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Abstract

Background: Excessive perioperative fluid administration may result in iatrogenic endothelial dysfunction and
tissue edema, transducing inflammatory markers into the bloodstream. Colloids remain longer in the circulation,
requiring less volume to reach similar hemodynamic endpoints compared to crystalloids. Thus, we tested the
hypothesis that a goal-directed colloid regimen attenuates the inflammatory response compared to a goal-directed
crystalloid regime.

Methods: Patients undergoing moderate- to high-risk open abdominal surgery were randomly assigned to goal-
directed lactated Ringer’s solution (n = 58) or a hydroxyethyl starch 6% 130/0.4 (n = 62) fluid regimen. Our primary
outcome was perioperative levels of pro- and anti-inflammatory cytokines. Secondary outcome was perioperative
levels of white blood cell count (WBC), C-reactive protein (CRP), procalcitonin (PCT) and lipopolysaccharide-binding
protein (LBP). Measurements were performed preoperatively, immediate postoperatively, on postoperative day one,
two and four.

Results: The areas under the curve of Interleukin (IL) 6 (p = 0.60), IL 8 (p = 0.46), IL 10 (p = 0.68) and tumor necrosis
factor α (p = 0.47) levels did not differ significantly between the groups. WBC, CRP and PCT values were also
comparable. LBP, although significantly higher in the crystalloid group, remained in the normal range. Patients
assigned to crystalloids received a median (IQR) amount of 3905 mL (2880–5288) of crystalloid. Patients assigned to
colloids received 1557 mL (1207–2116) of crystalloid and 1250 mL (750–1938) of colloid.

Conclusion: Cytokine and inflammatory marker levels did not differ between goal-directed crystalloid and colloid
administration after moderate to high-risk abdominal surgery.

Trial registration: ClinicalTrials.gov (NCT00517127). Registered 16th August 2007.
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Introduction
Volume replacement is crucial in the perioperative
period and has great impact on postoperative outcome
[1]. Fluid restriction may cause hypotension and hypo-
perfusion, leading to organ dysfunction [2]. On the other
hand, excessive fluid administration leads to destruction
of the endothelial surface layer and consequently to tis-
sue edema with harmful side effects [1, 3, 4].
Goal-directed fluid therapy (GDT), based on

optimization of flow-related hemodynamic parameters
improves clinical outcome in low to high-risk surgical
patients compared to fixed fluid protocols [5, 6]. Specif-
ically, GDT enhances cardiac performance and gut
microcirculation while avoiding iatrogenic hyperhydra-
tion [1, 7, 8]. In addition to hypervolemia, the inflamma-
tory response due to surgical trauma aggravates
degradation of the endothelial barrier, the so-called gly-
cocalyx [9]. Inflammation leads to cytokine release and
may thus worsen outcome. For example, high postopera-
tive interleukin (IL) 6 levels are independently associated
with postoperative complications [10].
So far in most previously performed GDT studies

hemodynamic algorithms were based on colloid bolus
administration to improve hemodynamic variables [11].
Colloids better maintain the intravascular oncotic pres-
sure and provide a higher volume effect when used in
case of hypovolemia [12]. Goal-directed colloid adminis-
tration reduces intraoperative fluid requirement and im-
proves cardiac performance compared to crystalloids
[13, 14]. Whether this translates into better outcome,
specifically in a decreased postoperative inflammatory
response, is still a matter of research. The comparison
between colloid versus crystalloid based fluid regimens
was still lacking. Therefore, we tested the primary hy-
pothesis that perioperative levels of pro- and anti-
inflammatory cytokines (IL 6, IL 8, IL 10) and tumor ne-
crosis factor alpha (TNF α) are reduced by goal-directed
colloid versus crystalloid administration during the first
four postoperative days in patients undergoing moderate
to high-risk open abdominal surgery. In addition, we
measured white blood cell (WBC) count, C-reactive pro-
tein (CRP), procalcitonin (PCT) and lipopolysaccharide-
binding protein (LBP) levels.

Materials and methods
This prospective randomized controlled trial was con-
ducted at the Department of Anesthesia, Intensive Care
Medicine and Pain Medicine, Medical University of
Vienna, Vienna, Austria. The Institutional Review Board
of the Medical University of Vienna approved it as part
of a large multicenter outcome trial, evaluating the effect
of goal-directed crystalloid and colloid on postoperative
combined morbidity and complications [15]. The Ethical
Committee of Medical University of Vienna, Vienna,

Austria provided ethical approval for this trial. The trial
was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice and registered at
ClinicalTrials.gov. (NCT00517127 and EudraCT: 2005–
004602-86). A written informed consent was obtained
from all patients. The authors have followed the applic-
able CONSORT guidelines.
For this single center sub-study 120 consecutive eligible

patients were included. Patients aged 18 to 80 years,
undergoing elective moderate to high-risk open abdom-
inal surgery with American Society of Anesthesiologists
(ASA) physical status I-III were included. We excluded
patients with severe obesity (body mass index (BMI) > 35
kg.m− 2), cardiac insufficiency (ejection fraction (EF) <
35%), coronary artery disease with angina, severe chronic
obstructive pulmonary disease, autoimmune diseases, co-
agulopathies, renal insufficiency (creatinine clearance < 30
ml.min− 1 or renal replacement therapy), symptoms of in-
fection or sepsis and preoperative CRP higher than 1
mg.dl− 1.

Protocol
Preoperatively all patients received antimicrobial
prophylaxis using a single dose of a 2nd generation
cephalosporine according to our clinical standards.
Anesthetic management was standardized. Standard
monitoring included electrocardiography (ECG), invasive
blood pressure surveillance, pulse oximetry and esopha-
geal core temperature monitoring. A central venous
catheter was inserted when deemed clinically necessary.
We used balanced anesthesia with sevoflurane. None of
our patients received locoregional anesthesia. According
to patients’ requirements additional fentanyl and non-
depolarizing neuromuscular blocking were administered.
Ventilatory rate was adjusted to maintain end-tidal car-
bon dioxide partial pressure (etCO2) of 35–40mmHg.
Normothermia was maintained with forced air warming.
Patients were randomized 1:1 to crystalloid (lactated

Ringer’s solution) or colloid (hydroxyethyl starch 6%
130/0.4, Voluven, Fresenius Kabi, Germany) group.
Randomization was based on computer-generated codes.
To conceal allocation, sealed opaque envelopes were
opened only shortly before induction of anesthesia.
All patients were given 5–7 ml.kg− 1 of lactated

Ringer’s solution during induction of anesthesia followed
by 3–5 ml.kg− 1 per hour for maintenance, normalized to
ideal body weight (IBW), throughout surgery. We calcu-
lated IBW according to the Robinson formula [16].
Thereafter, the randomized fluid, crystalloid or colloid,
was esophageal Doppler-guided (Cardiac Q, Deltex Med-
ical Group PLC, Chichester, UK) according to a standard
algorithm [11]. This method is based on corrected aortic
flow time (FTc) as well as stroke volume (SV) and allows
distinguishing whether a patient is a fluid responder or
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not. If mean arterial pressure (MAP) was below 65
mmHg and no signs of hypovolemia were detected, va-
sopressors were administrated.
Patients were transferred to post-anesthetic care unit

(PACU) or intensive care unit (ICU) at the discretion of
the attending anesthesiologist. Fluid management was
standardized for the first 2 postoperative hours, in which
patients received 2 ml.kg− 1 IBW crystalloid per hour.

Measurements
Demographic and morphometric data were recorded as
well as ASA score, medical history, type of surgery and
preoperative laboratory values. Duration of anesthesia
and surgery were recorded. We also recorded intraoper-
ative fluid requirements, estimated blood loss, transfu-
sion requirements and urinary output. For evaluation of
anesthetic management, the total amount of fentanyl,
end-tidal sevoflurane concentration, core temperature
and postoperative ICU admission were noted.
Hemodynamic parameters such as MAP, heart rate
(HR), FTc, SV and cardiac output (CO) were recorded at
10-min intervals. The application of phenylephrine use
was noted.
The primary outcomes were the areas under the curve

(AUCs) of postoperative levels of pro- and anti-
inflammatory cytokines IL 6, IL 8, IL 10 and TNF α and
their differences between the crystalloid and the colloid
group. Secondary outcomes were AUCs of WBC, CRP,
PCT and LPB and their differences between the groups.
All blood samples for parameter-analyses were obtained
before surgery as baseline values (T0), immediately post-
operatively (T1) as well as on postoperative days one,
two and four (T2, T3 and T4), respectively. For analysis
of IL 6, IL 8, IL 10 and TNF α blood samples were cen-
trifuged within 1 h at 1500 G for 15 min and plasma was
immediately stored at − 80 °C for later enzyme-linked
immunosorbent assay (ELISA) analyses. The serum con-
centrations of IL 6, IL 8, IL 10 and TNF α were deter-
mined according to the manufacturer’s instructions
(Human sIL-6 Instant ELISA, Human IL-8/NAP-1 In-
stant ELISA and Human sIL-10 Instant ELISA,
eBioscience, Vienna, Austria, www.ebioscience.com, Hu-
man TNF α DuoSet, R&D Systems, Minneapolis, Minne-
sota, www.rndsystems.com). For that purpose, optical
density was measured with a Victor 3 microplate reader
at a wavelength of 450 nm. Multiple testing of samples
on different plates revealed an intra-assay variability of
2% for IL 6, 2% for IL 8, 3% for IL 10, 1% for TNF α and
an inter-assay variability of 1% for IL 6, 3% for IL 8, 2%
for IL 10 and 2% for TNF α.
For investigation of WBC, CRP, PCT and LPB separate

blood samples were obtained. Their analysis took place
immediately after blood sampling as routine laboratory
analyses.

Sample size calculation and statistical analysis
Sample size calculations for our trial were based on the
study of Steppan and colleagues [17]. They observed a
mean (standard deviation, SD) of 74 (50) pg.ml− 1 in IL 6
24 h after surgery in 28 abdominal surgery patients. As-
suming a similar coefficient of variation (SD/mean =
0.67) for each of the four cytokines primarily planned
for evaluation in our study, we calculated a total of 120
patients in order to obtain a 80% power to detect a 30%
reduction in any of the cytokines at an overall 0.05 sig-
nificance level with 80% power.
Groups were primarily compared for balance in pa-

tients’ demographic data, intra-operative characteristics
and postoperative variables. Absolute standardized dif-
ferences (ASD) were calculated for patients’ baseline co-
variates. Subsequent measurements of intra-operative
parameters were first averaged within each patient and
then averaged among the patients in each treatment
group for descriptive analysis. Normal distribution was
assessed with q-q plots and Kolmogorow-Smirnow tests.
Normally distributed variables were with unpaired, two-
tailed t-tests, otherwise the in case of normally distrib-
uted values. Wilcoxon rank-sum test was used for not
normally distributed continuous data. Paired compari-
sons between baseline data and postoperative data were
performed with paired sample t-test or Wilcoxon
signed-rank test, as applicable. Nominal data were ana-
lyzed with chi-square or Fisher’s exact test for low ex-
pected cell counts. Data were presented as means ± SD,
medians (IQR) or as numbers (percentage) as applicable.
Adjustment for multiple testing was performed with the
Bonferroni method. A P value < 0.05 was considered sta-
tistically significant.
Analysis was conducted with SPSS software (Version

25.0.0, Armonk, NY: IBM Corp). R for Macintosh, Ver-
sion3.2.1 (R Core Team (2020). R: A language and envir-
onment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria) was used to cal-
culate ASD.

Results
A total of 120 patients were included between Novem-
ber 2012 and October 2014: 62 in the colloid group and
58 in the crystalloid group (Fig. 1). At T0 all values were
measured. Overall, in the crystalloid group 96% and in
the colloid group 95% of the pre-planned blood samples
were collected and analyzed.
Patient’s baseline characteristics did not differ, except

for height, BMI with a slightly higher BMI in the colloid
group, type of surgery and CRP, also higher in the col-
loid group (Table 1). Duration of anesthesia and surgery
were comparable between both groups. Patients assigned
to crystalloid administration received a median of 3905
mL (2880–5288) crystalloids whereas patients assigned
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to the colloid group received 1557mL (1207–2116) of
crystalloid solution and 1250mL (750–1938) of colloids.
Blood loss, transfusion requirements and urinary output
did not differ between the groups. Anesthetic manage-
ment, MAP and HR did not differ between the groups.
FTc, SV and CO were significantly higher in the colloid
group compared to the crystalloid group (FTc: 348 ms
(334–364) versus 339 ms (321–353), p < 0.01, SV: 91 ml
(75–106) versus 76 mL (64 to 90), p < 0.01 and CO:
6.2 ± 1.5 L.min− 1 versus 5.4 ± 1.2 L.min− 1, p < 0.01). The
number of patients requiring vasopressor support was
comparable between groups. The incidence of postoper-
ative ICU admissions did not differ (62% in the crystal-
loid versus 58% in the colloid group, p = 0.71) (Table 2).
Baseline values of IL 6, IL 8, IL 10 and TNF α in the

crystalloid group were comparable to values in the col-
loid group (IL 6: 0.00 pg.ml− 1 (0.00–2.04) versus 0.00
pg.mL− 1 (0.00–1.75), p = 0.95; IL 8: 4.22 pg.mL− 1 (1.45–
8.03) versus 4.83 pg.mL− 1 (1.47–8.35), p = 0.75; IL 10:
0.31 pg.mL− 1 (0.00–3.30) versus 0.43 pg.mL− 1 (0.00–

2.02), P = 0.71; TNF α: 17.69 pg.mL− 1 (11.6–41.46) ver-
sus 16.27 pg.mL− 1 (8.58–56.62), p = 0.52). Immediate
postoperative values of IL 6, 8 and 10 were significantly
higher compared to baseline values in both groups
(p < 0.01 for all measurements) while TNF α did not
show any significant increase in the crystalloid (p = 0.23)
and the colloid group (p = 0.13) (Fig. 2). AUCs of IL 6,
IL 8, IL 10 and TNF α did not differ significantly be-
tween the groups (Table 3).
WBC values at baseline were 4.7 G.L− 1 (3.7–6.0) in the

crystalloid versus 5.0 G.L− 1 (3.9–6.0) in the colloid
group (P = 0.50). CRP, PCT and LBP baseline values
were also comparable in both groups (CRP: 0.16
mg.dL− 1 (0.06–0.36) versus 0.24 mg.dL− 1 (0.13–0.47),
P = 0.05; PCT: 0.05 ng.mL− 1 (0.03–0.06) versus 0.04
ng.mL− 1 (0.03–0.06), P = 0.51; LBP: 5.32 mcg.L− 1 (4.26–
6.61) versus 5.46 mcg.L− 1 (4.10–6.81), p = 0.91).
Immediate postoperative values of WBC and PCT

were significantly higher compared to the baseline values
in both groups (P < 0.01 for all measurements) (Fig. 3).

Fig. 1 CONSORT 2010 Patient flow chart
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The AUCs for WBC, CRP, PCT and LBP for the time
periods from T1 to T4 did not differ significantly be-
tween the groups (Fig. 3, Table 3). However, LBP
showed significantly higher levels in the crystalloid
group in the immediate postoperative period compared
to the colloid group (5.3 mcg.L− 1 (4.0–6.7) versus 4.7
mcg.L− 1 (3.3–5.7), p = 0.04). At all other postoperative
time points there were no significant differences between
the groups (Fig. 3).

Discussion
This trial is a sub-study of a large multi-center random-
ized trial evaluating the effect of goal-directed crystalloid
versus goal-directed colloid fluid administration on a
composite of serious complications after moderate to
high-risk open abdominal surgery. The overall trial con-
cluded that colloids did not decrease the composite of
major complications [15]. Our results are in

concordance, as they did not show any differences in
perioperative pro- and anti-inflammatory markers be-
tween a crystalloid and a colloid fluid regimen.
Despite multimodal care and enhanced recovery pro-

grams it still remains challenging to blunt the inflamma-
tory response to surgery [18]. Systemic inflammation
after abdominal surgery impairs outcome and therefore
many attempts have been made to alter the inflamma-
tory response [10].
Several factors influence the perioperative inflammatory

response such as the underlying disease, type and invasive-
ness of surgery as well as type of anesthesia [19–22]. The
most important factor is the magnitude of surgical trauma
and tissue damage, which induce proliferation and activa-
tion of immune competent cells, in turn triggering cyto-
kine- and inflammatory marker release [19]. So far, very
few trials have specifically investigated the influence of
fluid therapy and differences in terms of the type of fluid
on the extent of inflammatory marker release.
To investigate the potential influence of goal-directed

6% hydroxyethyl starch versus a lactated Ringer’s solu-
tion fluid regimen on inflammatory response, pro- (IL 6,
IL 8 and TNF α) and anti-inflammatory cytokine (IL 10)
serum levels were measured during the perioperative
period. Additionally, we measured WBC, CRP, PCT and
LBP.
Generally, the most commonly measured biomarkers

are CRP and WBC [23]. If levels of CRP are above 10
mg.dL− 1 after postoperative day four a postoperative in-
fection can be suspected [24]. CRP levels in our study
groups increased on the first postoperative day, dropping
on the fourth postoperative day to nearly 8 mg.dL− 1 in
both study groups.
WBCs are an imprecise marker to detect postoperative

complications after major abdominal surgery [10]. A
more sensitive parameter in predicting postoperative
complications after major abdominal surgery is IL 6
[10]. Surgical trauma and hypoperfusion of the colon are
main sources of IL 6 release in colorectal surgery [25].
Noblett demonstrated that GDT during elective colorec-
tal surgery significantly reduced IL 6 levels in compari-
son to a control group [7]. Yates showed no differences
of IL 6 and IL 10 levels between goal-directed colloid
and crystalloid fluid therapy during the first 24 h in a
subgroup of patients undergoing colorectal surgery [26].
Although, patients in the crystalloid group received sig-
nificant more volume amount as compared to the col-
loid group, there was no significant difference in
hemodynamic variables [26]. Our patients showed simi-
lar courses of IL 6 and IL 10 levels in the immediate
postoperative period. In contrast to the trial of Yates,
who measured cytokine levels up to the first 24 h after
surgery, we extended our measurement period to four
postoperative days. We showed comparable circulating

Table 1 Baseline Characteristics

Crystalloids Colloids ASD

(n = 58) (n = 62)

Age, yrs 57 ± 14 56 ± 14 0.14

Weight, kg 77 ± 13 80 ± 14 0.17

Height, cm 174 ± 10 172 ± 8 0.24

BMI, kg.m− 2 25 ± 4 27 ± 4 0.37

Gender, No. (%) 0.22

Men 37 (64) 33 (53)

Women 21 (36) 29 (47)

ASA Score, No. (%) 0.19

I 9 (15.5) 10 (16)

II 40 (69) 48 (77)

III 9 (15.5) 4 (7)

Medical History, No. (%)

Pulmonary Disease 4 (7) 2 (3) 0.17

Cardiovascular Disease 24 (42) 25 (40) 0.02

Diabetes Type I 0 (0) 0 (0) < 0.001

Diabetes Type II 5 (7) 3 (5) 0.15

Type of Surgery, No. (%) 0.22

Colorectal 25 (43) 16 (26)

Liver 21 (36) 34 (55)

Pancreatic 12 (21) 12 (19)

Preoperative Laboratory Values

CRP, mg.dL−1 0.25 ± 0.28 0.33 ± 0.33 0.24

Patient characteristics data are presented as means ± SD or as counts for the
categorical outcomes
Abbreviations: ASD absolute standardized differences; absolute difference in
means or proportions divided by the pooled SD; ASD values of 0.2, 0.5, and
0.8 represent small, median, and large differences
BMI body mass index, m male, f female, ASA American Society of
Anesthesiologists, CRP C-reactive protein, SD standard deviation
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Table 2 Intraoperative Data
Crystalloids
(n = 58)

Colloids
(n = 62)

p - Value

Duration of Anesthesia, min 330 ± 121 307 ± 117 0.29

Duration of Surgery, min 281 ± 118 250 ± 113 0.14

Fluid management

Total Fluid Intake, mLa 4519 (3382–4824) 3247 (2495–4210) < 0.001°

Crystalloid, mL 3905 (2880–5288) 1557 (1207–2116) < 0.001°

Colloid, mL 0 (0–0) 1250 (750–1938) < 0.001°

Estimated Blood Loss, mL 500 (100–1000) 400 (100–875) 0.23

Transfusion yes/no (%) 3/55 (5/95) 6/56 (10/90) 0.58

Urinary Output, mL 350 (300–500) 405 [250, 615] 0.82

Anesthesia Management

Fentanyl, mcg 1000 [800, 1200] 850 (623–1223) 0.39

TWA Et Sevoflurane, % 1.8 (1.6–1.9) 1.8 (1.6–2.0) 0.88

Core Temperature, °C 36.4 ± 0.4 36.4 ± 0.5 0.98

ICU Admission yes/no (%) 36/22 (62/38) 36/26 (58/42) 0.71

Hemodynamic

TWA MAP, mmHg 77 ± 6 75 ± 8 0.77

TWA HR, beats.min−1 73 ± 12 70 ± 11 0.30

TWA FTc, ms 339 (321–353) 348 (334–364) 0.009°

TWA SV, mL 76 (64–90) 91 (75–106) < 0.001°

TWA CO, L.min− 1 5.4 ± 1.2 6.2 ± 1.5 0.002°

Phenylephrine yes/no (%) 54/4 (93/7) 53/9 (85/15) 0.24

Intraoperative data are presented as means ± SD, medians (IQR) or as counts for the categorical outcomes. Means were compared with an unpaired two-sided t-tests or
Mann-Whitney-U tests as appropriate, medians with Wilcoxon rank-sum tests and counts with chi-square or Fisher’s exact tests. ° represents statistical
significance (P< 0.05)
Abbreviations: Et end tidal, ICU intensive care unit, TWA time weighted average, MAP mean arterial pressure, HR heart rate, FTc corrected flow time, SV stroke
volume, CO cardiac output, SD standard deviation
a Total fluid intake includes baseline, fluid boluses, antibiotics, analgesics and additional fluid, administered at the discretion of attending anesthesiologist

Fig. 2 a-d: Pro- and anti-inflammatory cytokines IL 6, IL 8, IL 10 and TNF α over time. 2 A: IL 6, 2 B: IL 8, 2 C: IL 10 and 2 D: TNF α. Data are
presented as medians (IQR). Abbreviations: IL – interleukin, TNF α – tumor necrosis factor alpha, POD – postoperative day
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IL 6 and IL 10 levels between a GDT crystalloid and col-
loid administration. These surrogates of inflammatory
response imply that gut perfusion during surgery was
well preserved with both types of fluid and suggest that
the type of fluid might be of minor importance as long
as the fluid is administered in a goal-directed fashion.
The fact that TNF α levels in both groups remained

stable over the entire measured period further supports
our theory. The course of TNF α levels during the peri-
operative period was in accordance with the study of
Szakmany, in which fluid therapy was guided with
PiCCO versus central venous pressure in major

abdominal surgery in patients at risk for postoperative
complications [27]. As TNF α per se triggers glycocalyx
degradation [9], we anticipate that TNF α did not influ-
ence glycocalyx shedding and thus possible fluid shifts in
our study population.
PCT is an early predictive marker for systemic inflam-

mation after abdominal surgery [28]. Values above 1
ng.mL− 1 are associated with postoperative complications
such as pneumonia or anastomotic leakage [29]. In our
study median PCT levels did not exceed 1 ng.mL− 1 at
any measured time point. These results are in concord-
ance with our main study, where infectious complica-
tions rate were held low and did not differ between the
groups [15]. Moreover, as PCT production can also be
induced by tissue hypoperfusion, we might assume that
goal-directed fluid administration contributed to low
PCT values by optimizing cardiac performance [30].
Furthermore, we measured LBP, a prognostic marker

for bacterial infections [31]. Patients in the crystalloid
group showed significantly higher levels immediately
after surgery; however, the measured values remained
within the normal range. Therefore, this difference is
most likely not to of clinical importance.
The vascular endothelium is one of the earliest sites

involved in the inflammatory response syndrome. An ad-
equate perioperative fluid management has a major im-
pact on the integrity of the glycocalyx [32]. With goal-
directed fluid management individualized and time ap-
propriate fluid resuscitation can be achieved, enabling

Table 3 Areas under the curve of inflammatory markers

Crystalloids
(n = 58)

Colloids
(n = 62)

P

AUC IL 6, pg.mL− 1.d 124.3 (66.4–230.6) 104.1 (42.2–240.6) 0.60

AUC IL 8, pg.mL− 1.d 37.6 (25.2–84.3) 35.9 (23.5–55.1) 0.46

AUC IL 10, pg.mL− 1.d 47.5 (27.1–71.9) 39.4 (25.3–66.8) 0.68

AUC TNF α, pg.mL− 1.d 88.7 (51.48–208.2) 72.0 (45.5–224.8) 0.47

AUC WBC, G.L−1.d 34.1 (29.8–45.7) 37.5 (31.4–43.9) 0.67

AUC CRP, mg.dL− 1.d 21.71 (13.67–30.55) 22.06 (14.83–30.29) 0.83

AUC PCT, ng.mL− 1.d 1.04 (0.52–1.77) 0.84 (0.62–1.39) 0.23

AUC LBP, mcg.L− 1.d 73.81 (53.95–90.17) 69.09 (52.95–87.32) 0.64

Table 3: Areas under the curve of IL 6, IL 8, IL 10 and TNF α as well as WBC,
CRP, PCT and LBP are presented as medians (IQR). Medians were compared
with Wilcoxon rank-sum tests.
Abbreviations: IL interleukin, TNF α tumor necrosis factor alpha, WBC white
blood cells, PCT procalcitonin, LBP lipipopolysaccharide-binding protein

Fig. 3 a-d: Inflammatory markers WBC, CRP, PCT and LBP over time. a: WBC, b: CRP, c: PCT and d: LBP. Data are presented as medians (IQR).
Abbreviations: WBC – white blood cells, CRP – C-reactive protein, PCT – procalcitonin, LBP – lipopolysaccharide-binding protein, POD –
postoperative day. ★ represents significant difference in LBP in the immediate postoperative period between the crystalloid and the colloid
group (P = 0.38)
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preservation of endothelial surface layer and sufficient
organ perfusion, thus improving postoperative outcomes
after major surgery [33].
Patients in the colloid group received significantly less

fluid (1272 mL), confirming the previously published
fluid sparing effect of colloids [13]. However, clinical sig-
nificance of this difference may be questionable during a
perioperative period of nearly five hours. Further, our
hemodynamic data showed significantly higher values of
SV and CO with colloid administration, though the ab-
solute difference of 15 mL in SV most likely has only
limited clinical relevance. It might very well be that the
significant differences in SV and CO are the result of
our number of patients included in this substudy.
First limitation of our study is that we measured in-

flammatory markers that reflect the inflammatory re-
sponse as surrogates and not direct markers of
glycocalyx degradation like syndecan-1. Therefore, we
cannot draw any conclusions about the preservation of
the endothelial surface layer in our patients. Secondly,
we did not control postoperative fluid management dur-
ing the postoperative follow-up period. A further limita-
tion is the time between patient enrolment and
submission of our current results. Due to the fact that
the main trial has been published recently a delay of our
submission occurred [15]. Nevertheless, our results can
still be extrapolated to current clinical practice.

Conclusion
In summary, goal-directed hydroxyethyl starch adminis-
tration did not attenuate the inflammatory response,
expressed by cytokine levels of IL 6, IL 8, IL 10 and TNF
α in patients undergoing moderate to high-risk open ab-
dominal surgery. WBC, CRP and PTC values did not dif-
fer between the different fluid regimes as well.
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