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There is considerable con-
troversy regarding the best 
choice of asanguineous fluid 
in hypovolemia and shock. 

Colloids are preferred in many coun-
tries despite potential risks and higher 
costs (1) because of data suggesting that 
they improve cardiac performance more 

effectively in patients with hypovolemia 
(2–4) and were associated with a three to 
four times lower resuscitation volumes 
than crystalloids (2, 5) – a compelling 
observation, considering that higher fluid 
balances are associated with worsened 
patient outcomes (6).

Tissue hypoxia is the hallmark of early 
septic shock (7) and elevated lactate lev-
els, and increased oxygen extraction are 
indicators of impaired tissue oxygenation 
(8). Fluid resuscitation restores the intra-
vascular volume with the aim to improve 
tissue perfusion, lactate clearance, and 
central venous oxygen saturation (ScvO2), 
and to reduce the need for vasopressors 
(7–10).

However, recent evidence questions 
these conclusions. Larger studies that 
observed patients for longer periods 
were unable to show a lasting hemody-
namic benefit (11) or improved patient 
survival with the use of albumin, gela-
tin, or hydroxyethyl starch (HES) 

Objective: To assess shock reversal and required fluid volumes 
in patients with septic shock.

Design: Prospective before and after study comparing three dif-
ferent treatment periods.

Setting: Fifty-bed single-center surgical intensive care unit.
Patients: Consecutive patients with severe sepsis.
Interventions: Fluid therapy directed at preset hemodynamic 

goals with hydroxyethyl starch (predominantly 6% hydroxyethyl 
starch 130/0.4) in the first period, 4% gelatin in the second period, 
and only crystalloids in the third period.

Measurements and Main Results: Main outcome was time to 
shock reversal (serum lactate <2.2 mmol/L and discontinuation 
of vasopressor use). Hemodynamic goals were mean arterial 
pressure >70 mm Hg; ScvO2 <70%; central venous pressure >8 
mm Hg. Safety outcomes were acute kidney injury defined by 
Risk, Injury, Failure, Loss, and End-stage kidney disease crite-
ria and new need for renal replacement therapy. Hemodynamic 
measures, serum lactate, and creatinine were comparable at 
baseline in all study periods (hydroxyethyl starch n = 360, gelatin 

n = 352, only crystalloids n = 334). Severity scores, hospital 
length of stay, and intensive care unit or hospital mortality did 
not differ significantly among groups. All groups showed similar 
time to shock reversal. More fluid was needed over the first 4 
days in the crystalloid group (fluid ratios 1.4:1 [crystalloids to 
hydroxyethyl starch] and 1.1:1 [crystalloids to gelatin]). After 
day 5, fluid balance was more negative in the crystalloid group. 
Hydroxyethyl starch and gelatin were independent risk factors 
for acute kidney injury (odds ratio, 95% confidence interval 2.55, 
1.76–3.69 and 1.85, 1.31–2.62, respectively). Patients receiving 
synthetic colloids received significantly more allogeneic blood 
products.

Conclusions: Shock reversal was achieved equally fast with 
synthetic colloids or crystalloids. Use of colloids resulted in only 
marginally lower required volumes of resuscitation fluid. Both 
low molecular weight hydroxyethyl starch and gelatin may impair 
renal function. (Crit Care Med 2012; 40:2543–2551)

Key Words: acute kidney injury; coagulopathy; colloids; crystalloids; 
plasma volume expanders; shock

Copyright © 2012 by the Society of Critical Care 
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/CCM.0b013e318258fee7

Effects of fluid resuscitation with synthetic colloids or crystalloids 
alone on shock reversal, fluid balance, and patient outcomes in 
 patients with severe sepsis: A prospective sequential analysis*

Ole Bayer, MD; Konrad Reinhart, MD; Matthias Kohl, PhD; Björn Kabisch, PhD; John Marshall, MD;  
Yasser Sakr, MD, PhD; Michael Bauer, MD; Christiane Hartog, MD; Daniel Schwarzkopf; Niels Riedemann, MD

*See also p. 2709.
From the Department of Anesthesiology and 

Intensive Care Medicine (OB, KR, BK, YS, MB, CH, NR), 
Friedrich-Schiller-University Jena, Jena, Germany; 
Department of Mechanical and Process Engineering 
(MK), Furtwangen University, Schwenningen, Germany; 
Department of Surgery (JM), Interdepartmental Division 
of Critical Care, the Li Ka Shing Knowledge Institute, 
St. Michael’s Hospital, University of Toronto, Toronto 
Canada; Jena University Hospital (KR, MB, CH, DS), 
Center for Sepsis Control and Care, Jena, Germany.

Supplemental digital content is available for this 
article. Direct URL citations appear in the printed text 
and are provided in the HTML and PDF versions of this 
article on the journal’s Web site (http://journals.lww.
com/ccmjournal).

Drs. Bayer and Reinhart contributed equally to this 
work.

The study was not funded by external sources. Dr. 
Bayer was supported, in part, by an unrestricted grant of the 
Thuringian Ministry of Cultural Affairs (Landesprogramm 
ProExzellenz; PE 108-2); the Foundation of Technology, 
Innovation, and Research Thuringia (STIFT); and the 

German Sepsis Society. The funding agencies played no 
role in the design or conduct of the study nor in the analy-
sis of data or writing of the manuscript.

Drs. Bayer, Kohl, Kabisch, Marshall, Sakr, Bauer, 
Hartog, Schwarzkopf, and Riedemann have no financial 
relationships with any organization that might have an 
interest in the submitted work in the previous 3 yrs and 
no other relationships or activities that could appear to 
have influenced the submitted work. Dr. Reinhart has, 
in the past, received an unrestricted grant for the con-
duct of the VISEP study and speaker’s and consultancy 
fees from B. Braun, Melsungen, Germany. B. Braun, 
Melsungen also contributed to the German Sepsis 
Society to fund an endowed professorship for clinical 
sepsis research at the University Hospital of Jena. The 
local ethics board waived the need for informed con-
sent because of the observational nature of the study.

For information regarding this article, E-mail: 
konrad.reinhart@med.uni-jena.de

Feature Articles 



2544 Crit Care Med 2012 Vol. 40, No. 9

(12–15), and a lack of colloid superiority 
was repeatedly confirmed in meta-anal-
yses (16, 17). Furthermore, the ratio of 
administered crystalloids to colloids in 
large randomized controlled trials in 
critically ill or septic patients was only 
1.4:1 (12, 13). In addition, synthetic col-
loids have been shown to be potentially 
harmful, as reflected in dose-related 
side effects including renal impairment 
(13, 18–20), increased bleeding (21, 22), 
and tissue accumulation with organ 
damage (23, 24).

Triggered by the finding of starch 
nephrotoxicity in severe sepsis patients 
(13, 25), we undertook sequential 
changes in our approach to fluid ther-
apy, and serially documented the con-
sequences on patient outcomes. We 
first replaced starches with 4% gelatin. 
However, because rates of renal adverse 
events (26) remained high, we switched 
to the use of crystalloids alone (20). We 
used our electronic database of patients 
from these three sequential treatment 
periods between 2004 and 2010 to inves-
tigate whether the type of fluid has an 
impact on the time to shock reversal and 
achievement of preset hemodynamic 
goals.

MATERIALS AND METHODS

Setting

A 50-bed interdisciplinary surgical inten-
sive care unit (ICU) of a university hospital.

Patients

We recruited consecutive patients who 
fulfilled the criteria for severe sepsis or sep-
tic shock (27) on the day of admission (sup-
plemental Methods, Supplemental Digital 
Content 1, http://links.lww.com/CCM/A469).

Study Groups

Participants were grouped into differ-
ent fluid groups according to the period in 
which they received fluid therapy: the HES 
period (January 1, 2004 to January 31, 2006, 
predominantly 6% HES 130/0.4 and crystal-
loids), the Gelatin period (March 1, 2006 
to March 31, 2008, 4% gelatin and crystal-
loids), and the Crystalloid period (May 1, 
2008 to April 8, 2010, where only crystal-
loids were given); (see details in the sup-
plemental Method section, Supplemental 
Digital Content 1, http://links.lww.com/
CCM/A469). The treatment periods were 
separated by a washout period of 1 month to 
allow sufficient implementation of the new 
standard fluid.

Variables

Shock reversal was defined as the first time 
a serum lactate level of <2.2 mmol/L or dis-
continuation of vasopressor use was achieved. 
Reaching of preset hemodynamic goals was de-
fined as the first time the criteria for mean arte-
rial pressure (MAP) >70 mm Hg, ScvO2 > 70%, 
and central venous pressure (CVP) >  8 mm 
Hg were met. Patients with relapsing shock 
were not considered. Mean values of MAP, CVP, 
and ScvO2 were used to describe response to 
treatment.

We defined study fluids as all hydroxyethyl 
starches, gelatin, and crystalloids that were 
administered as bolus infusions given at high 
flow rate to treat volume deficit, but not flu-
ids given for maintenance or carrier fluids for 
medication. Total fluids were defined as all en-
teral and parenteral fluids including bolus and 
maintenance fluids, nutrition, drug adminis-
tration, and blood products.

Fluid balance was calculated daily as the 
difference between total fluid intake and total 
fluid loss. Fluid loss included urine output, 
fluid removal by dialysis, drainage fluid, esti-
mates of insensible losses, and oral and rectal 
secretions.

Acute kidney injury (AKI) was defined by 
the standardized Risk, Injury, Failure, Loss, 
and End-stage kidney disease (RIFLE) crite-
ria or new occurrence of renal replacement 
therapy (RRT) (28) (see Supplemental Digital 
Content 1, http://links.lww.com/CCM/A469). 
AKI was defined by the most severe RIFLE cri-
terion, which was reached during the ICU stay.

Data Sources and Measurement

Data were collected prospectively from an 
electronic patient data-management system 
(see supplemental Methods, Supplemental 
Digital Content 1, http://links.lww.com/CCM/
A469).

To compare reversal of shock criteria 
within the first 4 days after admission, sur-
vival functions were estimated using the 
Kaplan-Meier estimator. The time to event 
was calculated using the mean values of MAP, 
ScvO2, CVP, and lactate in consecutive 4-hr 
intervals. In patients presenting with abnor-
mal hemodynamic or lactate values, time to 
achievement of preset hemodynamic goals or 
return to normal lactate values was calculated 
as the difference between admission time and 
the midpoint of the 4-hr interval when the 
respective goal was achieved. For patients re-
ceiving vasopressors at the time of admission, 
the time between admission time and the mid-
point of the first 4-hr interval when patients 
were free from vasopressors was used. Log-
rank tests were performed to test for group 
differences.

Statistical Analysis

All analyses were performed using SPSS 
version 18.0 (SPSS Inc, Cary, NC) and R 

version 2.11.1 (R  Development Core Team 
2010; R Foundation for Statistical Computing, 
Vienna, Austria). All reported p values are two-
sided. For univariate analyses, we applied the 
t test or the Mann-Whitney test and Fisher’s 
exact test for continuous and categorical vari-
ables, respectively.

Forward and backward stepwise mul-
tiple logistic regression analysis based on 
Akaike Information criterion was performed 
to identify risk factors for AKI and RRT. 
The resulting model was checked by the 
Hosmer-Lemeshow goodness-of-fit test as 
well as the area under the receiver-operat-
ing characteristic curve. In a second step, 
we added period effects of HES and gelatin 
as categorical variables with crystalloids as 
reference category.

RESULTS

Patients

We screened 24,326 surgical ICU 
patients. After excluding 23,280 patients 
who met exclusion criteria, a total of 
1,046 patients with severe sepsis or sep-
tic shock remained, 360 patients in the 
HES period, 352 in the gelatin, and 334 
patients in the crystalloid period (see 
details in Supplementary Fig. 1, Supple-
mental Digital Content 1, http://links.
lww.com/CCM/A469).

Descriptive Data

Study groups were comparable at 
baseline regarding MAP, CVP, ScvO2, 
and lactate levels, as well as the number 
of patients with septic shock (Table 1). 
Patients had similar exposure to a range 
of nephrotoxic drugs except for a higher 
use of diuretics in both synthetic colloid 
groups, a higher use of angiotensin-con-
verting enzyme inhibitors in the gelatin 
group and a higher use of vancomycin 
and antimycotics in the crystalloid group 
in comparison to the gelatin group (Sup-
plemental Table 1, Supplemental Digital 
Content 1, http://links.lww.com/CCM/
A469). There were some imbalances at 
admission regarding comorbidities, sur-
gical procedures, source of sepsis, pro-
calcitonin levels, and baseline Simplified 
Acute Physiology II score (Table 1).

Clinical Course and Response to 
Treatment During icu Stay

Mean values of MAP, CVP, and ScvO2 
were similar over the first 48 hrs, and 
noradrenaline use was higher on day 0 
in the crystalloid group (Supplemental 
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Fig. 2, Supplemental Digital Content 1, 
http://links.lww.com/CCM/A469). There-
after, mean daily MAP values were signifi-
cantly higher on most days in both colloid 
patient cohorts, and noradrenaline use 
was higher on days 3–8 in the crystal-
loid groups. CVP measurements did not 
differ significantly over the first 10 days, 
and ScvO2 values differed significantly 
among groups only at day 2 (Supplemen-
tal Fig. 2, Supplemental Digital Content 
1, http://links.lww.com/CCM/A469). Heart 
rate was slightly but significantly higher 
in the HES group over most of the study 
period (Supplemental Fig. 2, Supplemen-
tal Digital Content 1, http://links.lww.

com/CCM/A469). Hemoglobin levels were 
modestly but significantly higher in the 
HES group compared with the crystal-
loid group on days 2 and 6 (Supplemen-
tal Fig. 2, Supplemental Digital Content 
1, http://links.lww.com/CCM/A469). Daily 
procalcitonin levels were similar over 
the study duration (Supplemental Fig. 3, 
Supplemental Digital Content 1, http://
links.lww.com/CCM/A469). Use of low-
dose hydrocortisone and insulin is given 
in Supplementary Table 1 (Supplemental 
Digital Content 1, http://links.lww.com/
CCM/A469). Activated protein C was used 
in six and eight patients in the HES and 
gelatin periods, respectively. No patient in 

the crystalloid period received activated 
protein C.

Outcome Data

Shock Reversal. Patients who pre-
sented with abnormal serum lactate 
measurement at the time of admission, 
attained normal values equally rapidly 
despite the choice of fluid (Fig. 1a). 
Time to discontinuation of vasopressor 
use did not differ between fluid groups 
(Fig. 1b).

Reaching of Hemodynamic Goals. 
Time to reach preset values of MAP and 
ScvO2 was similar in all groups (Fig. 2, a 
and b). Preset CVP values were reached 
less quickly in the crystalloid group  
(Fig. 2c).

Fluid Intake and Fluid Balance. 
Patients in the colloid groups received 
more crystalloid than colloid fluids dur-
ing the first 4 days as well as over the 
whole treatment period. During the first 
4 days, the volume of resuscitation fluids 
(i.e., including bolus crystalloids in the 
colloid groups) in the crystalloid group 
was 1.4-fold higher than in the HES 
group, and 1.1-fold higher than in the 
gelatin period. Patients in the crystalloid 
period received 1.2-fold more total fluid 
volume than patients in the HES period 
and 1.1-fold more volume than patients 
in the gelatin period (Table 2). Over the 
entire ICU stay, cumulative fluid doses 
were higher in the synthetic colloid 
groups (Table 2).

Fluid intake was measured at two-
hourly intervals in the first 24 hrs fol-
lowing admission. Intakes were highest 
in the crystalloid group and less so in 
the gelatin group, but only during the 
12–16 hrs following admission (Fig. 3a). 
Fluid intake in the crystalloid group was 
significantly higher than in the HES 
group over the first 16 hrs and in the 
gelatin group only over the first 6 hrs 
and similar thereafter, respectively (Fig. 
3a). Overall, mean fluid intake on day 
0 and day 1 was significantly higher in 
the crystalloid groups, and overall fluid 
balance was significantly less positive 
on these days in the HES group. How-
ever, from day 5, fluid balance was more 
positive in the HES and gelatin groups 
(Fig.  3, b and c).

More blood products were used in the 
HES group, and more patients in the HES 
and the gelatin groups were exposed to 
allogeneic blood products (Table 2). More 
human albumin 20% was administered 

Table 1. Patient baseline characteristics

Hydroxyethyl 
Starch Period 

(n = 360)
Gelatin Period 

(n = 352)
Crystalloid Period 

(n = 334)

Age, years, median  
[interquartile range]

69.5 [57.8–76.8] 68.8 [57.7–76.3] 70.2 [58.6–77.6]

Male, n (%) 238 (66.1) 239 (67.9) 226 (67.7)
Comorbidities, n (%)
 Hypertension 169 (46.9)a 184 (52.3)b 200 (59.9)
 Diabetes mellitus 99 (27.5) 109 (31.0) 96 (28.7)
 Cancer 74 (20.6)a 101 (28.7) 116 (34.7)
 Chronic renal failure 18 (5.0) 3 (0.9) 9 (2.7)
 Liver cirrhosis 13 (3.6)c 27 (7.7) 32 (9.6)
Surgical procedures, n (%)
 Abdominal 122 (33.9)c 158 (44.9) 149 (44.6)
 Cardiac/thoracic surgery 137 (38.1)a 103 (29.3) 87 (26.0)
 Trauma 25 (6.9)b 13 (3.7) 10 (3.0)
 Othersd 67 (18.6) 57 (16.2) 63 (18.9)
 No surgery 9 (2.5)c 21 (6.0) 25 (7.5)
Source of sepsis, n (%)
 Respiratory 184 (51.1)a 138 (39.2) 125 (37.4)
 Abdominal 113 (31.4)a 158 (44.9) 162 (48.5)
 Urogenital 10 (2.8) 7 (2.0) 6 (1.8)
 Otherse 53 (14.7) 49 (13.9) 41 (12.3)
Hemodynamic and laboratory values, median (interquartile range)

Mean blood pressure, 
mm Hg

73 [67–80] 72 [67–78] 73 [67–78]

 Heart rate, beats/min 97 [86–109] 99 [88–113]a 93 [82–107]
Central venous pressure, 

mm Hg
9 [7–12] 10 [7–13] 9 [6–12]

 Septic shock, n (%) 295 (81.9) 293 (83.2) 288 (86.2)
 Procalcitonin, ng/mL 2.9 [0.8–10.1] 2.3 [0.7–6.7]b 3.0 [0.8–10.4]
 Serum lactate, mmol/L 2.3 [1.3–4.1] 2.1 [1.3–3.8] 1.8 [1.2–3.2]

Central venous oxygen 
saturation, %

71 [67–74] 70 [66–74] 71 [68–75]

 Platelet count, × 103/mL 167 [109–241] 141 [49–238]c 159 [88–258]
 Serum creatinine, µmol/L 101 [81–139] 96 [79–130] 96 [81–144]

Creatinine clearance, mL/
min

62 [43–89] 66 [48–91] 62 [43–88]

Simplified Acute Physiology 
Score II score

50 [39–63]b 52 [40–65] 53 [41–66]

Sequential Organ Failure 
Assessment score

8 [6–11] 8 [6–10] 8 [6–11]

p values were calculated with the t test or the Mann-Whitney U test and Fisher’s exact test, as 
appropriate. Hydroxyethyl starch and gelatin group were compared with crystalloid group, respec-
tively.

ap < .001; b.01 < p < .05, c.001 < p < .01; dincludes neurosurgical, metabolic, renal urinary tract, 
and gynecological procedures; eincludes catheter-related, wound, coagulase-negative staphylococci, 
blood stream infections, and endocarditis.



2546 Crit Care Med 2012 Vol. 40, No. 9

to patients in the gelatin and crystalloid 
groups (Table 2).

Morbidity and Mortality

AKI occurred in 65.7% (687 of 1,046) 
of patients. RRT was initiated in 32.6% of 
patients (341 of 1,046), and both AKI and 
the decision to start RRT occurred more 
frequently in the HES and gelatin groups 
than in the crystalloid group (Table 3). 
Reasons to initiate RRT were similar 
between groups, and the median serum 
creatinine level was significantly higher 
in the HES group at the onset of RRT 
(Supplemental Table 2, Supplemental 
Digital Content 1, http://links.lww.com/
CCM/A469).

The majority of patients with AKI were 
classified as RIFLE class “failure”, and 
more patients in the synthetic colloid 
groups achieved RIFLE class “failure” 
criteria than in the crystalloid group, this 
difference reaching significance in the 
HES group (42.5%, p = .012) but not in 
the gelatin group (40.1%, p = .069) vs. the 
crystalloid group (33.2%). The number of 
patients who fulfilled RIFLE classes “risk” 
and “injury” were lower and similar in all 
groups (Table 3).

Patients in both colloid groups spent 
a significantly longer period of time 
on the ventilator (Table 3). Severity 
scores, hospital length of stay, and ICU 
or hospital mortality rates did not differ 
significantly. ICU length of stay was sig-
nificantly longer in both synthetic colloid 
groups (Table 3).

AKI Adjusted for Potential 
Confounding Factors

Multiple logistic regression analysis 
with AKI as a dependent binary variable 
showed that age, baseline creatinine, 
Simplified Acute Physiology II score, 
cardiothoracic surgery, liver cirrhosis, 
diabetes, vancomycin, iodinated contrast 
media, human albumin 20%, HES 6%, 
and gelatin 4% were independent risk 
factors (OR 2.55, 95% confidence inter-
val 1.76, 3.69 and OR 1.85, 1.31, 2.62, 
respectively, Table 4). HES and gelatin 
were also independent risk factors for 
RRT (Supplemental Table 3, Supplemen-
tal Digital Content 1, http://links.lww.
com/CCM/A469).

DISCUSSION

We found that in patients with severe 
sepsis, normalization of the indicators 

Figure 1. Shock reversal estimated by the Kaplan-Meier method. Time to normalization of serum 
lactate values (<2.2 mmol/L) and time to discontinuation of vasopressors in the hydroxyethyl starch 
(HES), gelatin and crystalloid study periods. Significance testing by log-rank tests. n denotes patients 
with predefined shock criteria.
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of shock (raised serum lactate and 
discontinuation of vasopressor use) 
occurred as quickly and effectively in 
patients resuscitated using only crys-
talloids as in those resuscitated using 
a combination of synthetic colloids and 
crystalloids. Response to treatment, 
measured by the time it took to achieve 
predefined hemodynamic goals, was 
similar regarding time to normaliza-
tion of MAP and ScvO2 values, whereas 
normal CVP values were achieved more 
slowly in the crystalloid group. Resusci-
tation with crystalloids alone required 
more fluid and vasopressor initially. 
Over the first 4 days, about 2.5 L more 
total fluid was given to patients in the 
crystalloid group, and mean daily fluid 
balances were more positive over the 
first 2 days. However, from day 5 on, the 
daily fluid balance became more nega-
tive in the crystalloid group.

AKI and need for RRT occurred sig-
nificantly more often in the HES and 
the gelatin period than in the crystalloid 
period, confirming previous findings (20, 
26). More patients in the synthetic colloid 
groups were exposed to allogeneic trans-
fusion, and these patients received more 
packed red blood cells. Patients from 
the HES period also received more fresh 
frozen plasma and platelet concentrates. 
Time on the ventilator was significantly 
longer in both synthetic colloid groups. 
ICU and hospital mortality rates remained 
similar despite the significant differences 
in AKI and use of RRT. The seeming 
absence of colloid-associated effects on 
mortality may be explained by the fact 
that ICU or hospital mortality rates are 
short-term parameters, whereas synthetic 
colloid effects may become apparent only 
after a longer interval, as was shown in 
the VISEP study after 30 days (13).

Overall fluid load was higher in the 
colloids groups, because these patients 
stayed longer on the ICU. If only the first 
four ICU days were considered, total fluid 
dose were lower in the colloid periods, 
achieving significance for patients treated 
in the HES period.

Colloids may adsorb to the glycocalyx 
layer and restrict ultrafiltration, whereas 
crystalloid solutions equilibrate rapidly 
between the intravascular and the inter-
stitial fluid spaces (29). Initially therefore, 
colloids may be more effective expand-
ers of intravascular volume, as seen in a 
study of children with Dengue shock syn-
drome (11). During the first 2 hrs, HES 
or dextran lowered the hematocrit signif-
icantly than Ringer’s lactate. Thereafter, 

Figure 2. Reaching of hemodynamic goals estimated by the Kaplan-Meier method. Time to normal-
ization of preset hemodynamic goals, including mean arterial pressure (MAP) of ≥70 mm Hg, cen-
tral venous pressure (CVP) of ≥8 mm Hg, central venous oxygenation saturation (ScvO2) of ≥70%. 
Significance testing by log-rank tests. n denotes patients not having reached hemodynamic goals at the 
respective time. HES, hydroxyethyl starch.
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however, the hematocrit rebounded only 
in the colloid groups (11). The transience 
of this colloid effect may explain why only 
short-term volume challenge studies (2, 
5) showed a requirement of three- to 
four-fold more volume of crystalloid than 
colloid fluid whereas we found a volume 
ratio of only 1.4 to 1 and 1.1 to 1 for 6% 
HES and 4% gelatin, respectively, which 
is similar to findings in other studies with 
longer observation periods (12, 13).

The higher prevalence of AKI and 
requirement for RRT and the increased 
exposure to allogeneic transfusion in 
the HES period is consistent with the 
observed impairment of renal function 
and increased transfusion requirements 
reported from other studies and meta-
analyses (13, 19, 21, 25, 30). It has been 
postulated that 6% HES 130/0.4 when 
administered within the allowed dose lim-
its and together with crystalloids is devoid 
of clinically relevant adverse effects (31), 
but as 88% of the HES preparations 
administered in this study were 6% HES 
130/0.4 and the median cumulative HES 

dose during the first four study days was 
39 mL/kg, thereby well below the recom-
mended dose limit for 1 day (50 mL/kg), 
these findings do not support this claim. 
A recent multicenter observational study 
also found no differences between lower 
and higher molecular weight starches in 
respect to renal impairment (30). Gelatin 
is not commonly perceived as nephro-
toxic, but may induce osmotic nephrosis-
like lesions similar to starches (32, 33). 
Recent experimental data suggest that 
gelatin may damage kidney morphology 
and impair renal function (34) differing 
only by degrees from changes induced by 
6% HES 130/0.4 and 10% HES 200/0.5 
(35). In sepsis patients, 3% gelatin has 
resulted in less renal impairment than 
6% HES maybe because of the difference 
in colloid concentration (25).

Limitations and Strengths of This 
Study

This was a single center convenience 
cohort study with post-hoc adjusted 

analyses and multivariate modeling. 
We cannot exclude the possibility that 
systematic differences between the two 
groups reflect non measured alterations 
in other aspects of therapy, or secular 
changes over time as a result of gen-
eral improvements in the care of septic 
patients (25, 36). Lack of baseline differ-
ences does not preclude the presence of 
unidentified group differences because 
of the nonrandomized nature of the 
study. The colloid groups included more 
patients with pneumonia as the source 
of sepsis. However, multivariate analysis 
identified no association between source 
of sepsis and AKI, and the need for RRT 
was found to be significantly higher in 
patients with abdominal than pulmo-
nary sepsis in a large European survey 
(37). We cannot rule out that uncon-
trolled changes in treatment patterns 
such as changes in end of life decisions 
may have contributed to the decreased 
length of stay on the ICU and reduced 
time on the ventilator over the three 
sequential study periods. However anal-
ysis of secular changes over each of the 
three study intervals failed to show any 
evidence of improving outcomes over 
time unrelated to different fluid man-
agement strategies. Several HES trials 
are currently ongoing in critically ill or 
septic patients (CHEST Clinicaltrials.
gov NCT00935168, 6S NCT00962156, 
BaSES NCT00273728).

Some observations strengthen our 
findings. Disease severity at baseline 
and during the course of the disease 
were comparable, as were cardio-respi-
ratory variables, vasopressor support 
over time, and ICU and hospital mor-
tality, and finally the daily levels of 
the sepsis marker procalcitonin which 
closely reflects the severity of the host 
response (38) strengthen the hypoth-
esis that the observed effects may be 
associated with the changes of our fluid 
regimen.

CONCLUSIONS

The results of this study question 
the paradigm that shock reversal occurs 
faster with use of colloids, and that large 
three- to four-fold volume saving occurs 
when colloids are used. Furthermore, the 
results from our study place serious doubt 
on the assumption that third-generation 
HES 130/0.4 and low molecular weight 
gelatin are innocuous regarding renal 
function.

Table 2. Total fluids, blood products, and human albumin administered from admission to day 4 and 
during intensive care unit stay

Hydroxyethyl Starch 
Period(n = 360)

Gelatin Period 
(n = 352)

Crystalloid Period 
(n = 334)

Cumulative fluid dose, median [IQR] in mL/kg body weight
Day 0–4
 Colloid bolusd 39 [20–55]c 21 [12–33]c

 Crystalloid bolus 50 [25–97]c 92 [56–154]c 124 [75–182]
 Total resuscitation fluide 89 [55–133]c 116 [75–177] 124 [75–182]
 Total fluidsf 205 [156–267]b 224 [176–305] 239 [171–314]
Intensive care unit stay
 Colloid bolusg 83 [39–158]c 40 [19–70]c

 Crystalloid bolus 97 [51–186]c 178 [87–313] 178 [93–347]
 Total resuscitation fluide 194 [107–334] 229 [118–385]a 178 [93–347]
 Total fluidsf 790 [355–1512]c 631 [276–1091]c 406 [205–918]
Use of blood products, median (IQR) in units
 Fresh frozen plasma 10 [4–22]a 8 [4–14] 8 [4–12]
 Platelet concentrates 4 [2–7]c 3 [1–5] 2 [1–4]
 Red blood cells 7 [3–13]c 6 [2–11]a 4 [2–8]
Exposure to allogeneic blood products, n (%)
 Fresh frozen plasma 205 (57)c 159 (45)c 105 (31)
 Platelet concentrates 139 (39)c 87 (25) 64 (19)
 Red blood cells 306 (85) 293 (83) 273 (82)
Human albumin 20%, median 

[IQR] in mL/kg body weight
8 [5–18] 12 [5–25]c 7 [4–14]

Patient exposure to human 
albumin 20%, n (%)

82 (22.8)c 200 (56.8) 193 (57.8)

IQR, interquartile range.
p values were calculated with the Mann-Whitney U test. Hydroxyethyl starch (HES) and gelatin 

group were compared with crystalloid group. a.01 < p < .05, b.001 < p < .01, cp < .001; d336 patients 
received HES, 349 patients received gelatin, 333 patients received only crystalloids from day 0 to  
day 4; etotal resuscitation fluid included all colloid and crystalloid boli in the colloid groups and 
crystalloid boli in the crystalloid group; ftotal fluid amount includes oral and parenteral administered 
fluids including nutrition, drug administration, blood products, albumin, and intravenous volume 
replacement; g357 patients received HES, 349 patients received gelatin, 333 patients received only 
crystalloids over the whole intensive care unit stay.
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Figure 3. Fluid intake and fluid balance. Two-hourly intervals over the first 24 hrs (a), mean daily fluid intake (b), mean daily total fluid balance (c). Data 
presented as median and interquartile ranges. ***/+++ p < .001, **/++p < .01, */+p < .05 (*comparisons between hydroxyethyl starch (HES) and crystalloids 
groups; + between gelatin and crystalloid groups). n denotes patients with available data at each timepoint.
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