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Abstract

Background: Hydroxyethyl starch (HES) 130 is a frequently used fluid to replace intravascular losses during surgery or

trauma. In the past years, several trials performed in critically ill patients have raised questions regarding the safety of

this product. Our aim in this meta-analysis was to evaluate the safety and efficacy of 6% HES during surgery and in

trauma.

Methods: This systematic review and meta-analysis was registered at PROSPERO (CRD42018100379). We included 85 fully

published articles from 1980 to June 2018 according to the protocol and three additional recent articles up to June 2020 in

English, French, German, and Spanish reporting on prospective, randomised, and controlled clinical trials applying

volume therapy with HES 130/0.4 or HES 130/0.42, including combinations with crystalloids, to patients undergoing

surgery. Comparators were albumin, gelatin, and crystalloids only. A meta-analysis could not be performed for the two

trauma studies as there was only one study that reported data on endpoints of interest.

Results: Surgical patients treated with HES had lower postoperative serum creatinine (P<0.001) and showed no differ-

ences in renal dysfunction, renal failure, or renal replacement therapy. Although there was practically no further dif-

ference in the colloids albumin or gelatin, the use of HES improved haemodynamic stability, reduced need for

vasopressors (P<0.001), and decreased length of hospital stay (P<0.001) compared with the use of crystalloids alone.

Conclusions: HES was shown to be safe and efficacious in the perioperative setting. Results of the present meta-analysis

suggest that when used with adequate indication, a combination of intravenous fluid therapy with crystalloids and

volume replacement with HES as colloid has clinically beneficial effects over using crystalloids only.
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Editor’s key points

� Colloids decrease the intravenous infusion volume

requirement during surgical procedures. The benefit

of this remains to be established.

� This review adds weight to the argument that mod-

ern hydroxyethyl starch, used in the correct context,
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is safe in terms of the risk of renal dysfunction. There

is no evidence of increased blood loss when hydrox-

yethyl starch is used appropriately.

� Future studies should focus on benefit rather than

safety.
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Appropriate fluid management plays a major role in anaes-

thetic practice.1 Anaesthesiologists are aware that too much

fluid may lead to tissue oedema, poor cardiac function, or

impaired gut and pulmonary function.2e4 Too little fluid may

also be harmful, potentially leading to inadequate tissue

perfusion, organ dysfunction, and impaired wound healing.5

One major problem in fluid management is that there are

widely varying recommendations on the volume, composi-

tion, and type of fluid in different circumstances.1 Some phy-

sicians recommend the exclusive use of crystalloids for all

patients in all situations for all types of fluid losses.6 However,

replacing losses from the intravascular compartment (e.g.

blood losses) primarily with crystalloids, will inevitably lead to

fluid overload.7,8 The reason for this is the physiological dis-

tribution of crystalloids: as they are evenly distributed over the

extracellular space, 20% of the infused amount remains in the

intravascular target compartment whereas 80% is shifted into

tissue.9 A widely used alternative is the class of iso-oncotic

colloids. In the perioperative situation, the most commonly

used colloid is hydroxyethyl starch (HES). Although older

generations of HES with large molecular sizes and large molar

substitution showed potential side-effects on kidney function

and coagulation,10,11 this has not been shown consistently for

the modern tetrastarch generation 6% HES 130/0.4e0.42.12

There are many trials using HES in combination with crystal-

loids for perioperative goal-directed therapy showing clear

advantages over a pure crystalloid treatment: shorter length of

stay, less need for and shorter duration of invasive ventilation,

better bowel function, fewer complications, and lower mor-

bidity.13e16 The German S3 guideline on intravascular volume

therapy evaluated existing clinical data and concluded that

HES 130 is safe and effective in surgery.16

In 2013, the Pharmacology Risk Assessment Committee

(PRAC) of the European Medicines Agency (EMA) initially rec-

ommended the suspension of the marketing authorisations

for HES solutions, after three trials,17e19 which claimed to

show negative effects of HES onmortality and kidney function

in critically ill patients and more specifically patients with

severe sepsis and septic shock. Although the results in the

perioperative setting are convincing,20 and despite some open

questions concerning the validity and generalisability of the

data,21 the PRAC confirmed this recommendation of suspen-

sion in 2018 based on the observation that HES solutions are

still used in at-risk patients. However, the Coordination group

for Mutual recognition and Decentralised procedures e hu-

man (CMDh) concluded that HES solutions should remain on

themarket, provided that complementarymeasures to protect

the patients were adopted. This advice, endorsed by the Eu-

ropean Commission, was strongly supported by a large ma-

jority of the European anaesthesiologic societies.22 Therefore,

use of HES in the perioperative setting remained an acceptable

treatment option. The effectiveness and safety of HES is likely

to differ when used in surgery rather than in septic patients.

Van der Linden and colleagues23 performed a systematic

literature research in 2013 without finding any adverse safety

signal when tetrastarches were used intraoperatively or in the

immediate postoperative period or both. Since then, several

other studies have evaluated the safety of HES in different

types of surgeries.24,25 However, efficacy has not been sys-

tematically evaluated yet.

Our aim in conducting this meta-analysis was to evaluate

both safety and efficacy of tetrastarches (i.e. HES 130/0.4 and

0.42) in comparison with crystalloids and non-HES colloids in
surgery and trauma patients. Safety was assessed with respect

to renal function and efficacy with respect to occurrence of

oedema, the need for vasopressors, and hospital length of stay.
Methods

Search strategy

This meta-analysis was performed according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines and prospectively registered with PROS-

PERO as CRD42018100379 on July 17, 2018.26 The eligibility

criteria were prospective randomised, controlled clinical trials

(blinded and non-blinded) from 1980 to June 2018 (all stages:

print, electronic publication, ahead of print) in English, French,

German, or Spanish language. Important trials were published

during the initial evaluation period.27e29 As requested by the

journal reviewers, we extended the search to June 2020.

Intervention had to include 6% HES with amolecular weight of

130 kDa and a molar substitution of 0.4 or 0.42 (including

combinations of HES with crystalloids). Comparators were

albumin, gelatin, crystalloids alone, and combinations of al-

bumin or gelatin with crystalloids. Participation criteria were

human; hospitalised patients with surgery, trauma, or both;

receiving volume therapy. Exclusion criteria were septic pa-

tients, combination of HES with other colloids, and studies

published by Boldt and colleagues30 owing to scientific

misconduct. The exact meta-analysis protocol describing the

processes to identify eligible publications and methods of

analysis is available for review and provided in Supplementary

material 1.
Study selection criteria

Studies were identified by searching the electronic databases

PubMed, Embase, and the Cochrane Library (Fig. 1). Tetra-

starches obtained marketing authorisation in 1999. Therefore,

the database search was restricted to publications from 1980

or newer. This period was assumed to cover all clinical studies

during the development of tetrastarches. All data items were

extracted by a qualified reviewer in a pre-designed database

form. To guarantee the high quality of the selection process of

data relevant for the meta-analyses, the data were controlled

by a second reviewer for 100% of the publications. Disagree-

ments were resolved by discussion between both reviewers. If

no agreement could be reached, a third qualified reviewer was

consulted. Study characteristics including detailed risk of bias

and quality measurements are presented in Supplementary

material 2.
Data extraction and endpoints

Data items extracted from the selected publications were for

the following continuous endpoints: duration of renal

replacement therapy (RRT), serum creatinine concentration,

serum urea concentration, blood urea nitrogen (BUN) con-

centration, duration of vasopressor use, length of hospital

stay. Exact details, calculations, and definitions of these end-

points can be found in Supplementary material 3. Binary

endpoints were frequency of acute kidney injury (AKI) e

defined by RIFLE, AKIN, or KDIGO, frequency of RRT, frequency

of loss of kidney function, mortality, frequency of serious

adverse events (SAE) and adverse events (AE), oedema, and

need for vasopressors. Recorded details of study medication
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Fig 1. Study selection process.
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were exact names and concentrations of HES/comparators

used, time and dosage of administration, total fluid volume

infused, duration of treatment, and whether a goal-directed

therapy algorithm was used.
Statistical analysis

The statistical analyses described above were performed using

the statistical analysis software (SAS) version 9.3. In the quality

control step, the software package review manager (RevMan)

5.2 (The Nordic Cochrane Centre, Copenhagen, The Cochrane

Collaboration, 2013) was used to check meta-analysis results as

a second independent software. The point estimates and their

associated 95% confidence intervals (CI) of differences were

derived from fixed-effect meta-analysis models. Statistical

methods were finalised and approved before analyses began,

and further details on the statisticalmethods formeta-analyses

are provided in Supplementary material 3.
Results

Of the 88 surgical studies included in the perioperative meta-

analysis (Fig. 1),14,27e29,31e113 about one-third of the studies

were double-blinded RCTs, and about 20% of the studies were

at least single-blinded. Only about 7% of the studies were re-

ported to be performed open label. For the remaining 40% of

the studies, no information on blinding was given in the

publications. No meta-analysis was performed for trauma

trials as two trials were eligible but only one study reported the

endpoints of interest.

In these perioperative trials the increase in serum creati-

nine concentration was significantly lower for HES than all

comparators (Fig. 2). In sub-group analysis, the increase in

creatinine was comparable between tetrastarch and albumin.

Gelatin showed significantly higher increases of serum creat-

inine than tetrastarch with a mean difference of 16 mmol L�1

(P<0.001). Importantly, serum creatinine increase in the
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tetrastarch group was significantly lower compared with

crystalloids (mean difference, e3.63; 95% CI, e4.72 to e2.53;

P<0.001).
With respect to the frequency of AKI, events were similar

after tetrastarch compared with all comparators (Fig. 3). The

frequency of AKI events was more frequent in subgroup

analysis comparing tetrastarch with crystalloid (common risk

ratio, 1.31; 95% CI, 1.09e1.59; P¼0.004), but less frequent when

compared with non-HES colloid (common risk ratio, 0.77; 95%

CI, 0.61e0.98; P¼0.031).

Newly initiated RRTwas an uncommon event after surgery.

Only 14 of 3966 patients (0.35%) were reported to have received

RRT in the tetrastarch group and 24 of 4317 patients (0.56%) in

the combined comparator group (risk ratio, 0.64; 95% CI,

0.34e1.19; P¼0.161; Fig. 4). Duration of RRT was only reported

in one of these trials for one single patient receiving RRT for 2

days.

For the combined endpoint, loss of kidney function e

defined according to AKI staging criteria as RIFLE Failure/Loss

or End-stage, AKIN/KDIGO stage 3, RRT, or both, there were no

differences between tetrastarch and any individual compar-

ator, nor all comparators together. In general, the periopera-

tive incidence was very low (tetrastarch, 0.9%; gelatin, 1.4%;

albumin, 1.2%; crystalloids, 0.9%) (Fig. 5).

Mortality was comparably low in all treatment arms. For

tetrastarch, mortality was 2.39% (50 of 2088 patients) and for
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Fig 2. Increase in serum creatinine concentration (mmol L�1): tetrastar
the combined comparators 2.13% (49 of 2296 patients) with no

differences between the individual comparators (P¼0.58).

The use of vasopressors as a surrogate of haemodynamic

instability was significantly more frequent in patients treated

by crystalloid (63.4%) compared with those treated with tet-

rastarch (51.4%) (risk ratio, 0.80; 95% CI, 0.75 to 0.85; P<0.001;
Fig. 6). A significant heterogeneity between trials was

observed. There were no differences between tetrastarch and

the individual colloid comparators (vs gelatin: P¼0.72 and vs

albumin: P¼0.65), data not shown. None of the analysed trials

reported on the duration of vasopressors.

The hospital length of stay was shorter for tetrastarch

compared with crystalloids (e0.38 days; 95% CI, e0.61 to e0.16

days; P<0.001; Fig. 7). However, themean difference was only 9

h. There were no differences between HES and non-HES col-

loids (0.07 days; 95% CI, e0.41 to 0.55 days; P¼0.778), with a

moderate heterogeneity between the trials.

There were not enough data available to enable a statistical

analysis concerning the endpoints duration of RRT, serum

urea concentration, BUN concentration, any related AE and

SAE, oedema, and duration of vasopressor use.
Discussion

Our aim in conducting this meta-analysis was to evaluate the

safety of tetrastarches (i.e. HES 130/0.4e0.42) in comparison
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Fig 3. Frequency of acute kidney injury (AKI): tetrastarch vs all comparators. CI, confidence interval; SD, standard deviation.
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with non-HES colloids and crystalloids in surgery and trauma

patients concerning renal function, mortality, and AE.

Furthermore, efficacy was evaluated with respect to need for

vasopressors and length of hospital stay. Only one of the two

eligible trauma trials fulfilling the criteria provided endpoints

of interest.114 Therefore, a meta-analysis for trauma was not

possible. In the perioperative setting, 88 of the 90 eligible trials

on surgical patients could be included in the final analysis. In

line with most trials performing perioperative goal-directed

therapy which favour the use of colloids, we found tetra-

starches to be both safe and efficacious when used for volume

replacement during surgery.
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HES-containing medicinal products are colloidal solutions

used for treatment of intravascular hypovolaemia.115 During

the past decades, themolecular weight andmolar substitution

of these solutions has been optimised, leading to an average

molecular weight of about 130 kDa and amolar substitution of

about 0.4.116 Between the different generations of starches,

there are clear clinical differences in terms of effects on

coagulation or renal function with the modern generation

presenting the best safety profile in surgical patients.116

Especially in the field of perioperative goal-directed therapy,

the use of colloids in general, and tetrastarches in particular,

together with crystalloids has been shown to have clear
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Fig 5. Frequency of loss of kidney function, use of RRT, or both: tetrastarch vs all comparators.
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advantages over pure crystalloid therapy.2,14 Nevertheless, the

EMA issued restrictions on themarketing authorisations for all

generations in recent years after threemajor trials in intensive

care medicine.22 Two of these trials in patients with septic
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shock, VISEP and 6S,17,18 have been criticised for their study

execution and interpretation of the data. The majority of pa-

tients were initially resuscitated using colloids (predominantly

HES) even in the crystalloid group. Despitemost patients being
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haemodynamically stabilised at study onset, the HES groups

received large amounts of HES.117,118 The third trial, Crystal-

loid vs Hydroxyethyl Starch Trial (CHEST),19 actually showed a

significantly lower rate of AKI in the tetrastarch group, but a

borderline significant higher rate of RRT, for which no criteria

were specified.119 In order to understand the contradicting

results and authors’ conclusions in CHEST, 19 national

anaesthesiology societies have asked to independently re-

analyse the CHEST data, release the raw data, or both.120 Un-

fortunately, this request has remained unanswered. Upon

request from EMA, the European Society of Anaesthesiology

and Intensive Care (ESAIC) is carrying out two large prospec-

tive double-blind randomised trials evaluating safety in sur-

gical (PHOENICS) and trauma (TETHYS) patients, which are

currently ongoing.121,122

The discussion concerning HES solutions and renal effects

has been going on for a long time.123 The first- and second-

generation starches, with high in vivo molecular weights, had

well-known negative effects, especially on coagulation.124

Although registered doses of these old generation starches

were considered as safe, most companies have withdrawn

them voluntarily from the market years ago throughout

Europe and replaced them with the modern tetrastarch.

Several reviews andmeta-analyses have previously addressed

the effects of HES on renal function.24,125,126 Unfortunately,

most analyses did not take the different HES generations into

account. For example, an analysis by Dart and colleagues127

analysing kidney function pooled data for all HES prepara-

tions and concentrations, and thus different oncotic proper-

ties. It is, therefore, not surprising that this review highlights

the negative effects of some very old starches such as HES 650.

However, the authors inexplicably extend their results to all

HES solutions.127 In addition, the analysis was dominated by

the above-mentioned VISEP trial, in which critically ill patients

received a hyperoncotic 10% HES 200/0.5,17 whereas the vast
majority of studies with colloids used iso-oncotic prepara-

tions. Repetitive use of hyperoncotic solutions has been

shown to induce renal dysfunction more than 30 years ago.128

Another analysis, from the VISEP group, extensively reviewed

the literature on HES 130/0.4.129 However, with regard to renal

outcome, the authors excluded several trials by using criteria

that seem to be weakly defined. Most importantly, data from

small trials were classified as ‘randomfindings’ and, therefore,

excluded from the analysis. This seems questionable as the

main merit of a meta-analysis or a literature review is its

ability to gain evidence from pooling small studies that fulfill

basic requirements in study design, especially given the

obvious bias of the authors.130 A further claim by these authors

was that renal issues with HES may only become apparent

after several weeks, a time span not regularly evaluated in

perioperative trials at that time. This has changed with a

recent double-blind RCT of fluid resuscitation in patients un-

dergoing major abdominal surgery, that found no evidence for

a difference in renal function at 1 year in patients receiving

crystalloid and or tetrastarch.15 However, patients in the HES

group had a statistically significantly lower disability score

after surgery and a significantly higher rate of disability-free

survival.15 Another recent study reported no change in 1 year

renal function in patients undergoing cardiac surgery who

had received balanced hydroxyethyl starch for fluid resusci-

tation, although there was no control group.131 Kammerer and

co-workers53 reported comparable renal safety profiles of HES

130 and 5% albumin in more than 100 patients undergoing

major urologic surgery. Despite including high-risk patients,

about 40% of whom suffered from preoperative chronic renal

disease, and including in-depth renal function parameters

such as the ratio of serum cystatin C, estimated glomerular

filtration rate (GFR), and neutrophil gelatinase-associated lip-

ocalin, not one patient suffered renal failure (assessed as RIFLE

F) at 90 days postoperatively. The safety and efficacy profile of
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albumin and tetrastarch were very similar with no differences

in AE, haemodynamic stability, transfusion rates, and in-

fusions requirements.53 Very recently the double-blind RCT

‘FLASH’ was published comparing 6% HES 130 vs saline in

abdominal surgery patients at increased risk for postoperative

kidney injury.27 The tetrastarch group needed less fluid and

significantly lower dosages of vasopressors, but there were no

significant differences in a composite outcome of death, kid-

ney injury, or major postoperative complications despite 24%

of the patients suffering from preoperative kidney dysfunction

(mean GFR, 54 ml min�1 1.73 m�2). The authors aimed to

maximise stroke volume giving generous fluid volumes, which

resulted in positive fluid balances of 3200 in the HES group and

3800 ml in the saline group.27 One major advantage of colloids

is to avoid such a fluid overload and its subsequent compli-

cations. This aspect and the fact that 11.7% in the saline group

received a colloid during the trial might explain why there

were no significant advantages in the HES group. Neverthe-

less, not including this trial in our analysis would have

weakened our findings significantly, so we decided to conduct

a sensitivity analysis to include recent major trials.27e29

Another now included recent trial was from Kabon and co-

workers28 on 1057 patients undergoing open or laparoscopic

abdominal surgery compared 6% HES 130 and Ringer’s lactate

solution. Similar to the FLASH trial, the HES group had

significantly fewer cardiac complications and required less

fluid, but otherwise no differences in outcome were shown.

The authors found comparably low intraoperative blood losses

(mean 250 ml), and no evidence of renal toxicity of HES

compared with controls even 6 months after surgery. A mean

of 1000ml HESwas infused into the patient intraoperatively, in

addition to a preoperative 250 ml bolus.

In our analysis, frequency of AKI events wasmore frequent

with tetrastarch compared with crystalloid although for the

combined endpoint, loss of kidney function e defined ac-

cording to AKI staging criteria as RIFLE Failure/Loss or End-

stage, AKIN/KDIGO stage 3, RRT, or both, there were no dif-

ferences between tetrastarch and any individual comparator,

nor all comparators together. It is important to note that in

several trials, tetrastarches were not used in accordance with

the current summaries of product characteristics (SmPC).16

Contraindications such as pre-existing kidney injury or

sepsis need to be observed as meticulously and a correct

indication including intraoperative blood loss.

In our analysis, although not demonstrating benefits in

terms of major outcomes, HES not only proved to be safe but

also efficacious when used in combination with crystalloids in

the perioperative setting. Need for vasopressors and length of

hospital stay were both reduced when using tetrastarches.

The aspect of oedema was not included in our analysis

because of the small amount of reported data in the trials

available. However, even advocates of pure crystalloid infu-

sion strategies recognise the higher volume effect of iso-

oncotic colloids compared with crystalloids, together with

the lower need for (additional) fluid and an improved (i.e. less

positive) fluid balance after tetrastarch.14,132 The present

meta-analysis compares 6% HES 130/0.40e0.42 with various

control solutions, including products that are considered safe

concerning renal function such as balanced crystalloid solu-

tions. There was substantial heterogeneity for some aspects,

which should be kept in mind when interpreting the data.

Given the range of different settings and comparators ana-

lysed for this meta-analysis, this is not surprising and is an

aspect that has also previously been reported for many
Cochrane meta-analyses. We are fully aware that our analysis

focuses exclusively on elective surgical patients and does not

allow the drawing of any conclusions concerning critically ill

patients. A further limitation is, like in most meta-analysis,

the sample size and power of the study. Also, not all vari-

ables used to assess renal function were available in all the

analysed studies.

In summary, our meta-analysis shows that there is

currently no evidence that 6% HES 130/0.4e0.42 causes renal

dysfunction, increases in serum creatinine, renal failure, or

RRT in patients undergoing surgical procedures. Large, rand-

omised trials are necessary to further evaluate potential ef-

fects of tetrastarches on kidney function; however, based on

currently available data, an indication- and protocol-based use

of tetrastarches in surgery is both safe and efficacious.
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fects of hydroxyethyl starch (130/0.4) versus lactated

ringer solution on coagulation parameters in cyanotic

children undergoing cardiopulmonary bypass: a ran-

domized trial. Anestezi Derg 2015; 23: 219e25

62. Lindroos A-CB, Niiya T, Silvasti-Lundell M, Randell T,

Hernesniemi J, Niemi TT. Stroke volume-directed

administration of hydroxyethyl starch or Ringer’s ace-

tate in sitting position during craniotomy. Acta Anaes-

thesiol Scand 2013; 57: 729e36

63. Lindroos A-C, Niiya T, Randell T, Niemi TT. Stroke

volume-directed administration of hydroxyethyl starch

(HES 130/0.4) and Ringer’s acetate in prone position

during neurosurgery: a randomized controlled trial.

J Anesth 2014; 28: 189e97

64. Lou S, Bian L, Long C, Wang Z, Ma J, Zhou B. Does 6%

hydroxyethyl starch 130/0.4 impact differently on blood

glucose than 4% gelatin in patients receiving open heart

surgery? Perfusion 2012; 27: 113e8

65. Luostarinen T, Lindroos A-C, Niiya T, et al. Prone versus

sitting position in neurosurgeryddifferences in patients’

hemodynamic management. World Neurosurg 2017; 97:

261e6

66. Madi-Jebara S, Ghosn A, Sleilaty G, et al. Prevention of

hypotension after spinal anesthesia for cesarean section:

6% hydroxyethyl starch 130/0.4 (Voluven) versus lactated

Ringer’s solution. J Med Liban 2008; 56: 203e7

67. Mahmood A, Gosling P, Vohra RK. Randomized clinical

trial comparing the effects on renal function of

http://refhub.elsevier.com/S0007-0912(21)00432-3/sref38
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref38
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref38
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref39
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref39
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref39
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref39
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref39
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref40
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref40
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref40
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref40
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref40
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref40
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref41
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref41
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref41
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref41
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref41
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref42
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref42
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref42
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref42
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref42
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref42
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref43
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref43
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref43
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref43
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref43
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref44
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref44
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref44
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref44
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref45
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref45
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref45
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref45
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref45
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref46
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref46
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref46
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref46
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref46
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref46
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref47
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref47
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref47
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref47
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref47
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref47
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref48
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref48
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref48
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref48
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref48
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref49
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref49
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref49
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref49
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref49
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref49
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref50
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref50
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref50
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref50
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref50
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref51
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref51
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref51
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref51
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref51
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref52
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref52
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref52
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref52
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref52
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref53
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref53
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref53
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref53
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref53
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref53
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref54
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref54
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref54
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref54
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref54
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref55
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref55
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref55
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref55
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref55
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref55
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref56
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref56
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref56
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref56
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref56
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref57
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref57
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref57
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref57
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref57
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref57
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref58
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref58
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref58
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref58
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref58
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref59
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref59
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref59
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref59
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref59
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref59
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref60
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref60
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref60
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref60
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref60
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref60
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref61
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref61
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref61
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref61
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref61
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref61
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref62
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref62
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref62
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref62
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref62
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref62
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref63
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref63
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref63
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref63
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref63
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref63
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref64
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref64
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref64
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref64
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref64
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref65
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref65
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref65
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref65
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref65
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref65
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref66
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref66
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref66
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref66
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref66
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref67
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref67


566 - Chappell et al.
hydroxyethyl starch or gelatine during aortic aneurysm

surgery. Br J Surg 2007; 94: 427e33

68. Matsota P, Karakosta A, Pandazi A, Niokou D,

Christodoulaki K, Kostopanagiotou G. The effect of 0.5 L

6% hydroxyethyl starch 130/0.42 versus 1 L Ringer’s

lactate preload on the hemodynamic status of parturi-

ents undergoing spinal anesthesia for elective cesarean

delivery using arterial pulse contour analysis. J Anesth

2015; 29: 352e9

69. Mercier FJ, Diemunsch P, Ducloy-Bouthors A-S, et al. 6%

Hydroxyethyl starch (130/0.4) vs Ringer’s lactate pre-

loading before spinal anaesthesia for Caesarean delivery:

the randomized, double-blind, multicentre CAESAR trial.

Br J Anaesth 2014; 113: 459e67

70. Miao N, Yang J, Du Z, et al. Comparison of low molecular

weight hydroxyethyl starch and human albumin as

priming solutions in children undergoing cardiac sur-

gery. Perfusion 2014; 29: 462e8

71. Mitra T, Das A, Majumdar S, Bhattacharyya T, Mandal RD,

Hajra BK. Prevention of altered hemodynamics after spi-

nal anesthesia: a comparison of volume preloading with

tetrastarch, succinylated gelatin and ringer lactate solu-

tion for the patients undergoing lower segment caesarean

section. Saudi J Anaesth 2014; 8: 456e62

72. Alimian M, Mohseni M, Safaeian R, Faiz SHR, Majedi MA.

Comparison of hydroxyethyl starch 6% and crystalloids

for preloading in elective caesarean section under spinal

anesthesia. Med Arch 2014; 68: 279e81

73. Mittermayr M, Streif W, Haas T, et al. Hemostatic

changes after crystalloid or colloid fluid administration

during major orthopedic surgery: the role of fibrinogen

administration. Anesth Analg 2007; 105: 905e17

74. Moerman A, Van Eeckhout C, Vanderstraeten K, De

Somer F, Van Belleghem Y, De Hert S. The effect of

hydroxyethyl starch 6% 130/0.4 compared with gelatin on

microvascular reactivity. Anaesthesia 2016; 71: 798e805

75. Mukhtar A, Aboulfetouh F, Obayah G, et al. The safety of

modern hydroxyethyl starch in living donor liver trans-

plantation: a comparison with human albumin. Anesth

Analg 2009; 109: 924e30

76. Mulavisala KP, Kulkarni V, Mudunuri R, et al. Hydrox-

yethyl starch 130/0.4 versusmodified succinylated gelatin

for volume expansion in pediatric cardiac surgery pa-

tients: the effects on perioperative bleeding and trans-

fusion needs. Transfus Altern Transfus Med 2012; 12: 51e8

77. Muralidhar K, Garg R, Mohanty S, Banakal S. Influence of

colloid infusion on coagulation during off-pump coronary

artery bypass grafting. Indian J Anaesth 2010; 54: 147e53

78. Nath SS, Pawar ST, Ansari F, Debashis R. Balanced

hydroxyethyl starch solution and hyperglycaemia in non

diabetics d a prospective, randomized and controlled

study. Anaesthesiol Intensive Ther 2015; 47: 134e7

79. Niemi T, Schramko A, Kuitunen A, Kukkonen S, Suojar-

anta-Ylinen R. Haemodynamics and acid-base equilib-

rium after cardiac surgery: comparison of rapidly

degradable hydroxyethyl starch solutions and albumin.

Scand J Surg 2008; 97: 259e65

80. Oh H-W, Lee J-H, Kim H-C, et al. The effect of 6%

hydroxyethyl starch (130/0.4) on acute kidney injury in

paediatric cardiac surgery: a prospective, randomised

trial. Anaesthesia 2018; 73: 205e15

81. Ooi JSM, Ramzisham ARM, Zamrin MD. Is 6% hydrox-

yethyl starch 130/0.4 safe in coronary artery bypass graft

surgery? Asian Cardiovasc Thorac Ann 2009; 17: 368e72
82. Osthaus WA, Witt L, Johanning K, et al. Equal effects of

gelatin and hydroxyethyl starch (6% HES 130/0.42) on

modified thrombelastography in children. Acta Anaes-

thesiol Scand 2009; 53: 305e10

83. Akkucuk FG, Kanbak M, Ayhan B, Celebioglu B, Aypar U.

The effect of HES (130/0.4) usage as the priming solution

on renal function in children undergoing cardiac surgery.

Ren Fail 2013; 35: 210e5

84. Ozciftci S, Gamli M, Ornek D, et al. An evaluation of the

effects of perioperatively administered fluids on

ischemia/reperfusion injury. Pakistan J Med Sci 2015; 31:

1349e54

85. Patel J, Prajapati M, Solanki A, Pandya H. Comparison of

albumin, hydroxyethyl starch and Ringer lactate solu-

tion as priming fluid for cardiopulmonary bypass in

paediatric cardiac surgery. J Clin Diagn Res 2016; 10.

UC01e4

86. Pinar HU, Pinar A, Mavioglu O, Yener N. Effect of

hydroxyethyl starch 130/0.4 on ischemia-reperfusion

determinants in minor lower extremity surgery with

tourniquet application. J Clin Anesth 2015; 27: 105e10

87. Rahimi M, Eshraqi S, Nooralishahi B. Comparing the ef-

ficacy of 6% hydroxyethyl starch 130/0.4 and human al-

bumin for intravenous fluid replacement in pediatric

open-heart surgery. Iran Heart J 2018; 19: 37e43

88. Romdhani C, Trabelsi W, Lebbi A, et al. Lower incidence

of hypotension following spinal anesthesia with 6%

hydroxyethyl starch preload compared to 9 per thousand

saline solution in caesarean delivery. Tunis Med 2014; 92:

406e10

89. Schramko A, Suojaranta-Ylinen R, Niemi T, et al. The use

of balanced HES 130/0.42 during complex cardiac sur-

gery; effect on blood coagulation and fluid balance: a

randomized controlled trial. Perfusion 2015; 30: 224e32

90. Shahbazi S, Zeighami D, Allahyary E, Alipour A,

Esmaeeli MJ, Ghaneie M. Effect of colloid versus crystal-

loid administration of cardiopulmonary bypass prime

solution on tissue and organ perfusion. Int Cardiovasc Res

J 2011; 5: 25e31

91. Singh U, Saha U. Prevention of hypotension following

spinal anaesthesia for caesarean section-comparison of

volume preloading with ringer lactate & 6% hydroxyethyl

starch (HES 130/0.4). J Anaesthesiol Clin Pharmacol 2009; 25:

54e8

92. Skhirtladze K, Base EM, Lassnigg A, 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: 255e64

93. Skytte Larsson J, Bragadottir G, Krumbholz V, Redfors B,

Sellgren J, Ricksten SE. Effects of acute plasma volume

expansion on renal perfusion, filtration, and oxygenation

after cardiac surgery: a randomized study on crystalloid

vs colloid. Br J Anaesth 2015; 115: 736e42

94. 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: 428e31

95. Standl T, Lochbuehler H, Galli C, Reich A, Dietrich G,

Hagemann H. HES 130/0.4 (Voluven) or human albumin

in children younger than 2 yr undergoing non-cardiac

surgery. A prospective, randomized, open label, multi-

centre trial. Eur J Anaesthesiol 2008; 25: 437e45

96. Cronhjort M, Wall O, Nyberg E, et al. Impact of hemo-

dynamic goal-directed resuscitation on mortality in

http://refhub.elsevier.com/S0007-0912(21)00432-3/sref67
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref67
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref67
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref68
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref68
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref68
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref68
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref68
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref68
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref68
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref68
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref69
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref69
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref69
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref69
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref69
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref69
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref70
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref70
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref70
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref70
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref70
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref71
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref71
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref71
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref71
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref71
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref71
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref71
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref72
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref72
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref72
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref72
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref72
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref73
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref73
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref73
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref73
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref73
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref74
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref74
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref74
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref74
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref74
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref75
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref75
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref75
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref75
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref75
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref76
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref76
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref76
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref76
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref76
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref76
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref77
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref77
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref77
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref77
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref78
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref78
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref78
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref78
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref78
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref78
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref79
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref79
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref79
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref79
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref79
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref79
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref80
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref80
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref80
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref80
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref80
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref81
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref81
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref81
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref81
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref82
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref82
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref82
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref82
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref82
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref83
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref83
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref83
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref83
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref83
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref84
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref84
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref84
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref84
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref84
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref85
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref85
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref85
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref85
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref85
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref85
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref86
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref86
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref86
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref86
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref86
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref87
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref87
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref87
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref87
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref87
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref88
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref88
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref88
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref88
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref88
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref88
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref89
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref89
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref89
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref89
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref89
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref90
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref90
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref90
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref90
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref90
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref90
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref91
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref91
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref91
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref91
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref91
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref91
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref91
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref92
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref92
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref92
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref92
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref92
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref93
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref93
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref93
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref93
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref93
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref93
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref94
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref94
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref94
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref94
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref94
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref95
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref95
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref95
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref95
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref95
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref95
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref96
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref96


Safety and efficacy of tetrastarches - 567
adult critically ill patients: a systematic review and

meta-analysis. J Clin Monit Comput 2018; 32: 403e14

97. Szturz P, Kula R, Tichy J, Maca J, Neiser J, Sevcik P.

Individual goal-directed intraoperative fluid manage-

ment of initially hypovolemic patients for elective

major urological surgery. Bratisl Lek Listy 2014; 115:

653e9

98. Tawfik MM, Hayes SM, Jacoub FY, et al. Comparison be-

tween colloid preload and crystalloid co-load in cesarean

section under spinal anesthesia: a randomized

controlled trial. Int J Obstet Anesth 2014; 23: 317e23

99. Tiryakioglu O, Yildiz G, Vural H, Goncu T, Ozyazicioglu A,

Yavuz S. Hydroxyethyl starch versus Ringer solution in

cardiopulmonary bypass prime solutions (a randomized

controlled trial). J Cardiothorac Surg 2008; 3: 45

100. Topcu I, Civi M, Ozturk T, et al. Evaluation of hemostatic

changes using n thromboelastography after crystalloid

or colloid fluid administration during major orthopedic

surgery. Braz J Med Biol Res 2012; 45: 869e74

101. Turker G, Yilmazlar T, Mogol EB, Gurbet A, Dizman S,

Gunay H. The effects of colloid pre-loading on throm-

boelastography prior to caesarean delivery: hydroxyethyl

starch 130/0.4 versus succinylated gelatine. J Int Med Res

2011; 39: 143e9

102. Unlugenc H, Turktan M, Evruke IC, et al. Rapid fluid

administration and the incidence of hypotension

induced by spinal anesthesia and ephedrine require-

ment: the effect of crystalloid versus clooid coloading.

Middle East J Anaesthesiol 2015; 23: 273e81

103. Van der Linden PJ, De Hert SG, Deraedt D, 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: 629e34

104. Volta CA, Alvisi V, Campi M, et al. Influence of different

strategies of volume replacement on the activity of ma-

trix metalloproteinases: an in vitro and in vivo study.

Anesthesiology 2007; 106: 85e91

105. Amin SM, Fathy SM. Effect of preoperative hypervolemic

hemodilution with hydroxyethyl starch (130/0.4) on he-

modynamics, blood loss and renal function after lapa-

roscopic gastric bypass surgery. Egypt J Anaesth 2016; 32:

77e81

106. Werner J, Hunsicker O, Schneider A, et al. Balanced 10%

hydroxyethyl starch compared with balanced 6%

hydroxyethyl starch and balanced crystalloid using a

goal-directed hemodynamic algorithm in pancreatic

surgery: a randomized clinical trial. Medicine (Baltimore)

2018; 97: e0579

107. Witt L, Osthaus WA, Juttner B, Heimbucher C,

Sumpelmann R. Alteration of anion gap and strong ion

difference causedbyhydroxyethyl starch 6% (130/0.42) and

gelatin 4% in children. Paediatr Anaesth 2008; 18: 934e9

108. Wu Y, Wu A-S, Wang J, et al. Effects of the novel 6%

hydroxyethyl starch 130/0.4 on renal function of re-

cipients in living-related kidney transplantation. Chin

Med J (Engl) 2010; 123: 3079e83

109. Xia J, He Z, Cao X, et al. The brain relaxation and cerebral

metabolism in stroke volume variation-directed fluid

therapy during supratentorial tumors resection: crystal-

loid solution versus colloid solution. J Neurosurg Anes-

thesiol 2014; 26: 320e7

110. Yanartas M, Baysal A, Aydin C, et al. The effects of tra-

nexamic acid and 6% hydroxyethyl starch (HES) solution
(130/0.4) on postoperative bleeding in coronary artery

bypass graft (CABG) surgery. Int J Clin Exp Med 2015; 8:

5959e71

111. Zhang Y, Yu Y, Jia J, et al. Administration of HES in

elderly patients undergoing hip arthroplasty under spi-

nal anesthesia is not associated with an increase in renal

injury. BMC Anesthesiol 2017; 17: 29

112. Ozturk T, Onur E, Cerrahoglu M, Calgan M, Nizamoglu F,

Civi M. Immune and inflammatory role of hydroxyethyl

starch 130/0.4 and fluid gelatin in patients undergoing

coronary surgery. Cytokine 2015; 74: 69e75

113. Awad S, Dharmavaram S, Wearn CS, Dube MG, Lobo DN.

Effects of an intraoperative infusion of 4% succinylated

gelatine (Gelofusine®) and 6% hydroxyethyl starch (Vol-

uven®) on blood volume. Br J Anaesth 2012; 109: 168e76

114. James MFM, Michell WL, Joubert IA, Nicol AJ,

Navsaria PH, Gillespie RS. Resuscitation with hydrox-

yethyl starch improves renal function and lactate clear-

ance in penetrating trauma in a randomized controlled

study: the FIRST trial (Fluids in Resuscitation of Severe

Trauma). Br J Anaesth 2011; 107: 693e702

115. Niemi TT, Miyashita R, Yamakage M. Colloid solutions: a

clinical update. J Anesth 2010; 24: 913e25

116. Westphal M, James MFM, Kozek-Langenecker S,

Stocker R, Guidet B, Van Aken H. Hydroxyethyl starches:

different productsddifferent effects. Anesthesiology 2009;

111: 187e202

117. Chappell D, Jacob M. Hydroxyethyl starch d the impor-

tance of being earnest. Scand J Trauma Resusc Emerg Med

2013; 21: 61

118. Chappell D, Jacob M. Twisting and ignoring facts on

hydroxyethyl starch is not very helpful. Scand J Trauma

Resusc Emerg Med 2013; 21: 85

119. Datta R, Nair R, Pandey A, Gupta N, Sahoo T. Hydrox-

yeyhyl starch: controversies revisited. J Anaesthesiol Clin

Pharmacol 2014; 30: 472e80

120. Doshi P. Update: new England Journal of Medicine pub-

lishes correction to 2012 CHEST trial of hydroxyethyl

starch versus colloids. BMJ 2016; 352: i1571

121. Buhre WF. Safety and efficacy of 6% hydroxyethyl starch (HES)

solution versus an electrolyte solution in Patients Undergoing

Elective Abdominal Surgery (PHOENICS) 2017 Sep 28. Clinical-

Trials.gov. Identifier NCT03278548. Available from: https://

clinicaltrials.gov/ct2/show/NCT03278548. [Accessed 1 May

2021]

122. Buhre WF. Safety and efficacy of a 6% hydroxyethyl

starch (HES) solution versus an electrolyte solution in

trauma patients (TETHYS) 2019 Feb 23. ClinicalTrials.gov.

Identifier NCT03338218. Available from: https://

clinicaltrials.gov/ct2/show/NCT03338218. [Accessed 1

May 2021]

123. Ross AD, Angaran DM. Colloids vs. crystalloidsda

continuing controversy. Drug Intell Clin Pharm 1984; 18:

202e12

124. Strauss RG, Stump DC, Henriksen RA, Saunders R. Effects

of hydroxyethyl starch on fibrinogen, fibrin clot forma-

tion, and fibrinolysis. Transfusion 1985; 25: 230e4

125. Gillies MA, Habicher M, Jhanji S, 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: 25e34

126. Qureshi SH, Rizvi SI, Patel NN, Murphy GJ. Meta-analysis

of colloids versus crystalloids in critically ill, trauma and

surgical patients. Br J Surg 2016; 103: 14e26

http://refhub.elsevier.com/S0007-0912(21)00432-3/sref96
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref96
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref96
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref97
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref97
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref97
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref97
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref97
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref97
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref98
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref98
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref98
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref98
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref98
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref99
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref99
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref99
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref99
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref100
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref100
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref100
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref100
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref100
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref101
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref101
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref101
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref101
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref101
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref101
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref102
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref102
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref102
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref102
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref102
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref102
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref103
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref103
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref103
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref103
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref103
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref103
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref104
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref104
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref104
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref104
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref104
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref105
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref105
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref105
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref105
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref105
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref105
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref106
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref106
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref106
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref106
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref106
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref106
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref107
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref107
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref107
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref107
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref107
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref108
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref108
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref108
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref108
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref108
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref109
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref109
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref109
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref109
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref109
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref109
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref110
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref110
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref110
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref110
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref110
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref110
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref111
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref111
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref111
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref111
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref112
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref112
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref112
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref112
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref112
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref113
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref113
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref113
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref113
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref113
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref114
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref114
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref114
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref114
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref114
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref114
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref114
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref115
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref115
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref115
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref116
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref116
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref116
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref116
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref116
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref116
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref117
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref117
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref117
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref117
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref118
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref118
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref118
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref119
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref119
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref119
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref119
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref120
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref120
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref120
https://clinicaltrials.gov/ct2/show/NCT03278548
https://clinicaltrials.gov/ct2/show/NCT03278548
https://clinicaltrials.gov/ct2/show/NCT03338218
https://clinicaltrials.gov/ct2/show/NCT03338218
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref123
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref123
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref123
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref123
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref123
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref124
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref124
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref124
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref124
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref125
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref125
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref125
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref125
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref125
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref126
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref126
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref126
http://refhub.elsevier.com/S0007-0912(21)00432-3/sref126


568 - Chappell et al.
127. Dart AB, Mutter TC, Ruth CA, Taback SP. Hydroxyethyl

starch (HES) versus other fluid therapies: effects on kid-

ney function. Cochrane Database Syst Rev 2010; 1:

CD007594

128. Moran M, Kapsner C. Acute renal failure associated with

elevated plasma oncotic pressure. N Engl J Med 1987; 317:

150e3
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