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1. INTRODUCTION 

The new generation of hydroxyethyl starch (HES), tetrastarch, was 

launched in 1999 as a promising colloid providing efficient resto-

ration of circulation without causing the side effects observed 

with former HES solutions. It turned into one of the most used 

fluids world-wide with tens of millions patients treated each year 

and yearly sales exceeding hundreds of millions of dollars [1]. 

However, the belief in tetrastarch was based on physiological 

models and small studies rather than on firm clinical evidence. 

 This thesis is based on a randomised clinical trial and a sys-

tematic review in which we assessed the safety and efficacy of 

tetrastarch vs. other fluids in patients with sepsis. The thesis 

contains study descriptions and a discussion of their methods. 

Finally, the evidence for the use of HES is discussed.  

2. BACKGROUND 

 

SEPSIS 

Sepsis is a medical condition characterised by systemic inflamma-

tion as a response to infection. The disease may deteriorate to 

severe sepsis defined as sepsis with acute organ failure and to 

septic shock with hypotension that is not reversed by initial fluid 

therapy. Mortality rates depend on severity, but may be as high 

as 50%. Because several million people world-wide are affected 

each year, sepsis is a leading cause of death and a burden to 

society [2–5]. 

 The systemic inflammation in sepsis affects the cardiovascu-

lar system causing loss of vascular tone, capillary leakage and 

depressed cardiac function all leading to circulatory failure with 

organ hypoperfusion and eventually death [6]. Resuscitation with 

infusion of fluid to increase the intravascular volume is life-saving 

in these patients and constitutes a cornerstone in the treatment 

of patients with sepsis in the intensive care unit (ICU). 

HYDROXYETHYL STARCH 

Fluids for medical use are divided into two categories: The crystal-

loids consisting of mineral salts and water, and the colloids, 

where large insoluble molecules have been added to the fluid. 

HES solutions are colloids and consist of large hydroxyethylated 

starch molecules dispersed into a carrier solution of water and 

mineral salts. Derived from maize or potatoes they are cheap, 

synthetic alternatives to the natural colloid, albumin. The solu-

tions are polydisperse, but characterised by their mean molecular 

weight, degree of hydroxyethylation (substitution ratio) and 

C2:C6 pattern for hydroxyethylation (figure 1). Most commonly 

HES is referred to as HES 200/0.5, HES 130/0.4 or similar, where 

the first number is the molecular weight and the second the 

substitution ratio.  

 

 

Figure 1  
Simplified structure of HES. The figure shows a chain of glucose units (labelled A, B 

and C) with hydroxyethyl groups attached (blue). Two of three glucose units are 

hydroxyethylated. Hydroxyethyl is bound to C6 at glucose unit A and to C2 at glucose 

unit C. Amylase splits the chain of glucose at the binding sites marked with red. 

Hydroxyethyl bound to C2 reduces the enzyme activity more than when it is bound 

to C6. Modified from [7]. 

 

HES is metabolized by endogenous amylases, which break down 

the starch molecules into smaller molecules that are filtered in 
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the glomerulus and excreted in the urine. Faecal excretion is 

negligible. The substitution ratio is the main determinant of deg-

radation, where a high ratio slows down metabolization leaving 

larger molecules in the blood stream for longer. Similarly, C2- vs. 

C6-hydroxyethylation reduces the enzymatic breakdown of HES 

[7–10]. 

 Since the first HES solution was introduced around 1970, 

other easier degradable solutions with lower molecular weights 

and lower substitution ratios have been introduced. In the last 

decade, HES 130/0.4 and HES 130/0.42 have replaced most other 

HES solutions. Derived from their substitution ratio their common 

name is ‘tetrastarch’. 

HYDROXYETHYL STARCH IN SEPSIS 

According to simple physiological models of fluid compartments 

and membranes, colloid solutions such as HES should be pre-

ferred over crystalloids, because the large colloid molecules re-

main in the intravascular space where they retain water that 

would otherwise diffuse into the tissue and cause oedema (figure 

2). In alignment with this, medical textbooks often state that 3 

litre of crystalloid is needed to obtain the same increase in in-

travascular volume as that of 1 litre of colloid [11]. Thus, theoreti-

cally, the use of HES may efficiently improve circulation without 

causing oedema and fluid overload, which are associated with 

organ failure and death [12, 13]. 

 In 2009, when we designed the present PhD study, the 

clinical use of HES in sepsis was debated, because two random-

ised clinical trials showed increased risk of acute kidney injury 

with HES 200/0.5-0.6 in patients with sepsis [3, 14]. In other types 

of patients, HES was associated with hemostatic impairment [15], 

persistent pruritus [16] as well as deposition of HES particles in 

macrophages [17] and in multiple organs including the liver, 

kidney, skin, intestine, striated muscle, spleen and placenta [17–

21]. 

 

 

Figure 2  
A simple physiological model of fluid compartments and membranes constituting the 

rationale for the use of colloids instead of crystalloids. The crystalloids consist of 

small molecules (blue), which diffuse across the endothelial barrier to the extracellu-

lar space and draw water with them. The colloids contain larger molecules (red), 

which, according to the model, remain in the intravascular space and retain water. 

Thus, theoretically, colloids are three times more potent than crystalloids and cause 

less oedema. 

 

The implication of these findings for the use of tetrastarch re-

mained unclear. Some claimed that tetrastarch provided efficient 

volume expansion without the side effects observed with former 

HES solutions, because its elimination was faster [8]. Others 

claimed that tetrastarch was tested only in small studies inade-

quately designed to establish its efficacy and safety [22–24]. 

Despite these controversies, tetrastarch was the most commonly 

used colloid for resuscitation of critically ill patients in ICUs both 

in Scandinavia and world-wide [25, 26] and the use was increasing 

(sales figures of Voluven, Fresenius Kabi, provided by Christiane 

Hartog). Thus, studies assessing the clinical effects of tetrastarch 

on patient-important endpoints were urgently needed. 

3. AIM OF STUDIES 

Our primary aim was to investigate the effects of tetrastarch vs. 

crystalloid on mortality, kidney function and serious adverse 

reactions in patients with severe sepsis in a randomised con-

trolled trial. Secondarily, we aimed at comparing our results with 

those of similar trials in a systematic review. 

4. STUDY OUTLINE 

The present PhD thesis is based on two studies and three papers: 

  

Study I is the Scandinavian Starch for Severe Sepsis / Septic Shock 

(6S) Trial – a blinded, multicenter, randomised clinical trial assess-

ing the effects of HES 130/0.42 vs. Ringer’s acetate in patients 

with severe sepsis. Paper I is the main publication of the trial, 

which presents the results on mortality, kidney function, serious 

adverse reactions and other pre-defined outcomes [27]. Paper II 

contains post-hoc analyses of the relationships among type of 

trial fluid, haemostatic variables, bleeding and mortality [28]. 

 

Study II is a systematic review of randomised clinical trials com-

paring tetrastarch vs. crystalloid or albumin in patients with sep-

sis. This study is presented in paper III [29]. 

5. STUDY I: THE SCANDINAVIAN STARCH FOR SEVERE SEPSIS / 

SEPTIC SHOCK TRIAL 

 

METHODS 

Overview and design 

The Scandinavian Starch for Severe Sepsis / Septic Shock (6S) trial 

was a multicenter, blinded, parallel-group clinical trial, which 

randomised patients from 23rd December 2009 to 18th Novem-

ber 2011 in 26 ICUs in Denmark, Norway, Finland and Iceland. 

Randomisation was centralised and blinded with stratification 

according to the presence of shock, presence of haematological 

malignancy and admission to a university vs. non-university hospi-

tal. Written informed content was obtained from the patients 

and/or their legal substitute prior to randomisation. 

 The trial was approved by the Ethics Committees, Medicines 

Agencies and Data Protection Agencies in the participating coun-

tries and registered at the clinicaltrials.gov website 

(NCT00962156). The trial protocol and statistical analysis plan 

were published before end of trial [30, 31].  

Patients 

Adult patients in the ICU with severe sepsis were eligible for 

randomisation, if the clinician judged that the patient needed 

fluid resuscitation. Exclusion criteria included renal replacement 

therapy, intracranial haemorrhage during current hospitalisation 

and treatment with >1000 ml of synthetic colloid in the 24 hours 

prior to assessment for eligibility.  
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Intervention 

Patients were assigned 1:1 to fluid resuscitation with either 6% 

HES 130/0.42 in Ringer’s acetate (6% Tetraspan, B Braun Medical) 

or Ringer’s acetate (Sterofundin, B Braun Medical). Trial fluid in 

sealed, opaque plastic bags was used for fluid resuscitation in the 

ICU for a maximum of 90 days and was given at the discretion of 

the clinician to a maximum daily dose of 33 ml/kg ideal body 

weight. Open-labelled Ringer’s acetate was used thereafter. All 

other interventions were at the discretion of the clinicians. If 

patients developed severe allergic reactions, severe bleedings 

(intracranial bleeding or bleeding with concomitant transfusion 

with 3 units of blood) or need of renal replacement therapy, 

treatment with trial fluid was permanently stopped and saline or 

Ringer’s lactate was given during the remaining trial period. 

 Treatment allocation was concealed for patients, clinicians, 

nursing and research staff and the statistician. 

Outcomes 

The composite primary outcome measure was death or depend-

ence on dialysis 90 days after randomisation. Secondary out-

comes described among other things kidney function and serious 

adverse reactions (table 1). 

 
 

Figure 3  
CONSORT diagram. From [27]. Copyright © (2012) Massachusetts Medical Society. Reprinted with permission. 
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Statistical analysis 

The modified intention-to-treat population was analysed for 

difference between groups with chi-square and Wilcoxon rank-

sum test where appropriate. Cox-regression and uni- and multi-

variate logistic regression analyses were used for post-hoc out-

comes. We used area under the curve and mixed models in the 

analyses of changes in haemostatic variables over time. P values 

lower than 0.05 were considered statistically significant.  

RESULTS 

Of 1,211 patients evaluated for inclusion 804 underwent ran-

domisation and 798 patients were included in the modified inten-

tion-to-treat analysis (figure 3). Baseline characteristics were 

similar in the intervention groups. 

Fluid therapy, use of blood products and circulatory effects 

The median cumulative dose of blinded trial fluid was 3,000 ml 

(interquartile range 1,507 to 5,100) corresponding to 44 ml per 

kilo ideal body weight in the HES group and 3,000 ml (interquar-

tile range 2,000-5,750) corresponding to 47 ml per kilo in the 

Ringer’s acetate group. More patients in the HES vs. Ringer’s 

acetate group were transfused with red blood cells (relative risk 

1.28, 95%-CI 1.12 to 1.47, P<0.001). Circulatory variables in the 

first 24 hours after randomisation did not differ significantly 

between the groups. 

Predefined outcomes 

Primary outcome and mortality 

202 (51%) patients in the HES group and 173 (43%) patients in the 

Ringer’s acetate group fulfilled the primary outcome, death or 

dialysis dependency 90 days after randomisation (relative risk 

1.17, 95%-CI 1.01-1.36, P=0.03). As only one patient in each group 

was dependent on dialysis, the difference was due to increased 

risk of death at day 90 with HES. The findings were supported by 

multivariate analyses with adjustment for known baseline risk 

factors. 

 The separation of the survival curves occurred approxi-

mately from day 20 to day 60 where after the survival curves ran 

parallel (figure 4). The increased risk of death with HES persisted 

after one year, but the group difference was no longer statistically 

significant (relative risk 1.09, 95%-CI 0.96-1.24, P=0.20) (unpub-

lished data). 

Predefined subgroup analyses did not reveal statistically signifi-

cant interaction between occurrence of the primary outcome and 

having acute kidney injury or septic shock at the time of randomi-

sation. 

Renal function 

Patients assigned to HES vs. Ringer’s acetate had increased use of 

renal replacement therapy and fewer days off dialysis during the 

90-day follow-up (table 1). The incidences of acute kidney injury 

(defined as renal replacement therapy or more than three points 

in the renal component of the Sequential Organ Failure Assess-

 
 

Table 1 

Primary and secondary outcomes. From [27]. Copyright © (2012) Massachusetts Medical Society. Reprinted with permission. 
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ment (SOFA) score [32]) and doubling of creatinine did not differ 

significantly between the groups, but the estimates favoured 

Ringer’s acetate. 

Serious adverse reactions 

Severe bleeding occurred in 38 (10%) patients in the HES group 

and 25 (6%) patients in the Ringer’s acetate group. One patient in 

the HES group had a severe allergic reaction. No suspected unex-

pected serious adverse reaction (SUSAR) was observed. 

Other pre-defined outcomes 

Patients assigned to HES had fewer days alive and out of hospital 

during the 90-day follow-up compared to those treated with 

Ringer’s acetate. There were no group differences in acidosis in 

the ICU, days off the ventilator and sequential organ failure as-

sessment (SOFA) score 5 days after randomisation (table 1).  

Post-analyses of the relationships among type of trial fluid, 

haemostatic variables, bleeding and mortality 

Time course of INR, haemoglobin level and platelet count 

Patients assigned to HES had statistically significant lower haemo-

globin and higher INR values than those assigned to Ringer’s 

acetate (figure 5). The differences occurred during the first days 

after randomisation and seemed to diminish towards day 5. The 

platelet count was not affected with statistical significance by the 

type of trial fluid. 

Location, rates and timing of bleeding 

Significantly more patients in the HES group had a bleeding epi-

sode compared to those in the Ringer’s group (93 vs. 60 patients, 

relative risk 1.55, 95%-CI 1.16-2.08, P=0.003). The patients bleed 

mainly from wounds, from the upper gastrointestinal tract or 

during surgery. The majority of patients had their first bleeding 

episode within the first three days after randomisation (day 1: 

  
 

Figure 4  

Survival curves censored at day 90 for the 798 patients in the modified population. Kaplan-Meier analysis showed that the survival time 

did between the two intervention groups (P=0.07). From [27]. Copyright © (2012) Massachusetts Medical Society. Reprinted with per-

mission. 
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33%; day 2: 15%; day 3: 7%), where most trial fluid was given. 

Once a bleeding episode occurred the duration (median 1 day) 

and corresponding estimated blood loss were comparable be-

tween the groups (median 600 vs. 800 ml, P=0.31). The hazard 

ratio for any bleeding with HES was strongly statistically signifi-

cant (HR 1.70, 95%-CI 1.23-2.36, P=0.001) (figure 6). The hazard 

ratios for severe bleeding with HES were comparable to those of 

any bleeding, but were not statistically significant (HR 1.55, 95%-

CI 0.93-2.56, P=0.09). 

 

 
 

 
 

Figure 5  

Time course of lowest hemoglobin value (panel A) and of highest 

International Normalised Ratio (INR) (panel B) from baseline till 

five days after randomisation. The curves show median values for 

each treatment group. P values are for differences in area under 

the curve. From [28]. 

Risk factors for bleeding 

Fluid resuscitation with HES was an independent risk factor for 

bleeding. Other risk factors appeared to be admission to a univer-

sity hospital, surgery prior to ICU admission and low platelet 

count.  

Bleeding and death 

The risk of death was significantly increased among patients with 

any bleeding and severe bleeding compared to those who did not 

bleed in the ICU in both unadjusted and adjusted analyses (figure 

7). 

 

Conclusion 

The use of HES 130/0.42 vs. Ringer’s acetate increased mortality 

at 90 days and patients assigned to HES were more likely to have 

renal replacement therapy and bleedings both of which associ-

ated with mortality. 

 

6. STUDY II: HYDROXYETHYL STARCH 130/0.38-0.45 VERSUS 

CRYSTALLOID OR ALBUMIN IN PATIENTS WITH SEPSIS: SYSTEM-

ATIC REVIEW WITH META-ANALYSIS AND TRIAL SEQUENTIAL 

ANALYSIS 

 

METHODS 

Overview 

The systematic review was done in accordance with the recom-

mendations from the Cochrane Collaboration [33] and a pre-

published protocol [34].  

Eligibility criteria 

We searched for randomised clinical trials comparing tetrastarch 

(molecular weight 130 kDa and substitution ratio within the range 

of 0.38 to 0.45) with either crystalloid or albumin in patients with 

sepsis. Trials were included regardless of publication language or 

status. We included subgroups of septic patients from trials, if the 

randomisation was stratified for presence of sepsis or if the sub-

group consisted of more than 500 septic patients. Cross-over 

studies were excluded. 

Search strategy 

Trials from 1995 and onwards were sought in the Cochrane Cen-

tral Register of Controlled Trials, Medline, Embase, Biosis Pre-

views, Science Citation Index Expanded and Cumulative Index to 

Nursing, Allied Health Literature and clinical trial registries. Hand 

search included contact to manufacturers of HES and review of 

other systematic reviews.  

Study selection, data extraction and risk of bias assessment  

Study selection and data extraction was done independently by 

two persons. Co-primary outcomes were all-cause mortality and 

renal replacement therapy at end of follow-up. Secondary out-

comes assessed renal function, coagulation, transfusion and 

serious adverse events (table 2). Risk of bias was evaluated ac-

cording to pre-defined domains. 
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Statistical analyses 

We used conventional meta-analytic statistics in the calculation of 

pooled estimates of the intervention effects. Trial Sequential 

Analysis correcting for sparse data and repetitive testing was used 

in the evaluation of the robustness of the results.   

RESULTS 

Characteristics of included trials 

Nine randomised clinical trials enrolling 3,456 patients were 

included, which included a subgroup of 1,937 from one trial [27, 

35–42]. The included trials were heterogeneous in terms of diag-

nostic group, tetrastarch solution, comparator fluid and dosage. 

Four trials had low risk of bias in all domains, while the remaining 

trials had high risk of bias due to lack of blinding, vested financial 

interests or academic bias. 

 The observation periods varied from 24 hours to one year. 

In general, trials with low risk of bias had longer observation 

periods than those with high risk of bias. 

Outcomes 

All cause mortality 

In the analysis of all trials contributing with mortality data, there 

was no overall mortality difference between patients treated with 

tetrastarch vs. crystalloid or albumin (table 2). However, trials 

with low risk of bias indicated increased mortality with HES. Trial 

sequential analysis of trials with low risk of bias showed that 

there was no firm evidence for harm, but that HES would unlikely 

show large mortality benefit, if further adequately designed trials 

would be conducted in the future and added to the meta-

analysis. 

Renal function 

Tetrastarch significantly increased the risk of having renal re-

placement therapy by 36% (p=0.009). In alignment with this, we 

found a trend towards more patients having acute kidney injury 

defined as a doubling of creatinine (P=0.07). According to trial 

sequential analysis, the meta-analysis of renal replacement ther-

apy provided firm evidence for increased use in the HES group 

(figure 8). 

 

Transfusion with red blood cells, bleeding and blood loss 

Tetrastarch significantly increased the risk of being transfused 

with red blood cells in the ICU in both conventional meta-analysis 

(P=0.0002) and trial sequential analysis. There were no group 

difference regarding volumes of transfused blood, blood loss and 

bleeding. 

 

 

 
 

Figure 6  

Kaplan-Meier curves of time to bleeding censored at death, discharge from the intensive care unit or at 90 days whichever came first for 

the two intervention groups. Kaplan-Meier analysis showed that the time to bleeding differed significantly between the groups 

(P=0.001). From [28]. 
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Serious adverse events    

Serious adverse events were defined differently between trials, 

but patients assigned to tetrastarch had overall more serious 

adverse events than those assigned to control fluid (P=0.03). 

More data, however, would be needed to confirm this finding. 

CONCLUSION 

In conventional meta-analysis, tetrastarch vs. crystalloid or albu-

min increased the use of renal replacement therapy, red blood 

cells and lead to more serious adverse events in patients with 

sepsis. It seems unlikely that tetrastarch provides overall clinical 

benefit for patients with sepsis. 

7. DISCUSSION 

 

PRINCIPAL FINDINGS 

In the randomised, blinded 6S trial of patients with severe sepsis, 

HES 130/0.42 vs. Ringer’s acetate increased the risk of death by 

17%. The trial did not provide detailed information on cause of 

death, but patients treated with HES were more likely to have 

renal replacement therapy and bleedings both of which associ-

ated with mortality.  

 

In the systematic review, tetrastarch vs. crystalloid or albumin 

lead to increased use of renal replacement therapy, red blood 

cells and serious adverse events in patients with sepsis. There was 

no overall mortality difference, but trials with low risk of bias 

suggested 11% increased risk of death with tetrastarch. After 

adjusting the results with trial sequential analysis signals for harm 

persisted. 

LIMITATIONS AND STRENGTHS - THE 6S TRIAL 

Pragmatic trial design 

The 6S trial was a state-of-the-art clinical trial with centralised 

randomisation, concealed allocation of trial fluid assignment and 

blinding of patients, clinical personnel, outcome assessors and 

statisticians all of which reduced the risk of bias [33, 43].  

 Pragmatic trials are distinguished from explanatory clinical 

trials, which are usually performed at earlier stages of drug de-

velopment and aim at describing the biological effects of certain 

interventions. However, explanatory trials may not capture all 

adverse effects, and their results may not be applicable to other 

patient categories or to the daily clinical practice. In contrast, 

pragmatic trials are conducted at later stages and aim to answer 

common practical questions such as evaluating the risks and 

benefits in a broader range of patients in daily clinical practice. 

Pragmatic trial protocols need to be relative simple, which should 

not be misinterpreted as being less controlled, in order to include 

a high number of patients [44]. Thus, being a pragmatic trial the 

6S trial was able to detect relatively small intervention effects and 

obtain results with a high external validity, but the trial delivered 

limited data explaining the mechanisms behind the results. 

Patient selection 

Investigating tetrastarch in patients with severe sepsis was a 

natural choice as adverse effects were seen in these patients with 

the former types of HES [3]. At the same time, patients with 

sepsis are among the sickest ICU patients, and they might have 

the largest benefit of efficient fluid resuscitation with HES.  

 

 
 

Figure 7  

Hazard ratio for death according to occurence of any bleeding or severe bleeding. From [28]. 
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Randomised clinical trials in critical care tend to examine patients 

with relatively, few comorbidities, who may not be representative 

for critically ill patients in general [45]. To avoid such patient 

selection bias, we had few exclusion criteria allowing for ran-

domisation of two-thirds of the eligible patients. In addition, in 

Denmark and Norway contributing with 96% of the patients in-

formed consent could be obtained from two independent doc-

tors, which allowed for fast inclusion of the sickest patients and 

probably explains the relatively high overall 90-day mortality of 

47% in our trial. The fraction of included patients was higher than 

in many other ICU trials [3, 35, 46], but the ratio between eligible 

and randomised patients varied among our trial sites probably as 

a result of different patient populations, local problems in obtain-

ing informed consent and incomplete registration of patients, 

who were never randomised. We did not demand a complete 

registration of all patients in the participating ICUs during the 

entire trial period nor did we systematically register patients with 

sepsis and no organ failure, which may also explain the high ratio 

of included patients. 

 Limitations regarding the patient population have been 

emphasised by other authors; the first being that the inclusion of 

patients with acute kidney injury conflicted with both clinical 

practice and the summary of product characteristics [47, unpub-

lished manuscript seen for peer-review]. However, patients pre-

sent with various degree of acute kidney injury, and in agreement 

with the authorities and B Braun Medical manufacturing HES we 

excluded only patients receiving dialysis treatment at time of 

randomisation. This was supported by a survey of clinical practice 

in Scandinavian ICUs showing that acute kidney failure was a 

contraindication for tetrastarch in few ICUs only, while other ICUs 

considered acute kidney failure a specific indication for tetras-

tarch [26]. 

 Secondly, the included patients might already be fully resus-

citated, as we did not have specific markers for hypovolemia 

among our criteria for inclusion, and as mean central venous 

pressure and lactate in the entire cohort were within the normal 

ranges [48–51]. In post-hoc analyses stratifying patients according 

to circulatory parameters and fluid given prior randomisation, we 

were unable to confirm that the inclusion of fully resuscitated 

patients influenced the results (unpublished), but we did not have 

statistical power to fully assess this issue. 

 Finally, the included patients represented a heterogeneous 

population with regard to onset of disease, focus of infection, 

cardiovascular function etc., and our trial could not detect 

whether certain subgroups of patients experienced benefit with 

HES. 

 

 
 

Table 2  

Results from the conventional meta-analysis and trial sequential analysis (TSA). Blood loss and transfused volume of blood did not differ 

between the groups (data not shown). 



 DANISH MEDICAL JOURNAL   10 

Intervention 

We aimed at testing tetrastarch as used in clinical practice. Thus, 

our pragmatic protocol let the ICU clinicians themselves define 

thresholds for fluid therapy and goals for resuscitation, as all ICU 

clinicians are very experienced with hemodynamic treatment of 

septic patients. Consequently, the results of the 6S trial reflected 

the average effects of tetrastarch across different resuscitation 

algorithms, which likely increased the external validity of the 

results. The limitation was that we were unable to detect whether 

certain modes of administration were beneficial and others harm-

ful. Unfortunately, people often misinterpret this pragmatic ap-

proach stating that the patients were inappropriately treated with 

no regard to their clinical condition [48–52]. 

 Overdosing of HES hampered the interpretation of the pre-

vious VISEP trial [53]. In our trial, some patients received more 

trial fluid than protocolized, but because the protocolized daily 

dose of HES was reduced, only two patients received HES at a 

dose higher than the recommended maximum daily dose of 50 

ml/kg. Furthermore, the cumulative dose of HES remained below 

one daily maximum dose in the majority (54%) of patients. 

Co-interventions 

The stratified randomisation according to admission to a univer-

sity hospital or not, the blinded design and inclusion of a rela-

tively large number of patients were meant to balance co-

interventions between the groups. However, as we did not assess 

all co-interventions during the trial period, we cannot exclude 

that differences in the use of co-interventions confounded the 

results.  

Outcomes 

Composite outcomes can be advantageous as several relatively 

rare events can be transformed into one more common compos-

ite outcome, which increases statistical power and lower the 

required sample size of a trial. However, the interpretation of 

group differences may be difficult as each component may con-

tribute differently to the composite outcome, and the compo-

nents may even point in different directions [54]. In our trial, 

interpretation of the primary outcome, death or dialysis-

dependency at 90 days, was much easier as only mortality con-

tributed to the group difference, but in future trials we would 

probably prefer using mortality alone. 

 
 

Figure 8  

Trial sequential analysis of renal replacement therapy. The required information size was not reached, but the blue z-curve crossed the 

trial sequential monitoring boundary for harm, and the adjusted confidence interval was 1.03 to 1.80 providing firm evidence of in-

creased use of renal replacement therapy in patients treated with HES compared with crystalloid or albumin. 
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It was a major strength that our trial had power to inform on 

mortality at 90 days. Even though the importance of mortality is 

indisputable, its validity is susceptible to the time of measure-

ment. The 6S trial and our systematic review indicated that mor-

tality should be measured after more than 28 days to fully show 

the intervention effect, but this may vary with patient category 

and type of intervention. On the other hand, mortality should not 

be measured solely too long after the intervention, because mor-

tality in two groups will always converge to 100% and, thus, inter-

vention effects will diminish over time. 

 Our secondary outcomes had several limitations. Outcomes 

such as doubling of creatinine, severe bleeding (intracranial 

bleeding or bleeding with concomitant transfusion of 3 units of 

red blood cells) and renal replacement therapy were prone to 

variation among doctors in thresholds for initiation of renal re-

placement therapy and in use of fluids and blood products. The 

secondary outcomes may be considered as surrogates, which 

should be interpreted with caution, as they may not always asso-

ciate with patient-important outcomes such as death, disability or 

long term quality of life. Moreover, the use of surrogate out-

comes may lead to overestimation of the true intervention effect 

[55]. Having said that, our most important secondary outcome, 

renal replacement therapy, is widely acknowledged as a relatively 

robust surrogate outcome, since it closely associated with mortal-

ity in several large observational studies [56, 57]. 

 We were able to track most patients through central regis-

tries. Consequently, we had 100% follow-up at 90 days, which is 

relatively seldom achieved in similar trials and a considerable 

strength, as this eliminates bias from dropout. 

Statistics 

Statistical analyses in paper I was done according to a pre-

published statistical analysis plan [31], which was a major 

strength. In our primary analysis we tested for group difference in 

the primary outcome using a chi-square test. A logistic regression 

adjusted for the stratification variables had probably been a 

better choice, because the stratified randomisation correlate 

patients in the same stratum, and ignoring this correlation may 

lead to too wide 95% confidence intervals and a reduction in 

power [58, 59]. In our trial, however, the choice of analysis did 

not considerably affect the results (HES vs. Ringer’s acetate on 90 

day mortality: chi-square: RR 1.17, 95% CI 1.01-1.36, P=0.034; 

logistic regression adjusted for stratification variables OR 1.37, 

95% CI 1.03-1.81, P=0.030).  

As sensitivity analysis, we adjusted the analysis of the primary 

outcome for known risk factors for death. Adjusted analyses are 

more prone to bias [60], and some argue that they should be 

omitted.  

 Analysis of all randomised patients according to their origi-

nal group assignment - intention-to-treat analysis - is the golden 

standard for the analysis of randomised clinical trials. However, 

trials in the acute setting may be special as the narrow time frame 

may result in errors when evaluating the criteria for in- and exclu-

sion, and patients may not receive the intervention either be-

cause the patients die quickly or the patients’ condition change to 

the better e.g. after conversion of an atrial flutter [61]. On one 

hand, these situations occur independently of group assignment, 

and the patients should be removed from the analysis, because 

including the patients may reduce group differences. On the 

other hand, the patients must remain in the analysis as they 

contribute to the equal distribution of baseline variables between 

the groups. We decided a priori to analyse a modified-intention-

to-treat population [61], where we removed patients from the 

analysis who never received the intervention and who did not 

fulfil criteria for in- and exclusion. This resulted in the removal of 

two patients. 

 The use of delayed informed consent and informed consent 

by proxy also increased the risk of post-randomisation exclusions 

as patients and relatives may either wish to stop the ongoing trial 

or deny use of data. This may lead to loss of power, shortened 

intervention with subsequent reduction of group differences, 

systematic errors as these dropouts may be related to outcome 

and eventually affect the results and conclusion of the trial [62]. 

In our trial, the intervention was stopped prematurely in 28 pa-

tients upon request, but only two patients denied use of data. 

 Finally, the acute setting resulted in randomisation of two 

patients without proper informed consent. These two patients 

were removed from the database as well. Overall, six patients 

were excluded from our analysis, and the impact on the results of 

removing these patients was likely very small. 

 Reporting burdens to the patient and society in terms of 

length of dialysis, length of ventilator treatment and hospital 

length of stay is difficult as these variables are prone to survival 

bias. We reported these variables as “days alive and off dialysis / 

ventilator” and “days alive and out of hospital”, but it remains 

unclear whether the observed differences in hospital length of 

stay and dialysis treatment were true or simply caused by the 

increased mortality in the HES group. Alternative methods exist 

for reporting these outcomes in combination with mortality, but 

they are not yet widely accepted [63, 64]. 

 Despite multiple testing for differences between the inter-

vention groups we did not correct the P values accordingly, as 

certain outcomes may be correlated making exact correction of P 

values difficult [65]. Therefore, P values close to 0.05 in analyses 

of secondary and post-hoc outcomes should be interpreted with 

caution. In addition, the post-hoc analyses of paper II were not 

predefined, but the association between use of HES and bleeding 

was relatively strong and in alignment with the results of other 

studies, which suggest a true finding. 

 Missing data was mainly an issue in the adjusted analyses, 

which were hampered by several patients with missed baseline 

covariates especially missing Simplified Acute Physiology Score 

(SAPS) - a composite score based on 17 patient characteris-

tics[66]. To properly assess this missingness, we made two ad-

justed analyses in paper I. In the first analysis, patients in the HES 

group were given the highest possible SAPS, and patients in the 

Ringer’s acetate group were given the lowest possible SAPS. The 

second analysis was done vice versa. The advantage of this 

method is that the true intervention effect lies between these 

two worst-best case scenarios. The limitation is that the results of 

each scenario may be far apart. Therefore, in paper II we used 

multiple imputation of the missing covariates, which is considered 

golden standard for handling missing data [67, 68]. This method 

calculates the likely distributions of the missing variables from the 

other variables available, creates several datasets with imputa-

tions from these distributions, analyses each dataset separately 

and pools the results into one estimate of the true intervention 

effect.  

LIMITATIONS AND STRENGTHS - THE SYSTEMATIC REVIEW 

Design 

The main strength of our systematic review was the compliance 

with the recommendations of the Cochrane Collaboration [33] 
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and reporting according to the PRISMA guidelines [69]. This in-

cluded a pre-published protocol, an up to date extensive litera-

ture search with no language restrictions, independent screening 

of all references by two authors, inclusion of trials irrespective of 

publication, language status and reported outcomes, independ-

ent data extraction by two authors, bias risk assessment and 

contact with the corresponding authors of the included trials for 

additional information. 

 We restricted our review to trials investigating tetrastarch in 

patients with sepsis and excluded consequently several trials 

investigating the former starches and/or patients without sepsis. 

We did this based on the anticipation that the former starches 

were no longer used in clinical practice, and that tetrastarch 

potentially had different effects in patients with sepsis, who were 

sicker than e.g. patients undergoing elective surgery. In addition, 

we expected that most available data would be from patients 

with sepsis, which would prevent us from drawing conclusions 

regarding the effects of tetrastarch in patients without sepsis 

anyway. The advantage of this approach was a limited work load 

and a lower risk of comparing apples and oranges. Limitations 

were loss of power, increased risk of type II errors and the inabil-

ity to confirm or reject the hypothesis that the clinical effects vary 

among different kinds of HES solutions and different patient 

categories. Moreover, a narrow scope allows authors, who wish 

to verify a desired hypothesis, to define specific criteria for inclu-

sion according to their pre-existing knowledge of trials with cer-

tain outcomes [33]. This may have been the case in a recent 

review of HES sponsored by a HES manufacturer, which included 

studies of healthy volunteers, but did not include trials of patients 

with sepsis [70]. 

Trial Sequential Analysis 

Another strength of our review was the application of trial se-

quential analysis, because conventional meta-analysis may pro-

duce random errors due to sparse data and repetitive testing of 

accumulating data [71, 72]. In trial sequential analysis, the num-

ber of patients needed to show or reject a specific intervention 

effect, the required information size, is calculated and then used 

to evaluate the strength of the P value of the conventional meta-

analysis. This approach is similar to sample size estimation and 

interim analysis of a single trial. The required information size is 

estimated from 1) the risk of type I and type II errors (usually 5% 

and 20%, respectively), 2) the size of the intervention effect and 

3) the event proportion.  This estimation is not straightforward as 

the size of the intervention effect may be selected among 1) the a 

priori anticipated effect, 2) the observed overall intervention 

effect in the meta-analysis or 3) the observed intervention effect 

in trials with lowest risk of bias. Similarly, the event proportion 

may be either the anticipated or observed, and finally the re-

quired information size should be adjusted for heterogeneity 

among trials, which may be the a priori anticipated heterogeneity 

or the observed heterogeneity in the meta-analysis. 

 Consequently, the required information size and the result 

of the trial sequential analysis will depend on the selected pa-

rameters, which is the main limitation of the analysis. No exact 

recommendation for this selection can be made as anticipated 

values from similar clinical settings may be imprecise, and ob-

served values may be biased if only few small trials exist or if the 

available data originates from one very large trial only [71, 73–

75]. To increase the robustness of our results we pre-specified the 

choice of parameters in our review protocol. 

CURRENT EVIDENCE FOR THE USE OF HES 

Retraction of HES studies by Joachim Boldt 

The German professor Joachim Boldt was world renowned for his 

many trials of HES mainly in the surgical setting. In 2011, 88 of his 

102 papers published since 1999 were retracted due to failure of 

acquiring ethical approval for research and fabrication of study 

data [76, 77]. These papers constituted a major part of the clinical 

data supporting the use of HES, and after the retraction recom-

mendations against its general use in the ICU setting were issued 

[78].  

Broad systematic reviews 

Following the retraction of the papers by Boldt and the publica-

tion of the 6S and other recent trials several updated meta-

analyses were published [79–81].  

 Perel et al. pooled the data of trials comparing any kind of 

HES solution vs. crystalloid in critically ill patients and found a 

statistical significant increased risk of death with HES (relative risk 

1.10, 95% CI 1.02-1.19, P=0.02). 

 Zarychanski et al. compared any kind of HES solution with 

crystalloid, albumin or gelatine in critically ill patients. The au-

thors found a relative risk of death of 1.07 with HES which be-

came significant after the exclusion of non-retracted papers by 

Joachim Boldt. In addition, HES significantly increased the risk of 

having renal replacement therapy (relative risk 1.32, 95% CI 1.15-

1.50, P<0.001). 

 Gattas et al. compared tetrastarch vs. any type of control 

fluid for resuscitation of acutely ill patients. The pooled relative 

risk of death and renal replacement therapy were 1.08 (95 % CI 

1.00-1.17, P=0.054) and 1.25 (95% CI 1.08-1.44, P=0.002), respec-

tively.  

 The findings regarding mortality and renal replacement 

therapy in these reviews were comparable to those of our sys-

tematic review. Thus, the conclusions of our systematic review 

will not be fundamentally changed by adding data from trials of 

other kinds of HES, other comparator fluids and other critically ill 

patients. 

 However, the meta-analyses cannot rule out that certain 

subgroups of patients may benefit from HES, because ICU trials 

contributed with the majority of patients. Consequently, the 

current evidence for the use of HES in various subgroups is re-

viewed in the following sections. 

HES in sepsis 

In the Efficacy of Volume Substitution and Insulin Therapy in 

Severe Sepsis (VISEP) trial patients with severe sepsis in the ICU 

were randomised to open-labelled fluid resuscitation with 10% 

HES 200/0.5 vs. Ringer’s lactate [3]. The trial was stopped by its 

data and safety monitoring board after the inclusion of 537 pa-

tients due to significantly greater incidence of acute kidney failure 

(35% vs. 23%, P=0.002) and use of renal replacement therapy 

(31% vs. 19%, P=0.001) as well as a trend towards increased risk 

of death at 90 days (41% vs. 34%, P=0.09) in the HES group. The 

ratio between the hypertonic HES used in this trial and Ringer’s 

lactate was 1.3, and the use of red blood cells was higher in the 

HES group.  

 Despite using a different HES solution at a higher dose and 

having an open-labelled design, the results of the VISEP trial were 

strikingly similar to those of the 6S trial with regards to mortality, 

survival curves, renal impairment and use of blood products, and 

also they were in line with the results of our systematic review. 
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Together with our results, the VISEP trial provides evidence that 

HES should not be used in patients with sepsis and indicates that 

harmful clinical effects with HES in sepsis may be a class-effect 

independent of type of HES solution. 

HES in general ICU patients 

The Crystalloid vs. Hydroxyethyl Starch Trial (CHEST) was finished 

few months after the 6S trial [35]. In this high-quality pragmatic 

trial 7000 general ICU patients were randomised to fluid resusci-

tation with either HES 130/0.4 or normal saline. Overall, fluid 

doses were two to three times lower than in the 6S trial, but the 

patients in the HES group received less trial fluid (526 ±425 vs. 

616±488 ml per day in the first four days), had higher central 

venous pressure (CVP) and fewer patients developed new circula-

tory failure (36.5% vs. 39.9%, P=0.03) than in the saline group. 

However, this did not result in clinical benefit regarding patient-

important outcomes as more patients in the HES group received 

renal replacement therapy (7.0% vs. 5.8%, P=0.04) and more had 

pruritus (4.0 % vs. 2.2%, P<0.001). 90-day mortality did not differ 

significantly between the groups neither in the whole population 

(18% vs. 17%, P=0.26) nor in the predefined subgroup of patients 

with sepsis, but the estimates favoured saline. 

 The limitations of this trial were the inclusion of elective 

surgical patients and exclusion of patients considered unlikely to 

survive, which resulted in lower mortality than expected and 

inadequate power to detect small mortality differences. However, 

the trial showed that adverse renal effects of HES are not limited 

to patients with sepsis, but is also seen in a broader group of 

critically ill patients. 

The Colloids Compared to Crystalloids in Fluid Resuscitation of 

Critically Ill Patients (CRISTAL) trial randomised 3000 critically ill 

ICU patients to open-labelled resuscitation with HES, albumin or 

any other colloid vs. any crystalloid solution, but is not yet pub-

lished [82]. The open-label design and the use of different colloids 

in the colloid arm make direct conclusions regarding the effect of 

HES very difficult. 

HES in trauma 

Tetrastarch has been investigated in one trauma trial only, which 

randomised 115 severely injured trauma patients to masked 

resuscitation with HES 130/0.4 vs. normal saline [83]. The report-

ing of this trial has been heavily criticised, because most analyses 

were of subgroups and outcomes that were not predefined, 

which made it unclear how HES vs. saline really affected the 

patients in this trial [84, 85]. However, the trial suggested a small 

volume sparring effect, impaired coagulation and increased use of 

blood products with HES. The trial could not adequately assess 

safety outcomes, but 30-day mortality estimates favoured saline 

(22% vs. 12%, RR 1.83, 95%-CI 0.79-4.24, p=0.15 (data obtained 

from the CONSORT diagram and [84]).  

 Two other trials using older starches in trauma did not pro-

vide evidence for safe use of HES in these patients [86, 87]. 

HES peri- and post-operatively 

Trials in surgery show divergent results with regard to benefits 

and harms with HES, which may be due to varying populations 

and varying dose regimens. In addition, most trials in surgery 

have poor design such as small sample sizes, lack of blinding, no 

allocation concealment and limited follow-up time all of which 

increase the risk of erroneous results [24, 81].  

 The volume effect of HES in surgery is poorly investigated, 

because only few trials were left comparing the potency of tetras-

tarch vs. crystalloid after the retraction of the studies by Boldt. 

There may be early circulatory benefits with tetrastarch vs. crys-

talloid [88, 89], but this has not been a consistent finding [90]. In 

surgical patients, the volume effect of 1 litre of tetrastarch seems 

equalled by 1 to 1.5 litre of crystalloid, which is comparable to 

findings in critically ill patients [27, 29, 35]. 

 Haemostatic impairment is probably the largest concern 

with HES in surgical patients. In a meta-analysis of patients un-

dergoing cardiac surgery HES vs. albumin increased postoperative 

bleeding, doubled the risk of reoperation for bleeding (RR 2.24, 

95%-CI 1.14 to 4.40, P=0.02) and significantly increased transfu-

sion with red blood cells, fresh frozen plasma and platelets [91]. 

However, none of the included trials used tetrastarch so these 

results may apply to older starches only. Supporting this, a sys-

tematic review sponsored by the HES manufacturer Fresenius 

Kabi found lower blood loss, drainage loss and transfused volume 

of red blood cells with tetrastarch vs. HES 200/0.5 [92]. 

 Even though tetrastarch may result in less coagulation im-

pairment than former HES solutions, signs of haemostatic im-

pairment with tetrastarch vs. crystalloid or albumin have been 

observed in several trials including prolonged activated partial 

thromboplastin time (APTT) [93], prolonged prothrombin time 

[94] and impaired thrombelastometric parameters [93–97], but 

only one trial reported significantly increased blood loss during 

surgery [98]. The clinical relevance of these findings are uncer-

tain, but the association between bleeding and mortality in the 6S 

trial indicate that HES induced coagulopathy may affect patient 

outcome.  

 Renal impairment and mortality were rare events in the 

surgical trials, because they were mainly conducted in elective 

patients, and neither single trials nor meta-analyses had the 

statistical power to adequately assess renal function or mortality 

in these patients. Thus, these very important safety issues of HES 

have not been adequately assessed in surgery.  

MECHANISMS BEHIND ADVERSE EFFECTS WITH HES 

It is difficult to identify the exact mechanisms behind the in-

creased mortality observed in the 6S trial and suggested by sys-

tematic reviews as pragmatic trials deliver limited data on 

mechanisms behind intervention effects. Moreover, the cause of 

death is difficult to establish in ICU patients. In both the 6S and 

VISEP trials the separation of the survival curves occurred after 

several weeks indicating long-term adverse effects. However, the 

ability to sustain life in the ICU with e.g. vasopressors and renal 

replacement therapy allows for short-term effects followed by 

late death as well. The existence of some short-term effects is 

supported by post-hoc analyses of the 6S trial showing that the 

main group differences in use of renal replacement therapy and 

occurrence of bleeding happened in the first few days after ran-

domisation (paper II and unpublished data). 

 A systematic review pooling the results of pharmacokinetic 

studies recently showed that almost half of the infused tetras-

tarch was deposited in the tissues 24 hours after infusion in 

healthy volunteers and elective surgical patients [10]. Once in the 

tissues, HES is taken up by several cell types and stored in the 

lysosomes, where it is resistant to degradation. In alignment with 

this, HES has been found in biopsies from several organs including 

the liver, kidney, skin, intestine, striated muscle, spleen and pla-

centa up to several years after HES treatment [17–21]. How these 

deposits affect cell and organ function is less clear, but HES may 

induce osmotic cellular changes and damage [17]. Reports regard-

ing a subsequent immune response are divergent as both anti- 



 DANISH MEDICAL JOURNAL   14 

and pro-inflammatory properties with HES have been reported 

[99, 100]. Thus, both short- and long-term adverse effects may be 

explained by tissue deposition, but the clinical importance of 

tissue deposition and a causal pathway from deposition to harm 

are not yet fully elucidated.  

 The mechanisms behind HES induced coagulopathy are 

relatively well described in vitro and in surgery. First, hemostasis 

is affected by hemodilution, which may be more pronounced with 

HES than with crystalloids. Secondly, HES exerts an additive non-

dilutional alteration mainly through reduced platelet function and 

clot strength as well as affected von Willebrand factor, factor XIII 

and fibrinogen/fibrin polymerization [95–97, 101–103]. In line 

with this, HES has been found in the lysosomes of platelets in an 

unpublished study [17]. Unpublished data on a subgroup of 260 

patients in the 6S trial show reduced maximum amplitude in 

thrombelastography after incubation with a platelet inhibitor, 

which probably reflects reduced fibrinogen/fibrin polymerization 

and indicates that the mechanisms for coagulopathy in septic 

patients are similar to those in surgical patients. Since there is a 

high turnover of platelets and coagulation factors as well as a 

short half-life of tetrastarch in plasma, HES induced coagulopathy 

is likely to persist only for few days after infusion, which is in line 

with our findings (paper II).     

 The clinical effect of HES solutions may depend on the plant 

origin as the C2:C6 pattern for hydroxyethylation is higher in 

maize-derived tetrastarch than in potato-derived tetrastarch, but 

neither clinical nor pre-clinical data provide evidence for this 

notion [101, 104]. 

 Tetrastarch is claimed to have fewer side effects due to its 

lower molecular weight, lower substitution ratio and faster 

plasma clearance than older formulations of HES [8, 9], but inter-

estingly the above pharmacokinetic review suggested that the 

faster clearance is mainly due to increased tissue deposition 

rather than increased elimination [10]. If this is true, side effects 

related to tissue deposition may be independent of type of HES 

solution, and this may explain why adverse events with HES 

seems to be a class effect. 

 Alternatively, the adverse effects observed with HES are due 

to concomitant harmful interventions. In most trials the use of 

HES leads to more use of blood products, which may have late 

adverse effects [105], but other concomitant interventions have 

not yet been identified. 

8. CONCLUSION AND FUTURE PERSPECTIVES 

The 6S trial is one of several high-quality clinical trials in septic 

and other critically ill patients that now provide evidence that the 

use of tetrastarch impairs kidney function and hemostasis and 

may even increase mortality. At the same time, the circulatory 

benefits with tetrastarch, constituting the rationale for its use, 

seem much smaller than previously estimated. 

 Whether the findings in critically ill patients can be extrapo-

lated to other types of patients is unclear, as data from these 

patients are limited and attempts to find a certain subgroup of 

patients with an overall benefit of HES beyond surrogate parame-

ters have failed. 

 Based on the recent trial results, the European Medicines 

Agency’s Pharmacovigilance Risk Assessment Committee has 

reviewed the risk-benefit balance of HES solutions and recom-

mended as recent as mid-June that the marketing authorisations 

of all HES solutions should be suspended [106]. As marketing 

authorisations of medical products are harmonized across coun-

tries in the European Union, all member states will have to review 

this recommendation before it can be implemented. The U.S. 

Food and Drug Administration is conducting a similar review, but 

has not yet reached a decision. If HES remains on the market for 

use in certain types of patients, large pragmatic trials will urgently 

be needed to ensure their safety. 

 

There is a lesson to be learned from the history of HES: Large, 

pragmatic trials with patient-important outcomes must be per-

formed as part of drug development to confirm expectations 

from theory and smaller studies. Otherwise, we risk treating 

millions of patients with drugs that likely causes more harm than 

good, and who can live with that? 

 

9. SUMMARY 

 

BACKGROUND 

Hydroxyethyl starch (HES) is a colloid that has been widely used 

for fluid resuscitation for decades. The newest generation of HES, 

tetrastarch, was believed to provide an efficient volume expan-

sion without causing the side effects observed with former HES 

solutions. However, this belief was based on physiological models 

and small studies rather than on firm clinical evidence.  

 Our aim was to assess the safety and efficacy of tetrastarch 

in a randomised clinical trial and in a systematic review.  

METHODS 

We first conducted a blinded, clinical trial, in which we randomly 

assigned patients with severe sepsis in the intensive care unit to 

fluid resuscitation with either 6% HES 130/0.42 (Tetraspan) or 

Ringer’s acetate. The primary outcome measure was death or 

dialysis-dependency at 90 days after randomisation. Secondary 

outcomes described kidney function and serious adverse reac-

tions. 

 Secondly, we systematically identified all randomised clinical 

trials comparing tetrastarch with either crystalloid or albumin in 

patients with sepsis and pooled their results in meta-analyses and 

trial sequential analyses. 

RESULTS 

Of the 804 patients who underwent randomisation, 798 were 

included in the modified-intention-to-treat population. At 90 days 

after randomisation, 201 of 398 patients (51%) assigned to HES 

130/0.42 had died, as compared with 172 of 400 patients (43%) 

assigned to Ringer’s acetate (relative risk 1.17, P=0.03); 1 patient 

in each group was dialysis-dependent at 90 days. In the 90 day 

observation period, 87 patients (22%) assigned to HES received 

renal replacement therapy vs. 65 patients (16%) assigned to 

Ringer’s acetate (relative risk 1.35, P=0.04), and 38 patients (10%) 

vs. 25 patients (6%) had severe bleeding (relative risk 1.52, 

P=0.09). Post-hoc sensitivity analysis showed a strongly significant 

increased risk of any bleeding with HES vs. Ringer’s acetate (rela-

tive risk 1.56, P=0.003). 

 In the systematic review, we identified nine trials that ran-

domised 3,456 patients with sepsis. In meta-analyses, tetrastarch 

vs. crystalloid or albumin lead to increased use of renal replace-

ment therapy (relative risk 1.36, P=0.009) and red blood cells 

(relative risk 1.29, P=0.0002) and to more serious adverse events 

(relative risk 1.30, P=0.03). Trials with low risk of bias suggested 

11% increased risk of death. After adjusting the results with trial 

sequential analysis signals for harm persisted. 
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CONCLUSION 

Our randomised clinical trial is one of several high-quality trials in 

critically ill patients with and without sepsis that now provide 

evidence that the use of tetrastarch impairs kidney function and 

hemostasis and may even increase mortality. Whether the results 

can be extrapolated to other types of patients is unclear, but so 

far no group of patients with an overall benefit of HES beyond 

surrogate markers has been identified. In line with this, the Euro-

pean Medicines Agency’s Pharmacovigilance Risk Assessment 

Committee now recommends that the marketing authorisations 

of all HES solutions are suspended in the European Union. 
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