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The clinical utility of hydroxyethyl starch (HES) solutions
shows substantial limitations due to characteristic com-
plications such as kidney failure, impairment of coagula-
tion, pruritus, and has the potential to increase mortality
[1, 2]. Nevertheless, it continues to be argued that “mod-
ern” HES solutions with a comparatively low average mo-
lecular weight of 130 kDa and low average substitution of
0.4–0.42 may mitigate the risks. However, a recent meta-
analysis of 13 randomised controlled trials with a total of
1131 patients revealed a trend toward increased mortality
in recipients of HES 130/0.4, as judged by a pooled re-
lative risk (RR) of 1.14 with a 95% confidence interval
(CI) of 0.89 to 1.46 [3]. This trend became even stronger
after adjustment for significant publication bias (RR: 1.25;
CI: 0.98 to 1.58) but still did not reach statistical signific-
ance (p = 0.069). It was noted in the meta-analysis that
major new evidence on the safety of modern HES would
be shortly forthcoming from the Scandinavian Starch for
Severe Sepsis/Septic Shock (6S) trial and the Crystalloid
versus Hydroxyethyl Starch Trial (CHEST). Those trials
have now been reported [4, 5], and their results have been
used to update the meta-analysis.

Figure 1

Relative mortality risk after HES 130/0.4–0.42 administration in
randomised trials. Error bars depict CI. Scaling of data points
according to meta-analytic weight.
CI = 95% confidence interval; HES = hydroxyethyl starch.

The 6S trial compared 6% HES 130/0.42 with Ringer’s
acetate in 798 patients with severe sepsis, while CHEST
compared 6% HES 130/0.4 with 0.9% NaCl in 7000 in-
tensive care unit (ICU) patients. Renal replacement therapy
and blood product transfusion were significantly increased
by modern HES in both trials. Additionally, in the 6S trial,
mortality at 90 days was significantly increased by HES
130/0.42 (RR: 1.17; CI: 1.01‒1.36). Mortality at 90 days
was also higher among patients allocated to HES 130/0.4 in
CHEST (RR: 1.06; CI: 0.96‒1.18), although the difference
was not statistically significant (p = 0.26). The inability to
demonstrate a significant difference in CHEST may have
been at least partly due to the low mortality risk in this gen-
eral ICU population, as indicated by the control group mor-
tality rate of only 17% at 90 days, and to the low average
daily HES 130/0.4 dose of 526 ml per patient.
Addition of the 6S and CHEST data increases the total pa-
tients in the meta-analysis up to 8580 (fig. 1). There was no
evidence of heterogeneity (I2: 0%; CI: 0%‒27%; p = 0.84).
Mortality was significantly increased by HES 130/0.4-0.42
(RR: 1.10; CI: 1.02‒1.19; p = 0.018). Despite the addition
of the two new trials, significant publication bias persisted
in the meta-analysis (p = 0.048), although its impact was
greatly reduced compared with that in the original meta-
analysis, and after adjustment by trim and fill the pooled
effect size was hardly changed (RR: 1.11; CI: 1.02‒1.20; p
= 0.014).
This is the first meta-analysis to demonstrate a statistically
significant increase in mortality attributable to modern
HES. Evidence has previously been reported of increased
mortality among patients receiving HES 450/0.7 [6] and
HES 200/0.5 [1]. Taken together with those results, the
present meta-analysis suggests that increased mortality is a
class effect of HES solutions.
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Figures (large format)

Figure 1

Relative mortality risk after HES 130/0.4–0.42 administration in randomised trials. Error bars depict CI. Scaling of data points according to meta-
analytic weight.
CI = 95% confidence interval; HES = hydroxyethyl starch.
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