
I N 1831 during the European 
cholera epidemic, Latta1 was the 

first to report on a patient who was 
successfully resuscitated with intra-
venous fluids. He injected 60 ounces 
of warm saline intravenously to a 
pulseless cholera patient. According 
to the author’s report, on receiv-
ing the fluid resuscitation, every 
symptom of cholera was removed. 
About 80 yr later, fluid resuscita-
tion with colloids was introduced 
to clinical medicine for treatment of 
severe hemorrhage. In his case series 
report published in JAMA in 1915, 
Hogan2 noted that although salt 
solutions give a temporary rise in 
blood pressure (and improvement 
in the general symptoms result-
ing from hemorrhage), he could 
obtain a more permanent rise with 
gelatin, a hydrophilic colloidal solu-
tion. In the same report, Dr. Hogan 
included the caveat that resuscita-
tion with colloids is insufficient to 
treat toxemic shock despite the ini-
tial effects of colloid resuscitation 
on blood pressure. #is differential 
effect on outcome of patients presenting with hemorrhagic 
and septic shock should be kept in mind when interpreting 
the results from current trials.

Hydroxyethyl starches (HES) are the most commonly 
used colloids in many parts of the world;3however, recent 
studies suggest that HES may be associated with worse out-
comes, when given for fluid resuscitation to patients with 
sepsis.4,5 Outcome data on the topic of colloid resuscitation 
are sparse, which is probably why it still raises strong opin-
ions from key opinion leaders in the field.

In this issue of ANESTHESIOLOGY, two groups of researchers 
provide important new data on the safety and potential benefits 
of modern 6% HES. Silva et al. 6 show in a preclinical model of 
hemorrhage and lung injury that potato-derived 6% HES resus-
citation compares favorably with crystalloid and gelatin–based 
fluid resuscitation in terms of variables reflecting pulmonary 

and renal injury. #e meta-analysis of 
Martin et al.7 reports on the absence 
of renal toxicity of maize-derived 
HES given to 1,230 patients under-
going a variety of surgical procedures.

Structure-Action 
Relationship of Different 
HES Products
Available HES products differ 
in their mean molecular weight, 
molar substitution, substitution 
pattern, and raw material, and 
this information is incorporated 
in the nomenclature of HES given 
in the product information. Six 
percent HES 130/0.40 indicates a 
6% solution of HES (iso-oncotic) 
with a mean molecular weight of 
130 kd and a substitution ratio of 
0.4 (hence the term “tetrastarch”). 
Older generations of HES with 
substitution ratios of 0.5, 0.6, and 
0.7 are known as penta-, hexa-, and 
hetastarches, respectively.8 Newer 
generation tetrastarches are derived 
from two sources. #e raw material 

is either waxy maize starch in 6% HES 130/0.4 (Voluven® 
or Volulyte®, Fresenius Kabi, Bad Homburg, Germany) or 
potato starch in 6% HES 130/0.42 (e.g., Venofundin® or 
Tetraspan®, B. Braun Melsungen, Germany; VitaHES® or 
Vitafusal®, Serumwerk Bernburg, Germany; PlasmaVolu-
meRedibag®, Baxter, Unterschleißheim, Germany), and 
some including Martin et al.7 believe that maize- and potato-
derived 6% HES 130 are not biologically equivalent.

Potato starch—in contrast to waxy maize starch 
preparations—contains several thousand parts per million of 
esterified phosphate groups, which are located predominantly 
at the C6 (60–70%) and C3 positions (30–40%) of the 

Mashed Potatoes and Maize

Are the Starches Safe?

Photo: ©ThinkStock.

Accepted for publication November 14, 2012. The authors are 
not supported by, nor maintain any financial interest in, any com-
mercial activity that may be associated with the topic of this article.

Copyright © 2013, the American Society of Anesthesiologists, Inc. Lippincott 
Williams & Wilkins. Anesthesiology ;118: -7

ALN

A. Bagchi and M. Eikermann 

A. Bagchi and M. Eikermann 

February

142012142012152012

10.1097/ALN.0b013e31827e5582

2

◆ This Editorial View accompanies the following articles: Martin 
C, Jacob M, Vicaut E, Guidet B, Van Aken H, Kurz A: Effect 
of waxy maize-derived hydroxyethyl starch 130/0.4 on renal 
function in surgical patients. ANESTHESIOLOGY 2013; 118:387–
94; and Silva PL, Güldner A, Uhlig C, Carvalho N, Beda A, 
Rentzsch I, Kasper M, Wiedemann B, Spieth PM, Koch T, 
Capelozzi VL, Pelosi P, Rocco PRM, Gama de Abreu M: Ef-
fects of intravascular volume replacement on lung and kidney 
function and damage in nonseptic experimental lung injury. 
ANESTHESIOLOGY 2013; 118:395–408.

“… clinical studies 
have not only failed to 
conclusively demonstrate 
the expected benefits, but 
have also suggested the 
possibility of harm from 
the starches.”
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glucose units.9 Adding more negative charges to the starch 
molecule affects the tertiary structure and contributes to the 
higher viscosity of potato-derived starch. In addition, these 
negative charges may contribute to the formation of inclusion 
complexes of amylose-containing starch preparations with 
endogenous lipid molecules, such as prostanoids or free 
fatty acids.10 To the best of our knowledge, however, we do 
not know at this point whether the differences in molecular 
structure between potato- and maize-derived starch translates 
into differences in efficacy and drug safety when these 
colloids are used in perioperative medicine.

The Physiology of Resuscitation
Resuscitation involves much more than volume expansion. 
Indeed, one can argue that skillful resuscitation lies at the heart 
of the specialties of anesthesia and critical care. Fundamentally, 
resuscitation is the restoration of cellular perfusion and oxygen-
ation. #erefore, an ideal resuscitation fluid would accomplish 
long-lasting volume expansion, while improving microcircu-
lation in the absence of immunosuppression and toxic effects 
(fig. 1). In addition, we would like our fluids to be inexpensive 
and have a long shelf life. #e potential advantages of colloids 
over crystalloids include more efficacious volume expansion, 
decreased extravascular lung water, decreased edema, and 
improved microcirculation. Although synthetic colloids are 
significantly cheaper than albumin, they have potential draw-
backs, such as the risk of allergic reactions, impaired coagulation 
and renal function, as well as long-term retention in the reticu-
loendothelial system, which may differ among compounds. 
#ird-generation of HES preparations (the tetrastarches, char-
acterized by degrees of substitution of 0.40 and 0.42) are widely 
considered to be the safest of the synthetic colloids,11 although 
robust data to substantiate this claim are limited.12

What Do the Clinical Data Suggest?
#e Saline versus Albumin Fluid Evaluation study showed 
that in most intensive care unit patients (except in those with 
traumatic brain injury) 4% albumin did not increase death 
from any cause during the 28-day period compared with 
normal saline.13 #e Efficacy of Volume Substitution and 
Insulin #erapy in Severe Sepsis trial in 20084 suggested a 
strong association between the use of HES and renal failure and 
mortality in septic patients. However, it was criticized for using 
a less favorable HES formulation (a hyperoncotic pentastarch, 
10% HES 200/0.5), as well as for using large volumes of HES, 
well in excess of the manufacturer’s recommendation. #e 
recently published 6S trial was performed in response to these 
critiques.5 #is randomized, blinded trial used moderate doses 
of a third-generation tetrastarch (derived from potato—6% 
HES 130/0.42) in patients with severe sepsis, and found that 
the tetrastarch was associated with worse outcomes (risk of 
death and risk of requiring renal replacement therapy) than 
crystalloid. #is study, too, needs to be criticized, because the 
effective volume replacement effect was grossly unbalanced 

between groups, leading to differences in red blood cell 
transfusion requirements.14 It is also important to underscore 
that we do not understand clearly the mechanisms that 
underlie HES-mediated nephrotoxicity. In contrast, two 
small studies looking at the use of tetrastarches in trauma 
(the Fluids in Resuscitation of Severe Trauma study)15 and in 
sepsis (Effects of Voluven on Hemodynamics and Tolerability 
of Enteral Nutrition in Patients with Severe Sepsis study)16 
failed to find any deleterious effect in terms of renal function 
or mortality—but they were not powered to rigorously 
address renal safety and mortality. In a large randomized 
study of waxy maize-derived tetrastarch (the Crystalloid 
versus Hydroxyethyl Starch trial, with an enrollment of 
7,000 intensive care unit patients), the authors did not find 
a difference in mortality, which was the criterion the study 
was powered for.17 However while there was no difference in 
the incidence in renal failure, patients treated with HES had 
a higher rate of renal replacement therapy. Importantly, the 
authors did not find evidence of adverse outcome in the subset 
of patients with sepsis, although the patients in this study 
were less sick than in the VISEP and 6S studies. In addition, 
more patients who received 6% HES 130/0.4 had adverse 
events.17 Accordingly, although the final answer on whether 
or not HES should be used in critically ill patients has still not 
been given, considerations regarding its safety profile in these 
heterogeneous patients continue to be a concern, and it would 
seem prudent to avoid its use in patients with severe sepsis.

What Do the Present Studies Add?
In a nonseptic porcine model of acute lung injury, Silva  
et al.1 found that goal-directed volume expansion with HES 
(derived from potato) was more effective at restoring circu-
lating blood volume compared with crystalloid (the ratio of 
HES to crystalloid was 1: 2.7). #ey also found that HES pre-
served lung function better than crystalloid, and surprisingly, 
that HES was less damaging to the kidneys than gelatin, the 
other colloid tested. It should be noted that functional renal 
impairment has not been evaluated. #e strengths of this study 
include a well-described model of lung injury and hypovolemia 

Fig. 1. Goals of effective resuscitation. A star indicates po-
tential advantages of colloids over crystalloids from a con-
ceptional point of view. However, dedicated outcome trials 
need to con!rm these !ndings in entity-based collectives of 
patients.
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in a large mammal, and the relatively sophisticated endpoint 
(intrathoracic blood volume index) for resuscitation in hypo-
volemic shock. Some limitations need to be considered: their 
model does not incorporate infection, and the study period was 
limited to 4 h, which may explain the better colloid to crys-
talloid ratio compared with recent clinical studies.4,5,13,16 !e 
meta-analysis by Martin et al.7 is driven by the consideration 
that the biological effects of the newer tetrastarches (specifically 
the HES derived from waxy maize) significantly differ from 
older-generation starches, and are less likely to be nephrotoxic 
when used in the perioperative setting. !ey included data 
from 17 studies showing that waxy maize-derived HES (6% 
HES 130/0.40) is not associated with a greater risk of renal 
damage (as measured by serum creatinine) compared with the 
fluids it was tested against in these studies in the general sur-
gical population. Martin et al.7 point out in their discussion 
that unfavorable results generated using HES from potato (as 
in the 6S trial) may not be applicable to HES derived from 
waxy maize. Although the high heterogeneity (I2 = 68.5% for 
baseline creatinine values, and 79.8% for extreme creatinine 
values) may be a concern, their data support the view that waxy 
maize-derived HES (6% HES 130/0.40) can be safely used for 
treatment of blood loss in the operating room. !is finding 
is in accordance with another recently published analysis on 
randomized controlled trials using tetrastarches, suggesting 
that the intraoperative use of modern HES preparations dur-
ing surgery is not associated with postoperative renal failure.18

What Is the Take-Home Message?
!e tension between supporters and detractors of the 
starches largely stems from the fact that the starches seem 
to have a very compelling physiologic rationale for their use; 
unfortunately, clinical studies have not only failed to conclu-
sively demonstrate the expected benefits, but have also sug-
gested the possibility of harm from the starches. In addition, 
colloids are more expensive than crystalloids.

In which patient groups should we consider the use of 
HES preparations? !e two studies that appear in this issue 
support the view that the new tetrastarches are well suited 
to short-term resuscitation, for example, in the periopera-
tive or preclinical period, where their demonstrated efficacy 
at volume expansion may be used to the patient’s benefit. 
However, we do not have robust data that examine the util-
ity of HES in patients undergoing high-risk surgery, such as 
major vascular surgery and surgery in patients with sepsis. 
A study using older HES preparations in brain-dead kidney 
donors found evidence of increased renal dysfunction in the 
recipients.19 Although we cannot automatically extrapolate 
those findings to the newer starches, we would recommend 
using HES with caution in renal transplants.

Given the available data on HES during surgery and in 
the intensive care unit, we find ourselves still pretty much in 
line with the conclusions that Dr. Hogan2 came to approxi-
mately 100 yr ago, that is, resuscitation with colloids is 
more effective than saline to treat a hypovolemic shock, but 

insufficient to treat toxemic (septic) shock, despite the initial 
effects of colloid resuscitation on blood pressure.
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the American Society of Anesthesiologists, Inc.)
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ABSTRACT

Background: !e aim of this meta-analysis was to evaluate 
renal safety with the active substance of the latest genera-
tion of waxy maize-derived hydroxyethyl starch in surgical 
patients. !e authors focused on prospective, randomized, 
controlled studies that documented clinically relevant vari-
ables with regard to renal effects of waxy maize-derived 
hydroxyethyl starch 130/0.40.
Materials and methods: !e authors carefully searched for 
all available prospective, randomized studies and evaluated 
the greatest delta from baseline values in renal safety variables 

(serum creatinine values, calculated creatinine clearance, 
incidence of renal replacement therapy, and acute renal fail-
ure). !e authors included 17 studies that analyzed patients 
(n = 1,230) undergoing a variety of surgical procedures.
Results: For maximum serum creatinine values, the effect 
size estimate was 0.068 (95% CI = −0.227 to 0.362), P = 
0.65. For calculated creatinine clearance values, pooled risk 
difference was 0.302 (95% CI = −0.098 to 0.703), P = 0.14. 
For incidence of acute renal failure, pooled risk difference 
was 0.0003 (95% CI = −0.018 to 0.019), P = 0.98. For inci-
dence of renal replacement therapy, pooled risk difference 
was −0.003 (95% CI = −0.028 to 0.022), P = 0.85.
Conclusions: !e authors found no evidence for renal dys-
function caused by modern waxy maize-derived hydroxy-
ethyl starch 130/0.40 in surgical patients.

H YDROXYETHYL starches (HES) are colloidal solu-
tions used for prevention and treatment of hypovo-

lemia. During the past decades, the molecular weight and 
molar substitution (proportion of hydroxyethylated glucose 
subunits) of these molecules have been optimized, leading 
to an average molecular weight of approximately 130 kDa 
and a molar substitution of approximately 0.4. Between the 
different generations of starches there are clear clinical dif-
ferences in terms of coagulation effects1–6 or effects on renal 
function.7,8 Nevertheless, it has recently been suggested to 
exclude starches from volume resuscitation in the critically 
ill patient.9 !is led to great uncertainty about general use of 
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HES, especially in European countries where many clinicians 
routinely use HES preparations to stabilize cardiac preload.

!e clinical trials that have raised concerns about the renal 
safety of HES10–14 showed a higher frequency of acute renal 
failure (ARF) and some even higher mortality in critically ill 
patients, using different isotonic and hypertonic HES prepa-
rations. A retrospective trial15 and two prospective random-
ized studies16,17 performed with waxy maize-derived HES 
130/0.40 in intensive care unit patients found no significant 
signs of renal dysfunction or differences in mortality.

Several reviews and meta-analyses have addressed the 
safety of HES before. But first, most analyses did not usu-
ally take into account different HES generations and the raw 
material.1,18

Second, within the latest meta-analyses19–21 two also 
focused on HES 130 but did not differentiate between the 
products derived from waxy maize and potato.20,21 Also, 
they included surgical patients and/or critically ill or septic 
patients. Currently, many small studies in surgery supporting 
HES 130/0.4 face a small number of relatively large studies 
in critically ill patients, which showed negative effects. !us, 
one might argue that surgical studies were just underpow-
ered to show the adverse effects observed in the critically ill. 
To test this hypothesis, the current meta-analysis evaluates 
renal safety with the most modern HES 130/0.40 derived 
from waxy maize in nonseptic, surgical patients.

We evaluated studies that reported renal effects of waxy 
maize-derived HES 130/0.40. Furthermore, we included 
only prospective, randomized interventional studies and 
analyzed the largest changes from baseline values in renal 
safety variables within these studies.

Materials and Methods
Eligibility Criteria
We selected only prospective, randomized controlled trials 
and included all available surgical procedures to achieve as 
much generalizability of our results as possible.

Inclusion criteria for eligible studies were:

1) !e use of waxy maize-derived HES 130/0.40, the latest 
(third) generation starches, in at least one intervention 
group. Due to the heavy imbalance in study evidence 
and proven differences of the products22–24 we refrained 
from including data about HES 130/0.42.

2) Reporting on one of the following variables as primary 
endpoint, secondary endpoint or safety data:

3) Blood urea, serum creatinine, calculated creatinine 
clearance, glomerular filtration rate, α1-microglobulin, 
neutrophil gelatinase-associated lipocalin, N-acetyl-
β-(D)-glucosaminidase, Risk, Injury, Failure, Loss, 
End stage kidney disease classification25, Acute Kidney 
Injury Network classification, or ARF.

4) !e use of a colloidal or crystalloidal solution other than 
HES 130/0.40 in one intervention group of the study 
as a control. Studies conducted exclusively in septic or 
critically ill patients were excluded.

Search Strategy
We searched PubMed for studies with the following terms in 
all fields: HES 130, HES 130/0.4, and one of the terms “cre-
atinine,” “renal function,” “renal failure,” or “renal replace-
ment therapy.” Because many randomized, controlled trials 
might not be listed in common databases,26 we performed 
an additional manual search via the Fresenius Kabi study 
tracking system, using the same search terms. !is approach 
yielded 10 further studies. All studies found in addition to 
the initial search were also listed in PubMed.**

Study Selection and Data Extraction
!e selection criteria mentioned above were developed and 
studies screened by all authors. !e inclusion and exclu-
sion criteria for retrieved studies were a priori jointly dis-
cussed and agreed upon. !e study flow diagram is shown in  
figure 1. !e initial search via PubMed resulted in 48 hits. 
A manual search using the Fresenius Kabi tracking system 
yielded 10 additional studies.

!irty-four publications had to be excluded as they were 
conducted on critically ill patients (e.g., sepsis, trauma, n = 6), 
review articles (n = 7), experimental studies (n = 5) (e.g., using 
MP4OX, which is an experimental drug with an unknown 
safety profile [n = 2]27,28), retrospective or observational with-
out control group (n = 10), or without adequate control group 
(comparison of 2 HES 130/0.4) (n = 2).29,30 In addition, we 
excluded studies in kidney transplant patients (n = 2),31 because 
effects of kidney transplantation on creatinine will very likely 
mask any effects of HES as creatinine values typically improve 
after a transplant. !us, we avoided introducing a falsely posi-
tive signal for HES by excluding these studies. We also excluded 
a nonretracted study published by Boldt32 due to the retraction 
of nearly all other relevant studies from this author. For an over-
view of all included studies and numbers of patients see table 1.

Data were extracted from the individual studies and, in 
addition to the variables mentioned above, intensive care 
unit length of stay, hospital length of stay, and mortality 
were recorded, if available. For renal function, we extracted 
baseline values for each variable as well as the highest or low-
est value after HES administration. !is indicated the great-
est impact on renal function, independent of the point in 
time it had been recorded.

Calculated creatinine clearance was directly measured 
in two studies33,34 but not specified in the others. !us, we 
expect that most of the data presented are calculated or esti-
mated creatinine clearances.

ARF was defined according to Risk, Injury, Failure, Loss, 
End stage kidney disease 25 criteria when available. In case Risk, 
Injury, Failure, Loss, End stage kidney disease classification was 
not reported, the definition of ARF was considered according ** Or at www.clinicaltrial.gov. Accessed December 20, 2012.
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to the definition mentioned in the original article. !is defini-
tion may vary slightly from one publication to another.

Statistical Analysis
All values extracted from the individual studies were trans-
formed to mean values and SD. If mean value and SD were 
not reported, they were estimated from median values and 
ranges, or interquartile ranges.35 If studies included more 
than one control group,34,36 the respective data were pooled 
(weighted estimate). Two studies did not provide a baseline 
value for serum creatinine36 or blood urea.37,38 Nevertheless, 
the respective highest or lowest values were included in the 
meta-analysis. We calculated the effect size using the nonbi-
ased method proposed by Hedges and Olkin.39 Finally, the 
effect size for continuous variables or relative risk for binary 
variables was pooled via a meta-analysis with random effects 
based on DerSimonian-Laird using the Statdirect software 
(StatDirect Ltd., Altrincham, United Kingdom). Begg-
Mazumdar and Egger variables were used for testing bias 
within publications. Heterogeneity was estimated by the I² 
index proposed by Higgins and !omson.40 P values were 

two-tailed and a P value of less than 0.05 was considered as 
statistically significant.

Results
In total, 17 studies were included in the analysis. !ese 
comprised patients undergoing elective surgical procedures 
like cardiopulmonary bypass,37,38,41,42 cardiac surgery,2,3,43–45 
other surgical procedures,33,34,36,46–49 or liver transplanta-
tion.50 Most studies provided data about serum creatinine or 
calculated creatinine clearance, whereas other variables like 
neutrophil gelatinase-associated lipocalin or β-acetyl-β-(D)-
glucosaminidase were reported only rarely. !e extracted 
extreme values for serum creatinine occurred on average 2 
days after surgery. None of our funnel plots showed signifi-
cant heterogeneity. !e bias indicators for serum creatinine 
extreme values were −0.099 (0.5906) for Kendall tau (Begg-
Mazumdar) and 0.735 (95% CI = −5.395 to 3.925); P = 0.74 
for the Egger bias indicator. We found no significant differ-
ence for the effect of waxy maize-derived HES 130/0.40 on 
serum creatinine as compared with the respective controls for 
baseline (pooled d+ = −0.021 [95% CI = −0.261 to 0.219], 
P = 0.86, I² = 68.5% [95% CI = 35.8 to 80.9%]) and for 
extreme values (pooled d+ = 0.068 [95% CI = −0.227 to 
0.362], P = 0.65, I² = 79.8% [95% CI = 65.2 to 86.6%])  
(fig. 2, A and B). Two studies differed in their results: for 
Tiryakioglu et al.,38 the HES group showed significantly 
higher serum creatinine values 24 h after the procedure (97 ± 9 
to 124 ± 21 µmol/l). In Gallandat-Huet et al.,2 the serum cre-
atinine concentration did not differ significantly between the 
study groups. Yet it increased slightly in the HES 130 group 
(96 ± 14 to 109 ± 17 µmol/l), whereas it decreased in the HES 
200 control (98 ± 14 to 94 ± 21 µmol/l).

In terms of ARF (n = 701, fig. 3), none of the selected 
studies showed a significant difference in risk. !e pooled 
risk difference for random effects was 0.0003 (95% CI = 
−0.018 to 0.019), P = 0.98, I² = 0% (95% CI = 0–56.3%). 
We did not find significant differences between HES and 
control groups for calculated creatinine clearance (n = 344), 
urea (n = 390), mortality (n = 834), and the need for renal 
replacement therapy (n = 531) (table 2). Furthermore, there 
was no significant difference in intensive care unit or hos-
pital length of stay (n = 723 and 940 respectively, table 2).

Discussion
!e present meta-analysis on the renal effects of third-gen-
eration waxy maize-derived hydroxyethyl starch 130/0.40 
shows no evidence for renal impairment caused by this col-
loidal solution in surgical patients.

Only three of the included studies showed a slight 
increase in serum creatinine to approximately 124 µmol/l. 
With respect to calculated creatinine clearance, incidence of 
ARF and mortality, our results showed no significant dif-
ferences for HES 130/0.40 and the respective comparators. 
However, especially data with regard to ARF are limited 
due to a low number of patients with ARF and different 

Fig. 1. Study !ow diagram. HES = hydroxyethyl starch; ICU =  
intensive care unit.

Electronic search results
Search via PubMed and 
Fresenius Kabi  tracking system 
n = 58

Literature reviews
n = 7

Excluded
n = 34

Potential inclusions
n = 51

=
experimental (n = 5)
retrospective or
observational (n = 10)
HES 130 control (n = 2)
renal transplantation (n = 2)
author Boldt (n = 1)
retracted (n = 8)
ICU/septic (n = 6)p ( )

Included in meta analysis
n = 17
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definitions of ARF among the studies. !e results of one 
study48 for calculated creatinine clearance indicated a poten-
tially positive effect of waxy maize-derived HES 130/0.40. 
However, in this study the clearance of the control group 
corresponding to the worst value for waxy maize-derived 
HES 130/0.40 was exceptionally low whereas it increased 

for the HES group. Additionally, the number of patients in 
this study was very low; it was only 29. Within the last years, 
several other authors performed meta-analyses or literature 
reviews on safety aspects of HES. Unfortunately, no analysis 
so far has provided a stringent and transparent inclusion of 
the best available data sets about surgical patients only.

Fig. 2. Surgical patients. (A): Serum creatinine baseline values; random effect pooled d+ = −0.021 (95% CI = −0.261 to 0.219),  
Z (test d+ differs from 0) = −0.172, P = 0.86. (B): Serum creatinine extreme values; random effects (DerSimonian-Laird), pooled 
d+ = 0.068, (95% CI = −0.227 to 0.362), Z (test d+ differs from 0) = 0.45, P = 0.65. No signi"cant differences were found between 
extreme values and baseline. d+ effect size = difference; DL = DerSimonian-Laird; FK = Fresenius Kabi; HES = hydroxyethyl 
starch; N = number of patients.

Fig. 3. Risk difference of acute renal failure; random effects (DerSimonian-Laird): Pooled risk difference = 0.000298 (95%  
CI = −0.018 to 0.019), Chi² (test risk difference differs from 0) = 0.000992 (df = 1), P = 0.98. No signi"cant risk difference was 
found. df = degree of freedom.
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A very extensive meta-analysis on HES by Dart et al.18 
addressed the question of renal safety. Yet, it did not take into 
account the existence of differences between HES generations 
and pooled data for all HES preparations, concentrations, 
and different oncotic properties. It is thus not surprising 
that this review article—like others before—highlights the 
negative effects of some very old starches like HES 650. 
Unfortunately, the authors extend their results to all HES. 
Additionally, the analysis was dominated by the VISEP 
trial,13 in which critically ill patients received a hyperoncotic 
10% HES 200/0.5, whereas the vast majority of studies with 
colloids used isooncotic preparations. Groeneveld et al.19 
distinguished between different HES generations. Still this 
analysis has several limitations: First, the incidence of ARF 
and the need for renal replacement therapy were the primary 
outcome. Yet, as discussed before, the definitions of ARF 
varied largely among studies. Renal replacement therapy is 
also subject of controversy, because the decision when to 
start it differs considerably among studies and centers and is 
generally not defined by the study protocol. !erefore, this 
specific outcome is highly variable among studies. Second, 
the included data were incomplete. Notably, three available 
studies38,41,50 and several others regarding nonrenal outcomes 
were not taken into account.

Another recent analysis by Hartog et al.20 also extensively 
reviewed the literature on HES 130/0.40. However, with 
regard to renal outcome, the authors considered only a lim-
ited number of trials and excluded several others by using 
criteria that seem to be weakly defined. Most important, 
data from small trials were classified as “random findings” 
and, therefore, excluded from the analysis. !is seems ques-
tionable as the main merit of a meta-analysis or a literature 

review is its ability to gain evidence from pooling small stud-
ies that fulfill basic requirements in study design.

!e most recent review article in critically ill patients 
was published by Gattas et al.,21 and critically it analyzed 
whether the recent retraction of studies by Boldt34 substan-
tially changed the evidence concerning clinical use of HES 
130/0.40. In fact, the authors found that this was not the 
case. Gattas et al. only considered studies reporting the need 
for renal replacement therapy and urine output and con-
cluded that there were insufficient data to draw definite con-
clusions about the renal safety of HES 130/0.40.

Our meta-analysis includes all available randomized con-
trolled trials analyzing waxy maize-derived HES 130/0.40 
effects on renal safety in elective surgical patients. We chose 
serum creatinine as our main outcome as this was available 
in all studies. Furthermore, monitoring serum creatinine, as 
well as changes in serum creatinine, has been reported to 
be a valid and sensitive variable in predicting patient out-
come.25,51 As with all clinical markers, serum creatinine has 
inherent limitations that might not reflect small but long-
term damages that could become relevant after repeated or 
very high dose administration of HES.

!e present meta-analysis includes the comparison of 
waxy maize-derived HES 130/0.40 to various control solu-
tions, including products that are known as being safe for 
renal function like crystalloid solutions. For subanalysis of 
data comparing waxy maize-derived HES 130/0.40 with, 
for example, crystalloids or specific colloids, the number of 
patients is too small to draw meaningful conclusions. !e 
estimates of heterogeneity (I2) between studies may repre-
sent substantial heterogeneity, which should be kept in mind 
when interpreting the data. Given the range of different 

Table 2. Results of the Meta-analysis

Parameter Results (Model: Random Effects (DerSimonian-Laird))

Calculated creatinine  
clearance (n = 344)

Baseline Extreme value
Pooled d+ = 0.302 (95% CI = −0.098 to 0.703) Pooled d+ =0.783 (95% CI = −0.229 to 1.795)
Z (test d+ differs from 0) = 1.482; P = 0.14 Z (test d+ differs from 0) = 1.517; P = 0.13
I² = 67.8% (95% CI = 0% to 85.4) I² = 93.8% (95% CI = 88.9 to 95.9%)

Urea (n = 390) Baseline Extreme value
Pooled d+ = −0.068 (95% CI = −0.371 to 0.236) Pooled d+ = −0.148 (95% CI = −1.077 to 0.782)
Z (test d+ differs from 0) = −0.437; P = 0.66 Z (test d+ differs from 0) = −0.311; P = 0.76
I² = 12.3% (95% CI = 0% to 76.1) I² = 94.3% (95% CI = 90.2 to 96.2%)

Renal replacement  
therapy (n = 531)

Pooled risk difference = −0.003 (95% CI = −0.028 to 0.022)
Chi² (test risk difference differs from 0)=0.037 (df=1); P = 0.85
I² = 0% (95% CI = 0 to 58.5%)

ICU length of stay  
(n = 723)

Pooled d+ = 0.113 (95% CI = −0.172 to 0.398)
Z (test d+ differs from 0) = 0.775; P = 0.44
I² = 80.1% (95% CI = 62.6% to 87.4)

Hospital length of  
stay (n = 940)

Pooled d+ = 0.212 (95% CI = −0.035 to 0.46)

Z (test d+ differs from 0) = 1.68; P = 0.09
I² = 73.9% (95% CI = 48.1 to 83.9%)

ICU = intensive care unit.
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settings and comparators analyzed for this meta-analysis, this 
is not surprising and is a trait that has even been reported 
even for many Cochrane meta-analyses.

We are also aware that our analysis does not allow the 
drawing of any conclusions about critically ill patients.

A limitation of any meta-analysis as of ours potentially 
is sample size and power of the study. Also, not all variables 
used to assess renal function were available in all the analyzed 
studies. Furthermore, our findings cannot be extrapolated to 
the use of hypertonic HES,52 the use in patients undergoing 
kidney transplantation53 even if waxy maize-derived HES is 
used during the resuscitation of the donors and the recipients.

In summary, our meta-analysis provides evidence that 
there is currently no verifiable association between the 
administration of waxy maize-derived HES 130/0.40 and 
changes of serum creatinine and calculated creatinine clear-
ance or the incidence of ARF in patients undergoing surgical 
procedures.

References

Guidet B, Van Aken H: Hydroxyethyl starches: Different 
products–different effects. ANESTHESIOLOGY

does not increase blood loss and transfusion requirements in 
coronary artery bypass surgery compared with hydroxyethyl 

NESTHESIOLOGY

astarch. ANESTHESIOLOGY

tion on renal function after transplantation. Br J Anaesth 

effects of synthetic colloids and crystalloids in patients with 

Group: The risk associated with hyperoncotic colloids in 

æ

æ



 Martin et al.

Waxy Maize Hydroxyethyl Starch and Renal Function

and information technology needs: the Second International 

ing primary hip arthroplasty under spinal anesthesia. Anesth 

patients undergoing primary hip arthroplasty with spinal 

ANESTHESIOLOGY

therapy with a new hydroxyethyl starch solution in car
diac surgical patients before cardiopulmonary bypass. J 

albumin administration in hepatocellular carcinoma patients 
undergoing hepatectomy: An open, randomized clinical trial 

comparing the effects on renal function of hydroxyethyl 
starch or gelatine during aortic aneurysm surgery. Br J Surg 

diopulmonary bypass prime solutions (a randomized con

tion of cardiopulmonary bypass prime solution on tissue and 

in patients with recent exposure to dual antiplatelet therapy 

sation on renal function in patients undergoing emergency 
abdominal surgery: A randomised controlled pilot study 

J: [Hydroxyethyl starch to protect renal function in lapa
 

4:11–4

NESTHESIOLOGY


