
Clinical Trial/Experimental Study Medicine®

OPEN
Balanced 10% hydroxyethyl starch compared with
balanced 6% hydroxyethyl starch and balanced
crystalloid using a goal-directed hemodynamic
algorithm in pancreatic surgery
A randomized clinical trial
Julia Werner, MDa, Oliver Hunsicker, MDa, Anja Schneider, MDa, Henryk Stein, MDb,
Christian von Heymann, MD, PhDc, Adrian Freitag, MDb, Aarne Feldheiser, MD, PhDa,
Klaus-Dieter Wernecke, PhDd, Claudia Spies, MD, PhDa,∗

Abstract
Background:While hydroxyethyl starch (HES) solutions are not recommended any longer in critically ill patients, data on efficacy
and safety during surgery are still limited.

Methods: In a randomized controlled trial 63 patients were assigned to receive 10% HES (130/0.42), 6% HES (130/0.42), or
crystalloid within a goal-directed hemodynamic algorithm during pancreatic surgery. The primary endpoints were intraoperative
volume of HES and time until fully on oral diet.

Results: The trial was terminated early upon recommendation of an independent data monitoring committee due to futility for
efficacy at a planned interim analysis. The intraoperative volume of HES was not different between 10% and 6% HES group (2000
[1500; 2250] vs 2250 [1750; 3000] mL, P=.059). However, considering an inhomogeneity of patient’s body weight between HES
groups, there was a significant difference in intraoperative volume of HES between 10% and 6% group after adjusting for patient’s
body weight (24.0 [21.6; 28.3] vs 33.3 [28.2; 46.2] mL kg�1 BW, P= .002). Patients in the HES groups required less additional fluid
after dose limit than those in the crystalloid group, resulting in lower intraoperative net balances. The time until fully on oral diet was not
different between all study groups. Applying KDIGO oliguria criterion, patients receiving 10% HES had more AKI compared to
patients receiving crystalloids (86.7 vs 45.0%, P= .010), whereas those receiving 6% HES and crystalloids did not differ (58.8 vs
45.0%, P= .253). Further explorative analyses using a gray-zone approach indicated that patients receiving 6% HES below 18.8 mL
kg�1 will not experience AKI with near certainty.

Conclusions: After adjusting for patient’s body weight, patients receiving 6% HES required more volume of HES than patients
receiving 10% HES. The relation of 140% represents very well the volume effect of a hyperoncotic 10% HES solution. Nonetheless,
both HES solutions were similarly effective in reducing intraoperative fluid administration compared with crystalloid, but this did not
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result into differences in gastrointestinal outcomes. Patients receiving 10% HES showed an increased rate of AKI, whereas those
receiving 6% HES and crystalloid did not differ. However, 6% HES should not be applied beyond 18 mL kg�1 during surgery.

Abbreviations: AKI = acute kidney injury, ASA = American Society of Anesthesiology, AUC = area under the curve, BW = body
weight, CI = confidence interval, CRY = crystalloid, CVP = central venous pressure, EDM = esophageal Doppler monitor, EMA =
EuropeanMedicines Agency, FDA =U.S. Food and Drug Administration, FFP= fresh frozen plasma, FTc= corrected flow time, GDT
= goal-directed therapy, HES = hydroxyethyl starch, HR = heart rate, IDMC = independent data monitoring committee, KDIGO =
Kidney Disease Improving Global Outcome, MAP = mean arterial pressure, NYHA = New York Heart Association, OL = osmotic
nephrosis-like lesions, POD= postoperative day, POI= postoperative ileus, POSSUM=Physiologic andOperative Severity Score for
the enumeration of Mortality and Morbidity, PRAC = Pharmacovigilance Risk Assessment Committee, ROC = receiver operating
characteristic curves, SVI = stroke volume index, TTRI = time to re-indication.

Keywords: acute kidney injury, crystalloid, hydroxyethyl starch, surgery
1. Introduction

Major abdominal surgery is still associated with a substantial
number of complications resulting in significant perioperative
morbidity and mortality.[1]

In this context, perioperative fluid and volume therapy has
been identified as a considerable determinant within clinical
pathways in today’s anesthesiological care aiming at enhancing
recovery after surgery.[2,3] While a low dose continuous
administration of crystalloid has been recommended for restoring
and maintaining salt-water homeostasis, there is still an ongoing
comprehensive debate with respect to colloid or crystalloid
solutions for maintaining circulatory blood flow.[4] Due to the
higher intravascular volume effects, the use of colloids could
result in lower fluid demands and therefore might avoid fluid
overload during major surgery. Fluid overload is supposed to be
closely related to a delay in the return of normal bowel function
and enhanced recovery from postoperative ileus (POI) is one of
the most important factors to overall recovery of the patient
during hospital stay.[5–7]

In 2013, the EuropeanMedicines Agency and the US Food and
Drug Administration decided that hydroxyethyl starch (HES)
solutions must no longer be used in critically ill patients due to
increased risk for acute kidney injury (AKI) and mortality. Both
statements were based on trials in critically ill patients where
colloid administration was mainly guidedwithout a goal-directed
approach and was given for several days during ICU stay.[8,9]

However, it is debatable if the deleterious effects of HES on renal
function shown in critical ill patients are generally applicable to
the short exposure that occurs during surgery. In the periopera-
tive setting, available data from randomized controlled trials on
efficacy and safety of HES are still sparse.
We hypothesized that a goal-directed therapy with 10% and

6% HES reduces fluid demands during surgery and is related to
enhanced recovery from POI while 10% and 6% HES do not
increase the risk for AKI compared with balanced crystalloid.
In this context, we compared 10% and 6% HES and

crystalloid with respect to fluid administration and gastrointesti-
nal outcomes, as well as evaluated as safety parameter AKI in
high-risk patients undergoing major abdominal surgery.

2. Materials and methods

This study was a multicenter, randomized, double-blinded,
parallel-group trial conducted in 3 tertiary care hospitals in
Germany between June 2010 and July 2012. The study was
registered internationally (European Union Drug Regulating
Authorities Clinical Trials: EudraCT 2008-004175-22; Clini-
calTrials.gov: NCT01117649) and approvals were attained from
2

the national regulatory authority (Bundesinstitut für Arzneimittel
und Medizinprodukte; BfArM No. 61-3910-4034969) and the
ethics committee (Ethik-Kommission des Landes Berlin; No. ZS
EK 11026/09).
Eligible patients were adults, aged 18 years or older and aged 80

years or younger, scheduled for elective surgery of the pancreatic
head due to primary pancreatic cancer or chronic pancreatitis at
the University Hospital Charité, Campus Virchow-Klinikum
Berlin, Germany; the Vivantes Humboldt Klinikum Berlin,
Germany; and the University Hospital Bonn, Germany. Exclusion
criteria included chronic heart failure defined as greater than class
II according to the New York Heart Association (NYHA),
American Society of Anesthesiologists (ASA) classification status
greater than III, renal insufficiency (serumcreatinine>1,5mgdL�1

or >130mmol L�1) or dependency on hemodialysis, impaired
hepatic function (Quick-value<60%or liver cirrhosisChild–Pugh
C), history of bleeding disorder or known bleeding diathesis,
hematocrit �25%, aneurysm of the ascending and/or thoracic
aorta, patients with any local esophageal disease, additional
contraindications for application of study medication, pregnancy
or lactation period, emergency surgery, simultaneous participation
in another interventional clinical trial, and detained patients by
judicial or enforceable order. Written informed consent was
obtained from all patients.
2.1. Intervention, randomization and blinding

The patients were randomly assigned to receive either a
hyperoncotic balanced 10% HES 130/0.42 solution (Tetraspan
10%, B. Braun, Melsungen, Germany), an isooncotic balanced
6% HES 130/0.42 solution (Tetraspan 6%, B. Braun) or a
balanced crystalloid solution (Sterofundin ISO, B. Braun) within
an outcome-based hemodynamic algorithm during surgery.[10,11]

The random list was generated by an independent study
statistician with a block randomization to either treatment in a
1:1:1 ratio and handed out to the hospital’s pharmacies for
patient’s allocation to the respective treatment and in sealed
envelopes to the Principal Investigators for emergency unblind-
ing. The random list considered the stratification for investiga-
tional center and ASA-class (ASA�2 and ASA 3). After receiving
written informed consent from the patient, the study participa-
tion was faxed to the pharmacy in pseudonymised form with the
random number (including center number, strata, and consecu-
tive ascending number). The pharmacy provided the study
medication in colored and transparent polybags and lines
avoiding identification of the study fluids to maintain blinding
while assuring that intravenous air administration could be
prevented.
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2.2. Clinical pathway and hemodynamic protocol

Patients were treated within an interdisciplinary clinical pathway
defined by standard operating procedures at each hospital site (a
brief summary is provided in Supplemental Digital Content—
Methods, http://links.lww.com/MD/C224). The hemodynamic
management was performed according to a goal-directed
hemodynamic algorithm guided by the esophageal Doppler
monitor (EDM, CardioQ-ODMTM, Deltex Medical, Chichester,
UK),[10,11] while the volume of study fluid for the fluid challenges
was 250 mL (Supplemental Digital Content—Figure S1, http://
links.lww.com/MD/C224).
Briefly, after induction of anesthesia and establishing the

hemodynamic monitoring an initial fluid challenge of 250 mL of
intravenous study fluid was given over 5 minutes. If the EDM
detected an increase of stroke volume (SVEDM) <10% no further
fluid challenge was performed. If SVEDM increased ≥10%,
additional fluid challenges with an intravenous bolus of 250 mL
study fluid were given until no further increase of SVEDM ≥10%
could be measured. After a period of 15 minutes or acute
hemodynamic deterioration SVEDM was measured again and a
decrease of >10% compared with SVEDM after the last fluid
challenge re-indicated further fluid challenges.
Fluid challenges were performed during the entire course of

surgery as indicated by the goal-directed hemodynamic algorithm
and conducted with the randomized study medication. The
maximum doses for 10% and 6%HES solutions were 30 and 50
mL kg�1 body weight (BW), respectively, corresponding to a
maximum dose of 3gkg�1 BW per day. After reaching the
maximum dose, in the 10% HES group, the blinded treatment
was continued with balanced crystalloid solution up to a dose of
50 mL kg�1 BW. Then an open-label balanced crystalloid
solution was used for further fluid challenges within the goal-
directed hemodynamic algorithm until the end of surgery.
Regarding the 6% HES and crystalloid solution, similarly, at the
maximum dose of 50 mL kg�1 BW, open-label balanced
crystalloid solution was used if further fluid challenges were
required within the goal-directed hemodynamic algorithm.
With respect to salt and water homeostasis, an intraoperative

continuous and restrictive maintenance rate of 4 mL kg�1 BW
h�1 of a balanced crystalloid solution was administered in each
study group. Mean arterial pressure was maintained with bolus
or continuous administration of norepinephrine and positive
inotropic drugs were given if cardiac index dropped below 2.5
liter min�1 m�2, while stroke volume could not be raised further
by volume administration.

2.3. Trial endpoints

The primary multiple ordered endpoints of the study were the
intraoperative volume of HES [ml] administered within the goal-
directed algorithm; and the time until fully on oral solid diet.
Secondary endpoints were intraoperative fluid characteristics

and balances, time courses of hemodynamic variables during
surgery, further gastrointestinal outcome measures, and acute
kidney injury (AKI). AKI diagnosed by the definition of the
Kidney Disease Improving Global Outcome (KDIGO) group[12]

was performed as a post-hoc analysis. Regarding intraoperative
fluid characteristics, the time to re-indication (TTRI) of a fluid
challenge was recently introduced as a new approach to
characterize the patient’s individual fluid demands at different
time points during surgery.[13] TTRI was calculated as the time
frame from preload optimisation to re-indication of a fluid
challenge within the used goal-directed algorithm. Due to the
3

safety issues raised by the European Medicines Agency’s (EMA)
Pharmacovigilance Risk Assessment Committee (PRAC) and the
U.S. Food and Drug Administration (FDA) with respect to HES
solutions increasing risk for mortality and AKI in critical ill
patients, comparisons with respect to the primary and secondary
endpoints between 10% and 6%HES group were complemented
by the statistical comparison with the balanced crystalloid group,
which was initially planned for descriptive analysis only.
2.4. Statistical analysis

Assuming a type I error rate of 5% (two-sided), 76 patients per
group, including a drop-out rate of 10%, were calculated to
detect with 80% power a difference of 250 mL of administered
HES solution within the goal-directed algorithm between 10%
and 6% HES group. After including 60 patients into the pilot
phase an interim analysis was performed. The sample size was
reassessed without unblinding using the pooled standard
deviation[14,15] of administered HES solution and revealed that
753 patients were required per group. An independent data
monitoring committee (IDMC) recommended stopping the trial
for futility after 63 patients were enrolled into the study. Analyses
were performed according to an a priori statistical analysis plan.
Due to the safety issues raised by the European Medicines
Agency’s (EMA) Pharmacovigilance Risk Assessment Committee
(PRAC) and the U.S. Food and Drug Administration (FDA) with
respect to detrimental effects of HES, the analysis was performed
based on the per protocol population with respect to all
endpoints.
Because of limited sample sizes and deviations from normal

distribution of the observations, data were expressed as median
(25%, 75% quartiles), or frequencies (%), respectively. Differ-
ences between study groups with respect to continuous data were
tested using the exact Mann–Whitney U test for independent
groups, while frequencies were tested by Fisher’s exact test.
Differences between study groups with respect to endpoints based
on time-to-event data were tested using log-rank tests and
presented as Kaplan–Meier curves with respect to cumulative
events. Differences between study groups in hemodynamic
variables with respect to time were analyzed using nonparametric
analysis for longitudinal data in a two-factorial design (1st factor:
groups, 2nd factor: time).[16] The following hypotheses were
tested with these analyses: overall group differences over time
[Group], pairwise group differences over time [Group pairwise],
and interactions between group differences and time.
For further explorative analyses to investigate the association

of administered HES dose and volume of crystalloid with AKI, a
gray-zone approach[17] was performed and integrated into a
boxplot presentation. In former studies, a receiver operating
characteristic (ROC) curve with calculation of a single cut-off has
been used to evaluate if a variable of interest (most common a
biomarker) might be able to predict a binary outcome measure.
However, most variables of interest do not perfectly discriminate
between patients with and without the status of the binary
outcome measure (i.e., AKI and No AKI in our case), so that the
use of the variable of interest in daily practice does not allow
certainty in the determination of the outcome measure.
Therefore, the “gray-zone” approach has recently been intro-
duced to avoid the binary constraint of a “black-or-white”
decision of the ROC curve with calculation of a single cut-off that
often does not fit the reality in daily practice.[17] The gray zone
was defined as 95% CI of the mean value of the best cut-off
determined according to the Youden index within a ROC curve
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Assessed for eligibility (n = 217) 
Excluded (n=154) 
- Declined to par�cipate (n=80) 
- Extended surgery or diagnos�c 

laparotomy planned (n=21) 
- Impaired hepa�c func�on (n=14) 
- Par�cipa�on in another trial (n=9) 
- Age > 80 years; < 18 years (n=8) 
- NYHA > II (n=6) 
- No research staff available (n=4) 
- Language barrier (n=4) 
- Renal insufficiency (n=3) 
- Vascular pathology (n=2) 
- Bleeding disorder (n=2) 
- Pregnancy (n=1) 

Block randomiza�on (n = 63)

HES 6% 
(n=22) 

Did not receive allocated 
interven�on (n=1): 
- Exclusion criterion noted before 
surgery (n=1) 

Balanced crystalloid
(n=21) 

HES 10%  
(n=20) 

Did not receive allocated 
interven�on (n=2): 
- Received HES 6% (n=1) 
- Inoperability detected before 
receiving study medica�on (n=1)

Received HES 10%  
(n=18) 

Received HES 6%  
(n=22)

Received balanced crystalloid 
(n=21) 

Received HES 6% (n=1)

Discon�nued interven�on (n=3): 
- Inoperability detected during 
surgery (n=1) 
- Other than PPPD performed 
(n=2) 

Discon�nued interven�on (n=3): 
- Inoperability detected during 
surgery (n=2) 
- Other than PPPD performed 
(n=1) 

Discon�nued interven�on (n=1): 
- Intraopera�ve ventricular 
fibrilla�on (n=1) 

Included in analysis of primary and 
secondary endpoints (n=15) 
Excluded from analysis (n=0) 

Included in analysis of primary and 
secondary endpoints (n=17) 
Excluded from analysis (n=2): 
- Case report forms lost during 
course of study (n=1) 
- Treatment failure (n=1) 

Included in analysis of primary and 
secondary endpoints (n=20) 
Excluded from analysis (n=0) 

Figure 1. CONSORT flow diagram of the study.
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and conducted for a 1,000 samples bootstrapped from the study
population. This approach avoids a single cut-off that dichot-
omizes the population and provides 2 cut-offs that constitute the
borders of the gray zone: patients with HES doses or volume of
crystalloid below the lower cut-off of the gray zone will not
experience AKI with near certainty, whereas patients with HES
doses or volume of crystalloid above the upper cut-off will
develop AKI with near certainty. In patients who fall into the gray
zone, further clinical assessment is required as the HES dose or
volume of crystalloid cannot be used to allow certainty in the
determination of AKI. Consequently, this approach allows
clinical decision making on HES and crystalloid administration
during major surgery with respect to AKI.
A two-tailed P-value of .05 was considered statistically

significant. All tests have to be understood in the area of
4

exploratory data analysis. Therefore, no adjustments for multiple
testing have been made. All numerical calculations were
performed with the R project for Statistical Computing, Version
3.2.2 (R-packages used: foreign, gplots, nparLD, survival,
pROC).
3. Results

The trial was stopped for futility after a total of 63 patients were
enrolled between June 2010 and July 2012 (Fig. 1); 20 patients
were allocated to the 10%HES group, 22 patients to the 6%HES
group, and 21 patients to the crystalloid group. After
randomization 2 patients were excluded before receiving study
medication. In addition, 1 patient allocated to 10% HES group
was incorrectly treated with 6% HES and in another 7 patients
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Table 1

Baseline patient characteristics.

Parameter HES 10% (n=15) HES 6% (n=17) P value Crystalloid (n=20) P value
∗

Age, years 58 (52; 65) 63 (59; 72) .075 59 (50; 68) .169
Body weight, kg 80 (72; 84) 64 (61; 77) .034 77 (67; 86) .103
Body mass index, kg/m2 26.8 (23.2; 27.8) 22.8 (20.8; 25.4) .076 25.7 (22.7; 29.0) .135
American Society of Anesthesiology (ASA) status
ASA Physical Status I, n (%) 0 (0) 3 (17.6) .069 1 (5.0) .208
ASA Physical Status II, n (%) 14 (93.3) 10 (58.8) 15 (75.0)
ASA Physical Status III, n (%) 1 (6.7) 4 (23.5) 4 (20.0)

Final diagnosis
Carcinoma of pancreatic head, n (%) 7 (46.7) 11 (64.7) .674 11 (55.0) .785
Other pancreatic tumor, n (%) 2 (13.3) 1 (5.9) 2 (10.0)
Chronic pancreatitis, n (%) 3 (20.0) 3 (17.6) 6 (30.0)
Other, n (%) 3 (20.0) 2 (11.8) 1 (5.0)

Comorbidities
Arterial hypertension, n (%) 6 (40.0) 7 (41.2) 1.000 10 (50.0) .827
Coronary heart disease, n (%) 1 (6.7) 1 (5.9) 1.000 1 (5.0) 1.000
Diabetes mellitus, n (%) 3 (20.0) 5 (29.4) .691 2 (10.0) .341

Chronic medications
Beta blocker, n (%) 3 (20.0) 6 (35.3) .444 5 (25.0) .680
Angiotensin converting enzyme inhibitors, n (%) 3 (20.0) 3 (17.6) 1.000 3 (15.0) 1.000
Angiotensin type 1 receptor antagonists, n (%) 2 (13.3) 2 (11.8) 1.000 1 (5.0) .609
Statins, n (%) 2 (13.3) 3 (17.6) 1.000 0 (0) .112
Calcium channel blocker, n (%) 1 (6.7) 1 (5.9) 1.000 4 (20.0) .354
Antidiabetics/Insulin, n (%) 2 (13.3) 4 (23.5) .659 2 (10.0) .562
Diuretics, n (%) 1 (6.7) 1 (5.9) 1.000 0 (0) .517

Preoperative hemoglobin, g/dL 11.9 (10.9; 13.4) 11.3 (11.2; 12.4) .747 12.6 (11.3; 13.0) .551
Preoperative creatinine, mg/dL 0.68 (0.55; 0.88) 0.70 (0.60; 0.75) .705 0.64 (0.56; 0.73) .601
Preoperative fasting of
Fluids, hours 8 (7; 10) 11 (9; 12) .040 11 (10; 12) .006
Solids, hours 19 (17; 22) 19 (18; 22) .834 19 (15; 22) .907

Duration of surgery, minutes 330 (288, 380) 330 (305, 400) .705 335 (304, 379) .937
POSSUM Score
Possum physiologic score 18 (15; 20) 18 (17; 22) .613 17 (16; 22) .828
Possum operative score 29 (25; 30) 30 (24; 31) .949 27 (24; 29) .275
Possum score 44 (42; 53) 46 (42; 49) .999 45 (42; 50) .980
Possum predicted morbidity (%) 88 (83, 97) 91 (80; 94) .999 89 (81; 95) .970
P-Possum predicted mortality (%) 12 (9; 36) 16 (9; 24) .980 15 (9; 25) .973

Intraoperative diuretics administration, n (%) 0 (0) 0 (0) – 1 (5.0) 1.000

Data are shown as median (25%; 75%) quartiles or as n (%) patients. P-values calculated using the exact Wilcoxon–Mann–Whitney test and Fisher’s exact test as appropriate.
ASA=American Society of Anesthesiology, HES=hydroxyethyl starch.
∗
P-value for overall group comparison.
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the intervention was discontinued, in most cases due to
inoperability or changes in surgical procedures. In 1 patient,
the study case report forms were lost during the postoperative
course. Finally, a total of 15 patients in the 10% HES group, 17
patients in the 6% HES group and 20 patients in the crystalloid
group were eligible for statistical analysis of primary and
secondary endpoints. There were no protocol deviations reported
with respect to stroke volume optimization loop within the goal-
directed algorithm.
There were no differences in baseline characteristics between

study groups, except for a lower body weight (BW) in the 6%
HES group and a shorter period of preoperative fasting of fluids
in the 10% HES group (Table 1). All patients received open
surgery.
The intraoperative volume of HES administered within the

goal-directed algorithm was not different between 10% and 6%
HES group (2000 [1500; 2250] vs 2250 [1750; 3000] ml,
P= .059) (Table 2). However, considering the inhomogeneity of
patient’s body weight, there was a significant difference in
intraoperative volume of HES between 10% and 6% group after
adjusting for patient’s body weight (24.0 [21.6; 28.3] vs 33.3
5

[28.2; 46.2] mL kg BW, P= .002). While the 10% HES group
received a higher dose of HES during surgery (200 [150; 225] vs
135 [105; 180] g, P= .030), there was no difference when
adjusting for patient’s body weight. The intraoperative volume of
study medication was similar between 10% HES, 6% HES, and
crystalloid group (2250 [2000; 2750] vs 2250 [1750; 3000] vs
2500 [2062; 3500] mL, P= .259). However, patients in the HES
groups reached the blinded dose limits of the study medication
less frequently and required later and less frequently the
administration of open-label fluid after dose limit compared to
patients receiving crystalloid (Fig. 2, Supplemental Digital
Content—Table S1, http://links.lww.com/MD/C224). In this
respect, the TTRI of a fluid challenge after preload optimization
was shorter in the crystalloid group revealing increased fluid
demands to maintain optimized stroke volume during the course
of surgery. Baseline crystalloid infusion was similar across all
study groups and met very well the requirements of a restrictive
maintenance rate of 4 mL kg�1 h�1 as indicated within the goal-
directed algorithm. In accordance with a similar blood loss
among study groups, there was no difference regarding
transfusion requirements and amount transfused of red packed

http://links.lww.com/MD/C224
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Table 2

Intraoperative fluid administration, output, and cumulative net balance.

Parameter HES 10% (n=15) HES 6% (n=17) P value Crystalloid (n=20) P value
∗

Volume of HES, mL 2000 (1500; 2250) 2250 (1750; 3000) .059 – –

Volume of HES, mL kg�1 24.0 (21.6; 28.3) 33.3 (28.2; 46.2) .002
Amount of HES, g 200 (150; 225) 135 (105; 180) .030 – –

Amount of HES g kg�1 2.4 (2.2, 2.8) 2.0 (1.7; 2.8) .316
Study medication, mL 2250 (2000; 2750) 2250 (1750; 3000) .732 2500 (2062; 3500) .259
Study medication, mL kg�1 25.0 (21.7; 42.3) 33.3 (28.2; 46.2) .141 44.5 (26.1; 47.2) .125
Baseline infusion, mL kg�1 h�1 3.9 (3.3; 4.1) 3.9 (3.7; 4.1) .766 4.1 (3.8; 4.2) .126
Open label fluid after dose limit, mL 0 (0; 0) 0 (0; 250) .518 500 (0; 2187) .030
Transfusion requirements:
Fresh frozen plasma
Patients transfused, n (%) 4 (26.7) 4 (23.5) 1.000 6 (30.0) .926
Amount of fresh frozen plasma, mL 0 (0; 250) 0 (0; 450) .921 0 (0; 413) .938

Red packed cells
Patients transfused, n (%) 6 (40.0) 5 (29.4) .712 4 (20.0) .472
Amount of red packed cells, mL 0 (0; 600) 0 (0; 450) .931 0 (0; 0) .468

Blood loss, mL 900 (575; 1800) 902 (653; 1600) .551 670 (400; 1000) .417
Urine output, mL kg�1 h�1 1.63 (0.91; 2.05) 1.74 (1.44; 3.12) .216 1.25 (0.84; 2.12) .180
Cumulative net balance, mL 2989 (2365; 3869) 2532 (1936; 4599) .891 4387 (3091; 6593) .014

Data are shown as median (25%; 75%) quartiles or as n (%) patients. P-values calculated using the exact Wilcoxon–Mann–Whitney test and Fisher’s exact test as appropriate.
HES=hydroxyethyl starch,
∗
P-value for overall group comparison.
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Figure 2. Kaplan–Meier curves for reaching blinded dose limit (A) and requiring additional fluid after dose limit (B) and intraoperative time courses of time to re-
indication (C), heart rate (D), stroke volume (E), and mean arterial pressure (F). Data are shown as cumulative events with 95% confidence interval (A, B) and median
and (25%; 75%) quartiles (C–F), respectively. Results of the log-rank test (A, B) and the nonparametric analysis (C–F) are indicated.
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cells or fresh frozen plasma across study groups. The cumulative
net balance at the end of surgery was not different between
patients in the 10% and 6% HES group (2989 [2365; 3869] vs
2532 [1936; 4599], P= .891), whereas patients in the crystalloid
group revealed a higher cumulative net balance during surgery
(4387 [3091; 6593], P= .014) (Table 2). Cumulative net balances
on postoperative day 1 and 2 were similar between all groups
(Supplemental Digital Content—Figure S2, http://links.lww.com/
MD/C224).
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(C–F) are indicated. KDIGO=Kidney Disease Improving Global Outcome.
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Analysis of intraoperative hemodynamic data showed no
differences in heart rate, mean arterial, central venous pressure,
or norepinephrine administration over time between all study
groups. In contrast, while 10% and 6%HES group did not differ,
patients receiving 6%HES had a significant higher stroke volume
index (SVI) during the course of surgery as compared to
crystalloid group (Fig. 2, Supplemental Digital Content—
Figure S3, http://links.lww.com/MD/C224). There were no
interactions between group differences and time of the
hemodynamic data, except for the pairwise comparison of SVI
between 10% HES and crystalloid group (P<0.001).
The time until fully on oral diet was not different between the

10% and 6% HES (P= .994) and crystalloid group (P= .924)
(Supplemental Digital Content—Table S3, http://links.lww.com/
MD/C224, Fig. 3). There were no differences in further
gastrointestinal outcomes related to the return of normal bowel
function (Supplemental Digital Content—Table S3, Figure S4,
http://links.lww.com/MD/C224).Anoverall poor adherence to the
most important determinants related to enhanced recovery from
postoperative ileuswas observed in all study groups (Supplemental
Digital Content—Table S2, http://links.lww.com/MD/C224).
Perioperative time courses of creatinine and diuresis showed no

differences between the 10% HES, 6% HES and crystalloid
group (Fig. 4). According to the KDIGO creatinine criterion,
there were no differences between 10% HES, 6% HES, and
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crystalloid group during the postoperative course (10% HES vs
6% HES vs crystalloid: 46.7 vs 23.5 vs 20.0%, P= .207) (Fig. 4,
Supplemental Digital Content—Table S3, http://links.lww.com/
MD/C224). Applying the KDIGO oliguria criterion, patients in
the 10% HES group had more frequently AKI compared to
patients in the crystalloid group (86.7 vs 45.0%, P= .010), even if
adjusting the analysis for preventive diuretics administration
during the ICU stay (86.7 vs 55.0%, P= .033). In contrast, there
were no differences in occurrence of oliguria between 6% HES
and crystalloid group in the unadjusted (58.8 vs 45.0%, P= .253)
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and diuretics adjusted analysis (58.8 vs 55.0%, P= .559).
Combining the KDIGO creatinine and oliguria criterion, no
differences were found between patients in the 6% HES and
crystalloid group, whereas patients in the 10% HES group had a
nonsignificant higher incidence of AKI during the postoperative
course (64.7 vs 65.0 vs 86.7, P= .254).
Further explorative analysis among patients randomized to

receive HES during surgery revealed that patients meeting the
KDIGO AKI criteria received higher cumulative doses of HES
(Fig. 5). The lower cut-offs of the gray zone calculated for all
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patients receiving HES, patients receiving 10%HES and patients
receiving 6% HES were 103, 113, and 120g as well as 1.3, 1.49,
and 1.13gkg�1, respectively. The upper cut-offs of the gray zone
were 165, 125, and 165g as well as 2.65, 2.17, and 2.7gkg�1,
respectively. The lower cut-offs of 10% HES corresponded to a
volume of 1130 mL and 14.9 mL kg�1 and the upper cut-offs to a
volume of 1250 mL and 21.7 mL kg�1, respectively. The lower
cut-offs of 6% HES corresponded to a volume of 2000 mL and
18.8 mL kg�1 and the upper cut-offs to a volume of 2750 mL and
45.0 mL kg�1, respectively (Fig. 5). In contrast, there was no
difference between patients with AKI and without AKI with
respect to the administered volume of study medication and net
balance in patients randomized to receive balanced crystalloid.
Consequently, the volume of study medication and net balance in
the crystalloid group were not found predictive for AKI and a
gray-zone approach was not applied.

4. Discussion

The principal findings of the study are that the intraoperative
volume of HES solution was similar between 10% and 6% HES
group, but after adjusting for patient’s body weight due to an
inhomogeneity between study groups, the 10% HES group
received a lower intraoperative volume of HES solution
compared to the 6% HES group; that the intraoperative volume
of study medication was similar between all study groups, but
patients in the HES groups required less frequently additional
fluid after dose limit resulting in a lower intraoperative net
balance; that the time until fully on oral diet was not different
between study groups, while there was an overall poor adherence
to most determinants promoting enhanced recovery from
postoperative ileus; and that AKI occurred equally frequent in
6% HES and crystalloid group, whereas patients receiving 10%
HES had a significant higher incidence of AKI for the KDIGO
oliguria criterion.
Fluid therapy has been identified as an important determinant

aiming at enhancing recovery after surgery.[18] Our data indicate
that after adjusting for patient’s body weight due to an
inhomogeneity between HES groups, patients in the 10% HES
group received a lower intraoperative volume of HES solution
compared to patients receiving 6% HES. In this context, the
relation of 6% HES:10% HES of 33.3:24.0mL/kg ≈ 140%
represents very well the volume effect of a hyperoncotic 10%
HES solution. Nonetheless, 10% and 6% HES were similarly
effective in reducing intraoperative fluid administration com-
pared with patients receiving crystalloid. In addition, patients
receiving 6%HES had a better circulatory flow during the course
of surgery measured by stroke volume index compared to
patients receiving crystalloid. These findings are consistent with
previous studies comparing 6% HES and crystalloid using a
hemodynamic algorithm to guide fluid administration during
surgery and very well reflect the prolonged intravascular volume
effects of HES solutions that is not observed to the same extent
after infusion of crystalloid solutions, at least not in this
setting.[11,19,20] There was a similar trend of stroke volume in the
10%HES group, but the 10%HES group did not reach statistical
significance. In this regard, the variability as indicated by the
interquartile range was larger at several time points than in the
6% HES group, which might due to the lower sample size in this
group.
In major abdominal surgery, fluid overload is closely related to

a delay in the return of normal bowel function and enhanced
recovery from postoperative ileus (POI) is one of the most
9

important factors to overall recovery of the patient during
hospital stay.[5–7] In this context, animal data suggest that fluid
excess leading to intestinal edema formation causes stretch of the
intestinal wall leading to a decreased intestinal contractile activity
and therefore promoting postoperative ileus and delaying the
return of normal bowel function.[6,21] Patients in the crystalloid
group had increased fluid demands to maintain stroke volume
within the goal-directed hemodynamic algorithm, which resulted
in almost 2 L higher cumulative net balance at the end of surgery
compared to patients receiving 10% and 6% HES, whereas net
fluid balances on postoperative day 1 and 2 were similar between
all groups. The lower intraoperative net balance in patients
receiving HES did not translate into differences in any
gastrointestinal outcomes related to POI compared with patients
receiving crystalloid. Gastrointestinal endpoints as outcome
measures in studies comparing different intravenous solutions in
patients undergoing surgery are very challenging, as gastrointes-
tinal endpoints are assumed to be multifactorial affected and can
only be adequately compared between study groups if the most
important determinants contributing to POI are sufficiently
controlled.[22–24] However, several important perioperative items
promoting enhanced recovery from POI were not sufficiently
controlled within our study, which might explain the lack of
differences in gastrointestinal endpoints between crystalloid and
HES groups despite substantial differences in intraoperative fluid
balance. When planning this study, particular guidelines for
perioperative care in pancreatic surgery were not yet available,[24]

but should be addressed in further research when comparing
different interventions on patient’s outcome.
It is debatable if the deleterious effects of HES on kidney

function shown in critical ill patients[8,9] are generally applicable
to surgical patients who receive HES predominantly during the
intraoperative period. Recently, a large retrospective analysis
found an association of 6% HES and renal failure, but the study
had severe limitations disregarding the molecular weight and
degree of substitution as well as lacking the adjustment for the
most important determinants of AKI during the perioperative
course.[25] Prospectively obtained detailed and high quality data
addressing this issue are still sparse and recent meta-analyses are
based on a small number of studies with heterogeneous AKI
definitions.[26,27] In this context, our results indicate that AKI
defined according to KDIGO criteria, which is the most recently
published AKI classification,[12] occurred equally frequent in
patients receiving 6% HES or crystalloid during surgery. These
findings are well in line with 2 recent trials showing no harmful
effects of 6%HES with respect to urinary and plasmatic markers
of renal function in patients undergoing hip replacement and
prostate surgery.[28,29] However, in contrast to 6% HES, our
results also indicate that patients receiving 10% HES tended
toward a higher incidence for the overall criteria of AKI, and
showed a significant frequency rate for the KDIGO oliguria
criterion. The latter is the only criterion sensitive enough in the
perioperative context since creatinine increases after kidney
injury require at least 4hours up to 27hours before they can be
used to define the damage.[30]

Although our data suggest that 6%HES administered within a
goal-directed algorithm might be safe in patients undergoing
surgery, further explorative analyses carefully indicate that
patients developing AKI received a higher cumulative dose of
HES molecules. These results imply that there might be a dose-
dependent effect of HES solutions. In 2013, following the EMA
statement, the dose limits of 10% and 6%HES have been already
lowered from 30 to 18 mL kg�1 and 50 to 30 mL kg�1,
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respectively. However, in our study population, using a gray-
zone approach, a volume of 10%HES up to 14.9 mL kg�1 and of
6% HES up to 18.8 mL kg�1 was calculated as a volume the
patient will not experience AKI with near certainty. Although
conclusions from this post-hoc analysis have to be drawn
carefully due the small number of patients included, these
findings indicate that a “safe” volume might be lower than the
current dose limits for 10% and 6% HES. The pathophysiology
of HES-induced AKI is not fully understood. A recent systematic
review on accumulation of HES in human and animal tissues
showed that HES molecules are taken up in different human
tissues with a dose-dependent storage.[31] Degraded HES
molecules pass the renal glomerular filtration barrier and renal
proximal tubular cells take up a certain proportion by
pinocytosis.[32] The pinocytic vacuoles fuse with lysosomes
forming vacuoles that appear as swelling of the renal proximal
tubular cells under the light microscope. This histological
morphological pattern referred to as osmotic nephrosis-like
lesions (OL) has been the most frequently proposed mechanism
for AKI after HES administration.[32,33] In many studies, OL
were found in renal tissues after administration of older HES
generations.[31] Data on OL after administration of newer HES
solutions such as of 6% HES 130/0.4 are still limited. A recent
investigation in 3 patients who underwent laparoscopic nephrec-
tomy due to renal cancer and who received only low volumes of
6% HES 130/0.4 up to 1000 mL found no histological evidence
for OL.[34] Animal data regarding this issue are inconsistent with
one study showing no OL in a pediatric animal model after
infusion of 6% HES 130/0.4,[35] while another study indicated a
higher number of OL in an isolated renal perfusion model in
pigs.[36] In the absence of any evidence that a hyperoncotic effect
of colloids induces kidney injury,[37] the dose-dependent relation
of HES with OL could be a mechanism that might explain the
dose dependent effect of HES with respect to AKI observed in our
study. In contrast, there was no association of administered
volume of study medication or net balance with AKI in patients
randomized to receive balanced crystalloid. Furthermore,
increased renal interstitial proliferation and macrophage infiltra-
tion have been identified as potential pathophysiological
mechanisms of HES induced AKI. However, these histological
changes were predominantly observed after administration of
10% HES 200/0.5, whereas there were no differences between
6% HES 130/0.4 and crystalloid.[36]

This trial has limitations and strengths. The early termination
of the study due to futility resulted in not sufficient power for
testing the secondary and primary endpoints. Nevertheless, the
results should be of clinical interest, but have to be taken with
care. In addition, the second primary endpoint was difficult to
interpret since evidence-based clinical pathways were not
adequately adhered. Furthermore, the protocol-based interven-
tion was only performed during surgery, but during the ICU stay
the hemodynamic management including volume and fluid
administration was conducted at discretion of the treating
intensivist. In this regard, other determinants of medical care
might have changed secondary endpoints with special regard to
AKI after surgery. In contrast, this is the first study providing
highly detailed data of 10%HES and 6%HES administration on
renal safety in patients undergoing major abdominal surgery.
In conclusion, in a randomized controlled trial in patients

undergoing pancreatic surgery, patients receiving 6% HES
required more volume of HES than patients receiving 10%
HES after adjusting for patient’s body weight due to inhomoge-
neity between HES groups. The relation of 140% represents very
10
well the volume effect of a hyperoncotic 10% HES solution.
Nonetheless, 10% and 6% HES were similarly effective in
reducing intraoperative fluid administration compared with
patients receiving crystalloid. Considering that several important
perioperative items related to enhanced recovery from POI were
not sufficiently controlled, the lower intraoperative cumulative
net balance in the 10% and 6% HES groups cannot be used to
translate into in differences in any gastrointestinal outcomes
related to postoperative ileus compared with patients receiving
crystalloid. While there was no difference between 6% HES and
crystalloid, patients receiving 10%HES had a higher incidence of
AKI during the postoperative course. Although our data suggest
that 6%HESmight be safe, we recommend that it should be used
with caution during surgery and not applied beyond 18.8 mL
kg�1 during surgery.
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