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Abstract Purpose: We assessed
long-term mortality and hospitalisa-
tion in patients with severe sepsis
resuscitated with hydroxyethyl starch
(HES) or Ringer’s acetate. Meth-
ods: This was an investigator-
initiated, parallel-grouped, blinded
randomised trial using computer-gen-
erated allocation sequence and
centralised allocation data that inclu-
ded 804 patients with severe sepsis
needing fluid resuscitation in 26 gen-
eral intensive care units (ICUs) in

Scandinavia. Patients were allocated
to fluid resuscitation using either 6 %
HES 130/0.42 or Ringer’s acetate
during ICU admission. We assessed
mortality rates at 6 months, 1 year and
at the time of longest follow-up and
days alive and out of hospital at 1 year.
Results:  The vital status of all
patients was obtained at a median of 22
(range 13-36) months after randomi-
sation. Mortality rates in the HES
versus Ringer’s groups at 6 months
were 53.3 (212/398 patients) versus
47.5 % (190/400) [relative risk 1.12;
95 % confidence interval (CI)
0.98-1.29; P = 0.10], respectively; at
1 year, 56.0 (223/398) versus 51.5 %
(206/400) (1.09; 95 % CI 0.96-1.24;
P = 0.20), respectively; at the time of
longest follow-up, 59.8 (238/398)
versus 56.3 % (225/400) (1.06; 95 %
CI10.94-1.20; P = 0.31), respectively.
Percentage of days alive and out of
hospital at 1 year in the HES versus
Ringer’s groups was 24 (0-87 days)
versus 63 % (0-90) (P = 0.07). Con-
clusions: The long-term mortality
rates did not differ in patients with
severe sepsis assigned to HES
130/0.42 versus Ringer’s acetate, but
we could not reject a 24 % relative
increased or a 4 % relative decreased
mortality at 1 year with HES at the
95 % confidence level.

Keywords Severe sepsis - Fluid
resuscitation - Ringer’s acetate -
ICUs - Hydroxyethyl starch


http://dx.doi.org/10.1007/s00134-014-3311-y

928

Introduction

Intravenous fluids are very frequently used in the treatment
of patients with severe sepsis. Hydroxyethyl starch (HES)
solutions have been used to obtain rapid and lasting circu-
latory stabilisation, but data from recent trials and meta-
analyses bring into question their efficacy and safety in
patients with sepsis [1-6]. HES has been shown to increase
90-day mortality in a randomised trial of patients with
severe sepsis [3], and the harmful effect appears to be
independent of the interventions given prior to randomi-
sation, timing of the randomisation and circulatory
impairment at the time of randomisation [7]. In critically ill
patients HES has been shown to impair kidney function [1,
8, 9], increase the use of renal replacement therapy [1, 36,
10, 11], impair liver function [4] and to cause itching [4].
One possible explanation for these effects is that HES is
taken up and stored in tissues, a process which is cumula-
tive, widespread and long-lasting [12]. In addition, HES has
been shown to directly impair coagulation [13], which may
explain the increased rates of bleeding and transfusion
observed in trials of critically ill patients [1, 3, 4, 14].

The wupdated Surviving Sepsis Campaign (SSC)
guidelines recommend the use of crystalloids for the
initial resuscitation of a patient and not to use HES based
on outcome differences observed at day 90 in the above-
mentioned trials [15]. However, parts of the critical care
community have questioned the trial data on HES [16],
and new data have been published adding to the debate on
colloid versus crystalloid resuscitation in sepsis [17].

Importantly, there are no data describing the effects of
HES versus crystalloid on long-term mortality. In study
reported here, we conducted a protocolised long-term
follow-up in the Scandinavian Starch for Severe Sepsis/
Septic Shock (6S) trial [3, 18], in which patients with
severe sepsis were randomised to fluid resuscitation using
either HES 130/0.42 [molecular weight/substitution ratio
(hydroxyethyl groups per glucose molecule)] or Ringer’s
acetate.

Methods

The trial protocol was approved by the relevant ethic
committees and medicines agencies. The protocol, the
statistical analysis plan and the primary report have all
been published [3, 18].

Trial design and conduct
The 6S trial was investigator-initiated, blinded (including

patients, clinical and research staff and outcome assessors)
and parallel-grouped using computer-generated allocation

sequence and centralised concealed allocation. The latter
was achieved using an interactive voice-response system at
the Copenhagen Trial Unit (Copenhagen, Denmark), which
was changed to web-based system at Expertmaker (Lund,
Sweden) halfway through the trial because of technical
difficulties with dial-in at some sites.

Patients were screened for enrolment between 23
December 2009 and 15 November 2011 in 26 general
intensive care units (ICUs) in Scandinavia. Informed
consent was obtained from the patient or a legal surrogate
prior to enrolment. Enrolled patients were randomised 1:1
by clinicians or trial staff to fluid resuscitation with either
HES 130/0.42 or Ringer’s acetate. Randomisation was
stratified by the presence of shock, active haematological
malignancy and inclusion in a University hospital as these
characteristics may influence outcome [19, 20].

Trial patients

We screened patients aged 18 years or above who ful-
filled the criteria for severe sepsis within the previous
24 h [21] and needed fluid resuscitation in the ICU as
judged by the clinicians. The exclusion criteria and trial
definitions are given in the Electronic Supplementary
Material (ESM).

Intervention

Trial fluid [6 % HES 130/0.42 in Ringer’s acetate (6 %
Tetraspan®, B Braun AG, Melsungen, Germany) or
Ringer’s acetate (Sterofundin ISO®, B Braun)] was used
when clinicians judged volume expansion to be needed in
the ICU for a maximum of 90 days after randomisation.
Trial fluids were masked using custom-made black, opa-
que, plastic bags, which were sealed by staff not involved
in data registration or patient care. The maximum daily
dose was 33 ml/kg ideal body weight; above this dose
unmasked Ringer’s acetate was used for all patients. All
other interventions were at the discretion of clinicians.

Long-term outcome measures

All-cause mortality at 6 months and 1 year after ran-
domisation and at the time of longest follow-up were
secondary outcome measures defined in the protocol and
statistical analysis plan. These data were obtained from
national registries using the unique national personal
identification number of the patients. The final mortality
follow-up of all patients was conducted in December
2012, 13 months after randomisation of the last patient.
As the percentage of days alive and out of hospital at
90 days were lower in the HES versus the Ringer’s group
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[3], we did post hoc analyses of data on hospitalisation
obtained from national registries using the personal
identification numbers. In these registries all admissions
to hospitals, including rehabilitation facilities, are linked
to the personal identification numbers, so that all days in
hospital can be assessed for each individual patient. Stays
in nursing homes are not included. Days alive and out of
hospital was calculated as the number of days spent out of
hospital divided by the number of days alive in the 1-year
period after randomisation for each individual patient and
was expressed as a percentage.

Statistical analysis

All analyses were performed by the trial statistician
(P.W.) according to the International Conference on
Harmonisation-Good Clinical Practice guidelines E9 [22]
and the statistical analysis plan in which the handling of
missing data is also described. The analyses were done in
the modified intention-to-treat population defined as all
randomised patients (n = 804) except those who could be
excluded post-randomisation without risk of bias [23]
(n = 4; two were randomised without consent and we
decided during the trial to exclude two other patients who
were erroneously randomised and never received trial
fluid) and those who withdrew consent for the use of data
(n = 2). Ultimately, the data on 798 patients were used in
the analyses.

Data were analysed by unadjusted chi-square testing
for binary outcome measures and Wilcoxon’s rank for
continuous measures. We used the log-rank-test to ana-
lyse time to death in the two intervention groups. We
also compared 1-year mortality in the predefined sub-
groups (shock or acute kidney injury at time of
randomisation) and conducted logistic regression analy-
ses with adjustment for the following baseline variables:
intervention group, the stratification variables (shock,
active haematological malignancy and inclusion in a
university hospital), age, diabetes, chronic kidney
impairment, use of nephrotoxic drugs in hospital prior to
randomisation, Simplified Acute Physiology Score
(SAPS) IT and Sepsis-related (=Sequential) Organ Failure
Assessment (SOFA) scores [24, 25]. All analyses were
done using SAS version 9.3 or SPSS version 17; P values
(two-sided) of <0.05 were considered to be statistically
significant.

Results

Characteristics at randomisation were comparable
between the two groups, and none differed at the 5 %
level of significance [3]. Vital status was obtained for all
798 patients in the modified intention-to-treat population

[3] at a median of 22 (range 13-36) months after ran-
domisation [in both the HES and Ringer’s groups, after 22
(13-36) months].

Long-term mortality

Six months after randomisation 212 of the 398 (53.3 %)
patients in the HES group had died versus 190 of the 400
(47.5 %) in the Ringer’s group [relative risk (RR) 1.12;
95 % confidence interval (CI) 0.98-1.29; P = 0.10]. One
year after randomisation 223 of the 398 (56.0 %) patients
in the HES group had died versus 206 of the 400 (51.5 %)
in the Ringer’s group (RR 1.09; 95 % CI 0.96-1.24;
P = 0.20). At the time of the longest follow-up, 238 of
the 398 (59.8 %) of the patients in the HES group had
died versus 225 of the 400 (56.3 %) in the Ringer’s group
(RR 1.06; 95 % CI 0.94-1.20; P = 0.31). Adjusting for
potential risk factors at baseline did not noticeably change
the point estimates for death [see Table 1 (analyses of the
complete case dataset) and ESM Table S1 (analyses of the
imputed dataset)]. The survival curves for the two inter-
vention groups and 1-year mortality in the two predefined
sub-groups are shown in Fig. 1.

Hospitalisation in the year after randomisation

At 1 year after randomisation, there were no differences
between the intervention groups in terms of the numbers
of days alive and out of hospital, in the number of patients
being readmitted and in the length of hospitalisation
(Table 2). More patients in the Ringer’s group than in the
HES group appeared to be readmitted within 90 days
(P = 0.03, Table 2).

Discussion

Here we report the long-term follow-up of an interna-
tional, multicentre, randomised clinical trial in which
HES 130/0.42 was compared with Ringer’s acetate for
fluid resuscitation of patients with severe sepsis in terms
of long-term mortality and hospitalisation. We did not
find a statistically significant increased risk of death in the
HES group at 6 months, 1 year or the longest follow-up.
Comparable results were observed when potential risk
factors were adjusted for and in the subgroups of patients
with shock or acute kidney injury at randomisation. Also,
the data on hospitalisation in the 1-year follow-up period
were not markedly different between the two intervention
groups.

Taken together we found a statistically significant
increased mortality with HES at 90 days [3], but not
6 months or 1 year after randomisation. This result
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Table 1 Adjustment for risk factors at baseline for death at 1 year as assessed by uni- and multivariate logistic regression analyses on the

complete case dataset

Risk factor at baseline

Univariate regression analysis

Adjusted for predefined risk factors for death

Odds ratio (95 % CI) P value  Odds ratio (95 % CI) P value
Assigned to HES (reference: Ringer’s acetate) 1.20 (0.91-1.59) 0.20 1.14 (0.80-1.61) 0.47
Admitted to a university hospital 1.14 (0.86-1.50) 0.37 0.75 (0.52-1.08) 0.12
Septic shock 1.47 (1.01-2.16) 0.047 1.36 (0.81-2.29) 0.24
Haematological malignancy 2.81 (1.62-4.88) <0.001 3.77 (1.81-7.86) <0.001
SAPS II 1.04 (1.03-1.05) <0.001 1.02 (1.01-1.04) 0.001
SOFA 1.11 (1.06-1.17) <0.001 1.01 (0.94-1.09) 0.70
Age (per year) 1.04 (1.03-1.05) <0.001 1.03 (1.01-1.04) <0.001
Diabetes 0.72 (0.48-1.09) 0.11 0.70 (0.43-1.16) 0.17
Chronic kidney impairment® 2.00 (1.33-3.01) 0.001 1.75 (0.99-3.10) 0.055
Use of nephrotoxic drugs” 0.83 (0.61-1.12) 0.22 0.69 (0.47-1.01) 0.058

Data on 105 patients in the HES group and 108 in the Ringer’s
group were incomplete (data on 1 or 2 of the 17 variables used to
calculate SAPS II were missing), so the full score could not be
obtained in these patients. The results shown here are from the
complete case analyses (n = 585). Analyses of the imputed dataset
(n = 798) are shown in Table ESM S1 together with the accuracy
and calibration of the logistic regression model

HES Hydroxyethyl starch, SAPS Simplified Acute Physiology
Score, SOFA Sepsis-related (=Sequential) Organ Failure Assess-
ment score; CI confidence interval

indicates that the harmful effects of HES occurred within
the first months after randomisation. The reason for the
lack of the difference in long-term mortality is unknown,
but this was also observed in the long-term follow-up of
the PROWESS trial on activated protein C [26]. It is
likely that outcome in patients with severe sepsis is
influenced by baseline co-morbidity [27], so that late
deaths from causes other than sepsis and HES may have
reduced the difference over time. On the other hand, the
observed increased relative risk of the mortality rates with
HES at 6 months, 1 year and at the time of the longest
follow-up, even though not statistically significant, is in
line with the pooled mortality estimate observed in the
meta-analysis of trials with a low risk of bias on HES
versus crystalloid/albumin in patients with sepsis (RR
1.11; 95 % CI 1.00-1.23) [5]. In contrast, the recently
published data from the Colloids Versus Crystalloids for
the Resuscitation of the Critically 111 (CRISTAL) trial
suggested no short-term harm with colloid therapy, in this
case mainly HES, and even an improved 90-day survival
in ICU patients with septic shock [17]. Direct compari-
sons between the data of the two trials are difficult as the
choice of both colloid and crystalloid solutions were made
by clinicians in the CRISTAL trial. Also, the results of
CRISTAL have a high risk of bias because the treatment
was unblinded, allocation concealment was not 100 %
ensured and marked baseline imbalance between the
intervention groups was observed [28, 29]. In contrast,
our trial had a low risk of bias in all domains and showed
the opposite—that is, short-term harm from HES and no
long-term benefits.

# Chronic kidney impairment was defined as a pre-admission plasma
creatinine level of >100 pmol/l (1.2 mg/dl)

® Nephrotoxic drugs included intravenous (IV) gentamicin, IV
vancomycin, IV amphotericin B, IV polymyxins, IV dye contrast,
ciclosporin A, non-steroidal anti-inflammatory drugs, tacrolimus,
voriconazole, anidulafungin, foscarnet and candesartan cilexetil

In our trial there appeared to be no major differences in
hospitalisation data between the two groups, although the
results should be interpreted with caution, as these analyses
were planned post hoc. In addition, the trial was not pow-
ered to show differences in these endpoints. Taken
together, the data indicate that the fewer days alive and out
of hospital observed in the HES group at 90 days [3] and
the lower point-estimate observed at 1 year were not due to
more days spent in hospital but rather to the excess deaths
which occurred between days 40 and 150 in this group.
Significantly more patients in the Ringer group than in the
HES group were readmitted within 90 days. The reason for
this is unknown, but the higher number of 90-day survivors
in the Ringer’s group may have contributed.

This is the first report on long-term mortality following
resuscitation with HES. We have previously published data
on health-related quality of life at 1 year in a post hoc
analyses of the Danish survivors of the 6S trial [30]. In this
population, patients in the HES group had a lower quality of
life compared to that in the Ringer’s group. When all of the
published outcome data from the 6S trial [3, 7, 14, 30] and
the results of the meta-analysis of trials with a low risk of
bias [5] are taken into account, it would appear unlikely that
HES offers any benefit to patients with severe sepsis. On the
contrary, the risk of harm is substantial.

The data on hospitalisation also reveal that there is a
burden that severe sepsis inflicts on patients and society.
The majority of the 1-year survivors were readmitted to
hospital after the initial discharge, spending a total of
40 days in hospital with one-quarter of these spending
more than 70 days in hospital in total. This may have
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Fig. 1 Time to death and relative risks for 1-year mortality in the
hydroxyethyl starch (HES) 130/0.42 and Ringer’s acetate groups,
respectively. a Survival curves 1 year after randomisation for the
two intervention groups in the modified intention-to-treat popula-
tion. Kaplan—Meier analysis censored at 1 year showed that the
survival time did not significantly differ between the two groups
[intervention = HES: median survival 82 days, 95 % confidence
interval (CI) 0-200 days; intervention = Ringer’s: median sur-
vival 328 days (no standard error, so 95 % CI cannot be
calculated]. The P of the log rank test was 0.20; the reasoning

Ringer's acetate

for using log rank test is given in the ESM. b Relative risks with
95 % CI for 1-year mortality in the HES group compared with the
Ringer’s acetate group in all patients and in the two pre-defined
subgroups (shock defined as mean arterial pressure of <70 mmHg,
ongoing treatment with vasopressor/inotropic agents or plasma
lactate of >4.0 mmol/l in the hour prior to randomisation and acute
kidney injury defined as renal Sepsis-related (=Sequential) Organ
Failure Assessment score (SOFA) score of >2 [plasma creatinine of
>170 pmol/l (1.92 mg/dl) or urinary output of <500 ml] in the
24 h prior to randomisation
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Table 2 One-year hospitalisation data in patients with severe sepsis randomised to HES versus Ringer’s acetate

Variables HES 130/0.42 (n = 398) Ringer’s acetate (n = 400) P value
Days alive and out of hospital at 1 year (% of days) 24 (0-87) 63 (0-90) 0.07
Hospital length of stay for all patients (days)
Index admission 19 (9-39) 17 (8-37) 0.72
All admissions within 90 days 21 (9-43) 20 (9-42) 1.00
All admissions within 1 year 23 (10-51) 22 (10-52) 0.89
Hospital length of stay of survivors
Survivors at day 90 197/398 (49) 228/400 (57) 0.03
Days (n) in hospital within 90 days 34 (19-59) 30 (18-56) 0.75
Survivors at 1 year 175/398 (44) 194/400 (49) 0.20
Days (n) in hospital within 1 year 41 (22-68) 36 (20-71) 0.68
Readmissions of patients (n) discharged alive
after the index admission
Within 90 days 55/211 (26) 85/239 (36) 0.03
Within 1 year 125/211 (59) 155/239 (65) 0.22
Days in hospital during readmission in patients readmitted 12 (5-35) 13 (6-32) 0.72

within 1 year

Values are presented as the median with the interquartile range given in parenthesis, or as a number with the percentage in parenthesis,

where appropriate

contributed to the reduced quality of life observed in these
patients [30]. In addition to the extra cost to society, there
is also a financial burden on patients and families as a
consequence of prolonged hospitalisation. Consequently,
the full burden of severe sepsis is substantial.

The strengths of our trial include its high internal
validity as the design ensured a low risk of bias in all
domains [31]. In addition, the protocol and statistical
analysis plan were published before the database was
assessed, and we had 100 % follow-up of the modified
intention-to-treat population. The latter was due to the use
of national personal registration numbers, which enabled
us to track patients in registries and include data from
those patients who had transferred or been readmitted to
other hospitals. We challenged the results in sub-group
analyses and analyses adjusted for potential risk factors
for death and found results comparable to the primary
analyses. The external validity of the trial was presumably
high because patients were recruited in many university
and non-university hospitals in several countries, the
majority of patients screened were included [3] and the
protocol did not influence routine practice except for type
of fluid used for resuscitation.

Our trial has a number of limitations. We did not
protocolise haemodynamic monitoring or co-interven-
tions. As the trial was relatively large and blinded and
used stratified randomisation, it is less likely that imbal-
ance in monitoring and concomitant interventions
affected results. There were some protocol violations, but
these were distributed equally between the two interven-
tion groups, and the results of the per-protocol analyses
supported those of the primary analyses presented in the
original publication [3]. Also, the trial was not powered to
show differences in mortality beyond day 90.

In conclusion, the mortality difference observed at
90 days between patients with severe sepsis who were

resuscitated with either HES 130/0.42 or Ringer’s acetate
diminished over time, so that the difference was no longer
statistically significant at 6 months and 1 year after ran-
domisation. This disappearance of the difference may be
due to a lack of statistical power or that the harmful
effects of HES only occurred within the first months after
randomisation. In any case, our trial showed short-term
harm from HES and no long-term benefits.
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