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Abstract

Background: The safety of perioperative intravenous hydroxyethyl starch (HES) products, specifically HES 130/04,
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
(AKl) 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 (Cl). 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% Cl 0.88 to 1.86, p = 0.20), the incidence
of AKI'(RR 1.23, 95% Cl 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 AKl in the HES 130/0.4 group (RR
1.22,95% Cl 0.97 to 1.54) compared with the crystalloid group (RR 1.21, 95% Cl 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) so-
lutions 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, espe-
cially 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 veri-
fied 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 in-
clusion to one particular HES product. To the best of
our knowledge, the pharmacokinetic and pharmacody-
namic properties of HES vary depending on molecular
substitution and molecular weight, which may be associ-
ated with kidney and hemostatic function (Van Der
Linden et al. 2013). Moreover, it is important to mention
that modern, low-molecular-weight, low-molecular-
substitution 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, third-
generation 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) guide-
lines (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) inter-
vention: 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 out-
come 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 ap-
plied. Exclusion criteria were as follows: (1) hemoglobin-
based 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 scien-
tific 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 add-
itional studies missed from the original electronic
search.

Data extraction

Two reviewers independently screened the retrieved ti-
tles and abstracts for potential inclusion, reviewed the
full text of potentially eligible studies, and extracted data
using a uniform data extraction form specifically devel-
oped for this review. The following data were extracted
from each study: first author, title, journal, year of publi-
cation, study design, country, number of enrolled pa-
tients, 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 dis-
agreement 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 risk-
of-bias tool (Higgins and Green 2011). Studies were cat-
egorized 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 po-
tential sources of bias. Each study was compared for
consistency, with any disagreement resolved by discus-
sion 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, Assess-
ment, 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, im-
precision, inconsistency, indirectness, and publication
bias. The quality of evidence was categorized as high,
moderate, low, or very low. Additionally, the methodo-
logical 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 pre-
sented 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 I statistics. A p-value of 0.10 or less indicated
considerable heterogeneity across studies. /> values of 0
to 24.9%, 25 to 49.9%, 50 to 74.9%, and 75 to 100% sug-
gested 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 statis-
tically 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 meta-
analysis (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; Joos-
ten 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 non-
cardiac surgeries (Gondos et al. 2010). A variety of com-
parator 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 goal-
directed 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 stud-
ies (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 ex-
plained 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 demon-
strated an overall moderate level of evidence for each
outcome. The risk of bias graph and summary for the in-
dividual studies are reported in Fig. 2 and a table of indi-
vidual 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



Page 5 of 12

(2021) 10:16

Xu et al. Perioperative Medicine

Kep aanesadoisod god ‘ainssaid |euaue uesw 4y ‘Adessyy
pInjy pa1daiip-|eob /GO ‘UONELIBA SWN|OA 3)0J1S AAS ‘DWN[OA 30115 AS ‘DINssaid SNOUSA [BAIUDD /D) ‘Adeiayl Juswade|dal [euss 4y ‘Ainful ASUpp| 91N [y ‘Ullung|e WNJds UeWNY Y- ‘Uoin|os a1e1de s abuly Ty

S MY ‘AM[HON  SBA W /62 F 0698 T 09 [euiwiopqy eulyD a|buis 10 'bueyz

S DY ‘AUELON  S9A W (000£-0051) S/81 ploj|e1sAi> padueleg 7ot [euwiopqy SN albuis 10 'sa1ep

z Aujeuopy  oN W STL0L F 9H8be VH %02 ‘14 06 [euiwiopqy eulyd 91buIS L 10T ‘BueA

VH

¢ Ajjewoy  oN W (0081-054) 0091 %S 'Uneb %t ‘dulles %60 /9  Jejndseroipied SpuelayisN 9|buis 900¢ ‘fleyIzn

S00T

¢ AljeLoW SOA By W €8 F €1¢ uneeb 9%¢ €1 oelpied) wnibjag 9|buIs ‘Uspul J3p UeA

S DY SA W ¥6E F 689 1 8¢ sipadoyuo elpu| 3|buis 6107 16eAL

S AleUOW oA W (00S£-00%) 00SL T SLL |eobojoin - dlgnday yoezd 9|buis 102 ZInzs

W (0542 052T) 00ST

S M4 ON By/ 1w (8Y-5¢) T WH %S ‘T4 9€C  Jejndserolpied euisny a|buis 7107 "9ZPepIgS

S Aljeuoy  SeA W LS F S09¢ T 33 [euruopqy Hewus( QIbuIS 1107 ‘usssnuisey

z Aljenoyy oN W90l F €761 uneb o4t 06 sepied eisAejepy 31buis 6007 100

€ 1yYAuenony  oN W E8/L F LL6E unejsb 9%t ‘79°0/007 SIH 29 1e|nosep 3N a|buis £00T 'PoouIyey

€ DY ‘AM[ELON  SA W ¥8T F Y91 T 0€ [ed160j0InaN puejul4 albuis €10 'sooipur]

(v P3IOY

L 144 DY ON WG9 F 8GkL  uonnjos ewse|d) piojjelshid 901 seipie) 40 dlignday |buis 110T 997

¢ MY ON W €0l F 9967 YH %S 001l _mu:uo_oxi \AcmC\:wO w_mc_m 310¢ ngwrcrcmv_
14d

S DIV ‘AH[EUMON  SBA W (00S1-00S) 000L T £S0L [euwiopqy VSN ‘euisny NN 6107 'uogey|
L4y’

S DY ‘AM[eHON  SBA U (00€ L-00%) 006 plo]|01sA1D padueleg 091 [euiwopay wnibjeg NN 810 'us15001

¥ MY ‘Alleuoy  ON W £69€ F L'666 1 08 [euiwiopge euyd 9lbuis 10z 'Buny

4 MY ‘Aujeuopy  ON By/lw §1 1 8y sipadoyuo lizeig 9|buis €10 "lfewiey

€ Aujeuopy ON By/\w o1 VH %S ‘unejeb %t 1y 00¢ paxiw Aebuny Ny 010¢ 'sopuos

L4 (63

v DIV 'AMEUOW  ON /W66 F £61) TW LEL F LEYL uneab o6¢ 59 1B|ndsep oduely BINA 8007 19p0D

S MY ON BYW Ly F 0L T 16 leulwopqgy VSN albuis £10Z "Aveipoyn
14d

S DIV AueHON  S3A W (00S1-054) 000L QUIIeS %60 SLL [euiopay oduel N 020z 19nn4

14 MV cﬁ__mto.\/_ SOA 9|ge|leAe 10N _U_O:Em\cu p=aoueleg 0S ,mu_@0,0Uwc\AO \Acmrr:wo w_mc_m ¢10¢ gwm_wLUEn_

S 144DV ON W (05/-00%) 005 VH %S Il selpied VSN 31buis 020z ‘uedung

€ Aljeuopy ON W 0SC F 0CEL unejsb %t 1y 6 oeipIeD uey| albuis Z10T ey

210ds sjuaned K1964ns J91uddNW
peper sswodnQ 14do +'0/0€L SIH JO dWN|OA siojesedwo) jo 'oN Jo adA| Anuno> /31buis reay

S3IPNIS PAPN|DUL JO SISHIDRIBYD UlR L djqeL



Xu et al. Perioperative Medicine (2021) 10:16 Page 6 of 12
P
A
<
5 bl
a o B -
] 5 @ E c o) o
< 5 g g c = o, & o
Y553 F s 8 8f o388 ietzds;
2 828 888545 &8¢ 8§53 gz 28 g8 g g 8D
B3 BB 2B BB BB N BB RBEEBRBSERERRERB
S 2 28 & 3 2 2 2 83 % @ 2 3 © » o » 2 8 3 8 & B R
OO OO SO -~ PP OO ® O ® ® ® ®|®|~ |Random sequence generation (selection bias)
P~ PO S PP DD O PO O ® ® ®| ®| ~ |Alcation concealment (selection bias)
@S- P~ OO O OO SO P OO ~| V|~ |® @®|~|@®|~ |Blinding of participants and personnel (performance bias)
LI IR I K I ) . @ 2|2 |||~ |@®| @~ |~ | |Blindingof it ion bias)
. ‘ . . ‘ . . . . . . . . . ‘ . . . . . - . - . = | Incomplete outcome data (attrition bias)
P OO OO P O PP PP O DO PO ® O ®| ®|® |selectve reporting (reporting bias)
® 00O OO OO O OGO OO O®O® O O®O®O® OO O O @ ® ot
B

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)

Other bias

25% 50%

100%

75%

o
X

| - Low risk of bias

D Unclear risk of bias

Il High risk of bias

question mark uncertain risk

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

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, I* = 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
546, p = 0.63, I = 0%) or non-cardiac/mixed surgery
group (RR 1.31, 95% CI 0.89 to 1.91, p = 0.17, I = 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 con-
sensus definitions define AKI based either on the in-
crease 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, > = 0%), a difference that was not statisti-
cally significant but that displayed a potential trend to-
wards 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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HES
Events Total

Control
Study or Subgroup Events Total Weight

2.1.1 Cardiac surgery

Alavi 2012 0 32 0 60

Ooi 2009 0 45 0 45

Van der Linden 2005 0 64 1 68 1.4%
Verheij 2006 0 17 1 50 1.4%
Subtotal (95% CI) 158 223 2.8%
Total events 0 2

Heterogeneity: Tau? = 0.00; Chi? = 0.19, df = 1 (P = 0.67); I? = 0%
Test for overall effect: Z = 0.48 (P = 0.63)

2.1.2 Non-cardiac/mixed surgery

Feldheiser 2013 1 26 0 24 1.4%
Futier 2020 12 389 6 386 14.9%
Godet 2008 2 32 2 33 3.9%
Gondos 2010 15 50 38 150 55.0%
Hamaiji 2013 1 24 0 24 1.4%
Hung 2012 0 41 0 39

Joosten 2018 0 80 4 80 1.7%
Kabon 2019 5 523 4 534 8.2%
Lindroos 2013 0 15 0 15
Mahmood 2007 1 21 3 41 2.9%
Rasmussen 2014 0 17 0 16

Szturz 2014 2 58 1 57 2.5%
Yang 2011 0 30 0 51

Yates 2014 5 104 2 98 5.4%
Zhang 2012 0 20 0 40
Subtotal (95% CI) 1430 1588 97.2%
Total events 44 60

Heterogeneity: Tau? = 0.00; Chi? = 5.19, df =9 (P = 0.82); I? = 0%
Test for overall effect: Z=1.38 (P =0.17)

Total (95% CI) 1588

Total events 44 62
Heterogeneity: Tau? = 0.00; Chi* = 5.88, df =11 (P = 0.88); I? = 0%
Test for overall effect: Z =1.28 (P = 0.20)

Test for subgroup differences: Chi2 = 0.49, df =1 (P = 0.48), I? = 0%

1811 100.0%

M-H. Random. 95% Cl

Risk Ratio Risk Ratio

M-H. Random, 95% ClI

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, Cl confidence interval, M-H Mantel-Haenszel
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statistically significant difference (p = 0.17) between the
cardiac surgery group (RR 2.81, 95% CI 0.85 to 9.26, p =
0.09, I = 0%) and non-cardiac/mixed surgery group (RR
1.19. 95% CI 0.95 to 1.49, p = 0.12, I = 0%) (Fig. 4). In
addition, there was no subgroup difference related to the
type of comparator fluids (p = 0.99) (Fig. S3).

Secondary outcomes—incidence of requirement for RRT

Based on data from eight RCTs including 2597 partici-
pants (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, I* = 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).

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,
I? = 0%) and non-cardiac/mixed surgery (RR 0.68, 95%
CI 0.32 to 1.46, p = 0.32, I* = 0%) did not result in a sta-
tistically significant difference (Fig. 5). There was no
subgroup effect related to type of comparator fluids (p =
0.64) (Fig. S4)

Discussion
This systematic review and meta-analysis showed no sig-
nificant 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 under-
going cardiac or non-cardiac surgery.

Intravenous fluid therapy is of paramount importance
in perioperative care. Given the potential benefits of
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Study or Subgroup Events Total Events Total Weight
1.2.1 Cardiac surgery

Duncan 2020 8 69 3 72 2.9%
Lee 2011 1 53 0 53 0.5%
Ooi 2009 0 45 0 45
Subtotal (95% Cl) 167 170 3.4%
Total events 9 3

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.97); I? = 0%
Test for overall effect: Z=1.70 (P = 0.09)

1.2.2 Non-cardiac/mixed surgery

Futier 2020 85 389 63 386 55.5%
Ghodraty 2017 1 46 1 45 0.6%
Godet 2008 8 32 7 33 6.0%
Hamaiji 2013 1 24 0 24 0.5%
Hung 2012 0 41 0 39

Joosten 2018 19 80 23 80 17.5%
Kabon 2019 21 523 16 534 11.7%
Kammer 2018 0 47 4 53 0.6%
Lindroos 2013 0 15 0 15

Tyagi 2019 4 19 5 19 3.6%
Yates 2014 4 104 0 98 0.6%
Subtotal (95% CI) 1320 1326 96.6%

Total events 143 119
Heterogeneity: Tau? = 0.00; Chi? = 7.51, df =8 (P = 0.48); I? = 0%
Test for overall effect: Z=1.55 (P = 0.12)
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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, Cl confidence interval, M-H Mantel-Haenszel

2.78[0.77, 10.06] 7
3.00[0.12, 72.02]
Not estimable

2.81 [0.85, 9.26] T

1.34 [1.00, 1.80] g
0.98[0.06, 15.17]
1.18 [0.48, 2.87]
3.00[0.13, 70.16]
Not estimable

0.83 [0.49, 1.39] —=
1.34[0.71, 2.54] T
0.13[0.01, 2.26]
Not estimable
0.80 [0.25, 2.53] —T
8.49 [0.46, 155.59]
1.19 [0.95, 1.49] 1 4
1.23[0.99, 1.53] »
0.005 0.1 1 10 200

Favours HES Favours control

HES, including longer intravascular persistence than
crystalloids and relatively lower price than albumin, it
has been used widely for intravascular volume mainten-
ance or augmentation for decades (Finfer S. 2013). How-
ever, 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 in-
creased risk of renal dysfunction and death (Brunkhorst
et al. 2008; Perner et al. 2012; Myburgh et al. 2012; Zary-
chanski et al. 2013). Unlike critically ill patients, how-
ever, surgical patients present an intact tight glycocalyx/
vascular endothelial junction for the retention of col-
loids, 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 re-
ceive 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 re-
placement therapy during the perioperative period.

We found no statistically significant difference in post-
operative mortality. This result is in line with meta-
analyses 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. Com-
pared 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% sa-
line (Futier et al. 2020). Previous meta-analyses by Gillies
in 2014 and Raiman in 2016 evaluated the hospital mor-
tality and 90-day mortality respectively. Owing to the
relatively short duration of follow-up in most of the in-
cluded studies, our systematic review focuses on short-
term mortality (within 30 days after surgery). Of all the
RCTs we identified, only the trial by Duncan et al evalu-
ated the effect of HES on long-term outcomes (i.e. 1-
year 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, Cl confidence interval, M-H Mantel-Haenszel
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mortality attributable to higher event rates and corre-
sponding 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 in-
creased mortality. Older generations of HES character-
ized by higher molecular weight induce tubular swelling
and osmotic necrosis due to cytoplasmic vacuole forma-
tion 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 consid-
ered 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 inci-
dence of AKI, there may be a potential trend towards in-
creased 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 compara-
tor, although the difference was not statistically signifi-
cant (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 re-
ported. 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 kid-
ney function monitored for at least 90 days in all pa-
tients 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 defin-
ition staging for AKI should be reported and be system-
atically followed up to facilitate the comparison and
combination of trials.

Predefined subgroup analyses were performed on pa-
tients undergoing cardiac surgery, because cardiopulmo-
nary bypass (CPB) induced inflammation, endothelial
dysfunction and abnormal microvascular permeability
may augment the risk of kidney dysfunction and mortal-
ity (Dabbagh et al. 2012). However, the systemic inflam-
matory 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 syn-
drome 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 accord-
ing to type of comparator fluids (i.e. crystalloids and
non-crystalloids). In the current meta-analysis, the pri-
mary 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 advan-
tages of using HES 130/0.4 for volume replacement ther-
apy 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 operat-
ing room). As the lack of demonstrable benefits, the
authors did not support the use of HES in the periopera-
tive period. Newly-published propensity score-matched
cohort studies suggested that HES 130/0.4 administra-
tion 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 HOE-
NICS trial, which will provide clinically relevant infor-
mation 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 vol-
ume 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 im-
proving 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 standard-
ized 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 closed-
loop fluid administration system provided by a minimally-
invasive hemodynamic monitoring device and controlled
by a computer. However, the use of HES solution accord-
ing to a GDFT algorithm compared with other fluids re-
sulted 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 clinic-
ally relevant outcomes. Secondly, we followed a rigorous
methodology. The review of eligibility criteria, data ex-
traction, 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 sub-
group analyses and sensitivity analyses. Thirdly, this re-
view 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 het-
erogeneity was detected according to the I statistics. Fi-
nally, publication bias was assessed visually using a
funnel plot (Fig. S1), and no obvious asymmetry was de-
tected 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 non-
crystalloids, thereby mitigating the risk of creating a
spurious finding. Lastly, all outcomes were rated
down for imprecision as the 95% CI included appre-
ciable benefit or harm. Overall, there was a moderate
certainty of evidence for each outcome.

Conclusions

This systematic review and meta-analysis comprehen-
sively evaluated the safety of HES 130/0.4 for volume
replacement therapy in surgical patients. After includ-
ing 4111 patients, we found no evidence that the
perioperative administration of HES 130/0.4 for vol-
ume replacement therapy in surgical patients is asso-
ciated with increased postoperative mortality, AKI or
requirement for RRT. However, our findings cannot
be regarded as evidence of safety. Given the insuffi-
cient and inconclusive evidence, we cannot
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recommend the use of HES 130/0.4 for volume re-
placement therapy in surgical patients. Future well-
powered 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, goal-
directed approach, and take the volume and timing of
administration into consideration.
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