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Synthetic colloid resuscitation in 
severely injured patients: analysis 
of a nationwide trauma registry 
(TraumaRegister DGU)
Peter Hilbert-Carius1, Daniel Schwarzkopf2, Konrad Reinhart2,3, Christiane S. Hartog3,4, 
Rolf Lefering5, Michael Bernhard6 & Manuel F. Struck  7

The purpose of this study was to investigate the efficacy and safety of synthetic colloid resuscitation 
among severely injured patients. Fluid resuscitation of trauma patients of a nationwide trauma registry 
was analysed between 2002 and 2015. Effects of synthetic colloid resuscitation in the pre-hospital 
setting and emergency department on renal failure, renal replacement therapy and multiple organ 
failure were analysed among patients with ≥2 days intensive care unit stay, and in-hospital mortality 
was analysed among all patients. 48,484 patients with mean age of 49 years and mean injury severity 
score of 23 points were included; 72.3% were male and 95.5% had blunt trauma. Risk-adjusted analyses 
revealed that patients receiving >1,000 ml synthetic colloids experienced an increase of renal failure 
and renal replacement therapy rates (OR 1.42 and 1.32, respectively, both p ≤ 0.006). Any synthetic 
colloid use was associated with an increased risk of multiple organ failure (p < 0.001), but there was no 
effect on hospital mortality (p = 0.594). Between 2002 and 2015 usage of synthetic colloids dropped, 
likewise did total fluid intake and usage of blood products. The data from this analysis suggests that 
synthetic colloid resuscitation provides no beneficial effects and might be harmful in patients with 
severe trauma.

Purpose. Synthetic colloid infusion solutions have been developed to increase haemodynamic stabilization 
effectively and economically. One of the most frequently used synthetic colloid worldwide is hydroxyethyl starch 
(HES)1. Concerns about the use of starches grew after three multicentre randomised controlled trials (RCTs) 
found that HES was associated with a higher risk of acute kidney injury and bleeding in patients with sepsis or 
critical illness2 and more deaths in patients with sepsis3,4 when compared with crystalloids. The trials prompted 
the German Federal Institute for Drugs and Medical Devices to ask the European Medicines Agency (EMA) to 
review the use of HES in 2012. The EMA committee recommended suspending all use of HES. However, after 
the United Kingdom unilaterally removed HES from the shelves, a second EMA review was triggered. A second 
assessment committee confirmed that HES solutions must not be used in critically ill patients or those with sepsis 
and burn injuries but allowed their continued use in patients with hypovolaemia due to acute blood loss within 
the first 24 hours after elective surgery or trauma5. This decision was based on “some reassurance that the risks 
of mortality and renal injury in surgical and trauma patients may be lower than those in critically ill and [septic] 
patients”6. However, there is only one small prospective RCT in trauma patients7,8. In general, published studies 
on synthetic colloid resuscitation in the trauma population have methodological weaknesses due to low sample 
sizes, limited observation periods, incomparable study groups, missing control groups, inconsistent definitions 
and study endpoints with low clinical relevance5,7,9–14. Moreover, in early 2017 the US based patient advocacy 
group Public Citizen filed a petition with the U.S. Food and Drug Administration (FDA) requesting that the 
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FDA ban HES solutions in the U.S, because of the “unique risks of HES solutions” and the fact that they offer 
“no benefit over the other types of intravenous solutions on the market”15. The EMA committee requested large 
randomised post-marketing clinical trials from HES manufacturers to establish the efficacy and safety of HES in 
perioperative and trauma populations16,17. Currently, such data is not yet available. Although the final decision by 
the European Commission is still pending, the medicines regulatory body of the European Union member states 
(CMDh) agreed in early 2018 with the EMA’s Pharmacovigilance Risc Assessment Committee recommendation 
that HES solutions should be suspended18. Thus, the aim of this retrospective registry study was to further eluci-
date the risk benefit ratio of synthetic colloids in a large registry that comprises severely injured patients.

Results
During the study period, 199,977 patients were recorded in the TraumaRegister DGU (TR-DGU) database. Of 
119,530 patients of age >16 years, injury severity score (ISS) ≥9, direct admission from the scene of accident, 
and without early referral to another hospital, 48,484 (41%) had standard data documentation and were included 
for the analyses. The mean age was 48.5 ± 20.5 years (mean ± standard deviation), mean ISS was 22.7 ± 12.3 
points. The majority of patients were male (72.3%) and had sustained blunt trauma (95.5%). The trauma mecha-
nisms included motor vehicle accidents (27.3%), falls from >3 m height (18.1%), falls from <3 m height (15.6%), 
motorcycle accidents (15.2%), bicycle accidents (8.3%), pedestrian accidents (7.4%) and patients who could not 
be classified into one of these groups (8.0%). Intensive care unit (ICU) length of stay was in median [1st quartile, 
3rd quartile] 4 [2, 13] days, hospital length of stay was 16 [9, 28] days.

The demographic data of the study cohort and laboratory results at emergency department admission are 
shown in Table 1. Table 2 provides fluid resuscitation volumes and transfusion of blood products. Patients receiv-
ing higher synthetic colloid volumes received more blood products. Synthetic colloid resuscitation decreased 
considerably over the course of the study period (Fig. 1A). Likewise, total fluid intake, as well as use of red blood 
cells, fresh frozen plasma and platelet concentrates decreased (Fig. 1B–E).

Effects of synthetic colloid dosage on outcomes. Table 3 presents the effects of synthetic colloid dos-
age on the study outcomes given as descriptive statistics, univariate odds ratios and adjusted odds-ratios of logis-
tic regression analyses controlling for the effects of risk factors and clustering. Detailed results of the multivariate 
analyses are given in Tables S1–S4. Among the study cohort, 36,330 patients with an ICU length of stay (LOS) >2 
days were the basis for the analysis of renal replacement therapy, renal failure, and multiple organ failure. From 
these, a total of 1,256 patients (3.5%) underwent renal replacement therapy and 1,785 (4.9%) developed renal fail-
ure. Patients in all three synthetic colloid groups had higher rates of renal replacement therapy and renal failure 
than patients in the crystalloid group (all p ≤ 0.022 in univariate analyses). After adjustment for risk factors, only 
patients who received >1,000 ml synthetic colloids had significantly higher rates of renal replacement therapy 
(odds ratio 1.42 [95% confidence interval 1.11–1.82]; p = 0.006) and higher rates of renal failure (odds ratio 1.32 
[1.12–1.57]; p = 0.001) than patients who received only crystalloids. The effects of synthetic colloid resuscitation 
on renal replacement therapy were not different in patient subgroups stratified by age (Fig. S1). A total of 10,026 
patients developed multiple organ failure (27.6%). After adjustment for risk factors and clustering, patients in all 
synthetic colloid groups presented significantly higher rates of multiple organ failure than those receiving only 
crystalloids; odds ratios were 1.36 [1.24–1.5] in the <501 ml colloid group; 1.39 [1.27–1.53] in the 501–1,000 ml 
colloid group and 1.40 [1.23–1.6] in the >1,000 ml colloid group, all p < 0.001. Table S5 shows the rates and 
adusted odds ratios for different types of organ failures according to fluid therapy subgroups.

Effects of synthetic colloid resuscitation on hospital mortality were investigated among all included 48,484 
patients. After adjustment for risk factors, mortality rates showed no significant differences between crystalloid 
only and synthetic colloid groups (p = 0.594) (Table 3).

Discussion
The main findings of this analysis of early fluid resuscitation in severely injured patients from a nationwide trauma 
registry show that synthetic colloid resuscitation of more than 1,000 ml was associated with an increased need 
for renal replacement therapy and synthetic colloid use at any dose was associated with an increased incidence 
of multiple organ dysfunction. However, risk adjusted hospital mortality rates did not differ between patients 
receiving additional synthetic colloid resuscitation or only crystalloids.

Our data also shows that that the adverse effects of synthetic colloids on renal function and coagulation did 
not differ between age groups, in contrast to findings of previous smaller studies7,10–13. Furthermore, synthetic 
colloid use decreased continuously since 2008, and this decrease was associated with a parallel decrease in overall 
fluid intake.

Increased incidence of kidney injury was also observed in other smaller trauma cohort studies12,13 and in 
a large observational study of patients receiving non-cardiac surgery19. A meta-analysis on the impact of HES 
130/04 on the need for renal replacement therapy identified an increased risk in surgical patients20. These were 
consistent with findings from RCTs in sepsis3,4 and critically ill patients2 and from a prospective cohort study on 
synthetic colloids in cardiac surgery patients21. Studies with longer follow up periods might be necessary to show 
mortality effects of synthetic colloids.

The suggested fluid-sparing effect of colloid resuscitation in the range of a 3 to 4-folds lower fluid requirement 
has been refuted by large RCTs2–4,22. The fluid ratios in these trials ranged between 1:1 and 1:142–4,22. Our data 
showed that the decrease in use of synthetic colloids over time was not accompanied by an increase in overall 
fluid intake. Moreover, transfusion of red blood cells, platelets and fresh frozen plasma consistently decreased 
in all severity of injury groups along with the decrease in use of synthetic colloids. Patients receiving higher vol-
umes of synthetic colloids also received more blood products. We cannot infer if there is a causal link between 
synthetic colloids dosage and blood products since both are influenced by the unmeasurable factor blood loss. 
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However, synthetic colloid administration is associated with coagulopathy and increases the need for red blood 
cells transfusion, as was consistently shown in large RCTs that compared crystalloids to HES in sepsis and criti-
cally ill patients2–4. Increased risk of bleeding after HES administration was also found in meta-analyses of RCTs 
in cardiac surgery patients and in the perioperative period23,24. Furthermore, there is strong evidence for pro-
longed bleeding times and decrease in clot firmness from in-vitro studies25 and evidence of increased bleeding 
and mortality in animal studies26–28.

The mechanisms of these adverse effects have been attributed to the interference of synthetic colloids with 
many components of the coagulation system, e.g., inducing acquired von Willebrand disease, activating plate-
lets29–31, prolonging tissue storage and directing cell toxicity32,33. Tissue uptake may also account for the overall 
higher incidence of multiple organ dysfunction that we observed in the synthetic colloid group of this cohort of 
trauma patients. Furthermore, numerous studies have demonstrated that the adverse effects of starches are inde-
pendent of molecular size, degree of substitution and starch source, e.g., potatoes or maize2–4. It is well established 
that the adverse effects of HES are dose-related and depend on the median cumulative dose4,19,21. Thus, the EMA 
considers the adverse effects of HES administration as a class effect34. In their recent decision to limit the use of 
HES, the EMA and the FDA reduced the recommended HES dose from 50 ml/kg daily to 30 ml/kg once in 24 
hrs. In our study, the median cumulative dose of synthetic colloids was approximately 26 ml/kg. At this dosage, 
there was no effect on hospital mortality rates but patients more frequently needed renal replacement therapy and 
transfusion of red blood cells. These findings are similar to the findings in the CHEST trial which investigated 
starch use in intensive care patients. Of note, in this trial the median cumulative dose was only 18 ml/kg2. This 
suggests that the currently recommended maximal HES dose might still be harmful for patients. Presently there 
are no data from high-quality trials showing that 6% HES130 improved any patient-important outcomes, while 
there are consistent signals for harm35. Our findings are in line with the findings of adverse effects of synthetic 
colloids that result from large RCTs, systematic reviews, in vitro studies and animal studies. There is no evidence 
why the adverse effects that have been observed in sepsis and critically ill patients should not similarly apply to 
surgical and trauma patients. Likewise, there is no evidence of benefits of synthetic colloid use in any indication 
compared with cheaper and safer alternatives. Moreover, human albumin as natural colloid is also not an appro-
priate alternative for trauma resuscitation due to lack of beneficial effects, limited availability and higher costs36–40.

Registry studies have known limitations, and all findings should be interpreted with caution. Data quality and 
completeness of the documented parameters are usually lower in registries than in prospective clinical studies. 
For example, the TR-DGU did not include information regarding fluid use after ICU admission. Thus, it may be 
possible that patients in all groups received synthetic colloids during the course of their ICU stay. Furthermore, 
the parameters of this database do not allow the calculation of more sophisticated measures of acute kidney injury 
such as the Risk, Injury, Failure, Loss, End stage (RIFLE) score and the Acute Kidney Injury Network (AKIN) 
score. We cannot rule out that other covariates than those we used controlling for imbalances in the multiple 
logistic regression analyses may have also contributed to the unfavourable patient-relevant outcomes that we have 

Parameter
All patients
n = 48,484

Crystalloids only, 
n = 28,942

Synthetic colloids 
≤500 ml, n = 7,416

Synthetic colloids 
500–1,000 ml, n = 5,686

Synthetic colloids 
>1,000 ml, n = 6,440

Age, years 48.5 ± 20.6 51.4 ± 20.7 46.4 ± 20.3 44.5 ± 19.6 41.3 ± 18.1

Male gender 34,943 (72.3%) 20,436 (70.8%) 5,458 (74%) 4,153 (73,4%) 4,896 (76.3%)

Blunt trauma 45,048 (95.5%) 27,060 (96.7%) 6,848 (94.7%) 5,270 (94.5%) 5,870 (92.3%)

Injury Severity Score, points 22.7 ± 12.3 20.2 ± 10.5 24.5 ± 12.9 26.4 ± 13.7 29 ± 14.2

Glasgow coma scale (pre-hospital) 14 [9, 15] 14 [11, 15] 14 [7, 15] 13 [7, 15] 13 [6, 15]

SBP at ED ad- mission, mmHg 130 [110, 147] 132 [120, 150] 120 [108, 140] 120 [100, 140] 115 [99, 130]

Heart rate at ED ad-
Mission, 1/min 88 [76, 100] 85 [75, 98] 89 [77, 100] 90 [80, 102] 92 [80, 110]

Shock at ED admission
(SBP ≤90 mmHg) 4,885 (10.5%) 1,637 (5.9%) 911 (12.7%) 916 (16.6%) 1,421 (22.8%)

Expected mortality (%) based on RISC II score 12.8 ± 23.6 10.4 ± 21.3 14.2 ± 25 16.2 ± 26.4 19 ± 27.5

ED admission laboratory results

Haemoglobin, g/dl 12.9 [11.1, 14.3] 13.5 [12.1, 14.7] 12.5 [10.8, 13.9] 11.9 [10, 13.5] 10.7 [8.7, 12.6]

Platelet count, Gpt/L 211 [168, 257] 218 [177, 263] 208 [165, 255] 198 [155, 249] 186 [142, 235]

Activated partial thromboplastin time (aPTT), 
sec 28 [25, 32] 27 [24.3, 31] 28.5 [25, 33] 29.4 [26, 35] 32 [27, 41]

Prothrombin time (Quick’s value), % 87 [72, 99] 91 [79, 100] 84 [70, 96] 80 [64, 93] 71 [54, 87]

International normalized ratio (INR) 1.09 [1, 1.2] 1.05 [1, 1.14] 1.1 [1.01, 1.23] 1.14 [1.04, 1.30] 1.23 [1.09, 1.48]

Lactate, mmol/l 2 [1.3, 3.2] 2 [1.3, 3] 2.01 [1.3, 3.28] 2.2 [1.4, 3.7] 2.4 [1.5, 4.2]

Base excess, mmol/l −1.7 [−4.2, 0.5] −1 [−3.1, 1] −2.3 [−4.8, −0.1] −2.9 [−5.6, −0.6] −4 [−6.9, −1.5]

Length of stay

ICU length of stay, days 4 [2, 13] 3 [1, 9] 6 [2, 15] 7 [3, 17] 10 [4, 21]

Hospital length of stay, days 16 [9, 28] 14 [8, 23] 19 [10, 30] 22 [12, 35] 26 [13, 42]

Table 1. Baseline characteristics, laboratory results, and length of stay. Descriptive statistics given as 
mean ± standard deviation, median [1st quartile, 3rd quartile], or n (%). ED; emergency department, SBP; systolic 
blood pressure, RISC II score; Revised Injury Severity Classification score revision 2, ICU; intensive care unit.
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observed in the synthetic colloid groups of this analysis. It might be possible that the administration of a synthetic 
colloid is a surrogate marker of sicker patients (e.g., higher rates of shock at emergency department admission of 
patients who received < 501 ml HES compared to patients who received crystalloids only). These difference seem 
unlikely to be due to small amounts of HES. Another weakness of our study was that the TR-DGU discriminated 
only among crystalloid, synthetic colloid and hypertonic/hyperoncotic solutions and not the type of crystalloid 
and synthetic colloid. However, in the German emergency medical service, the most common synthetic colloid 
solution used is HES40. Human albumin is not used for trauma resuscitation, and most crystalloids used are bal-
anced solutions36,39.

We do not know to which degree the observed overall decrease in fluid intake over time, and the almost par-
allel reduction in transfusion of red blood cells, fresh frozen plasma and platelet concentrates was caused by the 
decrease in the use of synthetic colloids over time36,37. Other factors such as a shortening of the pre-hospital time 
intervals, more restrictive fluid administration and an improved practice of permissive hypotension38,39 may have 
contributed to the decrease in fluid intake and transfusion requirements. In addition, a more restrictive indication 
for red blood cells transfusion by a lower haemoglobin threshold as trigger for blood transfusion may have also 
played a role in this development.

Conclusions
The findings of this study underline the concerns that the adverse effects of synthetic colloids found in other 
patient populations might also apply to trauma patients. These adverse effects on renal function were observed 
at cumulative doses below the currently recommended dose limit of 30 ml/kg. The results of this study also sup-
port national and international guideline recommendations, which recommend the use of crystalloids in trauma 
patients.

Methods
Data source. The TraumaRegister DGU (TR-DGU) of the German Trauma Society (Deutsche Gesellschaft 
für Unfallchirurgie, DGU) was founded in 1993. The aim of this multicentre database is to create a pseu-
donymised and standardised documentation of patients suffering from major trauma. Data are collected pro-
spectively at four consecutive time points from the site of the accident until hospital discharge: (A) pre-hospital 
emergency medical service, (B) emergency department and the initial surgery, (C) ICU, and (D) hospital dis-
charge. The documentation includes detailed information on demographics, patterns of injury, comorbidities, 
pre-hospital and in-hospital management, ICU course, relevant laboratory findings (including data on trans-
fusions), and the outcomes of each individual. The inclusion criterion is hospital admission through the emer-
gency department, with subsequent ICU treatment or hospital admission with vital signs and death before ICU 
admission. Beside German hospitals also hospitals from 7 other European countries participate in the TR-DGU, 
but include only about 11% of the total patients. Further information regarding the TR-DGU is available at www.
traumaregister-dgu.de.

Sample. Only German trauma centers were considered for this study. The criteria for patient inclusion were 
ISS ≥9 points, age ≥16 years, direct admission from the scene of the accident to a trauma centre, no early referral 
to another hospital, standard documentation (availability of information regarding acute kidney injury, renal 
replacement therapy, multiple organ failure, red blood cell transfusion, and mortality), from 2002–2015, and fluid 
resuscitation in the pre-hospital emergency medical service and/or emergency department phase.

Measurements. To investigate dose-related effects of synthetic colloid infusions, the study cohort was 
divided in four groups: (1) patients receiving only crystalloids, (2) patients receiving additional synthetic col-
loid volumes ≤500 ml, (3) patients receiving additional synthetic colloid volumes 501–1,000 ml, and (4) patients 
receiving additional synthetic colloid volumes >1,000 ml. The type of synthetic colloid was not specified. 
However, in Germany, colloid fluid resuscitation in the pre-hospital emergency medical service and emergency 
department phase is performed only with synthetic colloids, which are primarily HES solutions40. Furthermore, 
the pre-hospital transfusion of blood products is not performed in Germany.

Fluid volumes
All patients 
n = 48,484

Crystalloids only, 
n = 28,942

Synthetic colloids 
≤500 ml, n = 7,416

Synthetic colloids 
500–1,000 ml, n = 5,686

Synthetic colloids 
>1,000 ml, n = 6,440

Total fluids pre-hospital, ml 1,044 ± 780 748 ± 513 1,143 ± 662 1,428 ± 763 1,923 ± 1,034

Crystalloids until ICU, ml 2,074 ± 1,650 1,619 ± 1,215 2,183 ± 1,615 2,526 ± 1,742 3,600 ± 2,173

Colloids until ICU, ml 472 ± 805 0 ± 0 482 ± 70 979 ± 77 2,132 ± 940

pRBC given (%) 17.4% 5.2% 18.5% 30.5% 59.1%

No. of units, if given* 6.7 ± 7.8 5.1 ± 5.9 5.3 ± 5.8 5.9 ± 5.9 8.8 ± 9.2

FFP given (%) 11.9% 3.0% 11.6% 20.2% 45.3%

No. of units, if given* 8.0 ± 8.0 6.4 ± 6.3 6.5 ± 6.0 6.8 ± 6.0 9.4 ± 6.3

Platelets given (%) 3.9% 1.1% 3.2% 5.9% 16.0%

No. of units, if given* 2.6 ± 2.7 2.4 ± 2.3 2.4 ± 2.2 2.3 ± 1.9 2.8 ± 3.2

Table 2. Fluid resuscitation and transfusion of blood products until intensive care unit admission. Descriptive 
statistics given as mean ± standard deviation. ICU; intensive care unit, pRBC; packed red blood cells, FFP; fresh 
frozen plasma.

http://www.traumaregister-dgu.de
http://www.traumaregister-dgu.de
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The primary study end points were renal replacement therapy and renal failure during hospital stay. The 
secondary end points were multi-organ-failure, and hospital mortality. In the TR-DGU, organ failure was docu-
mented according to the following criteria41: sequential organ failure assessment (SOFA) scores ≥3 points of each 
organ system or SOFA central nervous system: Glasgow coma scale (GCS) <9; SOFA cardiovascular: requirement 
of adrenaline, noradrenaline or dobutamine; SOFA liver: bilirubin >6 mg/dL; SOFA kidney: creatinine >3 mg/dL 
or <500 ml urine output/24 h; and SOFA pulmonary: PaO2/FiO2-ratio <200. Multiple organ failure was defined 
as failure of two or more organ systems for at least two days according to the TR-DGU criteria outlined above.

Figure 1. Fluid resuscitation and transfusion of blood products over time, stratified by injury severity score 
(ISS).
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Statistical analyses. Fluid therapy groups were compared regarding patient and treatment characteristics 
using standard descriptive statistics. To investigate secular changes in fluid resuscitation therapy during the study 
period, annual descriptive data were plotted for total fluid volume, use of synthetic colloids, use of red blood 
cells, fresh frozen plasma, and platelet concentrates. To control for possible bias these plots were stratified by ISS 
severity: moderate (ISS 9–15), severe (ISS 16–24) and critical (ISS ≥ 25).

To test the effects of synthetic colloid dose on renal failure, renal replacement therapy, multiple organ failure, 
and hospital mortality, logistic regression models were calculated. Analyses regarding hospital mortality were 
performed based on all included patients. Analyses regarding renal failure, renal replacement therapy and mul-
tiple organ failure were performed among patients with at least two days of ICU stay to allow for appropriate cal-
culation according to the definition of TR-DGU based on the respective categories of the SOFA score. Variables 
of the Revised Injury Severity Classification score, version II (RISC II), were included in the models to control 
for typical risk-factors for patients with injuries41. RISC II variables control for missing values by including them 
as subcategories. Additionally, transfusion of red blood cells and infusion of more than 4,000 ml of fluids were 
included to control for possible iatrogenic coagulation impairment and bleeding complications. Year of treatment 
≥2012 was included to control for secular changes associated with the introduction of German S3 guidelines on 
the management of severely injured patients39. To control for effects of clustering of patients in hospitals, logistic 
regressions were calculated using generalized estimating equations with an exchangeable covariance matrix42. 
Statistical tests were performed at two tailed significance levels of p ≤ 0.05. All computations were performed 
using SPSS 18 (IBM, Armonk, NY, USA), figures were created using R (R Development Core Team, Vienna, 
Austria).

Ethics approval and consent to participate. The need of ethical approval was waived by the Ethical Review Board 
of the Medical Association of Saxony-Anhalt, Halle, Germany (project ID 16/17–2017). The present study was 
in line with the publication guidelines of the TraumaRegister DGU and was registered as TR-DGU project ID 
2013–068. Consent to participate was not applicable owing to the retrospective nature of the study.

Availability of data and material. The datasets generated and/or analysed during the current study are not pub-
licly available due to copyright regulations of the TraumaRegister DGU of the German Trauma Society but are 
available from the corresponding author on reasonable request.

Outcome Rates: n (%) Univariate OR (95% CI) p-value Adjusted OR (95% CI)a p-value

Renal replacement therapyb <0.001 0.033

Crystalloids only (reference) 512 (2.5%) 1 — 1 —

Synthetic colloids ≤500 ml 216 (3.6%) 1.43 (1.22, 1.68) <0.001 1.17 (0.97, 1.42) 0.105

500–1,000 ml 186 (3.9%) 1.54 (1.3, 1.83) <0.001 1.10 (0.90, 1.34) 0.366

>1,000 ml 342 (6.3%) 2.56 (2.22, 2.94) <0.001 1.42 (1.11, 1.82) 0.006

Renal failureb <0.001 0.002

Crystalloids only (reference) 803 (4.0%) 1 1

Synthetic colloids ≤500 ml 280 (4,7%) 1.18 (1.02, 1.35) 0.022 1.02 (0.9, 1.17) 0.746

500–1,000 ml 256 (5.3%) 1.35 (1.17, 1.56) <0.001 1.05 (0.90, 1.17) 0.549

>1,000 ml 446 (8.2%) 2.14 (1.9, 2.41) <0.001 1.32 (1.12, 1.57) 0.001

Multiple-organ-failureb <0.001 <0.001

Crystalloids only (reference) 4,388 (21.8%) 1 — 1 —

Synthetic colloids ≤500 ml 1,844 (30.8%) 1.59 (1.49, 1.7) <0.001 1.36 (1.24, 1.5) <0.001

500–1,000 ml 1,599 (33.3%) 1.79 (1.67, 1.91) <0.001 1.39 (1.27, 1.53) <0.001

>1,000 ml 2,195 (40.3%) 2.41 (2.26, 2.57) <0.001 1.40 (1.23, 1.6) <0.001

Hospital mortalityc <0.001 0.594

Crystalloids only (reference) 3,021 (10.4%) 1 — 1 —

Synthetic colloids ≤500 ml 956 (12.9%) 1.27 (1.18, 1.37) <0.001 0.96 (0.86, 1.07) 0.473

500–1,000 ml 823 (14.5%) 1.45 (1.34, 1.58) <0.001 0.99 (0.87, 1.12) 0.829

>1,000 ml 1,112 (17.3%) 1.79 (1.66, 1.93) <0.001 1.06 (0.91, 1.24) 0.485

Table 3. Effect of synthetic colloid dosage on outcomes. OR; odds ratio, CI; confidence interval. aAdjusted 
odds ratios result from multiple logistic regression analyses using generalized estimating equations with an 
exchangeable covariance matrix controlling for the following covariates: Revised Injury Severity Classification 
score, version 2, variables (Abbreviated Injury Scale worst injury, second-worst injury, head injury, age, 
gender, mechanism (penetrating vs. blunt), motor function, pupil reactivity, blood pressure, cardiopulmonary 
resuscitation, International Normalized Ratio, haemoglobin, base deficit; all variables categorized), red blood 
cell transfusion, transfusion of more than 10 packs of red blood cells, infusion of more than 4,000 ml fluids, 
treatment until/after 2011. Detailed results given in Suppl. Tables 1–4. bAnalyses conducted among 36,330 
patients with an ICU stay ≥2 days. cAnalyses conducted among all 48,484 included patients.



www.nature.com/scientificreports/

7SCIEnTIFIC RePoRTS |  (2018) 8:11567  | DOI:10.1038/s41598-018-30053-0

References
 1. Finfer, S. et al. Resuscitation fluid use in critically ill adults: an international cross-sectional study in 391 intensive care units. Crit. 

Care 14, R185 (2010).
 2. Myburgh, J. A. et al. Hydroxyethyl starch or saline for fluid resuscitation in intensive care. N. Engl. J. Med. 367, 1901–1911 (2012).
 3. Perner, A. et al. Hydroxyethyl starch 130/0.42 versus Ringer’s acetate in severe sepsis. N. Engl. J. Med. 367, 124–134 (2012).
 4. Brunkhorst, F. M. et al. Intensive insulin therapy and pentastarch resuscitation in severe sepsis. N. Engl. J. Med. 358, 125–139 (2008).
 5. Hartog, C. S., Natanson, C., Sun, J., Klein, H. G. & Reinhart, K. Concerns over use of hydroxyethyl starch solutions. B. M. J. 349, 

g5981 (2014).
 6. EMA. Assessment report for solutions for infusion containing hydroxyethyl starch, 11 November 2013. http://www.ema.europa.eu/

docs/en_GB/document_library/Referrals_document/Hydroxyethyl_starch-containing_medicines_107/Recommendation_
provided_by_Pharmacovigilance_Risk_Assessment_Committee/WC500154254.pdf

 7. James, M. F. et al. Resuscitation with hydroxyethyl starch improves renal function and lactate clearance in penetrating trauma in a 
randomized controlled study: the FIRST trial (Fluids in Resuscitation of Severe Trauma). Br. J. Anaesth. 107, 693–702 (2011).

 8. James, M. F. et al. Reply from the authors. Br. J. Anaesth. 108, 60–61 (2012).
 9. Wiedermann, C. J. & Wiedermann, W. Beautiful small: Misleading large randomized controlled trials? The example of colloids for 

volume resuscitation. J. Anaesthesiol. Clin. Pharmacol. 31, 394–400 (2015).
 10. Allen, C. J. et al. Differences between blunt and penetrating trauma after resuscitation with hydroxyethyl starch. J. Trauma Acute 

Care Surg. 77, 859–864 (2014).
 11. Allen, C. J. et al. Is Hydroxyethyl Starch Safe in Penetrating Trauma Patients? Mil. Med. 181(5 Suppl), 152–155 (2016).
 12. Eriksson, M., Brattström, O., Mårtensson, J., Larsson, E. & Oldner, A. Acute kidney injury following severe trauma: Risk factors and 

long-term outcome. J. Trauma Acute Care Surg. 79, 407–412 (2015).
 13. Leberle, R. et al. Association of high volumes of hydroxyethyl starch with acute kidney injury in elderly trauma patients. Injury 46, 

105–109 (2015).
 14. Xue, F. S., Liu, G. P., Li, R. P. & Sun, C. Is fluid resuscitation with high-volume hydroxyethyl starch safe for the kidney in trauma 

patients? Injury 46, 1698–1699 (2015).
 15. FDA public citizen letter. Published February 8, 2017, http://www.citizen.org/documents/2358.pdf. Accessed June 15, 2017
 16. EMA. Hydroxyethyl-starch solutions (HES) should no longer be used in patients with sepsis or burn injuries or in critically ill 

patients—CMDh endorses PRAC recommendations. HES will be available in restricted patient populations. www.ema.europa.eu/
docs/en_GB/document_library/Referrals_document/Solutions_for_ infusion_containing_hydroxyethyl_starch/Position_
provided_by_CMDh/WC500153119.pdf Press release, 25 October 2013.

 17. Arznei-telegramm. Restriction of use of hydroxyethyl starch instead of a withdrawal from the market - niche indication with 
insufficient supporting data. arznei-telegramm 44, 113 (2013).

 18. Hydroxyethyl-starch solutions for infusion to be suspended – CMDh endorses PRAC recommendation. Suspension due to serious 
risks of kidney injury and death in certain patient populations. http://www.ema.europa.eu/ema/index.jsp?curl = pages/medicines/
human/referrals/Hydroxyethyl_starch_(HES)_containing_medicinal_products/human_referral_prac_000068.
jsp&mid = WC0b01ac05805c516f accessed February 13, 2018.

 19. Kashy, B. K. et al. Effect of hydroxyethyl starch on postoperative kidney function in patients having noncardiac surgery. 
Anesthesiology 121, 730–739 (2014).

 20. Wilkes, M. M. & Navickis, R. J. Postoperative renal replacement therapy after hydroxyethyl starch infusion: a meta-analysis of 
randomised trials. Neth. J. Crit. Care 18, 4–9 (2014).

 21. Bayer, O. et al. Perioperative fluid therapy with tetrastarch and gelatin in cardiac surgery-a prospective sequential analysis. Crit. Care 
Med. 41, 2532–2542 (2013).

 22. Caironi, P. et al. Albumin replacement in patients with severe sepsis or septic shock. N. Engl. J. Med. 370, 1412–1421 (2014).
 23. Navickis, R. J., Haynes, G. R. & Wilkes, M. M. Effect of hydroxyethyl starch on bleeding after cardiopulmonary bypass: a meta-

analysis of randomized trials. J. Thorac. Cardiovasc. Surg. 144, 223–230 (2012).
 24. Rasmussen, K. C., Secher, N. H. & Pedersen, T. Effect of perioperative crystalloid or colloid fluid therapy on hemorrhage, coagulation 

competence, and outcome: A systematic review and stratified meta-analysis. Medicine (Baltimore) 95, e4498 (2016).
 25. Hartog, C. S., Reuter, D., Loesche, W., Hofmann, M. & Reinhart, K. Influence of hydroxyethyl starch (HES) 130/0.4 on hemostasis 

as measured by viscoelastic device analysis: a systematic review. Intensive Care Med. 37, 1725–1737 (2011).
 26. Zaar, M. et al. Initial administration of hydroxyethyl starch vs lactated Ringer after liver trauma in the pig. Br. J. Anaesth. 102, 

221–226 (2009).
 27. Alam, H. B. et al. Hemostatic and pharmacologic resuscitation: results of a long-term survival study in a swine polytrauma model. 

J. Trauma 70, 636–645 (2011).
 28. Kheirabadi, B. S. et al. Does small-volume resuscitation with crystalloids or colloids influence hemostasis and survival of rabbits 

subjected to lethal uncontrolled hemorrhage? J. Trauma Acute Care Surg. 82, 156–164 (2017).
 29. Dalrymple-Hay, M., Aitchison, R., Collins, P., Sekhar, M. & Colvin, B. Hydroxyethyl starch induced acquired von Willebrand’s 

disease. Clin. Lab. Haematol. 14, 209–211 (1992).
 30. de Jonge, E., Levi, M., Buller, H. R., Berends, F. & Kesecioglu, J. Decreased circulating levels of von Willebrand factor after 

intravenous administration of a rapidly degradable hydroxyethyl starch (HES 200/0.5/6) in healthy human subjects. Intensive Care 
Med. 27, 1825–1829 (2001).

 31. Niemi, T. T. & Kuitunen, A. H. Artificial colloids impair haemostasis. An in vitro study using thromboelastometry coagulation 
analysis. Acta Anaesthesiol. Scand. 49, 373–378 (2005).

 32. Bellmann, R., Feistritzer, C. & Wiedermann, C. J. Effect of molecular weight and substitution on tissue uptake of hydroxyethyl 
starch: a meta-analysis of clinical studies. Clin. Pharmacokinet. 51, 225–236 (2012).

 33. Wiedermann, C. J. & Joannidis, M. Accumulation of hydroxyethyl starch in human and animal tissues: a systematic review. Intensive 
Care Med. 40, 160–170 (2014).

 34. Assessment report for solutions for infusion containing hydroxyethyl starch. Procedure under Article 107i of Directive 2001/83/EC
 35. Perner, A. & Reinhart, K. Evidence-based fluid therapy. Intensive Care Med. 39, 782–783 (2013).
 36. Driessen, A. et al. Prehospital volume resuscitation - Did evidence defeat the crystalloid dogma? An analysis of the TraumaRegister 

DGU® 2002-2012. Scand. J. Trauma Resusc. Emerg. Med. 24, 42 (2016).
 37. Hammond, N. E. et al. Patterns of intravenous fluid resuscitation use in adult intensive care patients between 2007 and 2014: An 

international cross-sectional study. PLoS One 12, e0176292 (2017).
 38. Rossaint, R. et al. The European guideline on management of major bleeding and coagulopathy following trauma: fourth edition. 

Crit. Care 20, 100 (2016).
 39. AWMF S3-Leitlinie Polytrauma/Schwerverletzten-Behandlung, Registrierungsnummer 012–019, AWMF, Düsseldorf, http://www.

awmf.org/leitlinien. Accessed June 15, 2017.
 40. Raum, M. R. & Waydhas, C. Prehospital fluid resuscitation in trauma. Notfall Rettungsmed. 12, 188–192 (2009).
 41. Lefering, R., Huber-Wagner, S., Nienaber, U., Maegele, M. & Bouillon, B. Update of the trauma risk adjustment model of the 

TraumaRegister DGU™: the Revised Injury Severity Classification, version II. Crit. Care 18, 476 (2014).
 42. Liang, K.-Y. & Zeger, S. L. Longitudinal data analysis using generalized linear models. Biometrika 73, 13–22 (1986).

http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Hydroxyethyl_starch-containing_medicines_107/Recommendation_provided_by_Pharmacovigilance_Risk_Assessment_Committee/WC500154254.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Hydroxyethyl_starch-containing_medicines_107/Recommendation_provided_by_Pharmacovigilance_Risk_Assessment_Committee/WC500154254.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Hydroxyethyl_starch-containing_medicines_107/Recommendation_provided_by_Pharmacovigilance_Risk_Assessment_Committee/WC500154254.pdf
http://www.citizen.org/documents/2358.pdf
http://www.ema.europa.eu/ema/index.jsp?curl%e2%80%89=%e2%80%89pages/medicines/human/referrals/Hydroxyethyl_starch_HES)_containing_medicinal_products/human_referral_prac_000068.jsp%26mid%e2%80%89=%e2%80%89WC0b01ac05805c516f(HES)_containing_medicinal_products/human_referral_prac_000068.jsp%26mid%e2%80%89=%e2%80%89WC0b01ac05805c516f
http://www.ema.europa.eu/ema/index.jsp?curl%e2%80%89=%e2%80%89pages/medicines/human/referrals/Hydroxyethyl_starch_HES)_containing_medicinal_products/human_referral_prac_000068.jsp%26mid%e2%80%89=%e2%80%89WC0b01ac05805c516f(HES)_containing_medicinal_products/human_referral_prac_000068.jsp%26mid%e2%80%89=%e2%80%89WC0b01ac05805c516f
http://www.ema.europa.eu/ema/index.jsp?curl%e2%80%89=%e2%80%89pages/medicines/human/referrals/Hydroxyethyl_starch_HES)_containing_medicinal_products/human_referral_prac_000068.jsp%26mid%e2%80%89=%e2%80%89WC0b01ac05805c516f(HES)_containing_medicinal_products/human_referral_prac_000068.jsp%26mid%e2%80%89=%e2%80%89WC0b01ac05805c516f
http://www.awmf.org/leitlinien
http://www.awmf.org/leitlinien


www.nature.com/scientificreports/

8SCIEnTIFIC RePoRTS |  (2018) 8:11567  | DOI:10.1038/s41598-018-30053-0

Acknowledgements
We would like to thank the TraumaRegister-DGU of the German Trauma Society for their support. There was no 
funding for this study. We acknowledge support from the German Research Foundation (DFG) and University of 
Leipzig within the program of Open Access Publishing.

Author Contributions
P.H.-C. designed the study and contributed to the data collection and analysis and writing of the manuscript. 
M.F.S. drafted the manuscript. D.S., R.L. and M.B. participated in the data analysis and acquisition, drafting, and 
revision of the manuscript. K.R., C.S.H. and M.F.S. contributed to the data interpretation, writing and critical 
revision of the manuscript. All authors read and approved the final manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-30053-0.
Competing Interests: All authors declare that they have no competing interests regarding this manuscript. 
R.L. declares that his institute has an ongoing service agreement with AUC GmbH who is the owner of the 
TraumaRegister DGU. This agreement includes also the statistical support of scientific analyses of registry data. 
D.S. declares that he has no conflicts of interest. He is fully employed by the Center for Sepsis Control and Care. 
The CSCC is funded by the German Ministry of Education and Research (BMBF No. 01EO1502). K.R. declares 
that he is unpaid chair of the Global Sepsis Alliance that for which CLS Behring is a sponsor, he is a paid advisor 
of Adrenomed Berlin, Germany and holds equity in InflaRx Jena, Germany. C.S.H. declares that she is partially 
employed by the MidGerman Sepsis Cohort (MSC) which receives funding by the Integrated Research and 
Treatment Center - Center for Sepsis Control and Care (CSCC) at the Jena University Hospital and the Rudolf 
Presl GmbH, Kreischa. The CSCC is funded by the German Ministry of Education and Research (BMBF No. 
01EO1502). The remaining authors have disclosed that they do not have any conflicts of interest.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1038/s41598-018-30053-0
http://creativecommons.org/licenses/by/4.0/

	Synthetic colloid resuscitation in severely injured patients: analysis of a nationwide trauma registry (TraumaRegister DGU) ...
	Purpose. 
	Results
	Effects of synthetic colloid dosage on outcomes. 

	Discussion
	Conclusions
	Methods
	Data source. 
	Sample. 
	Measurements. 
	Statistical analyses. 
	Ethics approval and consent to participate. 
	Availability of data and material. 


	Acknowledgements
	Figure 1 Fluid resuscitation and transfusion of blood products over time, stratified by injury severity score (ISS).
	Table 1 Baseline characteristics, laboratory results, and length of stay.
	Table 2 Fluid resuscitation and transfusion of blood products until intensive care unit admission.
	Table 3 Effect of synthetic colloid dosage on outcomes.




