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Abstract
Background: The safety of perioperative intravenous hydroxyethyl starch (HES) products, specifically HES 130/0.4,
continues to be the source of much debate. The aim of this meta-analysis was to update the existing evidence and
gain further insight into the clinical effects of HES 130/0.4 on postoperative outcomes for volume replacement
therapy in surgical patients.
Methods: MEDLINE, EMBASE, and Cochrane Library databases were searched from inception to March 2020 for
relevant randomized controlled trials (RCTs) on perioperative use of HES 130/0.4 in adult surgical patients. The
primary outcome was postoperative mortality and secondary outcomes were the incidence of acute kidney injury
(AKI) and requirement for renal replacement therapy (RRT). The analysis was performed using the random-effects
method and the risk ratio (RR) with a 95% confidence interval (CI). We performed the risk-of-bias assessment of
eligible studies and assessed the overall quality of evidence for each outcome.
Results: Twenty-five RCTs with 4111 participants were finally included. There were no statistical differences
between HES 130/0.4 and other fluids in mortality at 30 days (RR 1.28, 95% CI 0.88 to 1.86, p = 0.20), the incidence
of AKI (RR 1.23, 95% CI 0.99 to 1.53, p = 0.07), or requirement for RRT (RR 0.75, 95% CI 0.37 to 1.53, p = 0.43). Overall,
there was a moderate certainty of evidence for all the outcomes. There was no subgroup difference related to the
type of surgery (p = 0.17) in the incidence of AKI. As for the type of comparator fluids, however, there was a trend
that was not statistically significant (p = 0.06) towards the increased incidence of AKI in the HES 130/0.4 group (RR
1.22, 95% CI 0.97 to 1.54) compared with the crystalloid group (RR 1.21, 95% CI 0.27 to 3.91). Subgroup analyses
according to the type of surgery demonstrated consistent findings.
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Conclusions: This systematic review and meta-analysis suggests that the use of HES 130/0.4 for volume
replacement therapy compared with other fluids resulted in no significant difference in postoperative mortality or
kidney dysfunction among surgical patients. Given the absent evidence of confirmed benefit and the potential
trend of increased kidney injury, we cannot recommend the routine clinical use of HES 130/0.4 for volume
replacement therapy in surgical patients from the perspective of benefit/risk profile. However, the results need to
be interpreted with caution due to the limited sample size, and further well-powered RCTs are warranted.
Trial registration: PROSPERO registry reference: CRD42020173058
Keywords: Hydroxyethyl starch 130/0.4, Volume replacement therapy, Surgery

Background
Perioperative volume replacement therapy, based on the
infusion of crystalloid or colloid solutions, is ubiquitous
in clinical practice and crucial to patient outcomes.
Among synthetic colloids, hydroxyethyl starch (HES) solutions are by far the most studied solutions that have
been used worldwide for volume replacement therapy.
However, the clinical use of HES solutions has been
much hampered since the reports of increased risk of
kidney injury and death in critically ill patients, especially in patients with sepsis (Brunkhorst et al. 2008;
Perner et al. 2012; Myburgh et al. 2012). Therefore, in
2013, both the European Medicines Agency and U.S.
Food and Drug Administration recommended not to use
HES solutions in critically ill patients, including those
with sepsis. Nevertheless, this may not be a good and
sufficient reason to ban HES from operating rooms, as
surgical patients usually receive limited amounts of HES
for periods of a few hours only perioperatively. Though
adverse effects of HES solutions have been clearly verified in intensive care unit (ICU) patients, they have not
been established in surgical patients.
In the following years, several systematic reviews and
meta-analyses have indicated insufficient evidence to
recommend the use of HES solutions in surgical patients
(Gillies et al. 2014; Martin et al. 2013; Raiman et al.
2016; Van Der Linden et al. 2013). However, they were
based on small-sampled studies and did not restrict inclusion to one particular HES product. To the best of
our knowledge, the pharmacokinetic and pharmacodynamic properties of HES vary depending on molecular
substitution and molecular weight, which may be associated with kidney and hemostatic function (Van Der
Linden et al. 2013). Moreover, it is important to mention
that modern, low-molecular-weight, low-molecularsubstitution HES products, including HES 130/0.4, are
commonly used nowadays and potentially associated
with fewer adverse effects (Raiman et al. 2016). In
addition, recently published large trials compared HES
130/0.4 with other fluids in perioperative settings, and
provided conflicting results (Duncan et al. 2020; Futier
et al. 2020; Kabon et al. 2019).

Therefore, we conducted a systematic review and
meta-analysis to update the existing evidence and gain
further insight into the effects of a modern, thirdgeneration HES product, specifically HES 130/0.4, on
postoperative mortality and renal function for volume
replacement therapy in surgical patients.

Methods
This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al. 2009). The protocol for this study is
registered in the International Prospective Register of
Systematic Reviews (PROSPERO) (registration number:
CRD42020173058).
Selection and exclusion criteria

We systematically searched MEDLINE, EMBASE, and
Cochrane Central Register of Controlled Trials (CENT
RAL) from database inception to March 1, 2020. The
search strategies used are available in supplementary
material Doc S1. Study inclusion criteria were as follows:
(1) design: randomized controlled trials; (2) population:
adult surgical patients aged 18 years or older; (3) intervention: perioperative administration of HES 130/0.4 for
volume replacement therapy; (4) control: infusion of any
other fluids; (5) outcomes: eligible studies must report at
least one of predetermined outcomes. The primary outcome focused on postoperative mortality (within 30 days
after surgery). Secondary outcomes were acute kidney
injury (AKI) and requirement for renal replacement
therapy (RRT) (at the longest follow-up). No language,
sample size, or date of publication restrictions were applied. Exclusion criteria were as follows: (1) hemoglobinbased fluid as comparator fluids; (2) subjects undergoing
organ transplantation, burns, or trauma surgery; (3)
unextractable data; (4) Joachim Boldt as a named author
(whose studies were retracted due to allegations of scientific misconduct) (Reilly et al. 2011). The detailed search
strategy can be found in Supplementary material Doc
S1. Searches were also conducted using clinical trials
registry (www.clinicaltrials.gov) and Google Scholar to
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identify grey literature (including reports, conferences,
workshop proceedings, and ongoing trials). We checked
the reference list of all included studies to identify additional studies missed from the original electronic
search.
Data extraction

Two reviewers independently screened the retrieved titles and abstracts for potential inclusion, reviewed the
full text of potentially eligible studies, and extracted data
using a uniform data extraction form specifically developed for this review. The following data were extracted
from each study: first author, title, journal, year of publication, study design, country, number of enrolled patients, distribution in both groups, inclusion criteria,
comparator fluid, type of surgery, fluid therapy protocol,
postoperative mortality, incidence of author-defined
postoperative AKI, and requirement for RRT. Any disagreement was resolved by discussion between the two
reviewers or mediated by a third reviewer.
Risk of bias assessment

Two reviewers independently assessed risk of bias in
included studies using the Cochrane Collaboration riskof-bias tool (Higgins and Green 2011). Studies were categorized into high, low, or unclear risk of bias according
to the following predefined criteria: random sequence
generation (selection bias), allocation concealment
(selection bias), blinding of participants and personnel
(performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition
bias), selective reporting (reporting bias), and other potential sources of bias. Each study was compared for
consistency, with any disagreement resolved by discussion between the two reviewers or mediated by a third
reviewer.
Quality of evidence assessment

The overall quality of evidence for each outcome was
assessed by the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) system
using the GRADEpro Guideline Development Tool
(Software) (Guyatt et al. 2008). Meta-analysis of RCTs
began as high quality of evidence and were rated down
based on the following five categories: risk of bias, imprecision, inconsistency, indirectness, and publication
bias. The quality of evidence was categorized as high,
moderate, low, or very low. Additionally, the methodological quality of included studies was evaluated using
the Jadad score, which assessed the appropriateness of
randomization, blinding, and whether patient withdrawal
information was provided (Jadad et al. 1996).
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Evidence synthesis and statistical analysis

As all the outcomes were dichotomous data, we presented the results as risk ratio (RR) with corresponding
95% confidence intervals (CI); to calculate the risk ratio,
the total number of patients in each group and those
with the event of interest were extracted from each
study.
Statistical heterogeneity between studies was assessed
by using I2 statistics. A p-value of 0.10 or less indicated
considerable heterogeneity across studies. I2 values of 0
to 24.9%, 25 to 49.9%, 50 to 74.9%, and 75 to 100% suggested none, low, moderate, and high heterogeneity
respectively.
The effect size of primary and secondary outcomes
was analyzed with a random-effects model (DerSimonian
and Laird method) to take into account clinical and
methodologic diversity between studies. For outcomes
with more than 10 studies, potential publication bias
was assessed by visual inspection of funnel plot
symmetry.
We anticipated heterogeneity across studies, therefore
subgroup analysis was planned a priori according to the
type of surgery (cardiac versus non-cardiac/mixed
surgery). All statistical analyses and meta-analyses were
performed using Review Manager (RevMan, V.5.3). A
two-sided p-value of less than 0.05 was considered statistically significant.

Results
Study selection and characteristics

The initial electronic search retrieved 1757 citations, and
the grey literature search identified additional 78 studies.
This process identified 217 potentially eligible studies
for full-text review. After duplicate and ineligible studies
were removed, 25 RCTs with a total of 4111 participants
were finally included in our systematic review and metaanalysis (Fig. 1). All included studies were published
between 2005 and 2020 with a sample size from 30 to
1057 patients. Five trials were multicenter RCTs (Futier
et al. 2020; Godet et al., 2008; Gondos et al. 2010; Joosten et al. 2018; Kabon et al. 2019) and the remainder
were single-center RCTs. All trials but three had a Jadad
score of three or more (Lee et al. 2011; Ooi et al. 2009;
Yang et al. 2011). Among all the included studies, seven
trials focused on patients undergoing cardiac surgery,
and the study conducted by Gondos et al was in a mixed
group of patients undergoing both cardiac and noncardiac surgeries (Gondos et al. 2010). A variety of comparator fluids were used, including crystalloid solutions,
HES 200/0.62, gelatin, and albumin. Additionally, the
average dose of HES 130/0.4 administration ranged from
10 to 42 ml/kg. Eleven of the 25 studies used goaldirected fluid therapy (GDFT) for perioperative volume
replacement. The main characteristics of included
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Fig. 1 PRISMA flow diagram of trial selection

studies are summarized in Table 1, and an additional
table is available in Table S1.
Random sequence generation was present in 22 studies (88%), allocation concealment in 18 studies (72%),
blinding of participants and personnel in 16 studies
(64%), and blinding of outcome assessment in 10 studies
(40%). Incomplete outcome data was adequately explained in 19 studies (76%), and three studies (12%) had
selective reporting of outcomes. According to the
Cochrane Collaboration’s risk of bias tool, six trials were
judged to be low risk of bias in all domains (Futier et al.
2020; Kabon et al. 2019; Kammerer et al. 2018; Szturz
et al. 2014; Yates et al. 2014; Zhang et al. 2012).
Fourteen trials had unclear risk of bias, mostly related to
blinding of participants and personnel and blinding of
outcome assessment (Alavi et al. 2012; Duncan et al.
2020; Feldheiser et al. 2013; Ghodraty et al. 2017; Godet
et al., 2008; Gondos et al. 2010; Hamaji et al. 2013; Hung
et al. 2014; Joosten et al. 2018; Skhirtladze et al. 2014;
Tyagi et al. 2019; Van der Linden et al. 2005; Verheij
et al. 2006; Yang et al. 2011), while five trials had high
risk of bias (Lee et al. 2011; Lindroos et al. 2013;

Mahmood et al. 2007; Ooi et al. 2009; Rasmussen et al.
2014). The domain judged to have the highest risk of
bias was attrition bias. The GRADE assessment demonstrated an overall moderate level of evidence for each
outcome. The risk of bias graph and summary for the individual studies are reported in Fig. 2 and a table of individual study bias is available in the Supplementary
material (Table S2).
Primary outcome—postoperative mortality

Nineteen studies reported mortality within 30 days after
surgery (Alavi et al. 2012; Feldheiser et al. 2013; Futier
et al. 2020; Kabon et al. 2019; Godet et al., 2008; Gondos
et al. 2010; Hamaji et al. 2013; Hung et al. 2014; Joosten
et al. 2018; Lindroos et al. 2013; Mahmood et al. 2007;
Ooi et al. 2009; Rasmussen et al. 2014; Tyagi et al. 2019;
Szturz et al. 2014; Van der Linden et al. 2005; Verheij
et al. 2006; Yang et al. 2011; Yates et al. 2014; Zhang
et al. 2012). The longest follow-up period for mortality
in each study was described in supplementary material
(Table S1). The overall postoperative mortality at 30
days was 44/1588 (2.8%) in the HES 130/0.4 group and
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RL Ringer’s Lactate solution, HA human serum albumin, AKI acute kidney injury, RRT renal replacement therapy, CVP central venous pressure, SV stroke volume, SVV stroke volume variation, GDFT goal-directed fluid
therapy, MAP mean arterial pressure, POD postoperative day

Single

Single

Mahmood, 2007

Single

Single

Ghodraty, 2017

Lindroos, 2013

Multi

Futier, 2020

Single

Single

Feldheiser, 2013

Single

Single

Duncan, 2020

Lee, 2011

Single

Alavi, 2012

Kammerer, 2018

Single/
multicenter

Trail

Table 1 Main characteristics of included studies
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Fig. 2 Risk of bias assessment. a Risk of bias summary. b Risk of bias graph. The plus sign indicates low risk, the minus sign high risk, and the
question mark uncertain risk

62/1811 (3.4%) in the control group, which showed no
statistically significant difference between compared
arms (RR 1.28, 95% CI 0.88 to 1.86, p = 0.20, I2 = 0%).
There were no deaths in 7 of the 19 studies (Alavi et al.
2012; Hung et al. 2014; Lindroos et al. 2013; Ooi et al.
2009; Rasmussen et al. 2014; Yang et al. 2011; Zhang
et al. 2012). There was no subgroup effect related to the
type of surgery (p = 0.48). No difference was observed in
either cardiac surgery group (RR 0.58, 95% CI 0.06 to
5.46, p = 0.63, I2 = 0%) or non-cardiac/mixed surgery
group (RR 1.31, 95% CI 0.89 to 1.91, p = 0.17, I2 = 0%)
(Fig. 3). There was no subgroup effect related to the type
of comparator fluids (p = 0.78) (Fig. S1). Funnel plot
analysis suggested visually no significant asymmetry,
suggesting a low chance of publication bias (Fig. S2).
Secondary outcomes—incidence of author-defined AKI

Author-defined AKI was reported in 15 RCTs with 3179
patients (Duncan et al. 2020; Feldheiser et al. 2013;
Futier et al. 2020; Ghodraty et al. 2017; Godet et al.
2008; Hamaji et al. 2013; Hung et al. 2014; Joosten et al.
2018; Kabon et al. 2019; Kammerer et al. 2018; Lee et al.
2011; Lindroos et al. 2013; Tyagi et al. 2019; Yates et al.

2014; Zhang et al. 2012). Postoperative AKI was defined
in nine studies using clinical or laboratory biomarkers
including serum creatinine, glomerular filtration rates,
and requirement for dialysis. Three studies used the
risk/injury/failure/loss/end-stage (RIFLE) classification
(Hamaji et al. 2013; Kammerer et al. 2018; Bellomo et al.
2004), and one study was based on the definition by the
Acute Kidney Injury Network (AKIN) grade (Ghodraty
et al. 2017; Mehta et al. 2007). Three studies used the
Kidney Disease Improving Global Outcomes (KDIGO)
criteria (Futier et al. 2020; Joosten et al. 2018; Tyagi
et al. 2019; Kellum et al. 2013). All three of these consensus definitions define AKI based either on the increase in serum creatinine or on the change of urine
output. The incidence of author-defined AKI in the HES
130/0.4 group was 10.0% (152/1513) and 7.9% (122/
1551) in the comparison group (RR 1.23, 95% CI 0.99 to
1.53, p = 0.07, I2 = 0%), a difference that was not statistically significant but that displayed a potential trend towards better renal protection by the comparator fluid. In
four studies, no patient developed AKI (Hung et al.
2014; Lindroos et al. 2013; Ooi et al. 2009; Yang et al.
2011). As for the type of surgery, there was not
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Fig. 3 Forest plot for the effects of HES 130/0.4 versus other fluids on postoperative mortality. Subgroup analysis shows cardiac surgery versus
non-cardiac/mixed surgery. HES hydroxyethyl starch, CI confidence interval, M-H Mantel–Haenszel

Secondary outcomes—incidence of requirement for RRT

There was no subgroup effect in terms of the type of
surgery (p = 0.47). With regard to subgroup analysis,
cardiac surgery (RR 1.44, 95% CI 0.21 to 9.73, p = 0.71,
I2 = 0%) and non-cardiac/mixed surgery (RR 0.68, 95%
CI 0.32 to 1.46, p = 0.32, I2 = 0%) did not result in a statistically significant difference (Fig. 5). There was no
subgroup effect related to type of comparator fluids (p =
0.64) (Fig. S4)

Based on data from eight RCTs including 2597 participants (Duncan et al. 2020; Futier et al. 2020; Godet
et al., 2008; Joosten et al. 2018; Kabon et al. 2019; Lee
2011; Mahmood et al. 2007; Skhirtladze et al. 2014),
there was no statistically significant difference between
the two groups in requirement for RRT (RR 0.75, 95%
CI 0.37 to 1.53, p = 0.43), and no heterogeneity (p =
0.87, I2 = 0%). The number of patients with requirement
for RRT was 13/1244 (1.0%) in the HES 130/0.4 group
and 21/1351 (1.6%) in the comparison group. There was
no need for RRT in one study (Duncan et al. 2020).

Discussion
This systematic review and meta-analysis showed no significant difference in postoperative mortality or renal
dysfunction (the incidence of AKI and requirement for
RRT) between HES 130/0.4 and other fluids in surgical
patients for volume replacement therapy. These findings
were consistent in subgroup analyses of patients undergoing cardiac or non-cardiac surgery.
Intravenous fluid therapy is of paramount importance
in perioperative care. Given the potential benefits of

statistically significant difference (p = 0.17) between the
cardiac surgery group (RR 2.81, 95% CI 0.85 to 9.26, p =
0.09, I2 = 0%) and non-cardiac/mixed surgery group (RR
1.19. 95% CI 0.95 to 1.49, p = 0.12, I2 = 0%) (Fig. 4). In
addition, there was no subgroup difference related to the
type of comparator fluids (p = 0.99) (Fig. S3).
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Fig. 4 Forest plot for the effects of HES 130/0.4 versus other fluids on incidence of author-defined acute kidney injury (AKI). Subgroup analysis
shows cardiac surgery versus non-cardiac/mixed surgery. HES hydroxyethyl starch, CI confidence interval, M-H Mantel–Haenszel

HES, including longer intravascular persistence than
crystalloids and relatively lower price than albumin, it
has been used widely for intravascular volume maintenance or augmentation for decades (Finfer S. 2013). However, the use of HES has been suspended since several
large trials reported its detrimental clinical effects in
critically ill and septic patients, with a potential increased risk of renal dysfunction and death (Brunkhorst
et al. 2008; Perner et al. 2012; Myburgh et al. 2012; Zarychanski et al. 2013). Unlike critically ill patients, however, surgical patients present an intact tight glycocalyx/
vascular endothelial junction for the retention of colloids, whereas endotoxic shock or sepsis in critically ill
patients impairs the vascular endothelium integrity
resulting in substantial extravasation of large molecules
(Steppan et al. 2011). Also, surgical patients typically receive limited amounts of HES over just a few hours only
perioperatively. Until now, no definite conclusions have
been drawn regarding the safety of HES for volume replacement therapy during the perioperative period.
We found no statistically significant difference in postoperative mortality. This result is in line with metaanalyses by Raiman in 2016 and Gillies in 2014. It is

important to highlight that the duration of follow-up
and postoperative morality have certain relevance. Compared with long-term mortality, short-term mortality is a
rare event, and the statistical power of this outcome
could be lower. An earlier RCT demonstrated that the
hospital mortality and 3-month mortality in the HES
group were 0% and 19% respectively (Feldheiser et al.
2013). On the contrary, a recent large multicenter RCT
did not demonstrate a significant difference in mortality
at days 14, 28, or 90 when comparing HES with 0.9% saline (Futier et al. 2020). Previous meta-analyses by Gillies
in 2014 and Raiman in 2016 evaluated the hospital mortality and 90-day mortality respectively. Owing to the
relatively short duration of follow-up in most of the included studies, our systematic review focuses on shortterm mortality (within 30 days after surgery). Of all the
RCTs we identified, only the trial by Duncan et al evaluated the effect of HES on long-term outcomes (i.e. 1year mortality) (Duncan et al. 2020). Future studies
should consider evaluating the safety of HES 130/0.4 on
long-term mortality in a surgical setting. It is possible
that we identify a negligible difference in short-term
mortality but a substantial difference in long-term
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Fig. 5 Forest plot for the effects of HES 130/0.4 versus other fluids on incidence of requirement for renal replacement therapy (RRT). Subgroup
analysis shows cardiac surgery versus non-cardiac/mixed surgery. HES hydroxyethyl starch, CI confidence interval, M-H Mantel–Haenszel

mortality attributable to higher event rates and corresponding greater statistical power.
To the best of our knowledge, concerns about the use
of HES have been raised mainly about an increased risk
of kidney injury, which consequently could lead to increased mortality. Older generations of HES characterized by higher molecular weight induce tubular swelling
and osmotic necrosis due to cytoplasmic vacuole formation thereby causing renal toxicity (Nan et al. 2005). On
the contrary, the newer generation of HES with lower
molecular weight is thought to have an improved safety
profile (Westphal et al. 2009). Our meta-analysis considered the existence of differences between the different
generations of HES and focused on the third-generation
product, specifically HES 130/0.4. Importantly, whereas
no statistical difference was identified regarding incidence of AKI, there may be a potential trend towards increased AKI by HES 130/0.4 when compared with the
comparator fluid (RR 1.23, 95% CI 0.99 to 1.53, p =
0.07). It is notable that the study by Kammerer et al is
the outlier, so we tested the effect on the meta-analysis
calculation after the results of this study were excluded.
Interestingly, there was nominally higher incidence of
AKI in HES 130/0.4 group compared with the comparator, although the difference was not statistically significant (RR 1.24, 95% CI 1.00 to 1.55, p = 0.05) (Fig. S5). In
addition, we chose clinical outcome measures such as
AKI and RRT instead of biochemical markers, such as

serum creatinine values, calculated creatinine clearance,
urinary neutrophil gelatinase-associated lipocalin and
cystatin C ratio, to assess the renal safety. Nevertheless,
data describing renal adverse events were not well reported. Only 7 of 25 included studies reported AKI
using diverse internationally defined criteria including
RIFLE, AKIN and KIDGO Classifications (Futier et al.
2020; Duncan et al. 2020; Ghodraty et al.2017; Hamaji
et al. 2013; Joosten et al. 2018; Kammerer et al. 2018;
Tyagi et al. 2019) (Table S2), which is a potential source
of heterogeneity in this meta-analysis. Moreover, the US
Food and Drug Administration has suggested that kidney function monitored for at least 90 days in all patients receiving HES solutions. Therefore, the short
observation period for AKI in this study may have
missed some adverse kidney events induced by HES
(Xue et al. 2020). Therefore, standardized optimal definition staging for AKI should be reported and be systematically followed up to facilitate the comparison and
combination of trials.
Predefined subgroup analyses were performed on patients undergoing cardiac surgery, because cardiopulmonary bypass (CPB) induced inflammation, endothelial
dysfunction and abnormal microvascular permeability
may augment the risk of kidney dysfunction and mortality (Dabbagh et al. 2012). However, the systemic inflammatory response from CPB and sepsis seemed to differ
(Butler et al. 1993). Tassani et al. demonstrated that the
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CPB-induced inflammatory response did not result in an
alteration of protein distribution, and capillary leak syndrome associated with CPB was not observed (Tassani
et al. 2002). Consequently, the safety of HES may differ
when used in the cardiac surgery setting from critically
ill patients or non-cardiac surgery. To address possible
confounders, we also featured subgroup analyses according to type of comparator fluids (i.e. crystalloids and
non-crystalloids). In the current meta-analysis, the primary and secondary outcomes did not differ significantly
between subgroups.
It is noteworthy that the study by Futier in 2020, i.e.
FLASH trial, is an important contribution to this topic.
The findings from their study demonstrated no advantages of using HES 130/0.4 for volume replacement therapy in high-risk patients undergoing abdominal surgery.
Furthermore, the FLASH trial even suggested concerns
about the detrimental clinical effects of HES 130/0.4 for
patients in several settings (both the ICU and the operating room). As the lack of demonstrable benefits, the
authors did not support the use of HES in the perioperative period. Newly-published propensity score-matched
cohort studies suggested that HES 130/0.4 administration during surgery was not significantly associated with
postoperative renal dysfunction or mortality (Miyao
et al. 2020; Lee et al. 2020). Given the inconclusive
current evidence, it is worth waiting for the results of
large multicenter RCTs in the future, such as the HOENICS trial, which will provide clinically relevant information regarding the safety and efficacy of HES 130/0.4
and probably have a major impact on its future.
Although the type of fluid plays certainly a role, the volume of fluid infused and the timing of administration are
of importance. In the majority of included studies, the
maximum daily dose of HES was 50 ml/kg or less, which
limited the potential harm to patients from high doses of
HES. Furthermore, over the decades, GDFT has remained
a high area of interest in perioperative medicine. GDFT
allowed strict standardization of fluid administration
under recommended and validated protocols, thereby improving patient outcomes. Is the use of HES in the defined
limits safe? Does this fluid provide any clinical benefit in
comparison to other fluids in the context of GDFT in
surgical patients? It is difficult to determine until further
investigations. Several high-quality studies have standardized the volume and timing of administration using a
GDFT protocol. (Futier et al. 2020; Joosten et al. 2018;
Kabon et al. 2019). Joosten et al even developed a closedloop fluid administration system provided by a minimallyinvasive hemodynamic monitoring device and controlled
by a computer. However, the use of HES solution according to a GDFT algorithm compared with other fluids resulted in no significant difference in postoperative
mortality and complications.
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The strengths of this review include a comprehensive
search strategy using major biomedical databases for
published data and grey literature, and a focus on clinically relevant outcomes. Secondly, we followed a rigorous
methodology. The review of eligibility criteria, data extraction, and outcome assessment were all performed in
duplicate with a high degree of inter-rater agreement.
Additionally, the risk-of-bias for each trial and quality of
evidence for each outcome were evaluated. To address
potential confounders, we also featured prespecified subgroup analyses and sensitivity analyses. Thirdly, this review contained the largest number of RCTs published
on this topic, which allowed outcomes to meet the
optimal information size and allowed us to make more
reliable inferences. Fourthly, no significant statistic heterogeneity was detected according to the I2 statistics. Finally, publication bias was assessed visually using a
funnel plot (Fig. S1), and no obvious asymmetry was detected for the primary outcome.
Several potential limitations are also present in this
meta-analysis. First, the majority of included studies
were small single-center RCTs, with low event rates
for both death and AKI, which resulted in insufficient
statistical power to detect the difference in outcomes.
In fact, although there is no evidence of statistical
heterogeneity regarding mortality and morbidity, these
results have to be interpreted with caution given the
small sample size of many studies. Second, several
important variables may be the sources of clinical
heterogeneity between studies, including definition of
AKI, type of surgical procedure, type of comparator
fluids, and fluid therapy strategy. However, to address
these possible confounders, subgroup analysis was
performed a priori to adjust the confounding factor
of cardiac surgery and non-cardiac surgery. Apart
from this, we subdivide our analysis regarding the
type of comparator fluids, i.e. crystalloids versus noncrystalloids, thereby mitigating the risk of creating a
spurious finding. Lastly, all outcomes were rated
down for imprecision as the 95% CI included appreciable benefit or harm. Overall, there was a moderate
certainty of evidence for each outcome.

Conclusions
This systematic review and meta-analysis comprehensively evaluated the safety of HES 130/0.4 for volume
replacement therapy in surgical patients. After including 4111 patients, we found no evidence that the
perioperative administration of HES 130/0.4 for volume replacement therapy in surgical patients is associated with increased postoperative mortality, AKI or
requirement for RRT. However, our findings cannot
be regarded as evidence of safety. Given the insufficient and inconclusive evidence, we cannot
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recommend the use of HES 130/0.4 for volume replacement therapy in surgical patients. Future wellpowered RCTs should focus on the effect of HES
130/0.4 on both short- and long-term outcomes in
surgical patients through a hemodynamic-based, goaldirected approach, and take the volume and timing of
administration into consideration.
Abbreviations
RCT: Randomized controlled trial; AKI: Acute kidney injury; RRT: Renal
replacement therapy; RR: Relative risk; CI: Confidence interval;
HES: Hydroxyethyl starch; ICU: Intensive care unit; PRISMA: Preferred
Reporting Items for Systematic Reviews and Meta Analyses; RIFLE: Risk/injury/
failure/loss/end-stage; AKIN: Acute Kidney Injury Network; KDIGO: Kidney
Disease Improving Global Outcomes; CPB: Cardiopulmonary bypass;
GDFT: Goal-directed fluid therapy

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13741-021-00182-8.
Additional file 1: Doc S1. Search strategy (DOCX)
Additional file 2: Table S1. Mortality at longest follow-up and definitions of acute kidney injury (AKI)
Additional file 3: Table S2. GRADE certainty
Additional file 4: Figure S1. Forest plot for subgroup analysis on
postoperative mortality: Type of comparator fluids.
Additional file 5: Figure S2. Funnel plot of postoperative mortality.
Additional file 6: Figure S3. Forest plot for subgroup analysis on
incidence of author-defined acute kidney injury (AKI): Type of comparator
fluids.
Additional file 7: Figure S4. Forest plot for subgroup analysis on
requirement for RRT: Type of comparator fluids.
Additional file 8: Figure S5. Forest plot on the incidence of authordefined acute kidney injury (AKI): Exclusion of the study by Kammerer
(2018).

Acknowledgements
The authors would like to thank the authors of the primary studies.
Authors’ contributions
All authors provided substantial contributions to the conception and design.
YX and SW conducted data collection. YX and LH performed statistical
analysis. YX drafted the original manuscript. SW, HY and HY reviewed and
revised the article. All authors read and approved the final manuscript.
Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Page 11 of 12

Received: 23 November 2020 Accepted: 22 March 2021

References
Alavi SM, Ahmadi BB, Baharestani B, Babaei T. Comparison of the effects of
gelatin, Ringer’s solution and a modern hydroxyl ethyl starch solution after
coronary artery bypass graft surgery. Cardiovasc J Afr. 2012;23(8):428–31.
https://doi.org/10.5830/CVJA-2012-026.
Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P, Acute Dialysis Quality
Initiative workgroup. Acute renal failure - definition, outcome measures,
animal models, fluid therapy and information technology needs: the Second
International Consensus Conference of the Acute Dialysis Quality Initiative
(ADQI) Group. Crit Care. 2004;8:R204–12.
Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller M, Weiler N, et al.
Intensive insulin therapy and pentastarch resuscitation in severe sepsis. N
Engl J Med. 2008;358(2):125–39. https://doi.org/10.1056/NEJMoa070716.
Butler J, Parker D, Pillai R, Westaby S, Shale DJ, Rocker GM. Effect of
cardiopulmonary bypass on systemic release of neutrophil elastase and
tumor necrosis factor. J Thorac Cardiovasc Surg. 1993;105:25–30. https://doi.
org/10.1016/S0022-5223(19)33843-7.
Dabbagh A, Rajaei S, Bahadori Monfared A, Keramatinia AA, Omidi K.
Cardiopulmonary bypass, inflammation and how to defy it: focus on
pharmacological interventions. Iran J Pharm Res. 2012;11:705–14.
Duncan AE, Jia Y, Soltesz E, Leung S, Yilmaz HO, Mao G, et al. Effect of 6%
hydroxyethyl starch 130/0.4 on kidney and haemostatic function in cardiac
surgical patients: a randomised controlled trial. Anaesthesia. 2020;75:1180–90.
Feldheiser A, Pavlova V, Bonomo T, Jones A, Fotopoulou C, Sehouli J, et al.
Balanced crystalloid compared with balanced colloid solution using a goaldirected haemodynamic algorithm. Br J Anaesth. 2013;110:231–40. https://
doi.org/10.1093/bja/aes377.
Finfer S. Reappraising the role of albumin for resuscitation. Curr Opin Crit Care.
2013;19:315–20. https://doi.org/10.1097/MCC.0b013e3283632e42.
Futier E, Garot M, Godet T, Biais M, Verzilli D, Ouattara A, et al. Effect of
hydroxyethyl starch vs saline for volume replacement therapy on death or
postoperative complications among high-risk patients undergoing major
abdominal surgery: the FLASH randomized clinical trial. JAMA. 2020;323(3):
225–36. https://doi.org/10.1001/jama.2019.20833.
Ghodraty MR, Rokhtabnak F, Dehghan HR, Pournajafian A, Baghaee Vaji M, Koleini
ZS, et al. Crystalloid versus colloid fluids for reduction of postoperative ileus
after abdominal operation under combined general and epidural anesthesia.
Surgery. 2017;162(5):1055–62. https://doi.org/10.1016/j.surg.2017.06.014.
Gillies MA, Habicher M, Jhanji S, Sander M, Mythen M, Hamilton M, et al.
Incidence of postoperative death and acute kidney injury associated with i.v.
6% hydroxyethyl starch use: systematic review and meta-analysis. Br J
Anaesth. 2014;112(1):25–34. https://doi.org/10.1093/bja/aet303.
Godet G, Lehot JJ, Janvier G, Steib A, De Castro V, Coriat P. Safety of HES 130/0.4
(Voluven(R)) in patients with preoperative renal dysfunction undergoing
abdominal aortic surgery: a prospective, randomized, controlled, parallelgroup multicentre trial. Eur J Anaesthesiol. 2008;25(12):986–94. https://doi.
org/10.1017/S026502150800447X.
Gondos T, Marjanek Z, Ulakcsai Z, Szabó Z, Bogár L, Károlyi M, et al. Short-term
effectiveness of different volume replacement therapies in postoperative
hypovolaemic patients. Eur J Anaesthesiol. 2010;27(9):794–800. https://doi.
org/10.1097/EJA.0b013e32833b3504.
Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRAD
E: an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ. 2008;336(7650):924–6. https://doi.org/10.1136/bmj.3
9489.470347.AD.
Hamaji A, Hajjar L, Caiero M, Almeida J, Nakamura RE, Osawa EA, et al. Volume
replacement therapy during hip arthroplasty using hydroxyethyl starch (130/
0.4) compared to lactated Ringer decreases allogeneic blood transfusion and
postoperative infection. Braz J Anesthesiol. 2013;63:27–35.
Higgins JP, Green S. Cochrane handbook for systematic reviews of interventions
version 5.1.0 (updated March 2011). The Cochrane Collaboration 2011. www.
handbook.cochrane.org.
Hung MH, Zou C, Lin FS, Lin CJ, Chan KC, Chen Y. New 6% hydroxyethyl starch
130/0.4 does not increase blood loss during major abdominal surgery - a
randomized, controlled trial. J Formos Med Assoc. 2014;113(7):429–35.
https://doi.org/10.1016/j.jfma.2012.08.002.
Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al.
Assessing the quality of reports of randomized clinical trials: is blinding

Xu et al. Perioperative Medicine

(2021) 10:16

necessary? Control Clin Trials. 1996;17(1):1–12. https://doi.org/10.1016/01
97-2456(95)00134-4.
Joosten A, Delaporte A, Ickx B, Touihri K, Stany I, Barvais L, et al. Crystalloid versus
colloid for intraoperative goal-directed fluid therapy using a closed-loop
system: a randomized, double-blinded, controlled trial in major abdominal
surgery. Anesthesiology. 2018;128(1):55–66. https://doi.org/10.1097/ALN.
0000000000001936.
Kabon B, Sessler DI, Kurz A, Crystalloid–Colloid Study Team. Effect of intraoperative
goal-directed balanced crystalloid versus colloid administration on major
postoperative morbidity: a randomized trial. Anesthesiology. 2019;130:728–44.
Kammerer T, Brettner F, Hilferink S, Hulde N, Klug F, Pagel JI, et al. No differences
in renal function between balanced 6% hydroxyethyl starch (130/0.4) and 5%
Albumin for volume replacement therapy in patients undergoing
cystectomy: a randomized controlled trial. Anesthesiology. 2018;128:67–78.
Kellum JA, Lameire N, KDIGO AKI Guideline Work Group. Diagnosis, evaluation,
and management of acute kidney injury: A KDIGO summary (part 1). Crit
Care. 2013;17(1):204. https://doi.org/10.1186/cc11454.
Lee HJ, Kwon Y, Bae J, et al. Hydroxyethyl Starch 6% 130/0.4 in a balanced
electrolyte solution and renal function after nephrectomy. Anesth Analg.
2020;131:1260–9.
Lee JS, Ahn SW, Song JW, Shim JK, Yoo KJ, Kwak YL. Effect of hydroxyethyl starch
130/0.4 on blood loss and coagulation in patients with recent exposure to
dual antiplatelet therapy undergoing off-pump coronary artery bypass graft
surgery. Circ J. 2011;75:2397–402. https://doi.org/10.1253/circj.CJ-11-0404.
Lindroos AC, Niiya T, Silvasti-Lundell M, Randell T, Hernesniemi J, Niemi TT. Stroke
volume-directed administration of hydroxyethyl starch or Ringer’s acetate in
sitting position during craniotomy. Acta Anaesthesiol Scand. 2013;57(6):729–
36. https://doi.org/10.1111/aas.12105.
Mahmood A, Gosling P, Vohra RK. Randomized clinical trial comparing the effects
on renal function of hydroxyethyl starch or gelatine during aortic aneurysm
surgery. Br J Surg. 2007;94:427–33. https://doi.org/10.1002/bjs.5726.
Martin C, Jacob M, Vicaut E, Guidet B, Van Aken H, Kurz A. Effect of waxy maizederived hydroxyethyl starch 130/0.4 on renal function in surgical patients.
Anesthesiology. 2013;118:387–94.
Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute
Kidney Injury Network: report of an initiative to improve outcomes in acute
kidney injury. Crit Care. 2007;11:R31–1. https://doi.org/10.1186/cc5713.
Miyao H, Kotake Y. Renal morbidity of 6% hydroxyethyl starch 130/0.4 in 9000
propensity score matched pairs of surgical patients. Anesth Analg. 2020;130:
1618–27.
Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med. 2009;6:e1000097.
Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A, Gattas D, et al. Hydroxyethyl
starch or saline for fluid resuscitation in intensive care. N Engl J Med. 2012;
367:1901–11. https://doi.org/10.1056/NEJMoa1209759.
Nan A. Miscellaneous drugs, materials, medical devices and techniques. A
worldwide yearly survey of new data in adverse drug reactions. 2005;37:603–19.
Ooi JS, Ramzisham AR, Zamrin MD. Is 6% hydroxyethyl starch 130/0.4 safe in
coronary artery bypass graft surgery? Asian Cardiovasc Thorac Ann. 2009;17:
368–72. https://doi.org/10.1177/0218492309338101.
Perner A, Haase N, Guttormsen AB, Tenhunen J, Klemenzson G, Åneman A, et al.
Hydroxyethyl starch 130/0.42 versus Ringer’s acetate in severe sepsis. N Engl
J Med. 2012;367:124–34. https://doi.org/10.1056/NEJMoa1204242.
Raiman M, Mitchell CG, Biccard BM, Rodseth RN. Comparison of hydroxyethyl
starch colloids with crystalloids for surgical patients: a systematic review and
meta-analysis. Eur J Anaesthesiol. 2016;33(1):42–8. https://doi.org/10.1097/EJA.
0000000000000328.
Rasmussen KC, Johansson PI, Højskov M, Kridina I, Kistorp T, Thind P, et al.
Hydroxyethyl starch reduces coagulation competence and increases blood
loss during major surgery: results from a randomized controlled trial. Ann
Surg. 2014;259:249–54. https://doi.org/10.1097/SLA.0000000000000267.
Reilly C. Retraction. Notice of formal retraction of articles by Dr.Joachim Boldt. Br
J Anaesth. 2011;107:116–7. https://doi.org/10.1093/bja/aer068.
Skhirtladze K, Base EM, Lassnigg A, Kaider A, Linke S, Dworschak M, et al.
Comparison of the effects of albumin 5%, hydroxyethyl starch 130/0.4 6%,
and Ringer’s lactate on blood loss and coagulation after cardiac surgery. Br J
Anaesth. 2014;112:255–64. https://doi.org/10.1093/bja/aet348.
Steppan J, Hofer S, Funke B, Brenner T, Henrich M, Martin E, et al. Sepsis and
major abdominal surgery lead to flaking of the endothelial glycocalix. J Surg
Res. 2011;165:136–41. https://doi.org/10.1016/j.jss.2009.04.034.

Page 12 of 12

Szturz P, Kula R, Tichy J, Maca J, Neiser J, Sevcik P. Individual goal-directed
intraoperative fluid management of initially hypovolemic patients for elective
major urological surgery. Bratisl Lek Listy. 2014;115:653–9.
Tassani P, Schad H, Winkler C, Bernhard A, Ettner U, Braun SL, et al. Capillary leak
syndrome after cardiopulmonary bypass in elective, uncomplicated coronary
artery bypass grafting operations: does it exist? J Thorac Cardiovasc Surg.
2002;123:735–41. https://doi.org/10.1067/mtc.2002.120348.
Tyagi A, Verma G, Luthra A, Lahan S, Das S, Rai G, et al. Risk of early postoperative
acute kidney injury with stroke volume variation-guided tetrastarch versus
Ringer’s lactate. Saudi J Anaesth. 2019;13:9–15. https://doi.org/10.4103/sja.
SJA_410_18.
Van Der Linden P, James M, Mythen M, Weiskopf RB. Safety of modern starches
used during surgery. Anesth Analg. 2013;116:35–48. https://doi.org/10.1213/A
NE.0b013e31827175da.
Van der Linden PJ, De Hert SG, Deraedt D, Cromheecke S, De Decker K, De Paep
R, et al. Hydroxyethyl starch 130/0.4 versus modified fluid gelatin for volume
expansion in cardiac surgery patients: the effects on perioperative bleeding
and transfusion needs. Anesth Analg. 2005;101:629–34.
Verheij J, van Lingen A, Beishuizen A, Christiaans HM, de Jong JR, Girbes AR, et al.
Cardiac response is greater for colloid than saline fluid loading after cardiac
or vascular surgery. Intensive Care Med. 2006;32:1030–8. https://doi.org/10.1
007/s00134-006-0195-5.
Westphal M, James MF, Kozek-Langenecker S, Stocker R, Guidet B, Van Aken H.
Hydroxyethyl starches: different products-different effects. Anesthesiology.
2009;111:187–202. https://doi.org/10.1097/ALN.0b013e3181a7ec82.
Xue FS, Liu SH, Shao LJ. Hydroxyethyl starch vs saline for volume expansion after
abdominal surgery. JAMA. 2020;324:199–200. https://doi.org/10.1001/jama.2
020.6977.
Yang J, Wang WT, Yan LN, Xu MQ, Yang JY. Alternatives to albumin
administration in hepatocellular carcinoma patients undergoing
hepatectomy: an open, randomized clinical trial of efficacy and safety. Chin
Med J (Engl). 2011;124:1458–64.
Yates DR, Davies SJ, Milner HE, Wilson RJ. Crystalloid or colloid for goal-directed
fluid therapy in colorectal surgery. Br J Anaesth. 2014;112:281–9. https://doi.
org/10.1093/bja/aet307.
Zarychanski R, Abou-Setta AM, Turgeon AF, Turgeon AF, Houston BL, McIntyre L,
et al. Association of hydroxyethyl starch administration with mortality and
acute kidney injury in critically ill patients requiring volume resuscitation: a
systematic review and meta-analysis. JAMA. 2013;309:678–88. https://doi.
org/10.1001/jama.2013.430.
Zhang J, Qiao H, He Z, Wang Y, Che X, Liang W. Intraoperative fluid management
in open gastrointestinal surgery: goal-directed versus restrictive. Clinics (Sao
Paulo). 2012;67:1149–55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

