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BACKGROUND: HES solutions provide a sterile, alter-
native colloidal fluid to albumin solutions and/or plasma
in the management of patients who need plasma vol-
ume expansion. Solutions of HES are widely accepted
internationally but are used only modestly in the United
States, largely because of concerns over hemostasis.
STUDY DESIGN AND METHODS: A randomized,
blinded, two-arm trial comparing the hemostatic effects
of pentastarch versus hetastarch when infused in the
clinically relevant dose of 90 g of HES dissolved in 1.5
L of saline was conducted. Multiple studies of fibrin clot
formation, fibrinogen/fibrinolysis, and platelet (PLT)
functions were performed before and on multiple occa-
sions for 70 days following HES infusion.
RESULTS: Several significant abnormalities of hemo-
stasis assay results occurred following HES infusions,
with hetastarch causing significantly greater abnormali-
ties than pentastarch. Individual clotting proteins and
blood PLTs fell modestly because of plasma volume
expansion and hemodilution. A fall in excess of that
caused by hemodilution was demonstrated for von Will-
ebrand factor antigen plus its associated FVIII and risto-
cetin cofactor activities. The partial thromboplastin time
was prolonged, whereas the thrombin time was short-
ened. Plt function abnormalities were seen in most sub-
jects to a modest degree. Studies of fibrinolysis were
normal.
CONCLUSIONS: Solutions of hetastarch produce sig-
nificant abnormalities of some hemostasis laboratory
results when infused at clinically relevant doses, but it is
unlikely that the modest hemostatic abnormalities pro-
duced at these doses per se would lead to clinical
bleeding. Hetastarch causes greater hemostatic abnor-
malities than pentastarch, and because both HES solu-
tions have comparable plasma volume-expanding ef-
fects, it is reasonable to prefer pentastarch as a plasma
volume expander.

S
olutions of HES provide a sterile, alternative col-
loidal fluid to albumin solutions and/or plasma
for critically ill patients who need plasma volume
expansion,1-5 for patients who are undergoing

therapeutic plasma exchange,6-8 for use in priming solu-
tions for cardiopulmonary bypass circuits,9-11 and during
postoperative care, including cardiac surgery.12-16 HES is
a complex polysaccharide that consists of glucose units,
connected primarily by �-1 to �-4 glycosidic linkages
with �-1 to �-6 linkages serving as branch points, to
which hydroxyethyl groups are attached. A wide variety of
HES molecules can be prepared from amylopectin by re-
action with ethylene oxide under alkaline conditions to
attach hydroxyethyl groups to carbon atoms C2, C3, and/
or C6.17 The presence of hydroxyethyl groups retards hy-
drolysis of the starch molecules by plasma amylase, and
as a result, HES circulates in the bloodstream following
infusion longer than does underivatized starch, thus
functioning as an osmotic plasma volume-expanding
agent. The number of hydroxyethyl groups attached to
each glucose unit within the starch polymers and their
sites of attachment (i.e., C2:C6 ratio) greatly affect the
metabolism and, consequently, the size of HES molecules
circulating in the bloodstream, which, in turn, determines
the biologic properties of different HES solutions.17-19

ABBREVIATIONS: BT = bleeding time; MW = molecular

weight; PLT = platelet; PT = prothrombin time; PTT = partial

thromboplastin time; RCoF = ristocetin cofactor; TT = throm-

bin time; vWA = von Willebrand antigen.
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Distinguished by differing molecular weight (MW)
and the extent and pattern of hydroxyethylation, a wide
variety of HES preparations are available internation-
ally—each exhibiting relatively different properties that
permit application in diverse clinical situations.17 Only
two major varieties of HES are available in the United
States: hetastarch and pentastarch. The weight average
MW of hetastarch—the higher MW variety—varies de-
pending on the manufacturer, but it is approximately
450,000 to 670,000, with a number average MW of 71,000.
The weight average MW is defined as the sum of the
number of molecules at each MW times their mass di-
vided by the total weight of the molecules, whereas the
number average MW is the numerical average of the in-
dividual MWs present.1 For hetastarch, the molar substi-
tution is 0.7 (i.e., 70 molecules of hydroxyethyl moiety are
present for every 100 glucose units contained in the HES),
with some glucose units containing more than one hy-
droxyethyl moiety. Pentastarch has a lower MW than he-
tastarch (weight average MW = 264,000, number average
MW = 63,000) and a lesser extent of hydroxyethylation
(molar substitution = 0.45). Therefore, for a few hours
following infusion, pentastarch exerts an acceptable
plasma volume-expanding effect but has a much quicker
terminal elimination from the blood than hetastarch and,
consequently, exhibits fewer adverse effects, particularly
abnormalities of hemostasis.17,20

Solutions of HES are widely accepted as albumin and
plasma substitutes internationally but are used only
modestly in the United States. Currently, hetastarch is the
only HES preparation approved by the FDA for plasma
volume expansion or replacement. Pentastarch is ap-
proved for use only during leukapheresis; however, it has
been reported to be quite effective as a plasma and al-
bumin substitute,1 and internationally, HES solutions
with properties similar to pentastarch are commonly
used for plasma volume expansion.17 Presumably, pen-
tastarch is used “off-label” (without stated FDA approval)
in the United States as a plasma and albumin substitute
because of its advantages over hetastarch, particularly its
more rapid terminal elimination from the bloodstream
and lesser effects on hemostasis.1,17,20

A major impediment to more widespread use of HES
solutions in the United States is concern over hemostatic
abnormalities17,21-24 and clinical bleeding,24-28 the latter
occurring usually only with relatively large doses (>1.5 L).
One preparation of hetastarch (Hespan, B. Braun Mc-
Gaw, Irvine, CA) has been reported to alter hemostasis by
decreasing the concentration of most clotting proteins
via its expected effect of hemodilution secondary to
plasma volume expansion, by lowering levels of vWF:Ag
and, consequently, its associated FVIII molecules, by al-
tering the structure of fibrin clots, and by modestly di-
minishing platelet (PLT) functions.17,24 Another prepara-

tion of hetastarch (Hextend, Abbott Laboratories, North
Chicago, IL, and BioTime, Berkeley, CA) is formulated in
a lactated electrolyte solution and, because of added cal-
cium, is purported to exert fewer adverse hemostatic ef-
fects when used at recommended doses,29 a presumption
that needs more extensive study in patient trials before it
will gain widespread acceptance. In preliminary studies,
one preparation of pentastarch (Pentaspan, B. Braun Mc-
Gaw) has been reported to be nearly devoid of effects on
hemostasis—other than the transient slight decrease in
clotting protein levels expected because of hemodilu-
tion.20 However, more definitive comparative data of the
hetastarch and pentastarch solutions available in the
United States are limited, and the two preparations have
not been investigated in a randomized, blinded, head-to-
head study. Accordingly, we conducted such a study to
provide data for physicians using HES solutions for
plasma volume expansion—information that will be par-
ticularly useful if pentastarch gains FDA approval for this
use.

MATERIALS AND METHODS

Experimental design
A randomized, blinded, two-arm trial was approved by
The University of Iowa Human Studies Committee, and

TABLE 1. Assays of clotting proteins
and functions20-22,30-45

Assay Normal result or range

PT 10 to 13 seconds
PTT 22 to 33 seconds
TT* 14 to 20 seconds
BT 2.5 to 9.5 minutes
Fibrinogen 150 to 500 mg per dL
FVIII activity 50 to 200 percent
vWA 60 to 160 percent
RCoF activity† 50 to 200 percent
Urokinase-activated clot

lysis time
38 to 46 seconds

D-dimer <0.2 mg per mL
�-2 antiplasmin 75 to 125 percent
Euglobulin fibrinolytic

activity
<5 IU per mL

Tissue plasminogen
activator

<4 to 20 ng per mL

Urine plasminogen
activator

<1 to 5 ng per mL

Plasminogen activator
inhibitor

<6 IU per mL

Plasminogen 75 to 125 percent
Plt adhesion >78 percent
Clot retraction 40 to 94 percent
Plt aggregation Increase in light

Collagen Transmission comparable to controls
Epinephrine Transmission comparable to controls
ADP Transmission comparable to controls

* Thrombin time.
† Ristocetin cofactor.
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each subject provided written consent.
Twenty-four healthy adults were ran-
domly assigned to receive 90 g of HES
dissolved in 1.5 L of saline infused in-
travenously either as hetastarch (1.5 L
of 6% Hespan) or as pentastarch (0.9 L
of 10% Pentaspan plus 0.6 L isotonic
NaCl). This dose was selected because
the dose of 6-percent hetastarch not to
be exceeded in 24 hours, as recom-
mended by the manufacturer, is 1.5 L.
An identical dose of pentastarch, by
weight, was given. Hextend was not ap-
proved by the FDA at the time that this
study was conducted and was not
evaluated. All subjects had a negative
personal and family history for bleeding
and had taken no medications, includ-
ing aspirin, for at least 1 week prior to
admission. Prestudy prothrombin
times (PT), partial thromboplastin
times (PTT), and bleeding times (BT)
were normal.

Subjects were admitted to the
Clinical Research Center the day before
the HES infusion for medical evaluation
and baseline laboratory studies. An IV
catheter was placed to ensure optimal
access for accurate infusions and free-
flowing blood sampling. Solutions of ei-
ther hetastarch or pentastarch plus NaCl were infused
over exactly 2 hours (i.e., from 0 to 2 h) via an infusion
pump placed behind a curtain for blinding of subjects
and laboratory staff. Blood samples for coagulation stud-
ies were drawn immediately before the HES infusion (0 h)
and immediately afterward (2 hours) and subsequently at
24 hours and on Days 2, 3, 7, 14, 21, and 70 following
initiation of the infusion. As noted in the text, additional
samples were drawn at more frequent intervals for other
tests such as blood counts.

Clotting and hemostasis assays
Blood samples were drawn before and at timed intervals
after either hetastarch or pentastarch solutions were in-
fused. The assays performed, their abbreviations, and
their normal ranges are presented in Table 1.20-22,30-45

Every assay listed was performed on blood samples ob-
tained before HES infusions (0 h) and afterward at 2 and
24 hours and Days 21 and 70 postinfusion. In addition,
selected assays were performed more frequently. For ex-
ample, additional assays performed on Days 2, 3, 7, and

TABLE 2. Results (mean ± SEM) of standard plasma clotting times and fibrinogen following pentastarch or
hetastarch infusions

Time

PT (sec) PTT (sec) TT (sec) Fib (mg/dL)

Pentastarch Hetastarch Pentastarch Hetastarch Pentastarch Hetastarch Pentastarch Hetastarch

Preinfusion 12 ± 0.2 12 ± 0.3 26 ± 0.8 27 ± 0.8 17 ± 0.6 17 ± 0.4 268 ± 17 240 ± 16
2 Hours 13 ± 0.3 13 ± 0.5 32 ± 1.4 37 ± 3.4 13 ± 0.4 13 ± 0.5 210 ± 13 184 ± 10
Day 1 13 ± 0.3 12 ± 0.4 28 ± 0.7* 35 ± 1.9 16 ± 0.3* 13 ± 0.3 253 ± 16 207 ± 12
Day 2 12 ± 0.3 12 ± 0.3 30 ± 1.1 33 ± 0.9 16 ± 0.5* 13 ± 0.3 279 ± 17 227 ± 11
Day 3 12 ± 0.2 12 ± 0.3 28 ± 0.7* 32 ± 1.1 16 ± 0.3* 14 ± 0.3 225 ± 17 216 ± 14
Day 7 12 ± 0.1 12 ± 0.3 27 ± 0.7* 31 ± 1.2 16 ± 0.3* 14 ± 0.2 232 ± 7 207 ± 15
Day 14 12 ± 0.2 12 ± 0.3 28 ± 0.8 29 ± 1.1 16 ± 0.2* 14 ± 0.4 250 ± 17 228 ± 28
Day 21 12 ± 0.1 12 ± 0.3 27 ± 0.9 29 ± 0.9 16 ± 0.4 15 ± 0.5 282 ± 20* 207 ± 10
Day 70 12 ± 0.2 12 ± 0.3 29 ± 0.7* 28 ± 0.7 17 ± 0.4 15 ± 0.3 256 ± 11 226 ± 18

* Significant different (p < 0.05) between pentastarch and hetastarch.

Fig. 1. Results of PTT following pentastarch (�, n = 12) or hetastarch (�, n = 12)

infusion. (A) Results expressed in seconds to form a clot, and (B) results expressed

as percentage change from the preinfusion value. The horizontal lines at 33 sec-

onds (A) and 0 percent (B) indicate normal values and provide points of reference

for postinfusion results. P < 0.05 pentastarch versus hetastarch.
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14 were PT, PTT, thrombin time (TT), fibrinogen, FVIII,
von Willebrand antigen (vWA), ristocetin cofactor (RCoF)
avtivity, and BT—the last only if BT or PLT function stud-
ies performed earlier were abnormal, not if earlier results
were normal. In addition, PLT function studies (adhe-
sion, aggregation, and clot retraction) were repeated on
Days 2, 3 and 7 only if they were abnormal when studied
at earlier times. Additional assays of fibrinolysis (uroki-
nase-activated clot lysis time, �-2 antiplasmin, D-dimer,
euglobulin fibrinolytic activity, tissue-type plasminogen
activator, urokinase-type plasminogen activator, plas-
minogen activator inhibitor, and plasminogen) were per-
formed on Days 2 and 3 if earlier test results were abnor-
mal.

Statistical analysis
The primary objective of the study was to detect differ-
ences of �50 percent in results of clotting assays follow-
ing infusion of hetastarch (Hespan) versus pentastarch
(Pentaspan). For example, if a clotting protein fell by 30
percent from the baseline level following infusion of he-
tastarch, it was important to detect and demonstrate the
significance of a lesser fall of either 15 percent or a greater
fall of 45 percent following pentastarch infusion. Based
on our earlier studies,20-22 a sample size of 12 subjects per
group was judged to provide an ad-
equate number. All statistical analyses
were performed with statistical soft-
ware (Statistical Analysis System v. 6.06,
SAS, Cary, NC). Results of the statistical
tests were deemed significant if the
two-tailed probability (p value) was
�0.05.

RESULTS
Clinical response to HES infusions
Heart rate, respiratory rate, and systolic
and diastolic blood pressures were
measured immediately before and after
the HES infusions and at 24 hours
postinfusion. Vital signs were stable,
and there were no clinically significant
changes (deviations) from preinfusion
values or differences between pen-
tastarch and hetastarch groups. The
maximum deviations from baseline
(mean values) following pentastarch
versus hetastarch, respectively, for
heart rate were �2.6 versus 2.4 beats
per minute, for respirations were �0.7
versus 0.4 breaths per minute, for systolic
blood pressure were 2.4 versus �2.9
mmHg, and for diastolic blood pressure
were �2.6 versus �7.1 mmHg. There

were no significant differences between pentastarch and
hetastarch groups in the number of adverse clinical
events that might be attributed to HES, although more
events were reported for hetastarch. Following pen-
tastarch infusions, two subjects complained of headache.
Following hetastarch, four subjects complained of head-
ache, and three complained of urticaria.

Blood Hb was measured immediately before infusion
(0 h), immediately following infusion, at 2, 2.5, 3, 4, 6, 8,
10, 12, and 24 hours after infusion, and on Days 2, 3, 5, 7,
9, 11, and 14 after infusion, and then weekly through Day
70. The maximum fall (% deviation from the value mea-
sured immediately before infusion [0 h]) for Hb values in
subjects given pentastarch versus hetastarch, respec-
tively, was �15.4 and �15.9 percent at 2 hours (imme-
diately after infusion), with later values fairly rapidly in-
creasing toward the baseline. Significant differences (p <
0.05) between groups in the percentage fall of Hb values
from baseline were found at 8 hours (�6.3% vs. �13.8%)
and 24 hours (�0.5% vs. �6.1%) after infusion for pen-
tastarch versus hetastarch, respectively. The fall in Hb
values during the first 3 days after infusion was ascribed
to hemodilution, largely because of the plasma volume-
expanding effects of HES—rather than to blood drawn for
laboratory testing—and changes of this magnitude in in-

Fig. 2. Results of TT following either pentastarch (�, n = 12) or hetastarch (�, n =

12) infusions. (A) Results expressed in seconds to form a clot, and (B) results ex-

pressed as a percentage change from the preinfusion value. The horizontal lines at

14 seconds (A) and 0 percent (B) indicate normal values and provide points of ref-

erence for postinfusion results. P < 0.05 pentastarch versus hetastarch.
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dividual clotting proteins measured
during the first 3 days, likewise, were
ascribed to effects of hemodilution. Ac-
cordingly, deviations from baseline val-
ues of a magnitude of greater than 16
percent likely are due to a mechanism,
evoked by HES, that is independent of
(not explained by) hemodilution
alone.21,22

Clotting times and
hemostatic proteins
Compared with the preinfusion value,
the PT significantly increased (p < 0.05)
immediately following infusion but re-
mained in the normal range, and no
differences were detected between the
pentastarch and hetastarch groups
(Table 2). Likewise, the PTT increased
(p < 0.05) after infusion, but the effects
were significantly greater for hetastarch
(Table 2 and Fig. 1). The PTT was in-
creased outside of the normal range for
only hetastarch and remained pro-
longed for 2 days postinfusion, with he-
tastarch exerting a significantly greater
(p < 0.05) effect than pentastarch up to
7 days postinfusion (Table 2 and Fig. 1).
The TT decreased (p < 0.05) immedi-
ately following infusion, with greater
shortening in hetastarch versus pen-
tastarch recipients (Table 2 and Fig. 2). The shortened TT
returned to normal within 1 day following pentastarch
infusion, whereas it took 3 days to become normal fol-
lowing hetastarch infusion, with hetastarch values being
significantly (p < 0.05) shorter than pentastarch for 14
days postinfusion (Table 2 and Fig. 2).

Plasma fibrinogen levels fell (p < 0.05) modestly 24
hours after infusion, but there were no significant differ-
ences between pentastarch versus hetastarch recipients
(Table 2). The maximum fall from preinfusion fibrinogen

values was 21 percent for pentastarch versus 23 percent
for hetastarch immediately following infusion—a fall only
slightly greater than the 16-percent fall expected for he-
modilution. In contrast, the effects on FVIII, vWA, and
RCoF activity greatly exceeded those ascribed simply to
hemodilution (Table 3 and Figs. 3-5). Following pen-
tastarch infusion, FVIII activity fell 37 percent from the
preinfusion value (p < 0.05), but recovered quickly and
returned to baseline by Day 2 (Fig. 3). In contrast, follow-
ing hetastarch infusion, FVIII activity fell 47 percent from

TABLE 3. Results (mean ± SEM) of clotting FVIII, vWA, and RCoF following pentastarch or hetastarch infusions

Time

FVIII activity (%) vWA (%) RcoF activity (%)

Pentastarch Hetastarch Pentastarch Hetastarch Pentastarch Hetastarch

Preinfusion 140 ± 18 103 ± 8 144 ± 28 100 ± 14 103 ± 12 99 ± 10
2 Hours 85 ± 8 55 ± 6 75 ± 11* 44 ± 6 85 ± 10* 54 ± 8
Day 1 116 ± 18* 53 ± 6 96 ± 28* 33 ± 5 84 ± 8* 43 ± 7
Day 2 140 ± 27* 66 ± 6 110 ± 21 36 ± 4 119 ± 13* 59 ± 11
Day 3 117 ± 7* 65 ± 6 103 ± 15* 34 ± 4 92 ± 7* 65 ± 10
Day 7 108 ± 10 87 ± 9 100 ± 13* 47 ± 5 107 ± 12 81 ± 11
Day 14 111 ± 8 95 ± 8 99 ± 11 69 ± 10 106 ± 12 88 ± 12
Day 21 125 ± 9 108 ± 7 105 ± 13 92 ± 11 113 ± 15 92 ± 12
Day 70 113 ± 6 122 ± 15 117 ± 14 113 ± 17 96 ± 9 113 ± 10

* Significant difference (p < 0.05) between pentastarch and hetastarch.

Fig. 3. Results of FVIII activity following either pentastarch (�, n = 12) or het-

astarch (�, n = 12) infusions. (A) Results expressed as percentage of normal activ-

ity, and (B) results expressed as percentage change from the preinfusion value.

The horizontal line at 50 percent activity (A) and 0 percent (B) indicate normal

values and provide points of reference for postinfusion results. P < 0.05 pen-

tastarch versus hetastarch.
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the preinfusion value (p < 0.05) and did not recover until
between Days 7 and 14, with values significantly below (p
< 0.05) those of pentastarch recipients until between
Days 3 and 7 (Fig. 3). Somewhat similar results were seen
for vWA antigen (Fig. 4) and RCoF activity (Fig. 5), but the
effects of both pentastarch and hetastarch were most
pronounced on vWA (Table 3 and Fig. 4). The maximum
fall of vWA from the preinfusion value was 43 percent for
pentastarch immediately following infusion and 64 per-
cent for hetastarch 1 day after infusion. Values for vWA
returned nearly to the baseline at 2 days after infusion for
pentastarch, but took between 14 and 21 days following
hetastarch, with hetastarch values being significantly
lower (p < 0.05) than pentastarch for at least 7 days
postinfusion (Table 3 and Fig. 4). Interestingly, pen-
tastarch exerted almost no affect on RCoF activity, as a
measure of vWA function, in contrast to the marked and
prolonged decrease in activity following hetastarch infu-
sion (Table 3 and Fig. 5).

Because of the known incorporation of HES mol-
ecules into polymerizing fibrin strands,23 an effect re-
ported to alter clot structure23 and to shorten thrombin
and reptilase clotting times and to accelerate clot lysis
times,22 several factors involved in fibrinogen and fibri-
nolysis were measured following pentastarch and heta-

starch infusions (Table 4). With only oc-
casional exceptions, the results after in-
fusion were either unchanged from
preinfusion baseline values or were
similar to changes expected due to he-
modilution. Thus, there was no indica-
tion of abnormal fibrinogen or fibrin
lytic activity evoked by either pen-
tastarch or hetastarch infusions.

PLT counts and functions
There were no clinically significant
changes in PLT counts following either
pentastarch or hetastarch infusions
(Table 5). Immediately following infu-
sion, the PLT count fell from the prein-
fusion value by 13 percent in pen-
tastarch and by 24 percent in heta-
starch recipients, respectively, but this
difference was not significant (p > 0.05),
and at no time after infusion did the
mean blood PLT count fall to less than
200 � 109 per L for either group. The
BT increased significantly (p < 0.05) fol-
lowing infusion of either pentastarch or
hetastarch when preinfusion values
were compared with those measured
immediately following infusion (Table
5). The maximum lengthening of the BT
occurred at 2 hours, with an increase

from the preinfusion value of 49 percent following pen-
tastarch versus 59 percent for hetastarch. For hetastarch,
the value exceeded the normal range, but there was no
difference between groups. The BT quickly returned to
normal by 1 day after infusion. Plt adhesion decreased
significantly (p < 0.05) from the preinfusion value imme-
diately following infusion in both pentastarch and het-
astarch recipients (Table 5). The maximal decrease in ad-
hesion from baseline was 25 percent following pen-
tastarch versus 23 percent for hetastarch (p > 0.05)—
values that were out of the normal range, but reverted to
normal within 1 day after infusion. Clot retraction values
remained within the normal range and did not differ be-
tween groups (Table 5), but interestingly, increased sig-
nificantly (p < 0.05) immediately following infusion for
both pentastarch (23% change from baseline) and heta-
starch (20% change from baseline).

Plt aggregation appeared to be more adversely af-
fected by hetastarch than pentastarch, but interpretation
of aggregation curves is quite subjective and is difficult to
quantitate. Because baseline PLT aggregation results were
not completely normal in all subjects—despite normal PLT
counts, normal BT, and normal results of all other hemo-
static assays—only 12 pentastarch recipients and 10 heta-
starch recipients were considered evaluable. Hetastarch

Fig. 4. Results of vWA following either pentastarch (�, n = 12) or hetastarch (�, n

= 12) infusions. (A) Results expressed as the percent of a normal quantity of pro-

tein present, and (b) results expressed as a percentage change from the preinfu-

sion value. The horizontal lines at 60-percent protein present (A) and 0 percent

(B) indicate normal values and provide points of reference for postinfusion results.

P < 0.05 pentastarch versus hetastarch.
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decreased PLT aggregation in 100 percent of recipients
immediately following infusion, with a correction in 50
percent of recipients within 1 day after infusion, and cor-
rection in 90 percent of recipients within 2 days (Table 5).
By comparison, pentastarch decreased after aggregation
in only 58 percent of recipients immediately following

infusion, with nearly one half of these abnormal results
judged to differ only minimally from normal controls. Plt
aggregation quickly returned to normal following pen-
tastarch infusion; that is, only 10 percent of recipients
exhibited decreased aggregation 1 day after infusion, and
none were abnormal at 2 days. Nearly all decreased PLT

aggregation responses in both of the
HES groups were detected with epi-
nephrine as the agonist; only occasion-
ally were decreased responses detected
with collagen or ADP as agonists.

DISCUSSION
We demonstrated several abnormalities
of hemostasis laboratory assays follow-
ing the infusion of HES solutions, het-
astarch or pentastarch, into normal
subjects at clinically relevant dosage.
Many effects were significantly greater
following hetastarch versus pentastarch
infusions. However, it is unlikely that
the hemostatic abnormalities produced
at the dose infused would lead to clini-
cal bleeding in patients without other
concomitant clotting problems.24

Immediately following infusion of
either HES solution, individual clotting
proteins and blood PLT counts fell by
approximately 20 percent from the pre-
infusion values, an effect explained
largely by expected plasma volume ex-
pansion with consequent hemodilu-
tion.1,21,22,24 An additional postinfusion
fall in vWA plus its associated FVIII and
RCoF activities was of much greater

TABLE 4. Results (mean ± SEM) of fibrinogen and fibrinolysis studies following pentastarch and
hetastarch infusions*

Time

Urokinase-activated
clot time (sec)

Euglobulin (IU/mL)
fibrinolytic activity Plasminogen (%)

Pentastarch Hetastarch Pentastarch Hetastarch Pentastarch Hetastarch

Preinfusion 22 ± 0.7 23 ± 0.8 0.4 ± 0.1 0.2 ± 0.0 98 ± 2 105 ± 3
2 Hours 20 ± 0.8 21 ± 0.5 0.3 ± 0.0 0.3 ± 0.1 80 ± 3 87 ± 4
Day 1 21 ± 0.7 23 ± 0.9 0.4 ± 0.1 0.3 ± 0.0 97 ± 3 89 ± 3
Day 21 21 ± 0.8 23 ± 0.8 0.3 ± 0.0 0.3 ± 0.1 101 ± 2 90 ± 2
Day 70 22 ± 0.7 22 ± 0.6 0.4 ± 0.1 0.3 ± 0.0 98 ± 2 101 ± 3

Time

Tissue plasminogen
activator (ng/mL)

Urine plasminogen
activator (ng/mL) �-2 antiplasmin (%)

Pentastarch Hetastarch Pentastarch Hetastarch Pentastarch Hetastarch

Preinfusion 23 ± 15 23 ± 21 8 ± 1.0 2.2 ± 0.3 101 ± 5 107 ± 7
2 Hours 13 ± 7 12 ± 11 7 ± 0.8 1.6 ± 0.3 76 ± 7 82 ± 6
Day 1 22 ± 13 16 ± 14 8 ± 1.3 2.1 ± 0.3 102 ± 4 90 ± 5
Day 21 24 ± 15 22 ± 20 8 ± 1.4 2.0 ± 0.3 103 ± 6 106 ± 5
Day 70 27 ± 18 22 ± 20 9 ± 1.4 2.0 ± 0.4 106 ± 5 116 ± 5

* There were no significant differences (p < 0.05) between groups for any test.

Fig. 5. Results of RCoF activity following either pentastarch (�, n = 12) or heta-

starch (�, n = 12) infusions. (A) Results expressed as percent activity, and (B) re-

sults expressed as percentage change from the preinfusion value. The horizontal

lines at 50-percent activity (A) and 0 percent (B) indicate normal values and pro-

vide points of reference for postinfusion results. P < 0.05 pentastarch versus

hetastarch.
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magnitude than could be explained simply by hemodilu-
tion. This finding has been also demonstrated following
dextran infusions and is postulated to be due to acceler-
ated clearance of vWA via its binding in vivo to dextran
and/or HES molecules, although other undefined mecha-
nisms may also contribute.17,21,24 The effects on vWA can
be severe enough, particularly following hetastarch infu-
sion, to mimic vWD.17,24,27 The TT was shortened, con-
sistent with incorporation of HES molecules into the
polymerizing clot,22,23 but the results of several assays
assessing fibrinogen and fibrinolysis were affected mini-
mally, or not at all, following infusions of either het-
astarch or pentastarch. Plt counts fell only slightly, but BT
values were significantly prolonged to suggest a modest
qualitative PLT defect. Prolonged BT values quickly re-
verted to normal and were actually out of the normal
range in only hetastarch recipients. Hetastarch induced
abnormal PLT aggregation in all subjects, but the clinical
importance, if any, was questionable because defective
aggregation was not seen with all agonists and results
began to revert to normal within 1 day after infusion.
Pentastarch exerted fewer effects on BT and PLT aggrega-
tion results than did hetastarch.

Solutions of HES have appeal as an alternative col-
loidal fluid to albumin solutions and plasma in the man-
agement of patients who need restoration, expansion, or
replacement of plasma proteins.1,17 HES solutions are
relatively inexpensive, pose no risk of transmitting donor
infections that rarely follow blood component transfu-
sions, require no pretransfusion compatibility consider-
ations, and are readily available and stored without re-
frigeration. Hetastarch and pentastarch have nearly com-
parable plasma volume-expanding effects when given in
similar dosage.1,17 However, a relatively small quantity of
hetastarch will remain in the blood stream for weeks be-
cause of the number and the intramolecular position of
hydroxyethyl groups—a situation not found with pen-
tastarch because it contains fewer and more favorably

placed hydroxyethyl groups.1,17-19 It is the prolonged cir-
culation of these highly hydroxyethylated HES mol-
ecules—unfortunately, too few in number to exert mean-
ingful plasma volume expansion—that likely cause the
more pronounced adverse effects of hetastarch on hemo-
stasis.17-19

Therefore, it is reasonable to prefer pentastarch
(relatively low MW and hydroxyethylation) over heta-
starch (relatively high MW and hydroxyethylation) as a
plasma volume-replacement or -expansion solution, pro-
viding that one always remains cognizant of the fact that
formulations of either pentastarch or hetastarch that ap-
pear at first glance to have similar MW and molar sub-
stitution values may not actually be the same when the
number and placement of hydroxyethyl groups within
glucose molecules (i.e., C2:C6 ratio) are considered.17,19

This knowledge will be particularly relevant if pen-
tastarch solutions gain approval from the FDA for use in
plasma volume replacement and/or expansion.
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