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Hydroxyethyl Starches: Plus Ça
Change, plus C’est la Même Chose

To the Editor:
The review by Westphal et al.1 suggesting that hydroxyethyl
starch (HES) 130/0.4 is devoid of most of the adverse effects
of “older” starches deserves comment. Despite several de-
cades of widespread HES use, proof of clinical benefit such as
improved patient outcome is still lacking, whereas evidence
for its negative effects on morbidity and mortality in sus-
ceptible patients, and at higher doses, is increasing.2– 4

Not 1 of the 140 studies cited in this extensive review nor
any previous meta-analysis5 could demonstrate the supe-
riority of synthetic colloids or HES over crystalloids as a
volume replacement.

The adverse effects of starches are strongly related to the
cumulative dose.6–10 Evidence is now emerging that HES
130/0.4, despite showing some altered pharmacokinetic and
pharmacodynamic properties, confers similar adverse effects
as HES 200/0.5, including kidney dysfunction,* coagulopa-
thy,11 pruritus,† tissue storage with risk of organ failure.12 In
cardiac surgical patients, HES 130/0.4 impaired clot forma-
tion and strength to a similar degree as HES 200/0.5,
whereas albumin had no negative effects.11 In a pig model of
liver injury, HES 130/0.4 had a higher immediate volume
effect but provoked uncontrolled hemorrhage, resulting in
the loss of all animals, whereas six of seven pigs that received
Ringer’s lactate stopped bleeding.13 In rats, chronic applica-
tion of radiolabeled HES 200/0.5 or 130/0.4 led to reduced
overall storage of the 130/0.4 solution; however, both HES
solutions accumulated in the kidney in similar amounts.14

Surprisingly, although the recommended maximum daily
dose for HES 130/0.4 is 50 ml/kg, and there is no stated
restriction for overall cumulative dose, the median cumula-
tive dose in studies submitted to the Food and Drug Admin-
istration for approval of HES 130/0.4† was less than one
maximum daily dose. Furthermore, most of these studies
were designed to demonstrate noninferiority of HES 130/
0.4 in comparison with HES 200/0.5, HES 450/0.7, or gel-

atins, which all are substances known to have adverse effects
on renal function and coagulation.15 The interpretation of
clinical safety of HES 130/0.4 is also limited because the
median observation period for all the studies used for its
Food and Drug Administration approval was only 2 days and
patients with history of heart, kidney, liver, diabetes, or se-
vere infections and coagulation disorders were excluded from
these trials. Adverse effects such as renal dysfunction, foamy
macrophage syndromes, and itching may appear only later.
Indeed, the increased 90-day mortality rate in patients who
received higher cumulative doses of HES (136 ml/kg) in the
Volume Substitution and Insulin Therapy in Severe Sepsis
trial only became apparent between days 21 and 90.7

More recently, we have demonstrated that in patients
with severe sepsis, even median cumulative doses of only 100
ml/kg HES 130/0.4 and 86 ml/kg gelatin may result in an
increased incidence of acute renal failure.10 Likewise, Ringer’s
lactate had markedly less negative impact on urine output
and kidney damage in a model of isolated perfused kidneys
than both HES 200/0.5 and HES 130/0.4, whereas the dif-
ferences between the two starches was only minor.16

Thus, the statement of Westphal et al.1 that 9 clinical
trials on renal function demonstrate the “safety of waxy
maize-derived HES 130/0.4” is surprising. One of these trials
characterized as “important” is a purely observational study,
which did not specify HES solutions and reported a cumu-
lative HES dose of less than 15 ml/kg.17 Moreover, HES
recipients at baseline had less exposure to renal replacement
therapy (2.2%) than patients not exposed to HES (4.4%,
P � 0.001), and actual exposure to HES during the intensive
care unit stay was associated with an increased requirement
for renal replacement therapy (10.6 vs. 9.3%; P � 0.006), an
effect which did not persist in a multivariate analysis of re-
sults from a subset of patients. The other eight studies are
unsuitable to detect the nephrotoxic effects of HES. One
study in volunteers did not use a control fluid, four compared
HES 130/0.4 with other, “older” HES solutions or gelatins,
which themselves impair renal function. Mean sample size
was small (n � 42), mean cumulative dose was only 65.5
ml/kg, and mean duration of trial was 2.6 days. In only three
studies, serum creatinine levels were increased at 60 days.

Westphal et al. criticize that a subgroup of patients in the
Volume Substitution and Insulin Therapy in Severe Sepsis
study received more than the allowed maximal daily dose of
HES 200/0.5 at least once during the 21-day study period,
but they failed to mention that patients who never received
more than 22 ml/kg HES/day also demonstrated a signifi-
cantly higher incidence of renal failure and need for renal
replacement therapy compared with patients who received
only modified Ringer’s lactate.7 Their suggestion that tight
glucose control might have contributed to the adverse effects
of starches in this study is an assumption, which is not sup-
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ported by the available literature on the effects of tight glu-
cose control on renal function. Like HES 130/0.4 now,
before the publication of the Volume Substitution and Insu-
lin Therapy in Severe Sepsis study, HES 200/0.5 was hailed
as a “modern” HES solution reported to be easily degradable
and eliminated by the kidneys18 and with only minor effects
on coagulation.19 It seems to be a common pattern to adver-
tise each upcoming new HES product as better until ade-
quately designed and powered clinical trials prove the con-
trary. In the absence of such trials for HES 130/0.4 and other
third-generation starches, it is hard to make a legitimate ar-
gument for the use of any of them.2
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Comment on Reference to Maximum
Dose for Starch

To the Editor:
We thank the authors for their important and informative
review article “Hydroxyethyl Starches: Different Products—
Different Effects” published in the July 2009 issue of
ANESTHESIOLOGY.1 However, there is inaccurate informa-
tion in the column titled “Maximum Daily Dose, ml/kg” in
table 1, which we believe should be corrected. Two references
are cited for table 12,3; however, neither provide support for
all the maximum daily doses listed. It seems that the main
reference provided to support these data is a similar table (also
table 1) in the September 2005 issue of ANESTHESIOLOGY.2 This
earlier publication does not provide any references for the
maximum daily dose column, other than for mentioning that
“All statements are given by the manufacturers.”

For example, it is a point of fact that hydroxyethyl starch
670/0.75 in 6% balanced solution (Hextend�, Hospira Inc.,
Lake Forest, IL) has no maximum daily dose promulgated by
the manufacturer in the Food and Drug Administration–
approved package insert.* Under “Dosage and Administration,”
there is language regarding what might “typically” be adminis-
tered (“Doses of more than 1,500 ml per day for the typical
70-kg patient (approximately 20 ml per kg of body weight) are
usually not required . . .”), but this is in no way a “maximum
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