with the results in human beings (SMD Medizin Data
GmbH, 1990).

Concentration ofHES in urine (Fig. 2): The concentration of
HES in urine at time 0 (pre-infusion) was between 0.11 mg/ml
and 0.40 mg/ml in all horses. Twelve hours after initiation of
infusion, an average of26.07% (18.71%-32.59%) of the HES
volume infused was detectable in urine. After 24 hours, the

mean value was 34.61% (21.41%—41.13%). At the end of the

study (after 240 hours) the absolute values were between

0.21 mg/ml and 0.53 mg/ml. *

Concentration ofHES in feces: The initial concentration of
HES was 0.62 mg/g feces in horse 4 and 0.96 mg/g feces in
horse 5. The concentration of HES after 24 hours was
0.44 mg/g feces in horse 4 and 0.94 mg/g feces in horse 5.

Concentration of HES in muscle biopsies: Hydroxyethyl
starch concentrations in muscle biopsies at day 10 ofthe study

were between 1.38 mg/g muscle and 2.98 mg/g muscle.
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Laboratory parameters

The determined laboratory parameters are listed in Tables 3-5
and depicted in Figures 3-10.

Hematocrit (Fig. 3): There was an initial drop in the hematocrit

of between 25% and 34.5%, of the pre-infusion value; it
did not return to the pre-infusion value before 24 hours.

Except for one horse (no. 2) the lowest hematocrit value was
measured at 1 hour after initiation of infusion; in horse 2, the

hematocrit was lowest 2 hours after initiation of infusion.
After reaching its lowest value, the hematocrit continued to
increase. The differences between the hematocrit values during

the course of the study were highly significant
(p < 0.001); there was a highly significant decrease in the

hematocrit values 1 hour after initiation of infusion (p < 0.01)

and a significant decrease in the hematocrit values 2 hours
after initiation of infusion (p < 0.05) compared to the pre-infusion

value.

Plasmaproteins (Figures 4 and 5): The plasma protein values

measured using a reffactometer (Fig. 4) did not change
significantly during the study (p > 0.05), whereas the values
determined according to the Biuret method (Fig. 5) showed a

pronounced decrease after the end of infusion. The values
1 hour after initiation of infusion were significantly decreased

(p < 0.05) compared to the initial values, and the differences

during the experimental period were highly significant
(p < 0.001).

Reference values ofplasma viscosity (Table 4 and Fig. 6):
Plasma viscosity values in horses were not normally distributed

(p < 0.01). Since the reference range should contain 95%

Tab. 3: Hematocrit, plasma protein, serum albumin, serum amylase and plasma viscosity in 5 horses following a 30 minute

infusion ofHES (8 ml/kg body weight), and reference ranges in [])

Friedmann-test: p < 0.001
b

Friedmann-test: not significant

^
Wilcoxon-Wilcox-test: p < 0.05, compared with the initial value
Wilcoxon-Wilcox-test: p < 0.01, compared with the initial value
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Fig. 3: The hematocrit offive horses before (0 hours) andafter
the intravenous administration ofHES (0.8 g/kg body weight).

—Hors« 1 Horss 2 Horts 3 Horse 4 Horse 5

Fig. 5: The concentration of plasma protein (g/l) of five
horses, as determined by the Biuret method, before (0 hours)
and after the intravenous administration of HES (0.8 g/kg
body weight).

Plasma protein (g/l)

Horse 1 Horse 2 Horse 3 -S-Horse 4 -**- Horse 5

of the determined values (Wilier sad Leopold, 1989), we took
the 2.5 and the 97.5 percentiles as reference limits and not the

mean value ± 2 standard deviations; for this study this means

a reference range of 1.16-1.41 mPas.

Plasma viscosity in the kinetic test (Fig. 7): Plasma viscosity
increased immediately after the end of infusion and

subsequently decreased continuously to the initial values. The
differences in plasma viscosity at the various times were
statistically highly significant (p < 0.001). Plasma viscosity 1,

2, and 3 hours after initiation of infusion was significantly
increased compared to the initial values (p < 0.05). Another

Fig. 4: The concentration of plasma protein (g/l) offive
horses, as determined by refractometry, before (0 hours) and

after the intravenous administration ofHES (0.8 g/kg body
weight).

Plasma protein (g/l)

Fig. 6: Plasma viscosity (mPas) of80 reference horses

0 1 2 3 4 6 8 12 (1) (2)
Hours (days) after infusion

}' "T 1 T 1 1 ']
1

1 ' I ' T V" "J
' 1 I ' ' * 11 1 t 1

'J

1 * * ' f ' ' ' ' * » *

1.1 1.2 1.3 1.4 1.5

' Horse 1 " Horse 2 Horse 3

Tab. 4: Reference values ofplasma viscosity (mPas) in 80

healthy horses

Mean \ alue

Siandaid de\ lanon
2.5th percentile
25th percen
50th percen
75lh peree

Derc
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Fig 7: Plasma viscosity (mPas) offive horses before (0 hours)
and after the intravenous administration of HES (0.8 g/kg
body weight).

Plasma viscosity (mPas)
21

8 12 (1) (2)
Hours (days) after infusion

Fig. 8: Concentration ofserum amylase (U/l) offive horses

before (0 hours) and after the intravenous administration of
HES (0.8 g/kg body weight).

Amylase (U/l)

0 1 2 3 4 6 8 12 (1) (2)
Hours (days) after infusion

• Horse 1 - Horse 2 Horse 3
- Horse 2

increase in plasma viscosity between 48 and 240 hours after
initiation of infusion occurred in horses 1 and 3.

Serum amylase (Fig. 8): Serum amylase initially had a variable

behavior; it increased minimally in horse 1, dropped
markedly in horses 2 and 3 and decreased slightly in horses 4

and 5. Subsequently, amylase had a stationary course except
for horse 3, in which it increased between 24 and 240 hours
after initiation of infusion. The differences were statistically
not significant at the 5% level.
Serum albumin (Fig. 9): The serum albumin concentration
bad a pattern ofbehavior similar to that of the plasma protein
concentration determined according to the Biuret method. It
reached a maximum low point immediately after the end of
infusion and subsequently increased slowly. The differences
were statistically highly significant (p < 0.001). The values 1

and 2 hours after initiation of infusion were significantly
decreased compared to the initial value (p < 0.05).
Coagulation parameters (Table 5, Fig. 10): Changes in the
prothrombin time and the partial thromboplastin time were
not significant during the course of the study (p > 0.05).
However, there was a significant change in the thrombin time
during the experimental period (p < 0.05); 12 hours after
initiation of infusion, the thrombin time was 2.42 seconds
shorter, on average, than before infusion (p < 0.05).
Tolerance: The horses had no undesirable side-effects during
infusion. On day 8 after infusion, horse 3 had thrombophlebitis

of the distal jugular vein at the site where the catheter had
tan placed. This thrombophlebitis was treated systematically

with non-steroidal anti-inflammatory drugs and locally
with antiphlogistic ointments.

Fig. 9: Concentration ofserum albumin (g/l) offive horses

before (0 hours) and after the intravenous administration of
HES (0.8 g/kg body weight).

Albumin (g/l)

—Horee 1 Horee 2 Horee 3 ~e~ Horse 4 -*-* Horse 5

DISCUSSION

Serum concentration of HES

There were severaj- similarities between the pharmacokinetic
data ofHES in human beings and in horses. The elimination
constants of the a-phase in horses (0.207/h) and that ofhuman

beings (0.124/h) were very similar, whereas the elimination

constant of the ß-phase in horses (0.0057/h) was considerably

lower than that in human beings (0.0226/h).
The half-lives of the a-phase (ti^a) in horses (5.6 h) and in

human beings (3.35 h) are remarkably similar according to
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Fig. 10: Mean values ofprothrombin time, partial thromboplastin

time, and thrombin time offive horses before (0 hours)

and after the intravenous administration ofHES (0.8 g/kg
body weight).

"i

Prothrombin time

24
Hours after infusion

- Partial TT

240

Thrombin time

Tab. 5: Coagulation parameters in 5 horses following a 30

minute infusion ofHES (8 ml/kg body weight), and reference

ranges []

Time ft:-;
-

'J tf

I;;;;:; ..WMf
iv~:\; „

* & 4 ;; jliÄIÄi4Z 46.o

1.2}

15.3 16,6 i&J>/v-^
s Vy f., >ijg|x;4:' -

Friedmann-test: p < 0.05
' Wilcoxon-Wilcox-test: p < 0.05, compared with the

initial value

the results of this study. However, the half-life of the ß-phase
in horses (122.22 h) is significantly longer than in human

beings (30.61 h). This suggests a specific HES metabolism
with slower elimination kinetics in horses than in human
beings. However, the observation period of the present study
was three times longer (240 h) than in the studies conducted
in human beings (72 h, SMD Medizin Data GmbH, 1990).

Thus, the period of the terminal elimination phase in human

beings was possibly underestimated and, consequently, the

terminal half-life (t^ß) overestimated. Wikarczyk (1981)
supports this assumption. In her study, there was still 15% of the

infused HES concentration in the serum 10 days after the

infusion; however, the HES was in a galenic form with a mean

MW of 450 000, which does not allow a direct comparison.
Considering the transfer rates kn and k2i it is obvious that the

values for horses and human beings are practically identical.

Initially, HES is eliminated in horses approximately 2 times
faster (ti/2a 5.59 h) than it is redistributed from the vascular

system (ti4 (,0)). Thus, the active ingredient in the first phase is

present almost only intravascularly. Only the transfer rate k]0

is approximately 5 times smaller in horses than in human

beings. The corresponding tv^(io) is, thus, approximately 5

times longer. This is in agreement with the findings that ti/2ß

in horses is significantly longer than in human beings. The

distribution volume of the initial or central compartment of
72.5 ml/kg body weight (or approximately 361 per horse/500

kg body weight) corresponds indeed to the approximate blood
volume of a horse of 500 kg body weight (Eder, 1987).

Elimination of HES via the urine

Analogous to man, the kidney is probably the main route of
elimination of HES in horses (Mishler, 1980; Förster et al.,

1981; Köhler et al., 1982). In the present study, 1/3 of the

infused volume ofHES was found in the urine 24 hours after

starting the infusion. Mishler (1980) found between 50% and

66% ofthe volume ofHES 200/0.5, administered in an almost

equal dose (0.7g/kg BW) and at almost the same rate

(0.28 ml/kg BW) in the urine ofhealthy people within the first
24 hours. Förster et al. (1981) found approximately 30% of
the infused volume of a 6% solution ofHES (mean molecular

weight (MW) of450 000) in the urine ofhealthy people after
24 hours. Köhler et al. (1982) found 53.7% of the infused

volume in the urine of healthy people 24 hours after the

administration ofHES with the same galenic form used in this

study. However, Mishler (1980) and Köhler et al. (1982)
determined the concentration qfHES using the Anthron
method, which has been considered inadequate since 1981 according

to Wicarkzyk (1981). In addition Förster et al. (1981)
tested a HES solution with a higher molecular weight than the

HES used in this study and thus, a direct comparison of the

renal excretion values with values from human medicine is

restricted.
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HES concentration in feces

Since the values of the two fecal samples (0 and 24 hours) did

not differ greatly, it must be assumed that fecal elimination of
HES in horses in not an important route within the first 24

hours.

HES concentration in muscle biopsies

The HES concentrations measured in the muscle biopsies at

day 10 of the study were higher than comparable values in rats

(Förster, 1990). Thus, there may be traces ofHES in muscles

ofhorses 10 days after treatment.

Hematocrit

The hematocrit decreased substantially in all horses. This
results from the volume-expansive effect of HES. Hermann
et al. (1990) reported similar results both in therapeutical use
and in a comparative study with two healthy horses; the

hematocrit was substantially decreased during an approximately

2 hour period after infusion ofHES. This must be considered

when treating horses for shock. This effective period
measured by the hematocrit allows a good volume control
(.Mishler; 1982), by continuing HES infusion in a shock
patient, if required, without overhydrating him.

Plasma protein concentration

If the results of the two measurement methods used are

compared, one receives diverging results. The plasma protein
concentration determined according to the Biuret method
were higher than those determined with a refractometer (Kraft
and Schillinger, 1989). Refractometry is an unspecific method
to quantify the concentration of total solids in plasma or
serum, whereas the Biuret method specifically detects peptide
bonds (Kraft and Schillinger, 1989). The results presented in
this study therefore mean that the concentration of total solids
remains constant with a decreasing protein concentration. If
this concentration is used as a measure for the colloidal-osmotic

pressure, it may be concluded that in the case of a

substantial volume effect (relative decrease of the actual
protein concentration) the colloidal-osmotic pressure during
administration of HES remains unchanged. Hermann et al.

(1990) reported plasma protein decreases of 5-13%, which
were determined by refractometry. The reason for the plasma
protein decreases in that study might have been attributable
to other administered medication, particularly crystalloid
infusion solutions.

Reference values of Plasma viscosity

Archer and Allen (1970) as well as Mason and Kwork (1977)
and Allen and Blackmore (1984) determined plasma viscosity
values at 25 °C. Therefore, their values are higher compared
to those of this study. However, the values determined in this

study were higher compared to those of Dintenfass and Fu-

Lung (1982). This might have been due to the smaller population

(n 19), the specific group composition (only racing
horses), the substantially lower average age (3 ± 1.30 years)
and the use ofa different measuring device (Couler-Harkness
capillary viscosimeter).

In the present study, plasma viscosity was measured with a

technique that was analogous to that used in a study in human
medicine (Jung et al., 1986). In horses, the mean (1.27 versus
1.24 mPas) and the 95% confidence interval (1.16-1.41 mPas

versus 1.14-1.34 mPas) were slightly higher than in human

beings and, unlike in people, values were not normally
distributed. In the studies ofAmin et al. (1986) and Dintenfass and

Fu-Lung (1982), the values for plasma viscosity were also in

agreement with those in human medicine under analogous

measuring conditions.

Plasma viscosity in the kinetic test

Plasma viscosity increased in all horses after the end of
infusion but did not exceed the upper limit of the determined

reference values. A decrease in plasma viscosity leads to an

increased perfusion of the terminal vascular system (Kiese-
wetter and Jung, 1987). Thus, the results of this study signify
that the terminal vascular system is less well perfused following

HES infusion. Similar to another study (Meister, 1991),

plasma viscosity remains unchanged when HES and crystalloid

solutions (ratio HES: crystalloid solution 1: 2-3) are

administrated simultaneously.

Plasma viscosity depends essentially on the concentration of
large molecular proteins, particularly from fibrinogen (Archer
and Allen, 1970; Dintenfass and Kammer, 1977; Allen and

Blackmore, 1984; Jung et al., 1986). The plasma viscosity of
1.65 mPas determined in horse 3,240 hours after initiation of
infusion, might have been associated with the elevated

fibrinogen level (7 g/1) caused by thrombophlebitis. The plasma

viscosity of 1.485 mPas determined in horse 1,240 hours after

initiation of infusion was probably also associated with the

high plasma protein level (80 g/1). The reason for this elevated

plasma protein value could not be determinated.
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Serum albumin

The concentration curves of serum albumin and plasma protein

had similar patterns, indicating that both parameters may
reflect changes in the intravascular volunjie.

Serum amylase

The initial drop in serum amylase in 4 horses can be explained
by the dilution effect after infusion of HES. Similar findings
were reported in a study in which dogs were administered
HES (Jesch et al., 1975). It was unclear why amylase increased

slightly in horse 1. It was interesting to note that during
this study, serum amylase usually remained constant and did
not change significantly with time. It is known that in dogs

{Jesch et al., 1975) and in human beings {Köhler et al., 1982),

serum amylase increases after the dilution-induced decrease.

This increase is explained by the formation of an enzyme
substrate complex between HES and serum amylase. Serum

amylase has a MW of45 000 and is easily eliminated via the

kidney. However, elimination of the HES/serum amylase

complex is slow and accumulation of the complex in the

serum results; this is ofno clinical importance {Köhler et al.,

1982). The molecular weight of serum amylase in animals is

approximately 50 000 and elimination via the kidney appears
to be analogous to that in human beings {Schmidl and Forstner,

1985). The results of this study, suggest that semm
amylase does not form a complex with HES or that the HES
molecules included in the complex have a size such that renal

excretion occurs unhindered.

Coagulation parameters

The dosage ofHES used in this study, had almost no influence

on coagulation. The values in this study remained within the

clinical reference ranges. Only 12 hours after initiation of
infusion was the thrombin time slightly shorter. These results

are in agreement with those in human medicine, in which HES
has less influence on coagulation in comparison to Dextran

(Kiesewetter and Jung, 1987; Klose et al., 1987). Thus, the

prothrombin time during the experimental period remained
stable and the partial thromboplastin time was characterized

by an insignificant reduction 12 hours after initiation of infusion.

The deviation in the thrombin time was still within our
reference range of 12.1-21.2 sec. and, therefore, was clinically
irrelevant. A decrease in the thrombin time was also reported
in a study comparing HES and Dextran 40 in human beings
{Popov-Cenic et al., 1977). However, in this study the decrease

in thrombin time appeared to be due to the intraoperative
hypercoagulability or the use of a different galenic form of

HES (MW 450 000). In a study conducted by Klose et al.

(1987), in which Dextran 40 was compared to HES 200/0.5,

prothrombin time, partial thromboplastin time and thrombin
time did not differ significantly, during the course of the study
from those values determined before infusion.

Side-effects

Exept for the thrombophlebitis in horse 3, no undesirable
side-effects were observed. The thrombophlebitis ofthe jugular

vein, diagnosed at day 8, was probably associated with the

administration ofHES. However, after clinical use ofHES in

over 250 patients, the authors feel that HES was not responsible

for the thrombophlebitis, because this HES preparation
is particularly well-tolerated intravenously.

REFERENCES

Allen B.V., Blackmore D.J. (1984): Relationship between paired
plasma and semm viscosity and plasma protein in the horse. Res.

Vet. Sei. 36, 360-363. — Amin T.M., Sirs J.A. (1986): Effects of
warfarin on blood rheology in navicular disease. Res. Vet. Sei. 40,

308-312. — Anonymous (1987): Kolloidale Volumenersatzlösungen.

In: Infusionstherapie und klinische Ernährung. Hrsg.
Medizinisch-wissenschaftliche Abteilung der Fresenius AG, Bad Homburg
v.d.H., 328-329. —Archer R.K., Allen B. (1970): The viscosity of
equine blood plasma: a new non-specific test. Vet. Ree. 86, 360-363.

— Deegen E. (1975): Kreislaufbehandlung bei Kolik. Collegium
veterinarium 1975, 87-90. — Derendorf H., Garret E.R. (1987):
Grundlagen der Pharmakokinetik. In: Pharmakokinetik,
Wissenschaftliche Verlagsgesellschaft mbH Stuttgart, 15-71. — Dintenfass
L., Fu-LungL. (1982): Plasma and blood viscosities, and aggregation
of red cells in racehorses. Clin. Phys. Physiol. Meas 3, 293-301. —
Dintenfass L., Kammer S. (1977): Plasma viscosity in 615 subjects.
Effect of fibrinogen, globulin and cholesterol in normal, periperal
vascular disease retinopathy, and melanoma. Biorheology 14, 247-
251. —EderH. (1987): Blutmenge. In: Lehrbuch der Veterinärphysiologie.

Ed. A. Scheunert, A. Trautmann. Verlag Paul Parey, Berlin
und Hamburg, 162. — Eggenberger E., Thun R. (1984): Eine grafische

Methode zur Darstellung von Messwerten. Schweiz. Arch.
Tierheilk. 126, 199-205. — Förster H. (1990): pers. comm. —
Förster H., Wicarkzyk C., DudziakR. (1981): Bestimmung der
Plasmaelimination von Hydroxyäthylstärke und von Dextran mittels
verbesserter analytischer Methodijc. Infusionstherapie 8, 88-94. —
Hermann M., Bretscher R., Thiebaud G., Meister D. (1990): Erste

Erfahrungen bei der Schockbehandlung des Pferdes mit einem

Plasmaexpander auf Stärkebasis. Schweiz. Arch. Tierheilk. 132, 5-12.

— Jesch F., Klövekorn W.P., Sunder-Plassmann L., SeifertJ., Mess-
merK. (1975): Hydroxyäthylstärke als Plasmaersatzmittel: Untersuchungen

mit isovolämischer Hämodilution. Anaesthesist 24, 202-
209. —Jung F., Kiesewetter H„ Roggenkamp H.G., Nüttgens H.P.,

Ringelstein E.B., Gerhards M., Kotitschke G., Wenzel E., Zeller H.

(1986): Bestimmung der Referenzbereiche Theologischer Parameter

an 653 zufallig ausgewählten Probanden im Kreis Aachen. Klin.

338



KINETICS OF HYDROXYETHYL STARCH IN HORSES

Wochenschr. 64, 375-381.—KiesewetterH., JungF. (1987):
Durchblutungsstörungen: Hämatokrit als Risikofaktor, Hämodilution als

mögliche Therapie. Arzneimitteltherapie 5, 151-162. —Klose R.,

Feldmann U„ HoekerP. (1987): Der Einfluss von 10%iger Hydroxy-
äthylstärke 200/0,5 und 10%igem Dextran 40 auf Fliesseigenschaften

und Gerinnung von Vollblut in vivo. Infusionstherapie, Supplement

2 zu Band 14, 37-42. — Köhler H., Zschiedrich H., Linfante
A.,AppelF.,PitzH., ClasenR. (1982): Die Elimination vonHydroxy-
äthylstärke 200/0,5, Dextran 40 und Oxypolygelatine. Klin.
Wochenschr. 60, 293-301. —Kraft W, Schillinger D. (1989): Blutei-
weisskörper. In: Klinische Labormethoden der Veterinärmedizin bei

Haussäugetieren. Hrsg. Helmut Kraft, 3. Auflage, Enke Verlag,
Stuttgart, 45—47. — Mason D.K., KworkH. W. (1977): Some haema-

tological and biochemical parameters in race horses in Kong Kong.
Equine vet. J. 9, 96-99. — Meister D. (1991): Vet. med. Diss.,
Universität Zürich. —Mishler J.M. (1980): Pharmakokinetik
mittelmolekularer Hydroxyäthylstärke (HÄS 200/0,5). Infusionstherapie
196-102. —Piacenza C„ Haberstroh J. (1990): Zur Narkose beim
Pferd als Risikopatienten. Der Praktische Tierarzt 71, 5-11. — Po-

pov-Cenic S., Müller N., Kladetzky R.-G., Hack G., Lang U., Safer
A.,Rahlfs V.W. (1977): Durch Prämedikation, Narkose und Operation
bedingte Änderungen des Gerinnungs- und Fibrinolysesystems und
der Thrombozyten. Einfluss von Dextran und Hydroxyäthylstärke
(HÄS) während und nach der Operation. Anaesthesist 26, 77-84. —
Sachs L. (1984a): Friedmann-Test: Doppelte Zerlegung mit einer

Beobachtung pro Zelle. In: Sachs, L. Angewandte Statistik, 6. Auflage,

422-425. — Sachs L. (1984b): Multiple Vergleiche abhängiger
Stichproben nach Wilcoxon-Wilcox. In: Sachs, L. Angewandte
Statistik, 6. Auflage, 426—429. — Schmidl M., Forstner V. (1985):
-Amylase PNP, Enzymatischer Farbtest. In: Veterinärmedizinische

Laboruntersuchungen für die Diagnose und Verlaufskontrolle,
Boehringer Mannheim GmbH, Mannheim, 52-53. — SMD Medizin
Data GmbH(1990): Hydroxyäthylstärke HAES-steril (200/0,5) 10%

(Serie 3) Deskriptive und analytische statistische Auswertung.
Pharmakokinetik für FRESENIUS AG, 32-33. — Spier S.J., Meagher
D.M. (1989): Perioperative medical care for equine abdominal surgery.

Veterinary Clinics ofNorth America: Equine Practice 5, 429-
443. — Werner J. (1984): Chi2-Anpassungstest. In: Werner, J.

Medizinische Statistik, Urban & Schwarzenberg, München, Wien,
Baltimore, 153-156. — Wikarczyk C. (1981): Zum Verhalten von intravenös

verabreichter Hydroxyäthylstärke im Vergleich zu Dextran.
Humanmed. Diss., Frankfurt am Main. — Willer H., Leopold T.

(1989): Biometrische Aspekte bei der Festlegung von Normal- und
Referenzbereichen. Mh. Vet.-Med. 44, 293-295.

La cinetique de l'hydroxyethyle d'amidon
chez le cheval

La distribution et la cinetique d'une solution d'hydroxyethyle
d'amidon ont ete etudiees chez le cheval dans le cadre d'une
etude contrölee et certains parametres d'importance clinique
farent determines.

La demi-vie de la premiere phase se situe autour de 5,59
heures, celle de la deuxieme phase 122,22 heures.

Durant la premiere phase la solution d'hydroxyethyle d'amidon

demeure presque entierement dans l'espace intravasal.
Les resultats presentes concordent avec ceux obtenus chez

l'homme. Les voies d'elimination, la duree de l'effet volumi-

que, le volume de distribution et la cinetique de redistribution
sont presque identiques aux parametres mesures chez l'homme.

La cinetique d'elimination de la deuxieme phase et le

comportement de l'alpha-amylase semblent cependant tres

specifiques au cheval. La coagulation sanguine n'est pratique-
ment pas influencee par l'administration d'une solution
d'hydroxyethyle d'amidon. Les resultats obtenus permettent de

prouver l'applicabilite d'une solution d'hydroxyethyle d'amidon

comme expanseur de plasma chez le cheval.

La cinetica dell'amidoidrossietilico nel
cavallo

In un esperimento controllato sono state esaminate la cinetica
di distribuzione e d'eliminazione dell'amidoidrossietilico. II
tempo di dimezzamento della la fase era 5,59 ore, quello della
seconda fase 122,22 ore. Durante la prima fase l'amidoidros-
sietilico era quasi esclusivamente intravasale. I dati riscontrati
coincidono con quelli attenuti in medicina umana. Le vie

d'eliminazione, la durata dell'effetto di volume, il volume di
distribuzione e la cinetica di ripartizione sono quasi identiche
nell'uomo. La cinetica d'eliminazione della seconda fase ed

il comportamento della alpha-amilasi appaiono invece essere

specifiche nel cavallo. La coagulazione non viene influenzata

dall'applicazione dell'amidoidrossietilico. I risultati di

quest'esperimento dimostrano che l'amidoidrossietilico e uti-
lizzabile come espansore del plasma nel cavallo.
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