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Abstract: Purpose: To reassess the results of former meta-analyses focusing on the relationship
between novel HES preparations (130/0.4 and 130/0.42) and acute kidney injury. Previous meta-
analyses are based on studies referring to partially or fully unpublished data or data from abstracts
only. Methods: The studies included in the former meta-analyses were scrutinized by the authors
independently. We completed a critical analysis of the literature, including the strengths, weaknesses
and modifiers of the studies when assessing products, formulations and outcomes. Results: Both the
published large studies and meta-analyses show significant bias in the context of the deleterious effect
of 6% 130/0.4-0.42 HES. Without (1) detailed hemodynamic data, (2) the exclusion of other nephro-
toxic events and (3) a properly performed evaluation of the dose—effect relationship, the AKI-inducing
property of 6% HES 130/0.4 or 0.42 should not be considered as evidence. The administration of
HES is safe and effective if the recommended dose is respected. Conclusions: Our review suggests
that there is questionable evidence for the deteriorating renal effect of these products. Further well-
designed, randomized and controlled trials are needed. Additionally, conclusions formulated for
resource-rich environments should not be extended to more resource-scarce environments without
proper qualifiers provided.

Keywords: hydroxyethyl starch; acute kidney injury; hemodynamic monitoring; sepsis; cardiac;
postoperative

1. Introduction

In clinical practice, one of the most common interventions is volume expansion in
those with perceived hypovolemia. Intravenous fluid administration is easily performable
with crystalloid and colloid infusions or with various blood products. In the current era, the
isotonic but non-physiologic 0.9% saline and balanced solutions are available as crystalloid
infusions, whereas the 6% hydroxyethyl starch (HES) (130/0.4 or 0.42) and the 5% or 20%
human albumin are available as colloids, respectively.

Formerly, dextrans, gelatin and early generations of HES were also available as well.
Dextran products are high (40-200 kDa) molecular weight polymers of glucose produced by
bacteria (Leuconostoc mesenteroides) in sucrose-rich environments [1]. Their volume expan-
sive effect is quite significant. Unfortunately, the risk of life-threatening allergic reactions
to dextran products is prohibitively high. While these reactions are preventable by the
administration of hapten (1 kDa dextran) a few minutes before the infusion, this property
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of dextran makes it unsuitable for use in acute situations. An alternative, gelatin infusion
was manufactured by partial hydrolysis and chemical modifications after extraction from
animal (pig, calf, fish) bones, skin and tendon (molecular weight: 30-35 kDa, concentration:
3-5%) [2]. Their volume-expanding effect is limited and their administration carries the
risk of prion-mediated disease transmission. HES preparations are plant-derived prod-
ucts featured at various concentrations (6%, 10%), molecular weights (450 kDa, 200 kDa,
130 kDa) and molar substitutions (0.7, 0.6, 0.5, 0.42, 0.4) [3,4]. This latter property needs
some explanation for further interpretation. A molar substitution of 0.7 means that on
average there are 7 hydroxyethyl groups for 10 glucose molecules. The evolution of HES
generations is as follows: (1) hetastarch-6% HES 450/0.7, (2) hexastarch-6% HES 200/0.6,
(3) pentastarch—6%/10% HES 200/0.5 and (4) tetrastarch—6% HES 130/0.4. Other properties
such as the C2:C6 hydroxylation ratio, or whether it is made from potato or waxy maize,
are generally not labeled on the infusion bottle. The C2:C6 hydroxylation ratio—which
potentially affects the elimination of the molecule or its blood coagulation compromising
effect—has shown an increasing tendency in commercial products over the years (9:1 in
currently available solutions) [5,6]. All dextrans, gelatins and older generation HESs are
now removed from the market for various reasons [3,4]. More recently, the use of 6% HES
(130/0.4 or 0.42) has been restricted by the European Medicines Agency and the U.S. Food
and Drug Administration as its deleterious effects on kidney function came to light [3,7].
On 24 May 2022, the European Commission issued a suspension of the marketing autho-
rizations of HES solutions for infusion in the EU (https://www.ema.europa.eu/en/news/
hydroxyethyl-starch-solutions-infusion-recommended-suspension-market (accessed on 11
February 2022, updated on 26 July 2022). The opportunity was given for the individual
EU Member States to delay the suspension for no longer than 18 months and keep HES
solutions on the market. However, conclusions derived from resource-rich environments,
such the EU is, should not be extended to more resource-scarce environments without
proper qualifiers. Albumin, the ideal “volume expander”, remains expensive and its supply
is ultimately limited. While current methods are safe for preventing the transmission of
prion-like illnesses with human albumin preparations, all these are contingent on resource
investment and societal wealth to support them [8,9].

Early hemodynamic stabilization can be crucial in the prevention of AKI regarding the
short warm ischemic time of the kidneys [10,11]. A promising tool to discriminate between
hypovolemic and normovolemic patients is the hypovolemic index (values between 0
and 1) [12]. This parameter is capable of separating these groups of patients (threshold:
0.5), but its validation is still in progress. The first step for hemodynamic stabilization is
to achieve euvolemia, which is a wide gray zone without clear boundaries between the
volume-sensitive and volume-resistive circulatory states [13,14]. Interstitial accumulation of
intravenously administered fluids can increase the renal parenchymal pressure dramatically,
and therefore the fluid resuscitation with crystalloids is only a question under debate [15].
The evaluation of kidney perfusion by ultrasound can aid in finding the right balance
between fluids and vasoactive drug therapy.

At the same time and over the past several years, the definition of acute kidney failure
has become increasingly precise, fostering earlier diagnosis and standardization across
the world. The first systematic, universal definition of acute kidney injury (AKI) was
accepted in 2002 (RIFLE criteria) and has been followed by three other generally established
ones (AKIN, KDIGO, KDIGO with biomarkers) [16-19]. The studies conducted with third-
generation HES show wide differences in the definition of deteriorating renal function,
as discussed further below. The severity stages of AKI do not correspond equivocally
between the AKI definitions, making it harder to generate a robust comparison [20]. AKI
itself has multiple possible causes and is featured by different microhemodynamics and
humoral/cellular changes depending on the underlying pathological processes [21]. Two
meta-analyses on this topic were performed in 2013, which also included a few studies con-
ducted with the older generation of HES culminating in harmful renal consequences [22,23].
Two other meta-analyses were conducted in recent years to demonstrate the advantages
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and disadvantages of the administration of 6% 130/0.4-0.42 HES in surgical and trauma
patients, proving it safe and favorable in terms of hemodynamic properties [24,25].

It is important, however, to recognize that modern HES products may have value
due to their low cost, easy storage and represent a meaningful potential alternative in
resource-scare environments. Albumin, although an ideal volume expander, remains ex-
pensive and its supply is ultimately limited. While current methods are safe for preventing
the transmission of prion-like illnesses with human albumin preparations, all these are
contingent on resource investment and societal wealth to support them [8,9]. To further
complicate the scenario, we also recognize that the use of plasma expanders may not
entirely come from the expansion of plasma volume. A quantity of 250 milliliters of 5%
albumin is really 12.5 mL of albumin, which is a syringeful; it is unlikely to only work by
expansion of the intravascular space [26]. Shimizu K. et al. have shown in an elegant study
that the injection of 20 mL of “plasma expander” hypertonic saline or hypertonic glucose
increased blood pressure by suddenly increasing endogenous vasopressin even though
plasma volume only increased by 2.3%. The injection of 200 mL of isotonic saline, while
expanding plasma volume by 12.7%, did not increase vasopressin levels.

The aim of our narrative review is to conduct a critical re-assessment of the literature
on the safety and efficacy of one specific product, the currently used 6% HES (130/0.4
or 0.42), with regard to renal function, independently of any industrial ties or potential
conflicts of interest. Although the indication of tetrastarch is also a clinically relevant point,
we have not discussed it due to the limited length of the manuscript. Only safety and
efficacy concerns are conferred.

2. The Brief Pathophysiology of AKI

In high-income countries, the three main forms of AKI are the postoperative, the septic
and the AKI of cardiac origin, except for forms caused by nephrotoxic agents [21,27]. After
noncardiac surgeries, the leading cause of renal dysfunction is the ischemic-reperfusion
injury due to general or local hemodynamic instability, transport hypoxia due to blood
loss and increased intraabdominal pressure [27]. In cardiology patients, venous congestion
and with on-pump cardiac surgery, the activation of the immune system is added to these
confounders as a significant contributing factor [28]. Hypovolemia and congestive cardiac
insufficiency are accompanied by the high activity of the renin-angiotensin-aldosterone
system (RAAS) in contrast to the low activity of the RAAS due to hypervolemia, resulting
in absolutely different renal microcirculation. Given the presence of renal capsules in in situ
kidneys, with venous congestion, fluid overload and third-spacing, the interstitial pressure
can exponentially rise within the kidney parenchyma [29]. It is to be understood that
from an evolutionary biological standpoint, one would expect fewer escape mechanisms
to evolve for surviving fluid overload than coping with hypovolemia. However, septic
AKI is characterized by a different intrarenal hemodynamics: the dilatation of the efferent
glomerular arteries and the increased patency of shunt vessels produce a low-pressure-
high-flow state, consequently dropping the filtration rate in the glomeruli [30]. Besides
circulatory changes, several inflammatory mediators play a crucial role in the progression
of septic AKI. However, the main contributor of AKI is hemodynamic instability with a
potential contribution of nephrotoxic agents, as described recently [31].

3. The Diagnostic Uncertainties of AKI

The worsening of kidney function represents a continuum. Since no clear boundaries
can be observed between physiological and pathological conditions, it is difficult to define
infliction points. Despite several known pitfalls, most generally accepted diagnostic systems
employ the rise of serum creatinine and the amount of urine output as the basis for
detecting AKI [16-19]. However, serum creatinine concentration is considered a ‘slow-
reacting parameter’: serum creatinine levels follow clinical changes with an outstanding
delay. Moreover, the definition of the perceived “baseline” serum creatinine level further
qualifies the perceived frequency and severity of AKI [32]. Using eGFR (as suggested
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by the Acute Dialysis Quality Initiative [ADQI]) or minimum inpatient serum creatinine
levels as the baseline inflated the incidence of AKI in comparison to the most recent
outpatient serum creatinine levels between 7 and 365 days prior to admission (38.3%, 35.9%
vs. 25.5%, p < 0.001, respectively) [33]. However, the first admission serum creatinine
level underestimated the incidence of AKI compared to the most recent outpatient serum
creatinine concentration (13.7% vs. 25.5%, p < 0.001) [33]. In this study, the main differences
(both false positive and negative) were in the AKIN 1 stage. Based on data from the
Beginning and Ending Supportive Therapy for the Kidney (BEST Kidney) study, the
estimated serum creatinine (Modification of Diet in Renal Disease [MDRD]) leads to a
bidirectional misclassification of patients at enrollment (false negative for Risk: 7.3%; false
positive for Failure: 18.7%, false positive for all AKI: 11.7%) and at admission to ICU (false
positive for Injury, Failure, all AKI: 5.5%, 14%, 18.8%, respectively) [34]. Muscle wasting,
sarcopenia, racial differences and fluid overload are important qualifier to interpret serum
creatinine values in the ICU settings [32]. In an attempt to overcome these difficulties,
newer markers (e.g., cystatin C, NGAL, TIMP2 x IGFBP7) are implemented, but their
general usefulness is debated [21,27]. Urine output is an important parameter contributing
to the diagnostic frequency and severity of AKI, but administering diuretics blurs the
diagnostic reliability [35].

4. Studies Conducted with 6% HES 130/0.4 or 0.42 Analyzing Its Renal Effects

The designs of studies conducted to evaluate the deleterious renal effects of 6% HES
130/0.4 or 0.42 (the different molar substitution value represents products of different
manufacturers) are listed in Table 1. Four large meta-analyses were published aiming
to evaluate the relationship between the administration of HES and the development
of AKI [22-25]. Two investigators (CsK, TG) scrutinized all the studies included in the
systematic reviews independently. The outcomes and the investigators’ critical remarks
can be found in Table 2. Two trials (Safety and Efficacy of a 6% Hydroxyethyl Starch
Solution vs. an Electrolyte Solution in Trauma Patients (TETHYS); Safety and Efficacy of 6%
Hydroxyethyl Starch Solution vs. an Electrolyte Solution in Patients Undergoing Elective
Abdominal Surgery (PHOENICS)) are officially registered (NCT03338218, NCT(03278548),
but no results have been published to date [36,37].

One of the meta-analyses published in 2013 was based on 10 studies concerning RRT
with extremely low reported heterogeneity (12 = 0, I? = 0%) [22]. The largest included study
(CHEST, weight: 51.8%; n = 6651) was conducted in hypovolemic patients at any time in
the ICU, but the percentage of septic patients was about 23-25% in both groups [38,39].
They found a significantly lower incidence of AKI at either the Risk or Injury stage and
a non-significant difference in the Failure stage. The only finding referring to kidney
damage was the slightly higher rate (7.0% vs. 5.8%, p = 0.04) of RRT in the HES group,
but the initiation of RRT was based on the clinicians’ discretion; objective criteria were
not communicated. The authors” opinion was that this did not affect the study results
since the clinicians were unaware of study-group assignment. The second larger study
(6S, weight: 20.8%; n = 798) was conducted in septic patients and the diagnostic criteria
of AKI were different from the generally accepted systems [40]. Nevertheless, the relative
risk of AKI was similar in the intervention and the control groups. It is to be noted that
patients with AKI at the time of randomization were included with equal frequency in the
two groups. There was another study conducted on septic patients (CRYSTMAS, weight:
3.9%; n = 196) which showed no significant difference in the incidence of AKI [41]. Similar
courses of serum creatinine and biomarkers were observed in both study groups. One
small study from China included in the research was designed to demonstrate the effect of
HES on intraabdominal pressure [42]. The diagnosis of AKI was based on urine output.
No data were reported about renal replacement therapy in this study. Another small study
contained no data on renal function [43]. One of the included studies was in abstract form;
four others were conducted with the second generation of HES (the sum of the weight of
these five studies was altogether 22.7%) [44—-47].
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Generally speaking, hemodynamic data and nephrotoxic agents are reported only in
a few studies. Interestingly, the recommended dose of tetrastarch was exceeded in many
studies, but this point has been underemphasized in the systematic reviews to date, and
none of them investigated a dose—side-effect relationship between the 6% HES 130/0.4 or
0.42 and AKI. Another critical aspect is the possibility of overcorrection of hypovolemia. To
date, several methods have been described and employed to detect volume status, but none
of them can guide the fluid therapy precisely [48]. Despite the fact that the role of fluid
overload in developing AKI is well known, it is not mentioned in any study conducted
with tetrastarch.

In the Cochrane library, a systematic review was performed to analyze the effects of
HES on kidney function [23]. This review is from studies referring partially [38,44,45,49-54]
or entirely [43,55,56] to unpublished data or data from abstracts only [57]. Certain studies
included in the research are from published data only [40,41,46,47,58—68] and one of them
contains no data on renal function [43]. The high (>200 kDa) and lower than nowadays
commercially available (70 kDa) molecular weight HES solutions are also included. Renal
outcomes were determined according to the RIFLE criteria, need of RRT or by the authors’
definition. We included in our analysis all the studies conducted with 6% 130/0.4-0.42
HES; the details can be found in Tables 1 and 2. The included trials were not selected based
on patients’ subgroups. Only a statement made in the main text of the article indicates
that non-septic patients had fewer adverse effects, but the divergent types of HES make it
hard to draw a relevant conclusion for everyday practice in 2023. This systemic review was
helpful at the time of writing, but several new data have emerged since then.

One recent meta-analysis (heterogeneity for both AKI and RRT: 7, I? = 0%) reported
that a 6% 130/0.4 HES is safe against different comparator fluids in various subgroups
of patients [24]. The authors included three studies for demonstrating AKI in cardiac
and eleven trials in non-cardiac/mixed surgery patients. One of the cardiac surgery [69]
and one of the non-cardiac surgery [70] trials were designed as noninferiority studies,
and two other cardiac surgery [71,72] and ten non-cardiac surgery [70,73-81] trials were
observational. One of the cardiac trials [62] (weight: 0.5%, total weight of cardiac studies:
6.8%) and two of the non-cardiac ten [76,82] did not report the renal function appropriately
(weight: N/A); one applied a 24 h follow-up [75] only, while another one compared HES
derived from maize and from potato (weight: 17.5%) [83]. The sample size of these studies
is less than 100 patients, with two exceptions [73,78] (n = 386 and 534). Both cardiological
and non-cardiological surgery studies consider HES to be at least non-inferior regarding
renal safety parameters for crystalloids, gelatin and 5% human albumin.

The planning process of the studies has several methodological problems, which
can exert a significant impact on the results. A good example is the second largest study
(CRISTAL) conducted on septic patients [84]. In this trial, crystalloids were administered
to only one fourth of the patients in the colloid group. In everyday practice, the first
intravenous fluid administered is a crystalloid of any kind (0.9% saline, balanced or hy-
potonic solution), and colloids are considered second-line drugs [85]. In certain studies,
a proportion of patients received HES before randomization, an aspect that remained
unanalyzed [40,41,86]. Hemodynamic instability itself can lead to impaired kidney func-
tion and may be an ongoing issue in sepsis or postoperative states [87,88]. Surprisingly,
hemodynamic data (e.g., the duration and severity of the hypoperfusion period, any organ-
specific cessation of renal blood flow during surgery, ultrasonographic data about intrarenal
blood flow and venous congestion, etc.) were not reported in most of the studies (Table 2).
The results are confusing from the perspective of renal detrimental effects as well. The
implemented definition of deteriorated kidney function varies in a wide range between
decreasing urine output and fulfilling KDIGO criteria with biomarkers. Finally, nephrotoxic
mediators and agents are very common in sepsis patients and during intensive care therapy.
However, these factors or the lack of these factors are usually not indicated.

We must also consider discriminating among the trials according to different patient
subpopulations because of the previously mentioned distinct patho-mechanisms of AKL
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The largest studies (over 1000 patients per group) were conducted only in septic patients,
while some middle-sized (500-1000 patients per group) studies were steered in patients who
had undergone abdominal surgery and only small studies are available in cardiac surgery
patients (Table 1). In multi-center studies, a significant heterogeneity can be observed
among data produced by different centers, but the results are not provided according to
investigator sites. A further shortcoming is the missing logistic regression analysis. If
we assume that HES is an independent influencing factor in the development of kidney
failure, it is then critical to be verified by a multivariate logistic regression analysis. In
the studies where the harmful impact of HES on kidney function was referred to, no such
analysis was carried out in any but one of these; this particular study failed to identify any
relationship between the worsening of kidney function (AKI) and the administration of
tetrastarch [89]. A major shortcoming of all the studies assuming the kidney-damaging
effect of HES is that none of them performed a dedicated dose—side-effect analysis. If a
drug is harmful, it can be rightly assumed that side-effects occur more often with higher
doses and longer use. Based on the data, there would have been an opportunity for this in
many investigations, but in no case was such an analysis carried out. As a consequence
of this methodological deficiency, in the opinion of the authors of this review, any current
meta-analysis is inevitably distorted.

Studies performed in cardiac patients do provide more hemodynamic data but show
no significant difference in AKI or the need for RRT [50,52,62,69,90,91]. Studies con-
ducted on postoperative patients after abdominal surgery compared HES with other col-
loids [63,64,70,83,92], while others did so against crystalloids [73,74,78] and some against
both [53]. These studies proved that HES is not inferior to other colloids or crystalloid
infusions. Even in cases where the risk of AKI seems to be higher in the HES group, the
95% ClI saddles on 1.0, indicating that relative risk is uncertain.
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Table 1. Designs of studies conducted with 6% HES 130/0.4 or 0.42.

Indication and Dose (Planned,

Study Trial De31gn/C.ountry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
Type of Patients Fluids HES Endpoint
Septic patients
Prospective q | ¢  Primary: Use of RRT, or
, Indication: volumen expansion . >
multi-center, parallel, Planned: 33 mL/kg gaﬂy composite (death or dependence on A renal SOFA score > 3,
Perner, blinded, randomized 6% (130/0.42) HES-398 . L dialysis) at 90 days or
¢ : Daily maximal: 50 mL/kg Plasma creatinine level >
2009-2011, Denmark, Norway, patients (exceeded only in case of two e  Secondary: 1 ;
published in 2012 Finland and Iceland Ringer’s acetate—400 patients) 179 pmo é (I;Oor ‘]ir/lgary
(6S) [40] Severe sepsis, septic patients o . O the development of AKI output. < m
shock P P Cumulative: 44 mL./kg (IQ.R' O  percentages of days alive Doubling of the plasma
24-75 mL/kg) (~3168 mL/patients) without RRT creatinine level
Daily average AKI stage
Post-hoc analysis of 65 Indication: volumen expansion Trajectori.es of the AKI. stages
- Planned: 33 mL/kg daily Hazard risk of increasing or KDIGO
trial [9] 6% (130/0.42) HES-398 decreasing AK issing baseli
Miiller Denmark, Norway, a’.[ients Daily maximal: 50 mL/kg) ecreasing / ‘I stage M1551‘ng aseline
v Finland and Iceland . P (exceeded only in case of two Time to initiation of RRT creatinine values were
2015 [86] Severe sepsis. septic Ringer’s acetate—400 patients) Intervention effect on mortality estimated using MDRD
psis, sep patients for AKI formula

shock

Cumulative: 44 mL/kg (IQR:

24-75 mL/kg) (~3168 mL/patients)

Effect of increasing AKI stage
on mortality

Dubin, 2010 [93]

Prospective, bi-center,
randomized, controlled,
pilot trial

Two centers in
Argentina

Severe sepsis

6% (130/0.4) HES-9
patients
0.9% saline-11 patients

Indication: intravenous volume

expansion to increase
microvascular flow index (MFI)
Planned: unknown
Daily maximal: unknown
Cumulative: unknown

Sublingual microcirculatory
parameters
Fluid balance

Creatinine (baseline and
at24 h)
Urine output
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Table 1. Cont.

Indication and Dose (Planned,

Study Trial Des1gn/C.ountry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
Type of Patients Fluids HES Endpoint
Indication: (initial) hemodynamic *  Primary:
] stabilization the amount of study drug required to ~ ® RIFLE

® ProsPectlve, Planned: unknown achieve initial hemodynamic e AKIN )

(r:lnulgl_C(i)rFeIZI Fluid intake prior randomization:  stabilization at the end of first four ° ARF: a tWO'fOI_d 'mc;ease
. ouble-pling, o 355+ 25.3 rnL/k ) hours in serum creatinine from
Guidet, 2012 randomized, 6% (130/0.42) HES-100 Daily maximal: 50 mL nggfl % baseline or need for
(CRYSTMAS) active-controlled patients -1 . “1 ®  Secondary: renal replacement
41 : 0.9% saline—96 patient d™" on the first day; 25 mL x kg P
[41] e 24 centers in France and -7'/0 saline—76 patients « d=! from the second to the O time taken to achieve initial therapy

Germany . fourth day hemodynamic stabilization, NAG

*  Severe sepsis Cumulative: 1379 & 886 mL, 2615 O total quantity of study drug NGAL ,

+ 1499 mL over four consecutive infused over four consecutive al-microglobulin
days days in the intensive care unit
) e  Primary:

. Prospective,
multi-center, parallel, Indication: correction of all-cause mortality at 90 days,
blinded, randomized, hypovolemia .

Myburgh, 2012 controlled 6% (130/0.42) HES-3315 Planned: unknown *  Secondary:
( CIYIES"lg) [,%8 3] ¢ 32centersin Australia patients Daily maximal: unknown. Daily incidence of AKI e RIFLE
o and New Zealand 0.9% saline-3336 patients dose: 526 & 425 mL (~6.6 £+ 5.3 the use of RRT

Hypovolemic patients at
any time in the ICU

mL/kg)

Cumulative: unknown

O 0O

new organ failures for
cardiovascular, respiratory,
coagulation and liver systems
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Table 1. Cont.

Study

Trial Design/Country/
Type of Patients

Study
Fluids

Indication and Dose (Planned,
Maximal and Cumulative) of
HES

Endpoints

Definition of Renal
Endpoint

Annane, 2013 ®
(CRISTAL) [84]

Prospective,
multi-center, parallel,
randomized

57 centers in France,
Belgium, Canada,
Algeria and Tunisia
Sepsis, multiple trauma,
hypovolemic shock

Crystalloid infusions—1443
patients
(isotonic saline, hypertonic
saline, buffered solutions)
Colloid-1414 patients
(hypooncotic (eg. gelatines,
4% or 5% of albumin),
hyperoncotic (eg. dextrans,
hydroxy-ethyl starches and
20% or 25% of albumin)

Indication: fluid resuscitation
Planned: unknown
Daily maximal: 30 mL/kg
Cumulative: 1500 mL (95% CI:
1000-2000 mL), (~21.4 mL/kg
[14.3-28.6 mL/kgl) 973 patients
(68.8%), duration 2 (95% CI: 1-2)
days

e  Primary:
mortality at 28 days
e  Secondary:

O  death rates at 90 days and at
ICU and hospital discharge,

O number of days alive and not
receiving RRT, mechanical
ventilation or vasopressor
therapy

O  days without organ system
failure (i.e., SOFA score < 6),
days not in the ICU or hospital
for 28 days from ICU
admission

Need of renal
replacement therapy
(indications were not
presented)

Cardiac surgery patients

Gallandat
2000 [50] o

Prospective,
multi-center, parallel,
randomized,
double-blind, clinical,
phase III study

Two centers in the
Netherlands

Coronary artery bypass
surgery

6% (130/0.42) HES in
saline-30 patients
6% (200/0.5) HES-29
patients

Indication: acute normovolemic
hemodilution + priming the
heart-lung machine +
intra/postoperative fluid
management
Planned: 500 mL for hemodilution,
1000 mL for priming the heart-lung
machine
Daily maximal: 3000 mL
(~36.1 mL/kg)
Cumulative: intraoperatively:
1475 £ 100 mL (~17.8 mL/kg),
postoperatively: 1150 & 511 mL
(~13.9 mL/kg), total: 2550 = 561 mL
(31.0 £ 7.4 mL/kg) in 130/0.4 HES

group

e  Primary:

compare the total volume of colloids
(HES plus isotonic pasteurized
plasma) infused per treatment group
from induction of anesthesia until 16
h after the end of surgery

Secondary:

O  hemodynamics,
O  blood gases,
@) fluid balance

Urine output
Serum creatinine
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Table 1. Cont.

Indication and Dose (Planned,

Study Trial Des1gn/C.0untry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
Type of Patients Fluids HES Endpoint
e Prospective,
single-center,
single-b%ind, Indication: priming the heart-lung
randomized, open machine + postoperative fluid
controlled noninferiority management
study regardin, .
y reg 8 6% (130/0.4) HES—64 Planne'd. not 1:eported Hemodvnamic data
Van der i . Daily maximal: Y i
O hemodynamics atients y . e  Serum creatinine
Linden . p 50 mL x ke—! x d-1 Fluid balance . .
, O  fluid balance modified fluid gelatine—68 ! 8 Laboratory data e  Urine production
2005 [52] O  coagulation parameters patients Cumulative: 21.3 & 8.3 mL/kg y
O serum creatinine (~1683 £ 656 mL) intraoperatively,
O liver enzymes 275+ 12.6 mL/kg (~2173 &+ 995
. mL) postoperatively, 48.9 £+ 17.2
e  Belgium mL/kg (~3863 + 1359 mL) total
e  Coronary artery bypass
surgery
Indication: priming the heart-lung *  Primary:
machine + intra/postoperative postoperative blood loss
e  Prospective, fluid management e Secondary:
single-center, Planned: not reported .
single-blind 6% (130/0.4) HES—45 Daily maximal: O transfusion of blood products
o i -1 -1 total volume of colloids e  eGFRbased on MDRD
Ooi, 2009 [72] randomized, controlled patients 50 mL x kg™ x d O P 1
’ Malaysia succinylated gelatine—45 Cumulative: intraoperatively: infused per treatment group ormuia
Coronary artery bypass patients 1225.6 £ 158.3 mL (~17.5 mL/kg), intraoperatively and in the first
surgery first 24 h postoperatively: 716.7 24h postoperatively

910.2 mL (~10.2 mL/kg), total:
1942.3 + 1046.1 mL (27.7 mL/kg)
in HES group

@) renal function

O  complications related to colloid

usage
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Table 1. Cont.

Study

Trial Design/Country/

Type of Patients

Study
Fluids

Indication and Dose (Planned,
Maximal and Cumulative) of
HES

Endpoints

Definition of Renal
Endpoint

Skhirtladze, 2014
[94]

Prospective,
single-center,
randomized, controlled,
double-blind trial
Austria

Elective cardiovascular
surgery [i.e., CABG,
valve repair or
replacement and
surgery of the ascending
aorta] on
cardiopulmonary
bypass

HA group: 5% albumin up
to 50 mL x kg1 x
day~!-76 patients
HES group: 6% HES
130/0.4 up to 50 mL x kg~!
x day~1-81 patients
RL group: RL up to 50 mL
x kg~ x day~1-79
patients

Indication: priming the heart-lung
machine + intra/postoperative
fluid management
Planned: 1500 mL for priming,
intraoperative dose was restricted
to33mL x kg~! x d~!
Daily maximal:
50mL x kg=! x d~!
Cumulative: intraoperatively:
2500 (IQR: 2250-2750) mL,
postoperatively: 625 (IQR: 50-1000)
mL, total: 3000 (IQR: 2750-3500)
mL in HES group

e  Primary:

clinical bleeding based on chest tube

drainage over the first 24 h after
cardiopulmonary bypass

e  Secondary:

O serum creatinine

O transfusion of PRBCs and other

blood products
O  changes in hemoglobin and
hemostatic parameters

Renal dysfunction
defined as serum
creatinine 1.5 mg/dL
Delta creatinine
(maximal creatinine
value within 48 h minus
baseline creatinine)

Joosten, 2016 [77]

Prospective,
single-center, parallel,
double-blinded,
randomized, controlled
Belgium

Elective cardiovascular
surgery on
cardiopulmonary
bypass (CPB)

6% (130/0.4) maize HES-59
patients
6% (130/0.42) potato
HES-59 patients

Indication: priming the heart-lung
machine + intra/postoperative
fluid management
Planned: 1000 mL for priming
(~13 mL/kg), intraoperative dose
in 250 mL boluses to maintain SVV
<13%

Daily maximal:

50 mL x kg1 x d~!
Cumulative: intraoperatively:
1000 mL (IQR: 000-1250 mL) (~13
[IQR: 13-16 mL/kg]) in maize and
1000 mL (IQR: 1000-1200 mL) (~13
[IQR: 13-16 mL/kg]) in potato HES
(NS); up to POD2: 1950 mL (IQR:
1250-2325 mL) (~25 [IQR: 16-29
mL/kg]) mL in maize HES and
2000 mL (IQR: 1500-2700 mL) (~27
[IQR: 20-66 mL/kg]) mL in potato
HES (NS)

e  Primary:
Calculated blood loss up to POD2
e  Secondary:

O  short and long-term effects of
study fluids on postoperative
renal function

Short-term: AKIN and
requirement of RRT
Long-term: urea,
creatinine, eGFR
(CKD-EPI formula)
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Table 1. Cont.

Indication and Dose (Planned,

Study Trial Des1gn/C.ountry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
Type of Patients Fluids HES Endpoint
e  Prospective,
single-center,
randomized, controlled L o
study, blinded for all Indication: priming the heart-lung Fluid balance
Svendsen, participating 6% (130/ 0142) HES-20 . machine o Hemoglobin, hematocrit, AKIN
2018 [91] investigators except for patients Planned: 1700 mL for priming platelets, coagulation
the perfusionist Ringer’s acetate—20 patients Daily maximal: unknown parameters (TEG)
Norway Cumulative: unknown
Coronary artery bypass
surgery
e  Primary:
e Prospective, Planlr?eclllfzgg I;r gggi‘lfls:ﬁ;es if urinary NGAL at baseline, 1 h after
single-center, ) . arrival to ICU and 24 h after
rangdomized, controlled, moi{ggﬁ;lg;rsjrgieatgci;e:liezyHR completion of surgery
triple-blind 6% (130/0.42) HES-69 ; T
p el , patients systolic blood pressure, e  Secondary: RIFLE and see also
Duncan, 2020 [69] parallel-group, o . vasopressor requirement and . . ;
non-inferiority study 5% human.albumm—72 cve/ II;CWP or 31 case of severe © changes in hemostatic findpoints
USA patients parameters

Scheduled aortic valve
replacement

acute surgical haemorrhage
Daily maximal:
35mL x kg~ x day~!
Cumulative: unknown

O urinary IL-18

O  all-cause one-year mortality

O  kidney function at 6 and 12
months
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Table 1. Cont.

Study

Trial Design/Country/
Type of Patients

Indication and Dose (Planned,
Maximal and Cumulative) of Endpoints
HES

Study
Fluids

Definition of Renal
Endpoint

Postoperative patients after abdominal surgery

Mahmood
2007 [63]

e  Prospective,
single-center,
randomized

e  Denmark, Norway,
Finland and Iceland

e  Severe sepsis, septic
shock

Indication: maintenance infusion
during and after the surgery
Planned: 3 mL/kg bolus of colloid
followed by a maintenance rate of
2mL x kg~ x h~! during
surgery and increased to maintain
a urine output greater than 0.5 mL
x kg1 x h~1. Further colloid
administration was based on
maintenance of MAP over
85 mmHg and CVP between 8 and Urinary IgG:creatinine ratio

10 cmH,0 ol-microglobulin:creatinine
Daily maximal: 3911 + 1783 mL ratio
(~61 £+ 23 mL/kg) in 130/0.4 HES
group
Cumulative: from 8 h before

surgery to 24 h after the surgery:
3443 £ 1769 mL (~45 £ 23 mL/kg)

in 200/0.62 HES group
3911 £ 1783 mL (~51 £ 23 mL/kg)

in 130/0.4 HES group

Serum creatinine

6% 200/0.62 HES-21 BUN

patients
6% 130/0.4 HES-21 patients
4% gelatine—20 patients

See Endpoints
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Table 1. Cont.

Indication and Dose (Planned,

Trial Des1gn/C.ountry/ Stu‘dy Maximal and Cumulative) of Endpoints Definition qf Renal
Type of Patients Fluids HES Endpoint
Indication: maintenance infusion
during and after the surgery
Planned: according to .
. s e  Primary renal safety
anesthesiologist’s judgement tor
during surgery based on MAP, parameter:
CVP, fluid balance and the need of  the peak increase in serum creatinine
catecholamines up to POD6 or hospital discharge
Daily maximal: S darv:
Prospective, 50mL x kg! x d~! . econdary:
multi-center, Rarallel, Cumulative: O  renal dysfunction defined as o CrClL
open, randomized, 6% (130/0.42) HES in Day 1: 1709 + 836 mL serum creatinine above the . :
controlled . - limit of 1ol O mild (>50 mL/min)
Godet, 2008 [70] ) saline—29 patients (23.9 £11.9 mL/kg) upper limit of normal plus an O moderate
y Seven centers in France 3% modified fluid Day 2: 1577 + 714 mL increase of >44.2 mmol/L (30-50 mL/min)
Postoperative patients e : > i -
P P gelatine-31 patients (21.8 £ 9.5 mL/kg) (>0.5 mg/dL) above baseline O severe (<30 mL/min)

after abdominal aortic
surgery

Day 3: 1780 + 752 mL
(24.8 + 10.5 mL/kg)
Day 4: 1862 + 1171 mL
(25.4 + 15.4 mL/kg)
Day 5: 1874 =+ 1308 mL
(26.2 + 17.7 mL/kg)
Day 6: 1779 + 1204 mL
(24.0 + 16.2 mL/kg)
Total (day 1- day 6): 10 237 + 4561
mL (139.7 + 58.2 mL/kg)

at any time point after the end

of surgery

O  the minimum postoperative
CrCl

O  theincidence of oliguria (urine
output < 500 mL/day)

O urinary NAG
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Table 1. Cont.

Indication and Dose (Planned,

Study Tri;l DesignlC.ountry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
ype of Patients Fluids HES Endpoint
Indication: maintenance infusion
during and after the surgery
) Planned: 250 mL bolus based on
° Prospective, maintenance of CVP and/or PAOP
sin%dle—ce?ntzr, between 5 and 7 cmH,0 ° gKI oo )
; imal: -1 . -
Mukhtar Ean (;mlze 6% 130/0.4 HES-20 patients Dal_l%’ maximal: 50 mL x kg x mZZiZIC‘)lIilc;l 5:5:3552‘:“]6 Creatinine clearance
2009 [64] ngp 59 albumin-—20 patients d™" during the intraoperative . N Cystatin C
atients scheduled for ° 1% period and first 4 postoperative Start of enteral feeding
living donor liver days Pulmonary complications
transplantation Cumulative: intraoperatively:
3080 + 417 mL, postoperatively:
6229 £+ 1140 mL in 130/0.4 HES
group
Indication: maintenance infusion
during and after the surgery ] )
Planned: 1000 mL/d (~16 mL/kg) ° Child-Turcotte-Pugh grading
*  Prospective, 6% (130/0.4) HES-30 in POD1-3 and 500 mL/d e MELDscore
smgle—cgnter, patients (~8 mL/kg) on POD4-5 e  C-reactive protem{ IL-.6 BUN
Yang 2011 [53] ragdomlzed 20% human-albumin—30 Daily maximal: unknown ° Pulmonar.y c.ompl%catlons Creatinine
China patients Cumulative: intraoperatively: * Nosoc.:omlal infections
Hepatectomy Ringer’s lactate-30 patients ~ 3484.6 + 1072.5mL (~56 + 17 ~ ¢  Bleeding .
mL/kg), total: 10,235.0 +£ 3939 mL.  ®  In-hospital mortality
(~165 = 6 mL/kg) in 130/0.4 HES
group
) Indication: maintenance infusion
hd ProiPectlx;e, during the surgery BUN
multi-center, . i P
randomized 6% (130/0.4) HES-18 hemg?n;iﬂica;(:z;d(g{?\;ocvp . Creatinine (eGFR:
Demir, 2015 [92] Turkey patients i AP) =+ Renalendpoints Cockroft-Gault, MDRD,
Living-donor liver 4% gelatine-18 patients Daily maximal: unknown CKD-EPI)
transplantation Cumulative: 2.3 + 0.8 L (~32 = 11

mL/kg) in 130/0.4 HES group
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Table 1. Cont.

Indication and Dose (Planned,

Study Trial Des1gn/C.0untry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
Type of Patients Fluids HES Endpoint
. . Indication: maintenance infusion ~ °* Primary:
e Prospective, b1—ceITter, during the surgery the time of the first flatus or bowel
Ghodratv. 2017 parallel, double-blinded, 6% (130/0.4) HES-46 Planned: 2mL x kg~! x h-lasa movement
[73’ randomized, controlled patients maintenance fluid plus fluid lossin =~ = ¢ o AKIN
e [Iran, USA Ringer’s lactate—45 patients 1:1 ratio Ty
e  Small intestine resection Daily maximal: unknown O  AKI
Cumulative: 10.4 £+ 4.1 mL/kg O  surgical complications
e  Prospective, bi-center, Indication: maintenance infusion ~ * Primary:
parallel, double-blinded, during the surgery POMS score at POD2
randomized, controlled Planned: EGDT (multiple 100-mL
4 ¢ PR e  Secondary:
superiority trial 6% (130/0.4) waxy maize mini-fluid challenges) based on '
e  Two centers in Belgium HES 11'1 balanced hemodynamic measurements (SVV; O  the effect of study fluids on o
Joosten, 2018 [83] ®  Scheduled open crystalloids—80 patients closed-loop system) postoperative renal function IIgDI ' CRRT
’ abdominal surgery balanced crvstalloids—80 Daily maximal: 33 mL/kg O cardiac, pulmonary, equirement o
(patients required at?ents Cumulative: 900 mL (IQR: gastrointestinal, renal,
unexpected suprarenal P 400-1300 mL) (~13 mL/kg [IQR: infectious complications
aortic crossclamping 6-18 mL/kgl) intraoperatively. O  coagulation
were excluded) Only one patient (1%) reached the O  surgical complications up to 30
maximal dose days after surgery
e  Primary:
Indication: replacement of blood serum cystatin C ratio between POD
. . . 90 and preoperative values
e  Prospective, loss in 1:1 ratio during the surgery,
single-center, parallel, 6% (130,/0.4) HES-47 postoperative fluid management o Secondary:
Kammerer, 2018 single-blinded patients Pla_nned: re'placer‘nent of blood O eGFR Serum cystatin C
[95] °  Germany 5% human-albumin-53 |08 in 1:l ratio during the surgery, o Nap RIFLE
o  Scheduled for patients postoperative fluid management - Ripr g on POD 3 and POD 90
cystectomy Daily maximal: 30 mL/kg O  change of serum cystatin C
Cumulative: 2000 £ 969 mL levels
(~27 £ 13 mL/kg) O  need for vasopressors and

catecholamines up to POD 3
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Table 1. Cont.

Indication and Dose (Planned,

Study Trial Des1gn/C.ountry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
Type of Patients Fluids HES Endpoint
Indication: intraoperative fluid
. management o Pri .
e  Prospective, balanced 10% HES Planned: EGDT (multiple 100-mL fumary:
multi-center, parallel, 0 mini-fluid challenges) based on  the intraoperative volume of HES
double-blinded, 130/0.42-20 patients hemod . t
- balanced 6% HES emodynamic measurements e S darv: KDIGO (as post-hoc
randomized alanced 6% econdary: .
Werner, 2018 [89] . (SVV) analysis)
o  Three tertiery care 130/0.42-22 patients Daily maximal: 30 mL/kg for 10% O  AKI
centers balanced:;}elittaSIIOId—Zl HES; 50 mL/kg for 6% HES O fluid balances
e  Germany p Cumulative: 2250 (IQR: 1750-3000 ©  hemodynamics
mL); 33.3 mL/kg (IQR: 28.2-46.2
mL/kg for 6% HES)
e  Primary:
. a composite of major complications
® ProsPectlve, (cardiac, pulmonary, infectious,
multi-center, parallel, C . gastrointestinal, renal, coagulation)
double-blinded, Indication: intraoperative volume
randomized ) replacement ) *  Secondary: Maximum
e  One center in Austria, 6% HES 130/0.4 in 0.9% Planned: 250 mL over 5 min based a composite of minor complications postoperative serum
Kabon, two centers in USA saline-523 patients on esophageal Doppler the primary composite augmented creatinine concentration
2019 [78] Ringer’s lactate-534 measurements (stroke volume,

e  Postoperative patients
after major abdominal
surgery (open or
laparoscopically
assisted)

patients

corrected aortic flow time)
Daily maximal: 1500 mL
Cumulative: 1 (IQR: 0.5-1.5) liter

by readmission and mortality
e  Safety:

O in-hospital serum creatinine
concentrations

O serum creatinine concentration
up to 6 months postoperatively

(stages 1-3 of AKI are
not clearly defined)




J. Clin. Med. 2023, 12, 5262

18 of 41

Table 1. Cont.

Indication and Dose (Planned,

Study Trial Des1gn/C.0untry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
Type of Patients Fluids HES Endpoint
e  Primary:
Indication: intraoperative volume . .
replacement a composite of m.ortahty or at least
Planned: 250 mL over 5 min to one of the following by POD14:
S . AKI, pulmonary, cardiovascular,
maximize stroke volume; in case of . - . -
less than a 10% increase in stroke infectious or surgical complication
° Prolspective, volume, the study fluid e  Secondary:
multi-center, administration was stopped : .
double-blind, parallel, Daily maximal: 30 mL x Il?;*l X © ma]orlPoi.topel;at?/SDl 4
. randomized 6% HES 130/0.4 in 0.9% d~1 (100 patients [10.5%] of compications 1o FLLE
Futier, 2020 * 20 university hospitals saline-389 patients patientIs) received more) ©  kidney <?1ysfunct10n: oliguria e KDIGO
(FLASH) [73] in France (24-h urine output < 500 mL),

e  DPostoperative patients
after major abdominal
surgery

0.9% saline-386 patients Cumulative: intraoperatively:
1000 mL (IQR: 750-1500 mL)
(~12 mL/kg [IQR: 9-18 mL/kg]);
postoperatively: 500 mL (IQR:
500-750 mL) (~6 mL/kg [IQR: 6-9
mL/kgl); POD2: 500 mL (IQR:
250-1000 mL) (~6 mL/kg [IQR: 3-14
mL/kg]); total: 33.4 & 3.4 mL/kg in
HES group (~2739 £ 279 mL)

KDIGO score
O  major adverse cardiovascular
events
pulmonary complications
SIRS score on POD2
SOFA score without GCS on
POD2
@) time to return of bowel
function (flatus and stool)

00O
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Table 1. Cont.

Trial Design/Country/ Study Indlc.a tion and Dose (Pl.anned, . Definition of Renal
Study T £ Patient Fluid Maximal and Cumulative) of Endpoints Endpoint
ype of Patients uids HES ndpoin
Others
Indication: volume replacement in
the ICU for up to 28 days
Planned: repetitive large doses
Daily maximal:
70 mL x kg1 x d~!
Cumulative: 2297 £ 610 mL (~30
+ 8 mL/kg) daily; total: 19 £ 16 L
e Prospective, (~246 + 208 mL/kg) (max: 66 L)
single-center, 6% (130/ 0:42) HES-16 20mL x kg~! X day':n =16, e  Safety of HES 6% (130/0.4) with
Neff 2003 [65] randomized, controlled patients mean duf?tlon: 4-§ 1days regard to coagulation and renal Not specified
Switzerland 6% (200/0.5) HES + 5% 30mL x kg™ x day~': n=16,

Craniocerebral trauma

albumin-15 patients

function
mean duration: 3.9 days

40mL x kg~! x day "l n =13,
mean duration: 3.1 days

50 mL x kg_1 X day_l: n=12,
mean duration: 2.0 days

60 mL x kg~ x day~!: n =10,
mean duration: 1.8 days

70 mL x kg~ x day ':n=3,
mean duration: 1.0 day
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Table 1. Cont.

Indication and Dose (Planned,

Study Trial Des1gn/C.ountry/ Stu.dy Maximal and Cumulative) of Endpoints Definition O.f Renal
Type of Patients Fluids HES Endpoint
e  Primary:
volume of resuscitation fluid in the
first 24 h,
tolerance of full enteral feeding by
+ Toopecive s/ esss  Indcaon fud oton1oDS
single-center, patients with penetrating, . . e  Secondary:
double-blind, 20 patients with blunt Daily max;mal: 1
James, 2011 randomized, controlled trauma 33mL x kg™ x d~ O  use of blood product e RIFLE
(FIRST) [58] e USA 0.9% saline—31 patient Cumulative: Penetrating trauma: O  biochemical abnormalities,
e Penetrating and blunt e P 5093 %2733 mL (~70 + 38 mL/kg); particularly lactate, chloride,
with penetrating, 22 . .
trauma tients with blunt ¢ Blunt trauma: 6113 & 1919 mL and acid-base and hemostatic
patients with bitmt travma (~79 £ 25 mL/kg) disturbances
O  SOFA scores
e  Safety:
O AKI
® Rrospective, Indication: intraoperative fluid
smgle-cen.ter, replacement
doudble—bhr(lid, led Planned: If SVV was >10% in hd IéIIéIAL
randomized, controlle o supine or lateral position, or >14%  ®
. e India 6% (130/0.42) HES-19 in prone position, a bolus of e Urine output * KDIGO
Tyagi 2019 [80] e  Scheduled orthopedic ) , patients ) 100 mL of the intervention fluid e  The volume of intervention e NGAL
surgery under general Ringer’s lactate—19 patients was infused over 2—4 min fluid
anesthesia with e  Blood loss

>200-300 mL blood loss
expected

Daily maximal: not applicable
Cumulative: 689 & 394 mL
(~12 £ 7 mL/kg)

Abbreviations: AKI: Acute Kidney Injury; AKIN: Acute Kidney Injury Network; ARF: Acute Renal Failure; BUN: Blood Urea Nitrogen; CI: Confidential Interval; CPB: Cardiopulmonary
Bypass; CrCl: Creatinine Clearance; CVP: Central Venous Pressure; EGDT: Early Goal Directed Therapy; eGFR: estimated Glomerular Filtration Rate; GCS: Glasgow Coma Scale;
HA: Human Albumin; HES: Hydroxyethyl Starch; ICU: Intensive Care Unit; IgG: Immunglobulin G; IQR: Interquartile Range; KDIGO: Kidney Disease: Improving Global Outcome;
MAP: Mean Arterial Pressure; MDRD: Modification of Diet in Renal Disease; MELD: Model of End-Stage Liver Disease; NAG: 3-N-Acetyl--D-Glucosaminidase; NGAL: Neutrophil
Gelatinase-Associated Lipocalin; PAOP: Pulmonary Arterial Occlusion Pressure; POD: Postoperative Day; POMS: Profile of Mood States; RIFLE: Risk, Injury, Failure, Loss, End-stage
renal disease criteria for acute kidney injury; RL: Ringer’s Lactate; RRT: Renal Replacement Therapy; SIRS: Systemic Inflammatory Response Syndrome; SOFA: Sepsis-related Organ
Failure Assessment; SVV: Stroke Volume Variation.
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Table 2. Endpoints, outcomes and criticism of studies conducted with 6% HES 130/0.4 or 0.42.

Does the Study Definitely
Support That in Respect of

Study Main Outcomes Authors Conclusion Additional Information Kidney Function the HES Is
Detrimental Safe
Septic patients
. The authors did not assess all cointerventions during the
90-day mortality: 51% in HES, 43% trial period, “because the trial was large, was blinded, and
- : (] A (9 e pe . . e .
in Ringer’s acetate group (RR: 1.17 Patients with severe sepsis who PSEd stratlf.led randor.mzat.l on, itis l.e ss likely that any
[95% CI: 1.01-1.36], p = 0.03) received fluid resuscitation imbalance in concomitant interventions affected the
(] - L.UL-1. ,p=0U. ”
Perner, AKI: 41% in HES, 35% in Ringer’s with HES 130/0.42, as results.” . .
2009-2011, acetate gi‘oup (RR: 1.108 [95% %I: compared with those who *  52%ofall patients received colloids (<1000 mL) before No No
published in 2012 (6S) 0.98-1.43], p = 0.08) received Ringer’s acetate, had a . rTEﬁ;di(r)lrgich;ttilg:s of RRT were not communicated
[40] RRT: 22% in HES, 16% in Ringer’s higher risk of death at 90 days, Hemodvynamic status: unknown
acetate group (RR: 1.35 [95% CI: were more likely to receive RRT ynal A .
1.01-1.08], p = 0.04) . Nephrotoxic drugs: similar number in both groups
’ R ’ . Logistic regression analysis: not performed
. Dose-effect relationship: not investigated
The incidence of AKI was higher in
0, 0o/ .
;h_e 51(1]545) ii%uga(yzss Yo vs. 22%; . The authors did not assess all cointerventions during the
The average AKI stage was 0.2 . g;:ilez?tzlx?v?th acute kidney injury at the time of
higher in the HES group at 5 days The occurrence of AKI and the o Janey mjury .
(r <0.01) initiation and use of RRT rand.omlzatlop were included with equal frequency in the
An increase in AKI stage by one beyond day 5 did not differ . t]yl\;z iﬁig;:;r;t;(s)r; xgrg;li}e)rslce d at 5 davs mostly became
was associated with increased between the two intervention insienificant at 90 Ela S y y
mortality (hazard risk: 1.35; 95% CI, groups g1 . y .
Miiller 1.22-1.49; p < 0.01) The excess 90-day mortality . Shorter periods on RRT are more frequent in the HES
2015 [86,] The trajectories, the incidence of caused by HES may;, at least in group. . 1 . . No Partly yes
AKL the hazard of increase or part, have been mediated . The indication of RRT is uncertain in 1/4-1/5 of -patients in
decrease in AKI stage were not through AKI both groups o .
different at 90 days Patients with AKI at baseline ¢ Theresults are not discriminated according to the
When adjusted, the interventions’ were included the use of RRT . g:ﬁf)lélai:ziecosft?tﬁi unknown
effects on mortality for AKI were was not protocolized yna e
not different at 90 days N Nep.hr.o toxic drl‘lgs. unknown
The fraction of patients on RRT was * Logistic regression: not performed
. Dose-effect relationship: not investigated

higher in the HES group (17% vs.
12%, p = 0.03)
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Table 2. Cont.

Study

Main Outcomes

Authors Conclusion

Additional Information

Does the Study Definitely
Support That in Respect of
Kidney Function the HES Is

Dubin, 2010 [93]

Normal serum creatinine levels in
both groups (on admission:

124+ 03vs. 21 +£12mg/dL; at
24h: 1.5+ 0.5vs. 23 £ 1.6 mg/dL)
Similar urine output in both groups
(1825 + 863 mL vs. 1507 & 1350 mL,
NS)

Pilot study
A better recruitment of the
microcirculation in tetrastarch

group

Hemodynamic status: unknown
Nephrotoxic drugs: unknown
Logistic regression: not performed

Guidet, 2012
(CRYSTMAS) [41]

28-day mortality: 31.0% in HES and
25.3% saline group (NS)

90-day mortality: 40.0% in HES and
34.0% saline group (NS)ARF: 24.5%
in HES and 20.0% saline group
(NS)—comparable according to both
RIFLE and AKIN classifications
Course of mean serum creatinine:
similar in both groups (the highest
values were 155 4+ 109 in HES and
152 + 106 umol/L in saline group
Urinary biomarkers: similar course
in both groups

6% HES 130/0.4, had no
negative effects on mortality,
kidney function, coagulation, or
pruritus

Hemodynamic status: shorter time (11.8 £ 10.1 vs.

14.3 £ 11.1 h; NS) and less study fluid (1379 + 886 mL vs.
1709 £ 1164; p = 0.0185) to initial hemodynamic
stabilization in the HES group; no significant difference in

cathecolamines dose
Nephrotoxic drugs: unknown

Detrimental Safe
No Yes
No Yes
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. The baseline creatinine was not provided
The criteria for the initiation of RRT were not outlined in
the protocol
The diagnosis of AKI was significantly based on urinary
output (R: 52.7% of 54.0% and 56.5% of 57.3%, I: 36.2% of
34.6% and 39.7% of 38% (!), F: 11.6% of 10.4% and 10.5% of
9.2% (!) in the HES and the saline group, respectively)
Neither the dose of diuretics nor the information about
diuretic-naivity of the patients were provided
21% relative increase in the The RR remained lower in the Risk and Injury category in
AKI: risk: 54.0% in the HES group, number RRT in the HES erou the HES group after adjustments
57.3% in the saline group (p = 0.007); RRT was initiated at the group The RR of Failure category and of RRT, the 95% CI saddles
RR: 0.94 (95% CI: 0.90-0.98) discretion of the attendin on 1.00 making its relevancy dubious
Injury: 34.6% in the HES group, clinicians & A possibly misleading figure can be found in the main text
38.0% in the saline group (p = 0.005); HES was associated with plotting the serum creatinine within the first 6 days in the
Myburgh, 2012 RR: 0.91 (95% CI: 0.85-0.97) increased urine output in ICU (no SD values, no daily comparison of the levels, not No No

(CHEST) [38,39]

Failure: 10.4% in the HES group,
9.2% in the saline group (NS); RR:
1.12 (95% CI: 0.97-1.30)

RRT: 7.0% in the HES group, 5.8%
in the saline group (p = 0.04); RR:
1.21 (95% CI: 1.00-1.45)

patients with less severe AKI
Serum creatinine levels were
consistently higher in the HES
group, suggesting a progressive
reduction in creatinine
clearance and more severe AKI

clearly defined how the p-values were calculated)

Neither the daily, nor the cumulative dose of HES were
published. As it can be gleaned from the chart in the
supplementary material of the source paper, 1000 mL was
administered in the first, 500 mL in the second day and
minimal after that time. SD-s were not plotted

Mixed critically ill population, neither the basic SOFA
scores, nor the proportion of different subpopulations were
provided

The logistic regression of contributors for RRT is missing
Several organ systems are listed among the 90-day cause
specific mortality, but renal causes are missing
Hemodynamic status: unknown

Nephrotoxic drugs: unknown, but more transfusions in
HES group

Logistic regression: not performed
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Kidney Function the HES Is

Annane, 2013
(CRISTAL) [84]

No increase in risk of renal
replacement therapy and in risk of
death

No evidence for a
colloids-related increase in the
risk for renal replacement
therapy

Open labeled fluids

The study was powered to compare crystalloid vs. colloid
strategies

Long inclusion time (2003-2012): the definition of AKI and
several therapeutic guidelines have been changed during
this period

The type of HES is not specified (older generations of HES
were available in the study period) and the study fluids in
the colloid group are highly heterogenous

The septic subpopulation (54.7% in colloid, 54.0% in
crystalloid group) was not evaluated thoroughly

86% of patients in the crystalloids group received a
chloride-rich solution (ie, isotonic saline)

70% of patients in the colloids group received HES and
35% of them received gelatins Hemodynamic status:
unknown Nephrotoxic drugs: unknown

Cardiac surgery patients

Gallandat
2000 [50]

No difference in HR, MAP, CVP,
PCWP and cardiac index between
groups

There were no significant
differences in urine output between
the groups (3635 4= 1015 mL vs.
3581 £ 941 mL, NS) in 130/0.4 and
200/0.5 HES group, respectively
There were no significant
differences between the groups in
serum creatinine measured on
POD1 (84.1 & 15.7 umol/L vs.

83.9 & 15.5 umol/L, NS) and POD2
(108.5 £ 17.3 umol/L vs. 94.0 £
20.6 umol/L, NS) in 130/0.4 and
200/0.5 HES group, respectively

The new generation
hydroxyethyl starch HES
130/0.4 6% is an effective
plasma volume expander
compared to the standard HES
200/0.5 6% (pentastarch) in
heart surgery

O 0O

The aim of the study was to demonstrate the noninferiority
of low molecular weight HES on the hemodynamics
Hemodynamic status: all parameters were in the target
range

cardiac index preferably >2 L x min~! x m~2,
filling pressures: CVP 4-12 mmHg and PCWP
6-12 mmHg,

urine output of 1-2 mL x kgfl x h1

Nephrotoxic drugs: unknown

Detrimental Safe
No No
No Yes
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Does the Study Definitely
Support That in Respect of
Kidney Function the HES Is

Van der
Linden,
2005 [52]

All parameters were comparable
between groups

Baseline creatinine level:

92.8 +20.3 umol/L

At 20 h after the ICU admission:
88.4 + 23.0 umol /L

POD5: 90.2 4 25.6 umol/L

Urine output: intraoperatively:

7.4 £ 4.7 mL, postoperatively: 30.0
4+ 12.0 mL, total: 37.5 + 14.0 mL

6% HES 130/0.4 up to 50
mL/kg is a valuable alternative
to modified fluid gelatin for
plasma volume expansion
during and after cardiac
surgery

Hemodynamic status: No significant difference between
groups in preoperative levels and until POD 1 of HR, MAP,
MPAP, PAOP, RAP, cardiac index, SI, SVR, SvO,

Nephrotoxic drugs: unknown

Ooi, 2009 [72]

No significant difference in renal
outcomes (eGFR preoperatively:
853+ 153 mL x min~! x
1.73m~2)

PODI1: 84.1 +24.7 mL x min~! x
1.73m™2,

POD2: 69.4 + 21.0 mL x min~! x
1.73m™2,

POD4: 80.1 +21.4 mL x min~! x
1.73m™2,

after 4 weeks: 90.8 & 21.3 mL x
min~! x 1.73 m~2 in HES group)
No significant difference in other
outcome parameters

6% HES 130/0.4 is a safe
alternative colloid for priming
the CPB circuit and volume
substitution in patients
undergoing CABG

Hemodynamic status: unknown
Nephrotoxic drugs: unknown

Detrimental Safe
No Yes
No Yes
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Delta creatinine: —1.8 (—4.4-9.7)
umol/L in HES group
RRT: 1 = 2 (2.6%) in HA group; n =1 The study was not powered to
(1.2%) in HES group; n = 0 (0%) in detect differences in major
. RL group complications (e.g., Hemodynamic status: unknown
Skhirtladze, 2014 [94] Use of vasopressors: high dose (not re-exploration, renal Nephrotoxic drugs: unknown No Yes
quantified): 11% in HA group, 21% replacement therapy) and
in HES group, 16% in RL group, mortality
low dose: 59% in HA group, 54% in
HES group, 56% in RL group
AKI (Stage 1 to stage 3 at POD2)
in 17 patients (14%)
No significant difference in i\éegciefr?r tlfllg il;ruif tt}}llreezntlre Hemodynamic status: unknown
Joosten, 2016 [77] outcome parameters patientsg(Z. 5% )—C(})]nsistent with Nephrotoxic drugs: unknown No Yes
the literature (15-30% for AKI
and 2-9% for RRT)
The cardiac index was higher in the
HIES group at arnva 11 to thggl cv HES contributed to a 40%
(27+04L Xxmin™" x m “vs. 2.1 duction in th . i
+03L x min~! x m~%; p <0.001) Eiigcbzgﬁge ¢ perioperative Hemodynamic status: No significant difference between
Svendsen No st.at.lstlcal differences in serum Better cardiac performance in groups in preoperative levels and until POD 1 of HR, MAP,
2018 [91] 4 creatinine levels between groups HES group CVP, cardiac index, SVRI, ITBVI, EVLWI, GEDVI with the No Yes

(data just plotted)

Three patients in the HES group
reached AKI stage 1 postoperatively
(NS), but all regained preoperative
values within 5-10 days

Power calculations were not
performed with respect to this
issue before the study

exception of higher cardiac index at ICU admission (see
outcomes) Nephrotoxic drugs: unknown
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Does the Study Definitely
Support That in Respect of
Kidney Function the HES Is

Duncan, 2020 [69]

Similar results were observed in all
measured parameters of kidney
function in both groups (Risk: 35
patients-51%, Injury: 6 patients-9%
Failure: 1 patient-1%; at one year:
Risk: 1 patient-4%, no Injury, no
Failure in the HES group)

In the early postoperative phase
less patients in the Risk stage in the
HES group (51% vs. 67%)

’

HES would be considered
non-inferior if the postoperative
urinary NGAL concentrations
higher than expected variability
did not permit to conclude that
HES was non-inferior to
albumin

The observed long-term kidney
outcomes and mortality were
similar between groups

Hemodynamic status: unknown
Nephrotoxic drugs: unknown

Postoperative patients after abdominal surgery

Mahmood
2007 [63]

The mean serum creatinine was
significantly lower in HES 130/0.4
group than the gelatine group at
days 1, 2 and 5 (only plotted,
between 80-100 umol/L at all
timepoints)

Urinary «1-microglobulin levels
were significantly lower in HES
130/0.4 group than in gelatine
group at clamp on and then
between 4 and 24 h (and at days 4
and 5)

Urinary IgG:creatinine ratios were
significantly lower in HES 130/0.4
group than in gelatine group at 8 h
and day 5

Serum creatinin plotted and seems
to continuously decrease from the
first to the last time-point (exact
values and significance not given)
in case of HES 130/0.4 but not with
the other colloids

In aortic surgery, when HES
infusion is accompanied by
approximately twice its volume
of crystalloid, there is improved
renal function compared with
gelatine

An appropriately powered
study is needed

Total fluid input from 8h before surgery to 24 h after the
surgery: 11,770 (IQR: 9880-14,353) mL; PRBC: 6.0 (IQR:
4.0-8.0); balance: 6834.0 (IQR: 5012.5-8544.5) mL
Hemodynamic status: No significant difference in
vasopressor requirement s among groups

Nephrotoxic drugs: unknown

Detrimental Safe
No Yes
No Yes
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. Serum creatinine increased by 23.6
=+ 55.3 umol/L in HES group
Day 1: 108.4 + 29 pumol /L e The choice of the
Day 2: 116.0 + 43.7 umol /L . .
; colloid—either HES 130/0.4 . . .
Day 3: 123.3 &+ 61.5 pmol/L o latin—h. : Use of furosemide postoperatively was discouraged but
Day 4: 1184 + 75 umol /L fn/ rzagglg:a?;“_ara;‘l‘eot:r‘;zﬁ permitted
Godet, 2008 [70] Day 5: 117.6 & 69.6 pmol/L atety p . Hemodynamic status: MAP: no statistical difference No Yes
4 X outcome in patients with .
Day 6: 113.3 & 64.2 pumol /L decreased renal function between the groups (mean MAP > 73 mmHg at any time)
e The one-sided 95% CI of [—o0; 21.26 undergoing elective abdominal Nephrotoxic drugs: unknown
mmol/L] exceeded the defined aortic surgery
clinically relevant non-inferiority
level of 0.2 mg/dL even after
exclusion of two extreme outliers
e A minimal transient deterioration
was observed in both groups (only
plotted)-maximum serum
creatinine < 130 umol /L, which
R ;ecfzimrfic}i:; r}\) :g?gi:::::if\tﬁlo Hemodynamic status: Goals (CVP: 5-7 mmHg, MAP > 70
Mukhtar end goints e No impact on renal function or mmHg, SVR > 600 dyne x s~! xem ™5, cardiac index >
2009 [64] o P patient outcome 25-3.0 L x min~! x m~2) were achieved No Yes

greater net cumulative fluid balance
in the HES group (3047 4 2000 mL
vs. 1100 = 900 mL, p = 0.029)

The other hemodynamic
parameters (HR, MAP, CO) were
similar

Nephrotoxic drugs: unknown
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Detrimental Safe
e  The serum levels of creatinine in
HES group
preoperative: 77.8 & 20.0 pumol/L,
POD1: 73.4 + 21.6 pmol/L,
POD3: 66.9 + 19.2 pmol/L,
POD5: 64.4 4+ 18.3 umol/L) and
¢ BUN in HES group . Equivalent hemodynamics,
preoperative: 5.9 + 1.7 mmol/L, liver function and e  The study was powered to evaluate the effects of fluid
POD1: 4.6 & 1.3 mmol/L, postoperative clinical outcomes administrating strategy on hepatic function
Yang 2011 [53] POD3: 4.4 £ 1.7 mmol/L, in HA and HES groups e  Hemodynamic status: Goals (CVP: 5-9 mmHg, MAP: No Yes
POD5: 4.1 £ 1.3 mmol/L . HES may exert more favorable 60-80 mmHg) were achieved
R Morbidity and mortality during the le:éfsec;i ;): the acute phase . Nephrotoxic drugs: unknown
study period were not significantly P
different between HA and HES
group, but both were better, then RL
group
e  There were no significant
differences in intraoperative fluid
administration (around 3000-3500
=+ 1000 mL) among groups
¢ BUN, raw and *  Theuseof HES chc@ not cause e There is no information about postoperative dose of HES
Cockroft-Gault-based eGFR were any renal dysfunction . .
. . . The mentioned formulas are not for detecting AKI
Demir, 2015 [92] similar between groups, but MDRD None of the patients AKI . Hemodvnamic status: unknown No Uncertain
and CKD-EPI-based were lower in advancing to Stage 2 was yna o
- . Nephrotoxic drugs: unknown
gelatine group observed
e The study was not powered for estimating AKI
. Duration of ileus was shorter in Colloid fluids may have a . The mean body weight calculated from given data is
HES group (73.4 +20.8 h vs. preventive role in extremely low (41.7 kg) With
Ghodraty, 2017 [74] 86.7 £ 23.7 h, p = 0.006) gastrointestinal operations . Hemodynamic status: unknown No significant
. No difference in postoperative AKI regarding reduction of . Nephrotoxic drugs: unknown limitations

and anastomotic leak

postoperative ileus

Logistic regression: conducted for determining the

contributors of postoperative ileus
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Detrimental Safe

Joosten, 2018 [83]

Both incidence of complications and
POMS score were lower in the
colloid group. There was no
difference in renal outcomes
(KDIGO 1: 13 of 80 patients—16%;
KDIGO 2: 6 of 80 patients-8%;
KDIGO 3: 1 of 80 patients—1% in
HES group)

Fewer rescue fluids and vasoactive
drugs in colloid group

Colloid-based goal-directed
fluid therapy was associated
with fewer postoperative
complications than a crystalloid
one

Hemodynamic status: significantly lower SVV in the
colloid group intraoperatively (8% [95% CI: 7-9%] vs. 10%
[95% CI: 8-13%]), significantly but clinically irrelevantly
higher MAP (79 mmHg [95% CI: 74-84 mmHg] vs.

75 mmHg [95% CI: 72-81 mmHg]) and lower HR (67 /min
[95% CI: 60-76/min] vs. 72/min [95% CI: 64-82/min])
Nephrotoxic drugs: unknown

No Yes

Kammerer, 2018 [95]

There were no significant
differences between groups in renal
function parameters, blood loss and
transfusion needs

Serum cystatin C in HES group:
preoperative: 1.02 (0.83-1.36) mg/L,
after surgery: 0.78 (0.65-1.11) mg/L;
POD1: 0.94 (0.75-1.14) mg/L,
POD3: 0.82 (0.69-1.06) mg/L,
POD90: 1.13 (0.94-1.39) mg/L)

serum NGAL in HES group:
preoperative: 183.6 (136.2-241.8)
ng/mL after surgery: 207.4
(152.8-301.8) ng/mL 24 h
postoperative: 207.2 (156-307) ng/mL
PODL1: 230.8 (162.2-304) ng/mL
POD3: 176.9 (121.4-247.7) ng/mL

AKI on POD3: no AKI in HES
group; two patients (1%) in Risk,
two patients (1%) in Injury phase in
albumin group

AKI on PODY0: five patients (11.6%)
in Risk, zero patients in Injury
phase in HES group; five patients
(11.9%) in Risk, two patients (4.8%)
in Injury phase in albumin group

Perioperative 5% albumin and
balanced 6% HES solutions
have comparable safety profiles
with respect to renal function in
these patients

Hemodynamic status: no differences in intraoperative
cardiac output and SVV; no differences in intra- and
postoperative vasoactive medication requirements
Nephrotoxic drugs: unknown

No Yes
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Detrimental Safe

Werner, 2018 [89]

No significant differences in the
intraoperative volume of HES and
the net fluid balance between the
colloid groups

AKT:

creatinine criterion: 46.7% vs. 23.5%
vs. 20% in 10% HES vs. 6% HES vs.

crystalloid groups, respectively
(NS)

urine output criterion: 86.7% vs.
58.8% vs. 45% in 10% HES vs. 6%
HES vs. crystalloid groups,
respectively (10% HES vs.
crystalloid: p = 0.010, 6% HES vs.
crystalloid: NS)

after adjustment regarding
preventive diuretic administration:
10% HES vs. crystalloid: 86.7% vs.
55.0%, p = 0.033, 6% HES vs.
crystalloid: 58.8% vs. 55%, NS)
combined criteria: 64.7% vs. 65%
vs. 86.7% in 10% HES vs. 6% HES
vs. crystalloid groups, respectively
(NS)

Using grey zone approach the lower
cut-off of 6% HES: 2000 mL

(18.8 mL/kg); the upper cut-off:
2750 mL (45.0 mL/kg) for not
experience AKI with near certainty

Although 6% HES might be
safe, they recommend that it
should be used with caution
during surgery and not applied
beyond 18.8 mL/kg during
surgery

Creatinine and urine output was followed until POD3

No data about postoperative period

Hemodynamic status: no difference in MAP, CVP and
norepinephrine requirements, but significantly higher SVI
in 6% HES group

Nephrotoxic drugs: unknown

No No
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Doppler-guided intraoperative
HES administration did not
. . reduce the number of serious
° There were no creatinine differences A
L complications
between the groups over the initial HES did not reduce the
14 postoperative days (maximum: duration of hospitalization. but Hemodynamic status: no difference in intraoperative
Kabon, 73.4 [62.8-88.4] umol/L) or initial 6 there was also r?o in dicatioél of TWA MAP and phenylephrine requirements No Yes
2019 [78] months (maximum: 76.9 [64.5-93.7] 1 toxici Nephrotoxic drugs: unknown
umol/L). rena .tox1c1ty
. AKI did not differ significantly COl.l oids df) not redu.ce .
perioperative complications;
they should be used in surgical
patients because its higher cost
. Significantly higher SVI, lower dose The trial protocol restricted the use of study fluid to the
of norepinephrine, higher urine day qf surgery apd the next 24 h; administration of fluid
output and higher need for later in the hospital course was not controlled
transfusion in HES group All co-interventions undertaken during the study period
e  There was no significant difference were not assessed
in major post-operative HES was better than . The study p(?p.tllation did not include patients with lower
complication rates between the two crystalloids at expanding risk of morbidity
groups intravascular volume Patients with AKI risk index class 3-5 were included
. RR: Suggested an increased risk of Sepsis developed in 20% of patients up to day 28
) acute kidney injury in 100 patients received study fluid at higher doses than the
. O AKI (adjusted): 1.27 (95% CI: association with use of HES protocol-specified maximum daily dose
Futier, 2020 0.96-1.70, p = 0.10) ) The study may not be powered The use of 0.9% saline rather than a balanced crystalloid No No
(FLASH) [73] o o KODIGO stage 1 (adjusted): 1.45 enough to detect a significant solution may have affected the results
(95% CL: 1.15-1.83, p = q~002) difference among subgroups Most confidential intervals saddle on 1.000 leaving open
O KDIGO stage 2 or 3 (adjusted): 0.98 These findings do not support the possibility of no effect of study fluid on the certain
(950/ o CL: 0.5771.68, p=095) the use of HES for volume outcomes
o Klqney function on day 14 replacement therapy in such Hemodynamic status:
(adlgsit)ed)3 1.27 (95% CI: 0.96-1.70, patients no significant difference intraoperatively in baseline MAP
p=0. and SVI, the baseline SVI
O Need for RRT (adjusted): 0.5 (95% SVI measured at the end of the surgery was higher and the
S;II:(;J.ZZ_L?ZIZ p 2:8(2221 4 130 intraoperative dose of norepinephrine was lower in the
(@) up to day 28 (adjusted): 1.

(0.98-1.74, p = 0.07)

HES group
Nephrotoxic drugs: unknown
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Others
. Originally planned sample size
of 40 patients
e  After 31 subjects had been
e  Intwo patients with multiorgan enrolled and randomized, the e The severe neurologic deficit was independent of the
failure (both in the HES 200/0.5 + institutional ethics committee assignment of patients into either group
5% albumin group, but not related raised questions regarding the . Hemodynamic status: Goals (MAP > 80 mmHg, cerebral
Neff 2003 [65] to colloids occurrence of intracranial perfusion pressure > 70 mmHg) were achieved, limitations No Yes
. The remaining 29 patient: worst bleeding complications in both (PAOP > 16 mmHg, CVP > 20 mmHg, signs of cardiac
creatinine clearance: 93 + 15 groups and requested an failure) were not exceeded
mL/min interim analysis. The study was e Nephrotoxic drugs: unknown

not continued after the interim
analysis because of safety

concerns
° HES group:
@) Penetrating trauma:
Risk: one patient (3%) e  Serum lactate was lower in the HES group comparing to
Injury: zero patients (0%) . No serious risk of renal injury the control group in case of penetrating, but not in case of .
James, 2011 RRT: zero patients (0%) associated with the use of HES blunt trauma No _ With
(FIRST) [58] 130/0.4 in acute resuscitation . Hemodynamic status: unknown limitations

O Blunt trauma: Nephrotoxic drugs: unknown

Risk: seven patients (35%)
Injury: four patients (20%)
RRT: two patients (8%)
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SVV-guided tetrastarch
administration may be
. Postoperative urinary NGAL preferred to Ringer’s lactate in
>50 ng/mL: RL group: 32%, HES group Ej:ﬁint:(i?iiiggingur:gzr
21% (NS) P gery . Hemodynamic status: No significant differences in heart
. . . general anesthesia, due to the . . .
Tyagi 2019 [80] >25 ng/mL: RL group: 47%, HES group: e . rate, CVP, systolic and diastolic blood pressures No No
yag oo — significantly better intravenous :
32% (NS) . Nephrotoxic drugs: unknown

. Early postoperative AKI: RL
group: 26%, HES group: 21% (NS)

expansion efficacy, higher
cardiac index and an
insignificant trend toward
better postoperative renal
function

Abbreviations: AKI: Acute Kidney Injury; AKIN: Acute Kidney Injury Network; ARF: Acute Renal Failure; BUN: Blood Urea Nitrogen; CI: Confidential Interval; CO: Cardiac Output;
CPB: Cardiopulmonary Bypass; CVP: Central Venous Pressure; EGDT: Early Goal Directed Therapy; eGFR: estimated Glomerular Filtration Rate; EVLWI: Extravascular Lung Water
Index; GCS: Glasgow Coma Scale; GEDVI: Global End-Diastolic Volume Index; HA: Human Albumin; HES: Hydroxyethyl Starch; HR: Heart Rate; ICU: Intensive Care Unit; IgG:
Immunglobulin G; IQR: Interquartile Range; ITBVI: Intrathoracic Blood Volume Index; KDIGO: Kidney Disease: Improving Global Outcome; MAP: Mean Arterial Pressure; MDRD:
Modification of Diet in Renal Disease; MPAP: Mean Pulmonary Artery Pressure; NGAL: Neutrophil Gelatinase-Associated Lipocalin; NS: Non-significant; PAOP: Pulmonary Arterial
Occlusion Pressure; PCWP: Pulmonary Capillary Wedge Pressure; POD: Postoperative Day; PRBC: Packed Red Blood Cell; RAP: Right Arterial Pressure; RIFLE: Risk, Injury, Failure,
Loss, End-stage renal disease criteria for acute kidney injury; RL: Ringer’s Lactate; RR: Relative Risk; RRT: Renal Replacement Therapy; SD: Standard Deviation; SI: Stroke Index; SOFA:
Sepsis-related Organ Failure Assessment; SVI: Stroke Volume Index; SvO;: Mixed Venous Oxygen Saturation; SVR: Systemic Vascular Resistance; SVRI: Systemic Vascular Resistance
Index; SVV: Stroke Volume Variation; TEG: Thromboelastography; TWA: Time-Weighted Average.
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5. Studies Supporting the Beneficial Hemodynamic Effects of HES

Although it was not always their primary endpoint, several of the mentioned studies
reported the favorable hemodynamic effects of HES relative to crystalloids [41,42,53,73,82,91]
or other colloids, [52,69,95], while a few studies are against the favorable circulatory effects
of HES compared to crystalloids [64,94].

A large multi-center controlled randomized study conducted by Gondos et al. found
that 6% HES 130/0.4 is a valuable alternative to other colloids [96]; 200 mixed postoperative
ICU patients were investigated in this multi-center study. After the baseline hemodynamic
evaluation was carried out, 10 mL/kg of lactated Ringer’s solution, succinylated gelatin 4%
w/v, 130/0.4 hydroxyethyl starch 6% w/v (HES) or human albumin 5% w/v was administered
over 30 min. Hemodynamic measurements were performed at 30, 45, 60, 90 and 120 min.
Their findings were supported by Toyoda et al. [97]. These studies clearly showed that
both tetrastarch and albumin have significant hemodynamic effects even at 120 min, while
the hemodynamic effect of crystalloids disappears within 20 min. Another controlled
randomized single-center study conducted in 57 severe sepsis patients compared the
hemodynamic effects of 6% (130/0.42) HES (250 mL every 6 h) and 20% human albumin
(100 mL every 12 h) [56]. The administration of a crystalloid solution was allowed as it was
considered necessary. The hemodynamic goals were MAP > 65 mmHg, intrathoracic blood
volume index (ITBVI) > 850 mL x m~?2 and cardiac index > 3.5 L x min~! x m~2. The
most common source of sepsis was ventilator-associated pneumonia. The decrease of the
alveolar-arterial oxygen gradient (AaDO;) was significantly better in the HES group in the
first 72 h, with no significant differences in hemodynamic indices. Renal effects were not
investigated.

6. The Role of Hyperchloremia in the Development of AKI

A substantial bias and debate have emerged about whether we should differentiate
the solutions based on their chloride content and how this effect further modifies poten-
tial interactions with source colloid materials and the plant they are derived from. One
should keep in mind that isotonic saline can lead to both hyperchloremia and a signifi-
cant increase in total body sodium content. Only one liter of 0.9% NaCl contains three
times the recommended daily sodium intake. The entire topic is not discussed here in
detail for reasons of limited space, but we cite the study conducted on twelve healthy
adult male volunteers [98]. Renal artery blood flow velocity and renal cortical perfusion
were compared by magnetic resonance imaging at 0, 30, 60, 120, 180 and 240 min after
starting a 30-min intravenous administration of one liter 6% 130/0.4 maize-derived HES
in 0.9% NaCl and 6% 130/0.4 potato-derived HES in a balanced solution. The authors
found similar mean peak serum chloride levels, blood volume, strong ion difference, serum
creatinine to serum NGAL ratios and mean renal artery flow velocities between groups,
albeit renal cortical perfusion was significantly increased (7% from the baseline) after the
infusion of potato-derived HES in a balanced solution, compared with a 2.5% decrease
from the baseline in the case of maize-derived HES in 0.9% saline. The authors reported
significant hyperchloremia (109 mmol/L vs. 104 mmol/L, p < 0.0001), a greater expansion
of extracellular fluid (1484 mL vs. 1155 mL, p = 0.029) and the deterioration of both renal
artery blood flow velocity (a 13% decline from the baseline, p = 0.045) and renal cortical
perfusion (an 11.7% reduction from the baseline, p = 0.008) after the infusion of two liters of
0.9% NaCl compared with a balanced solution (raised renal circulatory parameters) by the
same method [99]. At the end of the four-hour observational period, 14% and 12% of saline
and balanced solutions remained in the intravascular compartment, respectively.

7. Conclusions

Summarizing these results, it is the opinion of the authors that the administration
of HES is safe and effective if the recommended dose is respected. Restoring circulating
plasma volume is essential to prevent renal hypoperfusion. Crystalloid solutions alone
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fill the extravascular and interstitial space, whereas colloids retain a longer intravascular
effect duration. The tissue deposition of HES can be minimized by adherence to the
manufacturer’s proposal.

Some renal benefits can be achieved by potato-derived HES in a balanced solution. To
date, both the published large studies and the meta-analyses show significant bias in the
context of the deleterious effect of 6% 130/0.4-0.42 HES. The 6% HES (130/0.4 or 0.42) can
have a better hemodynamic profile than crystalloid infusions used alone, but its deleterious
effect on kidney function remains questionable. Without (1) detailed hemodynamic data,
(2) the exclusion of other nephrotoxic events and (3) a properly performed evaluation of the
dose—effect relationship, the AKI-inducing property of the 6% HES 130/0.4 or 0.42 could
not be accounted for as evidence. We need some well-designed randomized controlled
trials to appropriately explore and reflect on clinical problems.

Author Contributions: C.K. and T.G. contributed to idea conception, search methods and paper
retrieval, data extraction and literature analysis. C.K. and T.G. wrote the first draft of the manuscript
and coordinated subsequent revisions; T.F. reviewed and edited the paper; M.T. reviewed and edited
the paper; T.G. and T.E. supervised the manuscript in its entirety. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: A preliminary version of this manuscript has been posted via
Preprints.org 2023, 2023060168. https://doi.org/10.20944 /preprints202306.0168.v1, with on-line
posting date of 2 June 2023.

Acknowledgments: We sincerely appreciated the assistance of Attila Lénart-Muszka during editing
and grammar review.

Conflicts of Interest: The authors declare that there are no conflict of interest regarding the pub-
lication of this article. Drs Tibor Fiilop and Mihaly Tapolyai are current employees of the United
States Veterans Health Administration. However, the views and opinions expressed herewith do not
reflect the official views or opinions of and are not endorsed by the United States Veteran Health
Administration.

Abbreviations

AaDO, Alveolar-Arterial Oxygen Gradient

AKI Acute Kidney Injury

AKIN Acute Kidney Injury Network

ARF Acute Renal Failure

BUN Blood Urea Nitrogen

CABG Coronary Artery Bypass Grafting

CI Confidential Interval

CKD-EPI  Chronic Kidney Disease Epidemiology Collaboration
CrCl Creatinine Clearance

Ccvp Central Venous Pressure

EGDT Early Goal Directed Therapy

eGFR estimated Glomerular Filtration Rate
ELWI Extravascular Lung Water Index

EVLW Extravascular Lung Water
GEDVI Global End-Diastolic Volume Index

GFR Glomerular Filtration Rate

HA Human Albumin

HES Hydroxyethyl Starch

HR Heart Rate

ICU Intensive Care Unit

IGFBP7 Insulin-Like Growth Factor-Binding Protein 7
IgG Immunglobulin G

ITBVI Intrathoracic Blood Volume Index


https://doi.org/10.20944/preprints202306.0168.v1

J. Clin. Med. 2023, 12, 5262 37 of 41

KDIGO Kidney Disease: Improving Global Outcome
MAP Mean Arterial Pressure

MDRD Modification of Diet in Renal Disease

MPAP Mean Pulmonary Artery Pressure

NAG 3-N-Acetyl-B-D-Glucosaminidase

NGAL Neutrophil Gelatinase-Associated Lipocalin
NS Non-Significant

PAOP Pulmonary Arterial Occlusion Pressure
PCWP Pulmonary Capillary Wedge Pressure

POD Postoperative Day

PRBC Packed Red Blood Cell

RAAS Renin-Angiotensin-Aldosterone System
RAP Right Arterial Pressure

RIFLE Risk, Injury, Failure, Loss, End-stage renal disease criteria for acute kidney injury
RR Relative Risk

RRT Renal Replacement Therapy

SI Stroke Index

SIRS Systemic Inflammatory Response Syndrome
SOFA Sepsis-related Organ Failure Assessment
SvO, Mixed Venous Oxygen Saturation

SVR Systemic Vascular Resistance

SVVv Stroke Volume Variation

TIMP2 Tissue Inhibitor of Metalloproteinases 2

References

10.

11.

12.

13.

14.

Rheomacrodex. Drug Ther. Bull. 1964, 2, 24. [CrossRef]

Miladinov, V.D.; Gennadios, A.; Hanna, M.A. Gelatin Manufacturing Process and Product. United States Patent Application
Publication Pub. No.: US 2002/0142368A1, 10-3-2002. Digital Commons@University of Nebraska—Lincoln, Food Science and
Technology Department, Faculty Publications in Food Science and Technology. Available online: https://digitalcommons.unl.
edu/foodsciefacpub/322/ (accessed on 30 May 2023).

Glover, P.A.; Rudloff, E.; Kirby, R. Hydroxyethyl starch: A review of pharmacokinetics, pharmacodynamics, current products,
and potential clinical risks, benefits, and use. J. Vet. Emerg. Crit. Care 2014, 24, 642-661. [CrossRef] [PubMed]

Warner, M.A.A.; Westphal, M.; James, M.EM.; Kozek-Langenecker, S.; Stocker, R.; Guidet, B.; Van Aken, H.; Warner, M.A.A.
Hydroxyethyl Starches: Different Products—Different Effects. Anesthesiology 2009, 111, 187-202. [CrossRef]

von Roten, I.; Madjdpour, C.; Frascarolo, P.; Burmeister, M.-A.; Fisch, A.; Schramm, S.; Bombeli, T.; Spahn, D.R. Molar substitution
and C2/C6 ratio of hydroxyethyl starch: Influence on blood coagulation t. BJA Br. |. Anaesth. 2006, 96, 455-463. [CrossRef]
[PubMed]

Schramm, S.; Thyes, C.; Frascarolo, P.; Buclin, T.; Burki, M.; Fisch, A.; Burmeister, M.-A.; Asmis, L.; Spahn, D.R. Impact of the
C2/Cé6 ratio of high-molecular-weight hydroxyethyl starch on pharmacokinetics and blood coagulation in pigs. Anesthesiology
2007, 107, 442-451. [CrossRef]

Adamik, K.N.; Yozova, I.D. Starch wars-new episodes of the saga. Changes in regulations on hydroxyethyl starch in the European
Union. Front. Vet. Sci. 2019, 5, 336. [CrossRef]

Roberts, P.L.; Dalton, J.; Evans, D.; Harrison, P,; Li, Z.; Ternouth, K.; Thirunavukkarasu, V.; Bulmer, M.; Fernando, S.; McLeod, N.
Removal of TSE agent from plasma products manufactured in the United Kingdom. Vox Sang. 2013, 104, 299-308. [CrossRef]
Cai, K,; Gierman, T.M.; Hotta, J.A.; Stenland, C.J.; Lee, D.C.; Pifat, D.Y.; Petteway, S.R. Ensuring the biologic safety of plasma-
derived therapeutic Proteins: Detection, inactivation, and removal of pathogens. BioDrugs 2005, 19, 79-96. [CrossRef]
Porpiglia, F.; Renard, J.; Billia, M.; Musso, F.; Volpe, A.; Burruni, R.; Terrone, C.; Colla, L.; Piccoli, G.; Podio, V.; et al. Is Renal
Warm Ischemia over 30 Minutes during Laparoscopic Partial Nephrectomy Possible? One-Year Results of a Prospective Study.
Eur. Urol. 2007, 52, 1170-1178. [CrossRef]

Porpiglia, E.; Fiori, C.; Bertolo, R.; Angusti, T.; Piccoli, G.B.; Podio, V.; Russo, R. The effects of warm ischaemia time on renal
function after laparoscopic partial nephrectomy in patients with normal contralateral kidney. World J. Urol. 2012, 30, 257-263.
[CrossRef]

Bardossy, G.; Haldsz, G.; Gondos, T. The diagnosis of hypovolemia using advanced statistical methods. Comput. Biol. Med. 2011,
41,1022-1032. [CrossRef] [PubMed]

Himmelfarb, J.; Joannidis, M.; Molitoris, B.; Schietz, M.; Okusa, M.D.; Warnock, D.; Laghi, F.; Goldstein, S.L.; Prielipp, R.; Parikh,
C.R; et al. Evaluation and initial management of acute kidney injury. Clin. J. Am. Soc. Nephrol. 2008, 3, 962-967. [CrossRef]
[PubMed]

Prowle, ].R.; Kirwan, C.J.; Bellomo, R. Fluid management for the prevention and attenuation of acute kidney injury. Nat. Rev.
Nephrol. 2014, 10, 37-47. [CrossRef] [PubMed]


https://doi.org/10.1136/dtb.2.6.24
https://digitalcommons.unl.edu/foodsciefacpub/322/
https://digitalcommons.unl.edu/foodsciefacpub/322/
https://doi.org/10.1111/vec.12208
https://www.ncbi.nlm.nih.gov/pubmed/25158892
https://doi.org/10.1097/ALN.0b013e3181a7ec82
https://doi.org/10.1093/bja/ael019
https://www.ncbi.nlm.nih.gov/pubmed/16464978
https://doi.org/10.1097/01.anes.0000278879.76613.1c
https://doi.org/10.3389/fvets.2018.00336
https://doi.org/10.1111/vox.12004
https://doi.org/10.2165/00063030-200519020-00002
https://doi.org/10.1016/j.eururo.2007.04.024
https://doi.org/10.1007/s00345-011-0729-5
https://doi.org/10.1016/j.compbiomed.2011.09.002
https://www.ncbi.nlm.nih.gov/pubmed/21945236
https://doi.org/10.2215/CJN.04971107
https://www.ncbi.nlm.nih.gov/pubmed/18354074
https://doi.org/10.1038/nrneph.2013.232
https://www.ncbi.nlm.nih.gov/pubmed/24217464

J. Clin. Med. 2023, 12, 5262 38 of 41

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Cruces, P; Salas, C.; Lillo, P; Salomon, T.; Lillo, F; Hurtado, D.E. The renal compartment: A hydraulic view. Intensive Care Med.
Exp. 2014, 2, 26. [CrossRef] [PubMed]

Bellomo, R.; Ronco, C.; Kellum, J.A.; Mehta, R.L.; Palevsky, P. Acute renal failure—Definition, outcome measures, animal models,
fluid therapy and information technology needs: The Second International Consensus Conference of the Acute Dialysis Quality
Initiative (ADQI) Group. Crit. Care 2004, 8, R204. [CrossRef]

Mehta, R.L.; Kellum, J.A.; Shah, S.V.; Molitoris, B.A.; Ronco, C.; Warnock, D.G.; Levin, A.; Bagga, A.; Bakkaloglu, A.; Bonventre,
J.V,; et al. Acute Kidney Injury Network: Report of an initiative to improve outcomes in acute kidney injury. Crit. Care 2007, 11,
R31. [CrossRef]

Kellum, J.A.; Lameire, N.; Aspelin, P; Barsoum, R.S.; Burdmann, E.A.; Goldstein, S.L.; Herzog, C.A.; Joannidis, M.; Kribben, A.;
Levey, A.S; et al. Kidney disease: Improving global outcomes (KDIGO) acute kidney injury work group. KDIGO clinical practice
guideline for acute kidney injury. Kidney Int. Suppl. 2012, 2, 1-138. [CrossRef]

Ostermann, M.; Zarbock, A.; Goldstein, S.; Kashani, K.; Macedo, E.; Murugan, R.; Bell, M.; Forni, L.; Guzzi, L.; Joannidis, M.;
et al. Recommendations on Acute Kidney Injury Biomarkers From the Acute Disease Quality Initiative Consensus Conference: A
Consensus Statement. JAMA Netw. open 2020, 3, €2019209. [CrossRef]

Erdost, H.A.; Ozkardesler, S.; Akan, M.; Iyilikci, L.; Unek, T.; Ocmen, E.; Dalak, R.M.; Astarcioglu, I. Comparison of the RIFLE,
AKIN, and KDIGO Diagnostic Classifications for Acute Renal Injury in Patients Undergoing Liver Transplantation. Transplant.
Proc. 2016, 48, 2112-2118. [CrossRef]

Kellum, J.A.; Anders, J.; Romagnani, P.; Ashuntantang, G.; Ronco, C.; Zarbock, A.; Anders, H.-J. Acute kidney injury. Nat. Rev.
Dis. Prim. 2021, 7, 52. [CrossRef]

Zarychanski, R.; Abou-Setta, A.M.; Turgeon, A.E.,; Houston, B.L.; McIntyre, L.; Marshall, ].C.; Fergusson, D.A. Association of
hydroxyethyl starch administration with mortality and acute kidney injury in critically ill patients requiring volume resuscitation:
A systematic review and meta-analysis. JAMA 2013, 309, 678-688. [CrossRef] [PubMed]

Mutter, T.C.; Ruth, C.A ; Dart, A.B. Hydroxyethyl starch (HES) versus other fluid therapies: Effects on kidney function. Cochrane
Database Syst. Rev. 2013, 7, CD007594. [CrossRef] [PubMed]

Xu, Y.; Wang, S.; He, L.; Yu, H.; Yu, H. Hydroxyethyl starch 130/0.4 for volume replacement therapy in surgical patients: A
systematic review and meta-analysis of randomized controlled trials. Perioper. Med. 2021, 10, 16. [CrossRef] [PubMed]
Chappell, D.; van der Linden, P,; Ripollés-Melchor, J.; James, M.EM. Safety and efficacy of tetrastarches in surgery and trauma: A
systematic review and meta-analysis of randomised controlled trials. Br. J. Anaesth. 2021, 127, 556-568. [CrossRef] [PubMed]
Shimizu, K.; Kurosawa, T.; Sanjo, T. Effect of Hyperosmolality on Vasopressin Secretion in Intradialytic Hypotension: A
Mechanistic Study. Am. J. Kidney Dis. 2008, 52, 294-304. [CrossRef]

Prowle, J.R.; Forni, L.G.; Bell, M.; Chew, M.S.; Edwards, M.; Grams, M.E.; Grocott, M.P.W.; Liu, K.D.; Mcllroy, D.; Murray, P.T.; et al.
Postoperative acute kidney injury in adult non-cardiac surgery: Joint consensus report of the Acute Disease Quality Initiative and
PeriOperative Quality Initiative. Nat. Rev. Nephrol. 2021, 17, 605-618. [CrossRef]

Kopitko, C.; Gondos, T.; Fulop, T.; Medve, L. Reinterpreting Renal Hemodynamics: The Importance of Venous Congestion and
Effective Organ Perfusion in Acute Kidney Injury. Am. J. Med. Sci. 2020, 359, 193-205. [CrossRef]

Mullens, W.; Abrahams, Z.; Francis, G.S.; Sokos, G.; Taylor, D.O.; Starling, R.C.; Young, ].B.; Tang, W.H.W. Importance of venous
congestion for worsening of renal function in advanced decompensated heart failure. J. Am. Coll. Cardiol. 2009, 53, 589-596.
[CrossRef]

Bellomo, R.; Kellum, J.A.; Ronco, C.; Wald, R.; Martensson, J.; Maiden, M.; Bagshaw, S.M.; Glassford, N.J.; Lankadeva, Y.; Vaara,
S.T,; et al. Acute kidney injury in sepsis. Intensive Care Med. 2017, 43, 816-828. [CrossRef]

von Groote, T.C.; Ostermann, M.; Forni, L.G.; Meersch-Dini, M.; Zarbock, A.; Schmidt, C.; Hoffmeier, A.; Aken, H.; Wempe,
C.; Kiillmar, M.; et al. The AKI care bundle: All bundle components are created equal—Are they? Intensive Care Med. 2022, 48,
242-245. [CrossRef]

De Rosa, S.; Samoni, S.; Ronco, C. Creatinine-based definitions: From baseline creatinine to serum creatinine adjustment in
intensive care. Crit. Care 2016, 20, 69. [CrossRef]

Siew, E.D.; Matheny, M.E; Ikizler, T.A.; Lewis, ].B.; Miller, R.A.; Waitman, L.R.; Go, A.S.; Parikh, C.R.; Peterson, ].F. Commonly
used surrogates for baseline renal function affect the classification and prognosis of acute kidney injury. Kidney Int. 2010, 77,
536-542. [CrossRef]

Bagshaw, S.M.; Uchino, S.; Cruz, D.; Bellomo, R.; Morimatsu, H.; Morgera, S.; Schetz, M.; Tan, I.; Bouman, C.; MacEdo, E; et al.
A comparison of observed versus estimated baseline creatinine for determination of RIFLE class in patients with acute kidney
injury. Nephrol. Dial. Transplant. 2009, 24, 2739-2744. [CrossRef] [PubMed]

Lex, D.J.; Téth, R.; Cserép, Z.; Alexander, S.I.; Breuer, T.; Sapi, E.; Szatmari, A.; Székely, E.; G4l, ].; Székely, A. A comparison of
the systems for the identification of postoperative acute kidney injury in pediatric cardiac patients. Ann. Thorac. Surg. 2014, 97,
202-210. [CrossRef] [PubMed]

Palma, C.D.; Mamba, M.; Geldenhuys, J.; Fadahun, O.; Rossaint, R.; Zacharowski, K.; Brand, M.; Diaz-Cambronero, O.; Belda, I
Westphal, M.; et al. PragmaTic, prospEctive, randomized, controlled, double-blind, mulTi-centre, multinational study on the
safety and efficacy of a 6% HydroxYethyl Starch (HES) solution versus an electrolyte solution in trauma patients: Study protocol
for the TETHYS study. Trials 2022, 23, 456. [CrossRef] [PubMed]


https://doi.org/10.1186/s40635-014-0026-x
https://www.ncbi.nlm.nih.gov/pubmed/26266923
https://doi.org/10.1186/cc2872
https://doi.org/10.1186/cc5713
https://doi.org/10.1038/kisup.2012.1
https://doi.org/10.1001/jamanetworkopen.2020.19209
https://doi.org/10.1016/j.transproceed.2016.03.044
https://doi.org/10.1038/s41572-021-00284-z
https://doi.org/10.1001/jama.2013.430
https://www.ncbi.nlm.nih.gov/pubmed/23423413
https://doi.org/10.1002/14651858.CD007594.pub3
https://www.ncbi.nlm.nih.gov/pubmed/23881659
https://doi.org/10.1186/s13741-021-00182-8
https://www.ncbi.nlm.nih.gov/pubmed/33971968
https://doi.org/10.1016/j.bja.2021.06.040
https://www.ncbi.nlm.nih.gov/pubmed/34330414
https://doi.org/10.1053/j.ajkd.2008.03.024
https://doi.org/10.1038/s41581-021-00418-2
https://doi.org/10.1016/j.amjms.2020.01.012
https://doi.org/10.1016/j.jacc.2008.05.068
https://doi.org/10.1007/s00134-017-4755-7
https://doi.org/10.1007/s00134-021-06601-0
https://doi.org/10.1186/s13054-016-1218-4
https://doi.org/10.1038/ki.2009.479
https://doi.org/10.1093/ndt/gfp159
https://www.ncbi.nlm.nih.gov/pubmed/19349297
https://doi.org/10.1016/j.athoracsur.2013.09.014
https://www.ncbi.nlm.nih.gov/pubmed/24206964
https://doi.org/10.1186/s13063-022-06390-x
https://www.ncbi.nlm.nih.gov/pubmed/35655234

J. Clin. Med. 2023, 12, 5262 39 of 41

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

Buhre, W.; de Korte-de Boer, D.; de Abreu, M.G.; Scheeren, T.; Gruenewald, M.; Hoeft, A.; Spahn, D.R.; Zarbock, A.; Daamen,
S.; Westphal, M.; et al. Prospective, randomized, controlled, double-blind, multi-center, multinational study on the safety and
efficacy of 6% Hydroxyethyl starch (HES) sOlution versus an Electrolyte solutioN In patients undergoing eleCtive abdominal
Surgery: Study protocol for the PHOENICS study. Trials 2022, 23, 168. [CrossRef]

Myburgh, J.A.; Finfer, S.; Bellomo, R.; Billot, L.; Cass, A.; Gattas, D.; Glass, P; Lipman, J.; Liu, B.; McArthur, C.; et al. Hydroxyethyl
Starch or Saline for Fluid Resuscitation in Intensive Care. N. Engl. . Med. 2012, 367, 1901-1911. [CrossRef] [PubMed]

The Crystalloid versus Hydroxyethyl Starch Trial (CHEST) Management Committee. The Crystalloid versus Hydroxyethyl Starch.
Intensive Care Med. 2011, 37, 816-823. [CrossRef]

Perner, A.; Haase, N.; Guttormsen, A.B.; Tenhunen, J.; Klemenzson, G.; Aneman, A.; Madsen, K.R.; Mgller, M.H.; Elkjeer, ] M.;
Poulsen, L.M.; et al. Hydroxyethyl Starch 130/0.42 versus Ringer’s Acetate in Severe Sepsis. N. Engl. ]. Med. 2012, 367, 124-134.
[CrossRef]

Guidet, B.; Martinet, O.; Boulain, T.; Philippart, F.; Poussel, ].F,; Maizel, ].; Forceville, X.; Feissel, M.; Hasselmann, M.; Heininger,
A.; et al. Assessment of hemodynamic efficacy and safety of 6% hydroxyethylstarch 130/0.4 vs. 0.9% NaCl fluid replacement in
patients with severe sepsis: The CRYSTMAS study. Crit. Care 2012, 16, R94. [CrossRef]

Du, X,; Hu, W,; Xia, Q.; Huang, Z.-W.; Chen, G.-Y; Jin, X.-D.; Xue, P; Lu, H--M,; Ke, N.; Zhang, Z.-D.; et al. Hydroxyethyl Starch
Resuscitation Reduces the Risk of Intra-Abdominal Hypertension in Severe Acute Pancreatitis. Pancreas 2011, 40, 1220-1225.
[CrossRef]

Jungheinrich, C.; Sauermann, W.; Bepperling, F.; Vogt, N.H. Volume efficacy and reduced influence on measures of coagulation
using hydroxyethyl starch 130/0.4 (6%) with an optimised in vivo molecular weight in orthopaedic surgery: A randomised,
double-blind study. Drugs R D 2004, 5, 1-9. [CrossRef]

Schortgen, F.; Lacherade, ].C.; Bruneel, F; Cattaneo, I.; Hemery, F.; Lemaire, F.; Brochard, L. Effects of hydroxyethylstarch and
gelatin on renal function in severe sepsis: A multicentre randomised study. Lancet 2001, 357, 911-916. [CrossRef]

Brunkhorst, EM.; Engel, C.; Bloos, F.; Meier-Hellmann, A.; Ragaller, M.; Weiler, N.; Moerer, O.; Gruendling, M.; Oppert, M.;
Grond, S.; et al. Intensive insulin therapy and pentastarch resuscitation in severe sepsis. N. Engl. |. Med. 2008, 358, 125-139.
[CrossRef]

McIntyre, L.A.; Fergusson, D.; Cook, D.J.; Rankin, N.; Dhingra, V.; Granton, J.; Magder, S.; Stiell, I; Taljaard, M.; Hebert, P.C. Fluid
resuscitation in the management of early septic shock (FINESS): A randomized controlled feasibility trial. Can. J. Anesth. 2008, 55,
819-826. [CrossRef]

Vlachou, E.; Gosling, P.; Moiemen, N.S. Hydroxyethylstarch supplementation in burn resuscitation—A prospective randomised
controlled trial. Burns 2010, 36, 984-991. [CrossRef]

Zampieri, EG.; Bagshaw, S.M.; Semler, M.W. Fluid Therapy for Critically Ill Adults With Sepsis: A Review. JAMA 2023, 329,
1967-1980. [CrossRef]

Fernéndez, ].; Monteagudo, J.; Bargallo, X.; Jiménez, W.; Bosch, J.; Arroyo, V.; Navasa, M. A randomized unblinded pilot study
comparing albumin versus hydroxyethyl starch in spontaneous bacterial peritonitis. Hepatology 2005, 42, 627-634. [CrossRef]
Gallandat Huet, R.C.; Siemons, A.W.; Baus, D.; van Rooyen-Butijn, W.T.; Haagenaars, J.A.; van Oeveren, W.; Bepperling, F. A
novel hydroxyethyl starch (Voluven) for effective perioperative plasma volume substitution in cardiac surgery. Comp. A J. Comp.
Educ. 2000, 42, 1207-1215. [CrossRef]

Heradstveit, B.E.; Guttormsen, A.B.; Langergen, J.; Hammersborg, S.M.; Wentzel-Larsen, T.; Fanebust, R.; Larsson, E.M.; Heltne,
J.K. Capillary leakage in post-cardiac arrest survivors during therapeutic hypothermia—A prospective, randomised study. Scand.
J. Trauma. Resusc. Emerg. Med. 2010, 18, 29. [CrossRef]

Van Der Linden, PJ.; De Hert, S.G.; Deraedt, D.; Cromheecke, S.; De Decker, K.; De Paep, R.; Rodrigus, I.; Daper, A.; Trenchant,
A. Hydroxyethyl starch 130/0.4 versus modified fluid gelatin for volume expansion in cardiac surgery patients: The effects on
perioperative bleeding and transfusion needs. Anesth. Analg. 2005, 101, 629-634. [CrossRef]

Yang, J.; Wang, W.T.; Yan, L.N.; Xu, M.Q.; Yang, J. yin Alternatives to albumin administration in hepatocellular carcinoma patients
undergoing hepatectomy: An open, randomized clinical trial of efficacy and safety. Chin. Med. J. 2011, 124, 1458-1464. [CrossRef]
Choi, Y.S.; Shim, ].K,; Hong, S.W.; Kim, ].C.; Kwak, Y.L. Comparing the effects of 5% albumin and 6% hydroxyethyl starch 130/0.4
on coagulation and inflammatory response when used as priming solutions for cardiopulmonary bypass. Minerva Anestesiol.
2010, 76, 584-591.

Haase, N.; Perner, A.; Hennings, L.I; Siegemund, M.; Lauridsen, B.; Wetterslev, M.; Wetterslev, J. Hydroxyethyl starch 130/0.38-
0.45 versus crystalloid or albumin in patients with sepsis: Systematic review with meta-analysis and trial sequential analysis.
BM]J 2013, 346, £839. [CrossRef]

Doletek, M.; Svoboda, P.; Kantorova, I.; Scheer, P.; Sas, I; Bibrova, J.; Radvanova, J.; Radvan, M. Therapeutic influence of
20% albumin versus 6% hydroxyethylstarch on extravascular lung water in septic patients: A randomized controlled trial.
Hepatogastroenterology 2009, 56, 1622-1628.

ESICM 2010 WEDNESDAY SESSIONS 13 October 2010. Intensive Care Med. 2010, 36, 326—433. [CrossRef]

James, M.EM.; Michell, W.L.; Joubert, I.A.; Nicol, A.]J.; Navsaria, PH.; Gillespie, R.S. Resuscitation with hydroxyethyl starch
improves renal function and lactate clearance in penetrating trauma in a randomized controlled study: The FIRST trial (Fluids in
Resuscitation of Severe Trauma). Br. . Anaesth. 2011, 107, 693-702. [CrossRef]


https://doi.org/10.1186/s13063-022-06058-6
https://doi.org/10.1056/NEJMoa1209759
https://www.ncbi.nlm.nih.gov/pubmed/23075127
https://doi.org/10.1007/s00134-010-2117-9
https://doi.org/10.1056/NEJMoa1204242
https://doi.org/10.1186/11358
https://doi.org/10.1097/MPA.0b013e3182217f17
https://doi.org/10.2165/00126839-200405010-00001
https://doi.org/10.1016/S0140-6736(00)04211-2
https://doi.org/10.1056/NEJMoa070716
https://doi.org/10.1007/BF03034053
https://doi.org/10.1016/j.burns.2010.04.001
https://doi.org/10.1001/jama.2023.7560
https://doi.org/10.1002/hep.20829
https://doi.org/10.1007/BF03019870
https://doi.org/10.1186/1757-7241-18-29
https://doi.org/10.1213/01.ANE.0000175216.53374.27
https://doi.org/10.3760/cma.j.issn.0366-6999.2011.10.004
https://doi.org/10.1136/bmj.f839
https://doi.org/10.1007/s00134-010-2001-7
https://doi.org/10.1093/bja/aer229

J. Clin. Med. 2023, 12, 5262 40 of 41

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Cittanova, M.L.; Leblang, I.; Legendre, C.; Mouquet, C.; Riou, B.; Coriat, P. Effect of hydroxyethylstarch in brain-dead kidney
donors on renal function in kidney-transplant recipients. Lancet 1996, 348, 1620-1622. [CrossRef]

Dehne, M.G.; Miihling, J.; Sablotzki, A.; Dehne, K.L.; Sucke, N.; Hempelmann, G. Hydroxyethyl starch (HES) does not directly
affect renal function in patients with no prior renal impairment. J. Clin. Anesth. 2001, 13, 103-111. [CrossRef]

Diehl, ].T.; Lester, J.L.; Cosgrove, D.M. Clinical Comparison of Hetastarch and Albumin in Postoperative Cardiac Patients. Ann.
Thorac. Surg. 1982, 34, 674—679. [CrossRef]

Lee, J.S.; Ahn, SW.; Song, ].W.; Shim, ].K.; Yoo, K.J.; lan Kwak, Y. Effect of Hydroxyethyl Starch 130/0.4 on Blood loss and
Coagulation in patients with recent exposure to dual antiplatelet Therapy undergoing off-pump Coronary artery bypass graft
surgery. Circ. . 2011, 75, 2397-2402. [CrossRef]

Mahmood, A.; Gosling, P.; Vohra, R K. Randomized clinical trial comparing the effects on renal function of hydroxyethyl starch or
gelatine during aortic aneurysm surgery. Br. |. Surg. 2007, 94, 427-433. [CrossRef] [PubMed]

Mukhtar, A.; Aboulfetouh, E; Obayah, G.; Salah, M.; Emam, M.; Khater, Y.; Akram, R.; Hoballah, A.; Bahaa, M.; Elmeteini, M.;
et al. The safety of modern hydroxyethyl starch in living donor liver transplantation: A comparison with human albumin. Anesth.
Analg. 2009, 109, 924-930. [CrossRef] [PubMed]

Neff, T.A.; Doelberg, M.; Jungheinrich, C.; Sauerland, A.; Spahn, D.R.; Stocker, R. Repetitive large-dose infusion of the novel
hydroxyethyl starch 130/0.4 in Patients with severe head injury. Anesth. Analg. 2003, 96, 1453-1459. [CrossRef] [PubMed]
Shatney, C.H.; Deepika, K.; Militello, PR.; Majerus, T.C.; Dawson, R. Ben Efficacy of Hetastarch in the Resuscitation of Patients
With Multisystem Trauma and Shock. Arch. Surg. 1983, 118, 804-809. [CrossRef]

Abdel-Khalek, E.E.; Arif, S.E. Randomized trial comparing human albumin and hydroxyethyl starch 6% as plasma expanders for
treatment of patients with liver cirrhosis and tense ascites following large volume paracentesis. Arab J. Gastroenterol. 2010, 11,
24-29. [CrossRef]

Altman, C.; Bernard, B.; Roulot, D.; Vitte, R.L.; Ink, O. Randomized comparative multicenter study of hydroxyethyl starch versus
albumin as a plasma expander in cirrhotic patients with tense ascites treated with paracentesis. Eur. J. Gastroenterol. Hepatol. 1998,
10, 5-10. [CrossRef]

Duncan, A.E;; Jia, Y.; Soltesz, E.; Leung, S.; Yilmaz, H.O.; Mao, G.; Timur, A.A.; Kottke-Marchant, K.; Rogers, H.J.; Ma, C,;
et al. Effect of 6% hydroxyethyl starch 130/0.4 on kidney and haemostatic function in cardiac surgical patients: A randomised
controlled trial. Anaesthesia 2020, 75, 1180-1190. [CrossRef]

Godet, G.; Lehot, ].].; Janvier, G.; Steib, A.; De Castro, V.; Coriat, P. Safety of HES 130/0.4 (Voluven®) in patients with preoperative
renal dysfunction undergoing abdominal aortic surgery: A prospective, randomized, controlled, parallel-group multicentre trial.
Eur. |. Anaesthesiol. 2008, 25, 986-994. [CrossRef]

Lee, K.E; Lo, E.Y.].].; Wong, KK.C.C.; Fung, A.K.Y.Y;; Chong, C.C.N.N.; Wong, ].; Ng, KK.C.C; Lai, PB.S.S. Acute kidney injury
following hepatectomy and its impact on long-term survival for patients with hepatocellular carcinoma. BJS Open 2021, 5, zrab077.
[CrossRef]

Ooi Su Min, J.; Ramzisham, A.R.M.; Zamrin, M.D. Is 6% hydroxyethyl starch 130/0.4 safe in coronary artery bypass graft surgery?
Asian Cardiovasc. Thorac. Ann. 2009, 17, 368-372. [CrossRef]

Futier, E.; Garot, M.; Godet, T.; Biais, M.; Verzilli, D.; Ouattara, A.; Huet, O.; Lescot, T.; Lebuffe, G.; Dewitte, A.; et al. Effect of
Hydroxyethyl Starch vs Saline for Volume Replacement Therapy on Death or Postoperative Complications among High-Risk
Patients Undergoing Major Abdominal Surgery: The FLASH Randomized Clinical Trial. JAMA—]. Am. Med. Assoc. 2020, 323,
225-236. [CrossRef] [PubMed]

Ghodraty, M.R.; Rokhtabnak, F.; Dehghan, H.R.; Pournajafian, A.; Baghaee Vaji, M.; Koleini, Z.S.; Porhomayon, J.; Nader, N.D.
Crystalloid versus colloid fluids for reduction of postoperative ileus after abdominal operation under combined general and
epidural anesthesia. Surgery 2017, 162, 1055-1062. [CrossRef]

Hamaji, A.; Hajjar, L.; Caiero, M.; Almeida, J.; Nakamura, R.E.; Osawa, E.A.; Fukushima, J.; Galas, ER.; Auler Junior, ].O.C.
Volume replacement therapy during hip arthroplasty using hydroxyethyl starch (130/0.4) compared to lactated Ringer decreases
allogeneic blood transfusion and postoperative infection. Rev. Bras. Anestesiol. 2013, 63, 27-44. [CrossRef]

Hung, M.H.; Zou, C.; Lin, ES.; Lin, C.J.; Chan, K.C.; Chen, Y. New 6% hydroxyethyl starch 130/0.4 does not increase blood loss
during major abdominal surgery-A randomized, controlled trial. J. Formos. Med. Assoc. 2014, 113, 429-435. [CrossRef]

Joosten, A.; Tircoveanu, R.; Arend, S.; Wauthy, P.; Gottignies, P.; Van Der Linden, P. Impact of balanced tetrastarch raw material
on perioperative blood loss: A randomized double blind controlled trial. Br. |. Anaesth. 2016, 117, 442-449. [CrossRef] [PubMed]
Kabon, B.; Sessler, D.I.; Kurz, A. Effect of Intraoperative Goal-directed Balanced Crystalloid versus Colloid Administration on
Major Postoperative Morbidity: A Randomized Trial. Anesthesiology 2019, 130, 728-744. [CrossRef]

Kammerer, T,; Klug, E; Schwarz, M.; Hilferink, S.; Zwissler, B.; von Dossow, V.; Karl, A.; Miiller, H.H.; Rehm, M. Comparison of
6% hydroxyethyl starch and 5% albumin for volume replacement therapy in patients undergoing cystectomy (CHART): Study
protocol for a randomized controlled trial. Trials 2015, 16, 384. [CrossRef] [PubMed]

Tyagi, A.; Verma, G.; Luthra, A.; Lahan, S.; Das, S.; Rai, G.; Sethi, A K. Risk of early postoperative acute kidney injury with stroke
volume variation-guided tetrastarch versus Ringer’s lactate. Saudi |. Anaesth. 2019, 13, 9-15. [CrossRef]

Yates, D.R.A.; Davies, S.J.; Milner, H.E.; Wilson, R.J.T. Crystalloid or colloid for goal-directed fluid therapy in colorectal surgery.
Br. J. Anaesth. 2014, 112, 281-289. [CrossRef]


https://doi.org/10.1016/S0140-6736(96)07588-5
https://doi.org/10.1016/S0952-8180(01)00225-2
https://doi.org/10.1016/S0003-4975(10)60907-1
https://doi.org/10.1253/circj.CJ-11-0404
https://doi.org/10.1002/bjs.5726
https://www.ncbi.nlm.nih.gov/pubmed/17380548
https://doi.org/10.1213/ane.0b013e3181aed54f
https://www.ncbi.nlm.nih.gov/pubmed/19690268
https://doi.org/10.1213/01.ANE.0000061582.09963.FD
https://www.ncbi.nlm.nih.gov/pubmed/12707149
https://doi.org/10.1001/archsurg.1983.01390070016004
https://doi.org/10.1016/j.ajg.2010.01.006
https://doi.org/10.1097/00042737-199801000-00002
https://doi.org/10.1111/anae.14994
https://doi.org/10.1017/S026502150800447X
https://doi.org/10.1093/bjsopen/zrab077
https://doi.org/10.1177/0218492309338101
https://doi.org/10.1001/jama.2019.20833
https://www.ncbi.nlm.nih.gov/pubmed/31961418
https://doi.org/10.1016/j.surg.2017.06.014
https://doi.org/10.1016/S0034-7094(13)70196-X
https://doi.org/10.1016/j.jfma.2012.08.002
https://doi.org/10.1093/bja/aew249
https://www.ncbi.nlm.nih.gov/pubmed/28077530
https://doi.org/10.1097/ALN.0000000000002601
https://doi.org/10.1186/s13063-015-0866-z
https://www.ncbi.nlm.nih.gov/pubmed/26314293
https://doi.org/10.4103/sja.SJA_410_18
https://doi.org/10.1093/bja/aet307

J. Clin. Med. 2023, 12, 5262 41 of 41

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Lindroos, A.C.B.; Niiya, T; Silvasti-Lundell, M.; Randell, T.; Hernesniemi, J.; Niemi, T.T. Stroke volume-directed administration
of hydroxyethyl starch or Ringer’s acetate in sitting position during craniotomy. Acta Anaesthesiol. Scand. 2013, 57, 729-736.
[CrossRef]

Joosten, A.; Delaporte, A.; Ickx, B.; Touihri, K.; Stany, I.; Barvais, L.; Van Obbergh, L.; Loi, P.; Rinehart, J.; Cannesson, M.; et al.
Crystalloid versus Colloid for Intraoperative Goal-directed Fluid Therapy Using a Closed-loop System. Anesthesiology 2018, 128,
55-66. [CrossRef] [PubMed]

Annane, D.; Siami, S.; Jaber, S.; Martin, C.; Elatrous, S.; Declere, A.D.; Preiser, J.C.; Outin, H.; Troché, G.; Charpentier, C.; et al.
Effects of fluid resuscitation with colloids vs crystalloids on mortality in critically ill patients presenting with hypovolemic
shock—The CRISTAL randomized trial. Jama 2013, 310, 1809-1817. [CrossRef]

Van Regenmortel, N.; Verbrugghe, W.; Roelant, E.; Van den Wyngaert, T.; Jorens, P.G. Maintenance fluid therapy and fluid creep
impose more significant fluid, sodium, and chloride burdens than resuscitation fluids in critically ill patients: A retrospective
study in a tertiary mixed ICU population. Intensive Care Med. 2018, 44, 409-417. [CrossRef] [PubMed]

Miiller, R.B.; Haase, N.; Lange, T.; Wetterslev, J.; Perner, A. Acute kidney injury with hydroxyethyl starch 130/0.42 in severe
sepsis. Acta Anaesthesiol. Scand. 2015, 59, 329-336. [CrossRef] [PubMed]

Park, S.; Lee, H.C.; Jung, C.W.; Choi, Y.; Yoon, H.J.; Kim, S.; Chin, H.J.; Kim, M.; Kim, Y.C.; Kim, D.K,; et al. Intraoperative arterial
pressure variability and postoperative acute kidney injury. Clin. J. Am. Soc. Nephrol. 2020, 15, 35-46. [CrossRef]

Xie, Z.; Liao, X.; Yin, W.; Kang, Y.; Guo, J.; Lu, M. Relationship between short-term blood pressure variability and incidence of
acute kidney injury in critically ill patients. Kidney Blood Press. Res. 2017, 42, 1238-1246. [CrossRef]

Werner, J.; Hunsicker, O.; Schneider, A.; Stein, H.; Von Heymann, C.; Freitag, A.; Feldheiser, A.; Wernecke, K.D.; Spies, C. Balanced
10% hydroxyethyl starch compared with balanced 6% hydroxyethyl starch and balanced crystalloid using a goal-directed
hemodynamic algorithm in pancreatic surgery. Medicine 2018, 97, €0579. [CrossRef]

Datzmann, T.; Hoenicka, M.; Reinelt, H.; Liebold, A.; Gorki, H. Influence of 6% Hydroxyethyl Starch 130/0.4 Versus Crystalloid
Solution on Structural Renal Damage Markers After Coronary Artery Bypass Grafting: A Post Hoc Subgroup Analysis of a
Prospective Trial. J. Cardiothorac. Vasc. Anesth. 2018, 32, 205-211. [CrossRef]

Svendsen, J.S.; Farstad, M.; Mongstad, A.; Haaverstad, R.; Husby, P.; Kvalheim, V.L. Is the use of hydroxyethyl starch as priming
solution during cardiac surgery advisable? A randomized, single-center trial. Perfus 2018, 33, 483-489. [CrossRef]

Demir, A.; Aydinli, B.; Toprak, H.I; Karadeniz, U.; Yilmaz, EM.; Ziingiin, C.; Ucar, P,; Giiglii, C.Y.; Bostanci, E.B.; Yilmaz, S. Impact
of 6% Starch 130/0.4 and 4% Gelatin Infusion on Kidney Function in Living-Donor Liver Transplantation. Transplant. Proc. 2015,
47,1883-1889. [CrossRef] [PubMed]

Dubin, A.; Pozo, M.O.; Casabella, C.A.; Murias, G.; Palizas, F.; Moseinco, M.C.; Kanoore Edul, V.S.; Pélizas, E; Estenssoro, E.; Ince,
C. Comparison of 6% hydroxyethyl starch 130/0.4 and saline solution for resuscitation of the microcirculation during the early
goal-directed therapy of septic patients. J. Crit. Care 2010, 25, e1-e659. [CrossRef]

Skhirtladze, K.; Base, E.M.; Lassnigg, A.; Kaider, A.; Linke, S.; Dworschak, M.; Hiesmayr, M.]. Comparison of the effects of
albumin 5%, hydroxyethyl starch 130/0.4 6%, and Ringer’s lactate on blood loss and coagulation after cardiac surgery. Br. J.
Anaesth. 2014, 112, 255-264. [CrossRef]

Kammerer, T.; Brettner, F; Hilferink, S.; Hulde, N.; Klug, F.; Pagel, J.; Karl, A.; Ph, D.; Crispin, A.; Hofmann-kiefer, K; et al. No
Differences in Renal Function between Balanced 6% Hydroxyethyl Starch (130/0.4) and 5% Albumin for Volume Replacement
Therapy in Patients Undergoing Cystectomy. Anesthesiology 2018, 128, 67-78. [CrossRef] [PubMed]

Gondos, T.; Marjanek, Z.; Ulakesai, Z.; Szabd, Z.; Bogar, L.; Karolyi, M.; Gartner, B.; Kiss, K.; Havas, A.; Futo, J. Short-term
effectiveness of different volume replacement therapies in postoperative hypovolaemic patients. Eur. J. Anaesthesiol. 2010, 27,
794-800. [CrossRef] [PubMed]

Toyoda, D.; Maki, Y.; Sakamoto, Y.; Kinoshita, J.; Abe, R.; Kotake, Y. Comparison of volume and hemodynamic effects of
crystalloid, hydroxyethyl starch, and albumin in patients undergoing major abdominal surgery: A prospective observational
study. BMC Anesthesiol. 2020, 20, 141. [CrossRef]

Chowdhury, A.H.; Cox, E.F,; Francis, S.T.; Lobo, D.N. A randomized, controlled, double-blind crossover study on the effects of 1-1
infusions of 6% hydroxyethyl starch suspended in 0.9% saline (Voluven) and a balanced solution (Plasma Volume Redibag) on
blood volume, renal blood flow velocity, and renal corti. Ann. Surg. 2014, 259, 881-887. [CrossRef]

Chowdhury, A.H.; Cox, E.F; Francis, S.T.; Lobo, D.N. A randomized, controlled, double-blind crossover study on the effects
of 2-L infusions of 0.9% saline and plasma-lyte® 148 on renal blood flow velocity and renal cortical tissue perfusion in healthy
volunteers. Ann. Surg. 2012, 256, 18-24. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/aas.12105
https://doi.org/10.1097/ALN.0000000000001936
https://www.ncbi.nlm.nih.gov/pubmed/29068831
https://doi.org/10.1001/jama.2013.280502
https://doi.org/10.1007/s00134-018-5147-3
https://www.ncbi.nlm.nih.gov/pubmed/29589054
https://doi.org/10.1111/aas.12453
https://www.ncbi.nlm.nih.gov/pubmed/25524831
https://doi.org/10.2215/CJN.06620619
https://doi.org/10.1159/000485927
https://doi.org/10.1097/MD.0000000000010579
https://doi.org/10.1053/j.jvca.2017.05.041
https://doi.org/10.1177/0267659117746235
https://doi.org/10.1016/j.transproceed.2015.05.015
https://www.ncbi.nlm.nih.gov/pubmed/26293067
https://doi.org/10.1016/j.jcrc.2010.04.007
https://doi.org/10.1093/bja/aet348
https://doi.org/10.1097/ALN.0000000000001927
https://www.ncbi.nlm.nih.gov/pubmed/29064872
https://doi.org/10.1097/EJA.0b013e32833b3504
https://www.ncbi.nlm.nih.gov/pubmed/20520555
https://doi.org/10.1186/s12871-020-01051-5
https://doi.org/10.1097/SLA.0000000000000324
https://doi.org/10.1097/SLA.0b013e318256be72

	Introduction 
	The Brief Pathophysiology of AKI 
	The Diagnostic Uncertainties of AKI 
	Studies Conducted with 6% HES 130/0.4 or 0.42 Analyzing Its Renal Effects 
	Studies Supporting the Beneficial Hemodynamic Effects of HES 
	The Role of Hyperchloremia in the Development of AKI 
	Conclusions 
	References

