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Abstract
Introduction: Crystalloid and colloid solutions commonly
used in intensive and perioperative care can affect hae-
mocoagulation status. This in vitro study assessed the im-
pact of Plasma-Lyte, albunorm 5%, and Gelaspan 4% solu-
tions on primary and secondary haemostasis using rota-
tional thromboelastometry and platelet function analyser.
Methods: In this prospective study, we examined blood
samples from 20 healthy volunteers using rotational
thromboelastometry and platelet function analyser. Simul-
taneously, we analysed the blood samples subjected to 10%
dilution using Plasma-Lyte, albunorm 5%, and Gelaspan
4% solutions. Results: Compared to controls, Plasma-Lyte
shortened EXTEM-CT (p = 0.005) and reduced FIBTEM-MCF
(p = 0.017). albunorm 5% prolonged EXTEM-CFT (p = 0.001),
decreased EXTEM-alpha (p < 0.001) and MCF in EXTEM,
INTEM, and FIBTEM tests (p < 0.001, p = 0.038, p = 0.001,
respectively), along with MCE in the PLTEM test (p < 0.001).
Gelaspan 4% also prolonged EXTEM-CFT (p < 0.001), de-
creased EXTEM-alpha (p < 0.001) and MCF in EXTEM, INTEM,
and FIBTEM tests (p < 0.001, p < 0.001, p = 0.009, respec-
tively), along with MCE in the PLTEM test (p < 0.001). Ge-
laspan 4% also reduced EXTEM-CT (p = 0.021). All solution
prolonged CT in PFA Col/ADP (p = 0.003 for Plasma-Lyte, p <
0.001 for albunorm and Gelaspan) and albunorm 5% also

prolonged CT in Col/Epi (p = 0.003). Conclusion: Plasma-Lyte
had the least effect on secondary haemostasis, whereas
albunorm 5% had the least effect among colloids. Gelaspan
4% adversely affected the propagation phase of coagula-
tion, maximal strength and elasticity of the coagulum, and
the level of functional fibrinogen. All solutions adversely
affected platelet function in primary haemostasis, with
Plasma-Lyte showing the least effect.
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Introduction

Intensive and perioperative care frequently involve
infusion therapy, aiming to replace circulating volume
and maintain organ perfusion [1]. Currently, balanced
solutions, predominantly crystalloids over colloids, are
preferred [2]. Various crystalloid solutions with dif-
fering compositions are available, alongside colloids
such as human albumin and semi-synthetically or
synthetically produced solutions. The selection of a
specific solution depends on the clinical situation and
anticipated outcomes.

Crystalloids, containing electrolytes and/or low-
molecular-weight sugars, do not increase plasma on-
cotic pressure after infusion and therefore pass relatively
easily from the endovascular to the interstitial space. This
results in approximately one-third to one-quarter of the
administered crystalloid volume remaining in the
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circulation. In contrast, colloids, due to their high mo-
lecular weight content (i.e., hydroxyethyl starch [HES],
gelatine, dextran, albumin), increase oncotic pressure.
Therefore, under conditions of intact endothelial glyco-
calyx, they pass extravascularly less readily, resulting in
higher volume retention in the circulation and a more
pronounced haemodynamic effect compared with crys-
talloids. However, when the glycocalyx is damaged (e.g.,
sepsis, trauma), permeability even for large molecules is
increased. This increases the extravasation rate even for
colloids and decreases their haemodynamic effect. It is
important to highlight that the incorrect amount of so-
lution administered may contribute to worsened mor-
bidity and mortality [1, 2].

The composition of the solution can further impact
mortality and morbidity. For example, saline solution,
characterized by high concentrations of sodium chloride
and a pH <6.0, has been associated with decreased renal
flow and glomerular filtration [1, 2]. Moreover, solutions
containing lactate as a buffering component are inap-
propriate, particularly in patients with higher serum
lactate levels. Additionally, the use of HES, especially in
patients with sepsis, has been associated with acute renal
failure and the need for renal replacement therapy [1]. In
contrast, the administration of albumin solution may
confer benefits due to its role in maintaining oncotic
plasma pressure, fluid dynamics at the microvascular
level, glycocalyx stabilization, molecule transport, and
antioxidant and immunomodulatory properties [1, 2].

Apart from variations in solution characteristics, dif-
ferences in the impact on haemocoagulation status also
distinguish them. This influence may stem from the
dilution of the coagulation factors. Conversely, certain
procoagulant effects of crystalloids and perhaps gelatine
have been described [3]. Studies, investigating the effects
of solutions on haemocoagulation, vary in the solutions
used, involving 0.9% saline or other unbalanced solutions.
Methodological differences also exist. Some studies as-
sessed coagulation using standard tests, such as pro-
thrombin time (PT) and activated partial thromboplastin
time (aPTT), while others use viscoelastometric methods
or investigate platelet function [4–15].

Sevcikova et al. performed an in vitro and in vivo study
at our institution. Using rotational thromboelastometry,
they found that a balanced crystalloid solution did not
negatively affect haemocoagulation, whereas balanced
colloid solutions could negatively affect the propagation
phase of coagulation, coagulum strength, and functional
fibrinogen levels [4, 5]. Among the colloids, however, she
used the HES solution. In our department, we have not
used this type of solution in recent years, and according to
the European Medicines Agency recommendations, HES
is not available in the market from 2022.

Therefore, this study aimed to evaluate the effects of
currently available crystalloid and colloid solutions on

primary haemostasis using platelet function analyser
(Innovance PFA-200, Siemens Healthineers, Germany).
Given that haemocoagulation is more accurately de-
scribed by the cellular model [16], we utilized the vis-
coelastometric method of rotational thromboelastometry
(ROTEM, TEM International, Germany) to assess hae-
mocoagulation in whole blood samples. This approach is
more suitable for a comprehensive understanding of
in vivo secondary haemostasis [17]. Unlike standard
coagulation tests (PT, aPTT), rotational thromboelas-
tometry provides a more detailed real-time analysis of
coagulation processes [18, 19]. The objectives of this
study were to determine the effect of Plasma-Lyte crys-
talloid solution, as well as colloid solutions containing
gelatine (Gelaspan 4%) and human albumin (albunorm
5%) on haemocoagulation status, and to find a solution
with minimal impact on haemostasis.

Methods

A total of 20 healthy subjects, with no history of co-
agulation disorders, no history of use of drugs affecting
coagulation, and non-smokers, were included in the
study. The subjects had a total of 14 mL of venous blood
drawn by a single venipuncture using a 0.8 mm needle
and a closed system (3.5 mL each into four VACUETTE
tubes containing 3.2% sodium citrate). After sampling,
each tube was gently inverted several times to ensure
proper mixing of the blood with the anticoagulant. The
samples were stored at room temperature (21–25°C) and
processed within 60–120 min. During this period, the
samples were carefully inverted at regular intervals until
they were either analysed using PFA-200 or warmed to
the operating temperature of 37°C for ROTEM analysis.
For each test, 300 μL of citrated blood was used for
ROTEM and 800 μL for PFA.

One blood sample served as a control, whereas the
replacement solution (30 μL for ROTEM and 80 μL for
PFA) was added to the remaining samples. The objective
was to achieve a 10% dilution of the examined blood
samples.

Replacement solutions were those commonly used in
our department at present. These were balanced solutions
of crystalloid (Plasma-Lyte, Baxter Czech, s. r. o.), 5%
human albumin (albunorm 50 g/L, Octapharma, Bel-
gium), and gelatine (Gelaspan 4%, B. Braun Melsungen
AG, Germany).

According to the operating manual of the ROTEM
delta machine [20], following tests were performed for
each sample: EXTEM test (extrinsic coagulation path-
way test, activated by calcium and recombinant tissue
factor with phospholipids), FIBTEM (fibrinogen func-
tional assay, activated by recombinant tissue factor with
phospholipids and platelet blocker, cytochalasin D), and
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INTEM (intrinsic coagulation pathway assay, activated
by the addition of calcium and ellagic acid with phos-
pholipids). For the EXTEM and INTEM assays, the
following parameters were monitored: CT (clotting
time, corresponding to the initiation phase of coagu-
lation), alpha angle and CFT (clot formation time, de-
scribing the propagation phase of coagulation), MCF
(maximum clot firmness), and LI60 (lysis index at
minute 60, describing the stability of the coagulum and
fibrinolysis). The MCF parameter was monitored in the
FIBTEM test, which evaluates the functional fibrinogen
level [18, 20]. The MCE (maximum clot elasticity) pa-
rameters for the EXTEM and FIBTEM tests were cal-
culated. Their difference (hereafter referred to as
PLTEM-MCE) describes the elasticity of the coagulum,
reflecting platelet function [21].

During the PFA examination, the CT parameter
(closure time) was evaluated using Col/Epi (test con-
taining collagen and epinephrine) and Col/ADP (test
containing collagen and adenosine diphosphate). Both
assays simulate adhesion and aggregation on a membrane
containing an activator under conditions of high shear
stress [18].

For statistical analysis, descriptive statistics methods
were used, including determination of the mean, minimum
and maximum values, median, and interquartile range of
the observed parameters. Paired T tests were used to assess

differences between the samples, with p values <0.05
considered significant. Data analysis was performed using
Statistica 14.0 software (TIBCO Software Inc.).

Results

We examined blood samples from 20 subjects (50%
female, 50% male, median age 35 years, median BMI 24.8
kg.m−2). The results for each solution are listed in Table 1.
Table 2 presents an inter-comparison of the solutions
used. Comparison of the solutions with the control
sample and inter-comparison in the ROTEM and PFA
tests are presented in Figures 1 and 2.

Although albunorm had no statistically significant
effect on the EXTEM-CT parameter compared to the
control, the use of Plasma-Lyte and Gelaspan resulted in a
significant reduction in this parameter. Thus, the partial
procoagulant effects of both the solutions can be dis-
cussed. No statistically significant difference was observed
when comparing Plasma-Lyte with Gelaspan.

In contrast, Gelaspan and albunorm demonstrated a
hypocoagulant effect on the EXTEM-CFT andEXTEM-alpha
parameters. Their use was associated with both a significant
prolongation of the CFT parameter and a significant decrease
in the alpha angle compared with the control. These pa-
rameters remained unaffected by Plasma-Lyte.

Table 1. Effect of crystalloid and colloid solutions on ROTEM and PFA test parameters and their comparison with control sample

Control Plasma-Lyte p value albunorm 5% p value Gelaspan 4% p value

EXTEM
CT, s 72 (69–77) 68 (61–76) 0.005 71 (64–79) 0.082 71 (64–76) 0.021
CFT, s 82 (65–86) 79 (65–87) 0.980 86 (71–96) 0.001 91 (80–105) <0.001
α, ° 74 (73–77) 74 (72–77) 0.405 73 (71–75) <0.001 72 (70–74) <0.001
MCF, mm 63 (60–69) 64 (60–67) 0.143 62 (59–64) <0.001 62 (59–66) <0.001
LI60, % 89 (88–93) 90 (87–94) 0.151 92 (88–94) 0.199 93 (89–93) 0.051

INTEM
CT, s 192 (155–243) 181 (171–211) 0.379 193 (159–227) 0.597 187 (163–222) 0.332
CFT, s 75 (59–90) 72 (60–84) 0.233 81 (68–94) 0.923 83 (71–96) 0.663
α, ° 75 (72–78) 76 (73–78) 0.168 74 (72–77) 0.849 73 (71–76) 0.796
MCF, mm 60 (58–64) 61 (57–62) 0.697 58 (55–63) 0.038 58 (54–62) <0.001
LI60, % 92 (87–94) 91 (88–93) 0.697 91 (88–94) 0.242 91 (88–94) 0.592

FIBTEM
MCF, mm 14 (12–18) 13 (10–18) 0.017 13 (10–15) 0.001 12 (10–15) 0.009

PLTEM
MCE 156 (136–204) 158 (140–186) 0.220 146 (131–163) <0.001 145 (132–175) <0.001

PFA
Col/Epi-CT, s 187 (129–300) 189 (146–300) 0.459 202 (156–300) 0.030 186 (150–300) 0.131
Col/ADP-CT, s 89 (83–108) 106 (94–130) 0.003 127 (94–141) <0.001 107 (98–130) <0.001

Values are expressed as median with IQR. CFT, clot formation time; Col/ADP-CT, closure time in test with collagen/adenosine
diphosphate; Col/Epi-CT, closure time in test with collagen/epinephrine; CT, clotting time; LI60, lysis index in 60 min; MCE,
maximum clot elasticity; MCF, maximum clot firmness. Bold values are values with statistical significance of p < 0.05.
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A significant difference was found in the EXTEM-CFT
parameter between albunorm and Gelaspan, with the
latter exhibiting the most pronounced effect on pro-
longation of this parameter. However, no significant
differences were observed in the EXTEM-alpha param-
eters between these solutions.

Furthermore, albunorm and Gelaspan demonstrated a
significant reduction in themaximum coagulum strength,
as indicated by the EXTEM-MCF parameter, compared
with the control. Thus, both solutions exhibited hypo-
coagulant effects. Conversely, the use of Plasma-Lyte did
not significantly affect the MCF parameter.

When comparing albunorm and Gelaspan, no sig-
nificant differences were observed in the MCF parame-
ters. None of the solutions had a significant effect on the
EXTEM-LI60 parameter compared with the control.
Similarly, no significant differences were observed when
all the three solutions were compared.

The use of all solutions resulted in a significant decrease
in the FIBTEM-MCF parameter compared with the control
sample. The most notable difference was observed with the
albunorm and Gelaspan, followed by Plasma-Lyte. How-
ever, no statistically significant differences were observed
when the solutions were compared.

The use of Plasma-Lyte did not induce a change in the
PLTEM-MCE parameter. However, the administration of
both the colloid solutions led to a significant decrease in
this parameter. No significant difference was observed
between albunorm and Gelaspan.

None of the solutions produced a significant alter-
ation in the INTEM-CT, INTEM-CFT, INTEM-alpha,
or INTEM-LI60 parameters compared with the control.
However, the administration of Gelaspan and albu-
norm resulted in a significant reduction in the INTEM-
MCF parameter compared to the control sample.
Conversely, Plasma-Lyte had no effect on the INTEM-
MCF parameter.

Upon comparing the colloid solutions, no sig-
nificant difference was observed in their influence on
the MCF parameter. All solutions led to a significant
prolongation of the CT parameter in the Col/ADP
PFA test compared with the control. The least
prolongation was observed in Plasma-Lyte. How-
ever, when comparing the solutions, no significant
differences were observed. Only the administration
of albunorm resulted in a significant prolongation
of CT parameters in the Col/Epi PFA test. A sig-
nificant difference was observed between albunorm

Table 2. Inter-comparison of crystalloid and colloid solutions in their effect on ROTEM and PFA test
parameters

Plasma-Lyte versus
albunorm

Plasma-Lyte versus
Gelaspan

albunorm versus
Gelaspan

p value p value p value

EXTEM
CT 0.191 0.0764 0.220
CFT <0.001 <0.001 0.018
α 0.809 0.653 0.202
MCF <0.001 <0.001 0.202
LI60 >0.999 0.088 0.241

INTEM
CT 0.565 0.764 0.321
CFT 0.059 0.005 0.119
α 0.068 0.009 0.179
MCF 0.028 <0.001 0.655
LI60 0.057 0.863 0.232

FIBTEM
MCF 0.098 0.204 0.799

PLTEM
MCE <0.001 <0.001 0.256

PFA
Col/Epi-CT 0.048 0.481 0.330
Col/ADP-CT 0.095 0.404 0.284

The numbers are p values. CFT, clot formation time; Col/ADP-CT, closure time in test with collagen/
adenosine diphosphate; Col/Epi-CT, closure time in test with collagen/epinephrine; CT, clotting time; LI60,
lysis index in 60 min; MCE, maximum clot elasticity; MCF, maximum clot firmness. Bold values are values with
statistical significance of p < 0.05.
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and Plasma-Lyte but not between albunorm and
Gelaspan.

Only the FIBTEM test exhibited a decrease in the MCF
to just below the lower limit of normal for all solutions
used. No changes outside the reference limits were ob-
served in the other parameters. However, in the PFA tests,
the use of all solutions resulted in a prolongation of the
CT parameter, which in some cases exceeded the upper
limit of normal and was unmeasurable.

Discussion

Infusion therapy exerts varying effects on the state of
haemocoagulation, including a non-specific haemodilu-
tion effect as well as specific impacts of macromolecules
present in colloid solutions [6, 22]. The effects of solu-
tions on primary and secondary haemostasis have been
investigated by several authors. However, individual
studies differ in the solutions used (both unbalanced and
balanced crystalloid and colloid solutions), the amount or
degree of administered haemodilution, the methodology

used to assess haemostasis (including standard coagu-
lation tests such as PT and aPTT, as well as TEG, RO-
TEM, PFA-100/200, and Multiplate), and the conditions
under which the studies were conducted (whether in vitro
or in vivo, involving human or animal subjects).

In summary of these studies, crystalloid or saline
solutions, particularly at lower doses or dilution rates,
have a less significant effect on haemostasis. Among
colloids, albumin solutions exhibit the least impact on
haemocoagulation at lower doses. They are followed by
gelatine solutions and perhaps the most negative effects
are attributed to HES, especially those with high mo-
lecular weight and high degree of substitution. In our
study, we observed that all solutions adversely affected
platelet function in primary haemostasis, with Plasma-
Lyte having the least negative impact. No significant
difference was found between the two colloids, albunorm
and Gelaspan. Plasma-Lyte also had the least negative
effect on secondary haemostasis, causing only a reduction
in functional fibrinogen levels. Additionally, both
Plasma-Lyte and Gelaspan shortened the initiation phase,
demonstrating a procoagulant effect. However, Gelaspan

1
(Figure continued on next page.)
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and Albumin had a negative impact on the propagation
phase of coagulation, maximal clot strength and elasticity,
and functional fibrinogen levels. Gelaspan had a more
adverse effect on the propagation phase compared to
albumin.

Effect of Solutions on Primary Haemostasis
In our study, we observed a negative effect on primary

haemostasis, as examined using the PFA-200 device,
across all solutions used. This could be attributed to
diminished platelet counts resulting from haemodilution
as well as to the specific effects of the colloids. The po-
tential influence of albumin on platelet reactivity has been
indirectly suggested to occur through the binding of both
pro-aggregating and anti-aggregating agents, such as
prostaglandins [22]. Similarly, gelatine has been associ-
ated with adverse effects on platelet aggregation, von
Willebrand factor, and factor VIII levels. Additionally,
there are steric interactions between the macromolecules
of infusion solutions and the platelet glycocalyx in which

the macromolecules are immobilized. This leads to a
limitation of the access of other molecules to the platelet
surface and other changes, e.g., in the ability of aggre-
gation and adhesion or electrokinetic properties of the
cells. In this way, the ability of the prothrombinase and
tenase complex to bind to the surface of activated platelets
may be affected. Steric effect has been particularly de-
scribed for dextrans and HES and is dependent on their
molecular weight [22–24].

The impact of HES on platelet function has been
extensively investigated by Franz et al. [7]. They dem-
onstrated that HES inhibits platelet function by reducing
the expression of glycoprotein IIb/IIIa. The smallest in-
hibitory effect was observed for HES with a lower mo-
lecular weight (130 kDa) and a lower degree of substi-
tution (0.38–0.45). In addition, they compared HES to
saline. At a low dilution (induced by an infusion volume
of 10 mL.kg−1 b.w.), saline showed no significant effect on
the prolongation of the CT parameter in the PFA Col/
ADP test. However, at a 40% dilution (performed

Fig. 1. Effect of crystalloid and colloid solutions on ROTEM test
parameters and their comparison with the control sample and
inter-comparison. CFT, clot formation time; CT, clotting time;
EXTEM, extrinsic coagulation pathway test; FIBTEM, fibrinogen
functional assay; INTEM, intrinsic coagulation pathway text; LI60,

lysis index in 60 min; MCE, maximum clot elasticity; MCF,
maximum clot firmness; PLTEM-MCE, maximum clot elasticity in
platelet function assay; ROTEM, rotational thromboelastometry.
Statistical significance: NS, non-significant; *p < 0.05; **p < 0.01;
***p < 0.001.
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ex vivo), this parameter was significantly prolonged.
Compared with HES, saline also resulted in the least
prolongation of the CT parameter at this dilution.
Similarly, in our study, the use of a crystalloid solution led
to a prolongation of the CT parameter in the Col/ADP
assay. An explanation for the observed prolongation, even
at low dilution, may be attributed to differences in the
methodology. While in our study dilution, dilution was
conducted in vitro, in the aforementioned study, it was
performed in vivo.

Boyd et al. [8] also observed that the crystalloid so-
lution had the least significant effect on the CT parameter
using the PFA Col/ADP test. Notably, they also used
Plasma-Lyte solution similar to that used in our study.
Succinylated gelatine (Gelofusine) had the most pro-
nounced negative effect on the CT parameter, followed by
HES 130/0.4 (Volulyte 6%).

Kind et al. [9] investigated the in vitro effect of 60%
dilution using balanced and unbalanced gelatine and
HES. They assessed platelet function utilizing the Mul-
tiplate device. Significant impairment of platelet function
was observed in all solutions. Among these solutions, 4%
balanced gelatine (Physiogel) had the least effect.

Li et al. [10] assessed the effects of 5% albumin and
HES 130/0.4 on primary haemostasis in patients un-
dergoing elective neurosurgery using the Multiplate de-
vice. No significant changes were observed whenHES or a
small volume of albumin (250 mL) was used. Only a
negative effect was observed with a larger volume of
albumin (500 mL) on test with adenosine diphosphate. It
is important to highlight that this study administered

varying volumes of HES and albumin, and the patients
also received different volumes of saline.

In a study by Sigurjonsson et al. [11], the albumin
solution was also investigated. They evaluated the in-
fluence on primary haemostasis in gynaecological sur-
geries using the Multiplate device after administration of
5% albumin and 6% dextran. The use of either solution
did not lead to pathological changes in the tests, and the
solutions did not differ in the given parameters.

Effect of Solutions on Secondary Haemostasis
In our study, we used the ROTEM delta device to

assess secondary haemostasis. During the initiation
phase, we observed a procoagulant effect with Plasma-
Lyte and, to a lesser extent, with Gelaspan, manifested by
a reduction in the EXTEM-CT parameter. A similar
effect, but for saline solution, was reported even at a 30%
dilution by Shlimp et al. [12] in their in vitro study. No
difference was observed for gelatine in this parameter.
The CT parameters were prolonged when 5% albumin
was administered, although the values remained within
the reference range. In contrast, this threshold was ex-
ceeded when using HES 130/0.4. Zdolsek et al. [6] ob-
served a mild procoagulant effect when using HES 130/
0.42, 130/0.4, 200/0.5 and dextran 70, but they used CT
parameter in NATEM test (native rotational throm-
boelastometry). Weiss et al. [13] did not observe this
procoagulant effect in their study comparing saline and
HES 130/0.4. However, in the case of saline, a significant
prolongation of the EXTEM-CT parameter was noted up
to 70% dilution, whereas with HES, this effect was

Fig. 2. Effect of crystalloid and colloid solutions on PFA test parameters and their comparison with the control
sample and inter-comparison. Col/ADP-CT, closure time in test with collagen/adenosine diphosphate; Col/Epi-
CT, closure time in test with collagen/epinephrine; PFA, platelet function analysis. Statistical significance: NS,
non-significant; *p < 0.05; **p < 0.01; ***p < 0.001.
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observed as early as 50% dilution. An explanation for the
minimal or procoagulant effect of crystalloid adminis-
tration could be attributed to both the rapid transfer of
crystalloids to the extravascular environment and a more
significant decrease in anticoagulant factors compared to
procoagulant factors, albeit only up to a certain level of
dilution. This disruption in the balance between coagu-
lation and anticoagulation may subsequently lead to a
procoagulant effect [14].

Moreover, we observed an adverse effect on the
propagation phase as described by the CFT and alpha
parameters. Gelaspan exhibited a more pronounced ef-
fect, whereas the effect was less significant for albunorm.
These alterations were statistically significant in the
EXTEM test but not in the INTEM test. Conversely,
Plasma-Lyte did not have a significant effect on this
phase. Similar findings have been reported in other
studies. While crystalloids or saline did not affect these
parameters, the use of colloids resulted in a negative effect
on the propagation phase, specifically the inhibition of
the stable platelet-fibrin complex. Consistently, these
studies documented a minor or negligible effect of al-
bumin, contrasted with a more significant effect of gel-
atine and HES [12, 15].

Similar to our study, other studies have documented
the impact of various solutions on the maximum coag-
ulum strength in both the EXTEM and INTEM assays,
depending on the degree of dilution. While the crystalloid
solutions notably decreased the MCF parameter only at
significant dilution, a reduction occurred at lower dilu-
tion levels with the use of colloids. Among these, albumin
was associated with the smallest effect, whereas HES and
gelatine exhibited a more pronounced impact [6, 12–15].
Given the modest dilution rate employed in our study, we
did not observe a negative effect of the crystalloid on this
parameter. Additionally, no significant difference was
noted between the gelatine and albumin solutions.

The maximum coagulum firmness, described by the
EXTEM-MCF parameter, is a result of fibrin polymeri-
zation and fibrin-stabilizing factor XIII activity in the
presence of platelets. Thus, this parameter depends on the
levels of functional fibrinogen, platelets, and FXIII ac-
tivity. Consistent with our findings, other studies have
reported a negative effect of solutions on fibrin poly-
merization, as evidenced by a reduction in the MCF
parameter in the FIBTEM assay. This assay contains a
platelet function blocker, enabling the exclusion of their
influence on coagulum strength. Such effects were ob-
served across all types of solutions and were contingent
on the degree of haemodilution. Again, crystalloids
demonstrated the least effect, followed by albumin and
gelatine, with HES exhibiting the most significant impact
[12–15].

The difference between the maximum elasticity of the
coagulum in the EXTEM and FIBTEM tests was used to

evaluate the effect of platelets on the coagulum stability.
Elasticity, unlike maximum firmness, better reflects the
coagulum’s resistance to forces during rotational move-
ments in the device [21]. In our study, we observed a
significant decrease in this parameter with both colloid
solutions, while the crystalloid had no effect.

The solutions used in our study did not significantly
affect fibrinolysis parameter (EXTEM-LI60). However,
Egli et al. [14] in their study reported a negative effect of
HES and gelatine on the coagulum stability. HES ac-
celerates the conversion of fibrinogen to fibrin, leading
to decreased fibrin stability and enhanced fibrinolysis.
Similarly, gelatine adversely affects fibrin stability by
interfering with fibrin polymerization upon integration
into the nascent coagulum. Interestingly, saline even
exhibited a decrease in parameters describing fibrino-
lysis with increasing dilution levels. Additionally, the
albumin solution demonstrated a negative effect up to a
dilution of 60%. Nonetheless, the fibrinolysis parame-
ters remained within normal limits with all substitute
solutions used.

A limitation of this study is its in vitro design, which
restricts its direct translation to in vivo conditions. Also,
we examined blood samples from healthy individuals.
Consequently, our results may differ from those of studies
conducted on patients. Moreover, patients receiving in-
fusion therapy often have underlying conditions that can
impact haemocoagulation status and influence the results
of coagulation tests. Additionally, the study included a
limited number of subjects and examined only one di-
lution level.

Considering the findings of this study and others, it
can be concluded that the administration of a “standard”
amount of balanced crystalloid has the least impact on
coagulation parameters. In scenarios requiring the ad-
ministration of a colloid solution, a 5% albumin solution
has emerged as an ideal choice, exhibiting minimal effects
on coagulation parameters compared to other colloids. It
is also necessary to take into consideration the price of the
individual solutions used. The production of human
albumin solution is of course more expensive than in the
case of synthetic colloids. In addition, due to regulations
on the use of HES within the European Union, the costs
associated with the higher consumption of albumin have
increased. This raises the following questions for
consideration – to use primarily balanced crystalloid
solutions and to use colloid solutions only when acute
hypovolemia cannot be adequately treated with crystal-
loids. If colloid is used, then albumin should be preferred
in situations where the patient will benefit from simul-
taneous volume replacement and albumin substitution
(hypoalbuminaemia, ascites, etc.) [25]. The suspension of
registration for HES still applies in some EU countries.
Publication of the results of studies investigating the
safety and efficacy of 6% HES 130/0.4 (TETHYS and
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PHOENICS study [26, 27]) is awaited. However, some
authorities removed the suspension based on the deliv-
ered results of both studies. In view of the works men-
tioned in the discussion, their effect on coagulation is
worse than that of albumin and gelatine but less than that
of HES with higher molecular weight and higher degree of
substitution. Therefore, the use of a specific solution
should be individual for each patient and should be based
on the patient’s current need for the amount of volume
replacement (respecting the maximum recommended
doses), the urgency of its administration, the expected
haemodynamic effect, the appropriate or beneficial
composition of the solution, taking into account its ad-
verse effects, including the haemocoagulation status.

Statement of Ethics

The study was approved by the Ethics Committee for Multi-
centric Clinical Trials of Motol University Hospital, Prague, Czech
Republic (Approval No. EK-1068/15). The entire research was
performed in accordance with the Declaration of Helsinki. In-
formed consent was obtained from volunteers at the Department
of Anaesthesiology and Intensive Care Medicine, Motol University
Hospital, Prague, Czech Republic.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This study was supported by the Ministry of Health, Czech
Republic – Conceptual Development of Research Organization,
Motol University Hospital, Prague, Czech Republic (No.
00064203). The funder had no role in the design, data collection,
data analysis, and reporting of this study.

Author Contributions

J.J. designed the study conception, collected the data, per-
formed the statistical analyses, and wrote the manuscript. M.D.
and T.V. reviewed the study conception and manuscript and
contributed edits.

Data Availability Statement

All data analysed during this study are included in this article.
Requests for the complete data set or further enquiries can be
directed to the corresponding author (J.J.).

References

1 Martin C, Cortegiani A, Gregoretti C, Mar-
tin-Loeches I, Ichai C, Leone M, et al. Choice
of fluids in critically ill patients. BMC An-
esthesiol. 2018;18(1):200. https://doi.org/10.
1186/s12871-018-0669-3

2 Casey JD, Brown RM, Semler MW. Resus-
citation fluids. Curr Opin Crit Care. 2018;
24(6):512–8. https://doi.org/10.1097/mcc.
0000000000000551

3 Hahn RG. Adverse effects of crystalloid and
colloid fluids. Anaesthesiol Intensive Ther.
2017;49(4):303–8. https://doi.org/10.5603/
AIT.a2017.0045

4 Sevcikova S, Vymazal T, Durila M. Effect of
balanced crystalloid. Gelatin Hydroxyethyl
Starch Coagul Detected by Rotational
Thromboelastometry In Vitro. 2017;63(10):
1691–700.

5 Sevcikova S, Durila M, Vymazal T. Rotational
thromboelastometry assessment of ballanced
crystalloid, hydroxyethyl starch and gelatin
effects on coagulation: a randomized trial.
Braz J Anesthesiol. 2019;69(4):383–9. https://
doi.org/10.1016/j.bjan.2019.03.009

6 Zdolsek HJ, Vegfors M, Lindahl TL, Törn-
quist T, Bortnik P, Hahn RG. Hydroxyethyl
starches and dextran during hip replacement
surgery: effects on blood volume and coag-
ulation. Acta Anaesthesiol Scand. 2011;55(6):
677–85. https://doi.org/10.1111/j.1399-6576.
2011.02434.x

7 Franz A, Braunlich P, Gamsjager T, Felfernig
M, Gustorff B, Kozek-Langenecker SA. The
effects of hydroxyethyl starches of varying
molecular weights on platelet function. An-

esth Analgesia. 2001;92(6):1402–7. https://
doi.org/10.1097/00000539-200106000-00008

8 Boyd CJ, Claus MA, Raisis AL, Hosgood G,
Sharp CR, Smart L. Hypocoagulability and
platelet dysfunction are exacerbated by syn-
thetic colloids in a canine hemorrhagic shock
model. Front Vet Sci. 2018;5:279 Erratum in:
Frontiers in Veterinary Science. 2020 Sep 08;
7:641. https://doi.org/10.3389/fvets.2018.
00279

9 Kind SL, Spahn-Nett GH, Emmert MY,
Eismon J, Seifert B, Spahn DR, et al. Is di-
lutional coagulopathy induced by different
colloids reversible by replacement of fibrin-
ogen and factor XIII concentrates? Anes-
thesia and Analgesia. Anesth Analg. 2013;
117(5):1063–71. https://doi.org/10.1213/
ANE.0b013e3182a52876

10 Li N, Statkevicius S, Asgeirsson B, Schott U.
Effects of different colloid infusions on RO-
TEM and Multiplate during elective brain
tumour neurosurgery. Perioper Med. 2015;4:
9. https://doi.org/10.1186/s13741-015-
0019-7

11 Sigurjonsson J, Hedman D, Bansch P, Schott
U. Comparison of dextran and albumin on
blood coagulation in patients undergoing
major gynaecological surgery. Perioper Med.
2018;7:21. https://doi.org/10.1186/s13741-
018-0100-0

12 Schlimp CJ, Cadamuro J, Solomon C, Redl H,
Schochl H. The effect of fibrinogen concen-
trate and factor XIII on thromboelastometry
in 33% diluted blood with albumin, gelatine,
hydroxyethyl starch or saline in vitro. Blood

Transfus. 2013;11(4):510–7. https://doi.org/
10.2450/2012.0171-12

13 Weiss G, Lison S, Spannagl M, Heindl B.
Expressiveness of global coagulation pa-
rameters in dilutional coagulopathy. Br J
Anaesth. 2010;105(4):429–36. https://doi.
org/10.1093/bja/aeq199

14 Egli GA, Zollinger A, Seifert B, Popovic D,
Pasch T, Spahn DR. Effect of progressive
haemodilution with hydroxyethyl starch,
gelatin and albumin on blood coagulation. Br
J Anaesth. 1997;78(6):684–9. https://doi.org/
10.1093/bja/78.6.684

15 Mauch J, Madjdpour C, Kutter AP, Spiel-
mann N, Bettschart-Wolfensberger R, Weiss
M, et al. Effect of rapid fluid resuscitation
using crystalloids or colloids on hemostasis in
piglets. Paediatr Anaesth. 2013;23(3):258–64.
https://doi.org/10.1111/pan.12106

16 Monroe D III, Hoffman M. A cell-based
model of hemostasis. Thromb Haemost.
2001;85(06):958–65. https://doi.org/10.1055/
s-0037-1615947

17 Adler M, Ivic S, Bodmer NS, Ten Cate H,
Bachmann LM, Wuillemin WA, et al.
Thromboelastometry and thrombelastog-
raphy analysis under normal physiological
conditions: systematic review. Transfus Med
Hemother. 2017;44(2):78–83. https://doi.org/
10.1159/000464297

18 Sahli SD, Rossler J, Tscholl DW, Studt JD,
Spahn DR, Kaserer A. Point-of-Care diag-
nostics in coagulation management. Sensors.
2020;20(15):4254. https://doi.org/10.3390/
s20154254

140 Transfus Med Hemother 2025;52:132–141
DOI: 10.1159/000541772

Jonas et al.

https://doi.org/10.1186/s12871-018-0669-3
https://doi.org/10.1186/s12871-018-0669-3
https://doi.org/10.1097/mcc.0000000000000551
https://doi.org/10.1097/mcc.0000000000000551
https://doi.org/10.5603/AIT.a2017.0045
https://doi.org/10.5603/AIT.a2017.0045
https://doi.org/10.1016/j.bjan.2019.03.009
https://doi.org/10.1016/j.bjan.2019.03.009
https://doi.org/10.1111/j.1399-6576.2011.02434.x
https://doi.org/10.1111/j.1399-6576.2011.02434.x
https://doi.org/10.1097/00000539-200106000-00008
https://doi.org/10.1097/00000539-200106000-00008
https://doi.org/10.3389/fvets.2018.00279
https://doi.org/10.3389/fvets.2018.00279
https://doi.org/10.1213/ANE.0b013e3182a52876
https://doi.org/10.1213/ANE.0b013e3182a52876
https://doi.org/10.1186/s13741-015-0019-7
https://doi.org/10.1186/s13741-015-0019-7
https://doi.org/10.1186/s13741-018-0100-0
https://doi.org/10.1186/s13741-018-0100-0
https://doi.org/10.2450/2012.0171-12
https://doi.org/10.2450/2012.0171-12
https://doi.org/10.1093/bja/aeq199
https://doi.org/10.1093/bja/aeq199
https://doi.org/10.1093/bja/78.6.684
https://doi.org/10.1093/bja/78.6.684
https://doi.org/10.1111/pan.12106
https://doi.org/10.1055/s-0037-1615947
https://doi.org/10.1055/s-0037-1615947
https://doi.org/10.1159/000464297
https://doi.org/10.1159/000464297
https://doi.org/10.3390/s20154254
https://doi.org/10.3390/s20154254
https://doi.org/10.1159/000541772


19 Vymazal T, Astraverkhava M, Durila M.
Rotational thromboelastometry helps to
reduce blood product consumption in
critically ill patients during small surgical
procedures at the intensive care unit: a
retrospective clinical analysis and literature
search. Transfus Med Hemother. 2018;
45(6):385–7. https://doi.org/10.1159/
000486453

20 Tem innovations GmbH. ROTEM® delta:
whole blood haemostasis system using
thromboelastometry operating manual. 2012.
Version 2.2.0.01.EN, 2012, REF 200137-EN.

21 Solomon C, Ranucci M, Hochleitner G,
Schochl H, Schlimp CJ. Assessing the
methodology for calculating platelet con-
tribution to clot strength (platelet compo-
nent) in thromboelastometry and throm-
belastography. Anesth Analg. 2015;121(4):
868–78. https://doi.org/10.1213/ANE.
0000000000000859

22 Kozek-Langenecker SA. Influence of fluid
therapy on the haemostatic system of in-
tensive care patients. Clin Anaesthesiology.
2009;23(2):225–36. https://doi.org/10.1016/j.
bpa.2008.11.002

23 Van der Linden P, Ickx BE. The effects of
colloid solutions on hemostasis. Can J An-
aesth. 2006;53(6 Suppl l):S30–9. https://doi.
org/10.1007/BF03022250

24 Baumler H, Donath E, Krabi A, Knippel W,
Budde A, Kiesewetter H. Electrophoresis of
human red blood cells and platelets. Evidence
for depletion of dextran. Biorheology. 1996;
33(4–5):333–51. https://doi.org/10.1016/
0006-355x(96)00026-1

25 Marx G, Bauer M, Bele S. S3-Leitlinie in-
travasale volumentherapie beim erwachse-
nen, AWMF-registernummer 001: 020. On-
line. AWMF; 2020. [2024-08-01]. Available
from: https://register.awmf.org/de/leitlinien/
detail/001-020

26 Palma CD, Mamba M, Geldenhuys J, Fada-
hun O, Rossaint R, Zacharowski K, et al.
PragmaTic, prospEctive, randomized, con-
trolled, double-blind, mulTi-centre, multi-
national study on the safety and efficacy of a
6% HydroxYethyl Starch (HES) solution
versus an electrolyte solution in trauma pa-
tients: study protocol for the TETHYS study.
Trials. 2022;23(1):456. https://doi.org/10.
1186/s13063-022-06390-x

27 Buhre W, de Korte-de Boer D, de Abreu
MG, Scheeren T, Gruenewald M, Hoeft A,
et al. Prospective, randomized, controlled,
double-blind, multi-center, multinational
study on the safety and efficacy of 6% Hy-
droxyethyl starch (HES) sOlution versus an
Electrolyte solutioN in patients undergoing
eleCtive abdominal Surgery: study protocol
for the PHOENICS study. Trials. 2022;
23(1):168. https://doi.org/10.1186/s13063-
022-06058-6

Solution’s Impact on Coagulation Transfus Med Hemother 2025;52:132–141
DOI: 10.1159/000541772

141

https://doi.org/10.1159/000486453
https://doi.org/10.1159/000486453
https://doi.org/10.1213/ANE.0000000000000859
https://doi.org/10.1213/ANE.0000000000000859
https://doi.org/10.1016/j.bpa.2008.11.002
https://doi.org/10.1016/j.bpa.2008.11.002
https://doi.org/10.1007/BF03022250
https://doi.org/10.1007/BF03022250
https://doi.org/10.1016/0006-355x(96)00026-1
https://doi.org/10.1016/0006-355x(96)00026-1
https://register.awmf.org/de/leitlinien/detail/001-020
https://register.awmf.org/de/leitlinien/detail/001-020
https://doi.org/10.1186/s13063-022-06390-x
https://doi.org/10.1186/s13063-022-06390-x
https://doi.org/10.1186/s13063-022-06058-6
https://doi.org/10.1186/s13063-022-06058-6
https://doi.org/10.1159/000541772

	Effect of Selected Crystalloid and Colloid Solutions on Coagulation Status Evaluated by Rotational Thromboelastometry and P ...
	Introduction
	Methods
	Results
	Discussion
	Effect of Solutions on Primary Haemostasis
	Effect of Solutions on Secondary Haemostasis

	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


