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(Vasofix® Certo, B. Braun AG, Melsungen, Ger‑
many) from an antecubital vein of a nondomi‑
nant arm. The first portion of blood (2 ml) was 
discarded to minimize the effect of normal saline 
used as a flushing solution. Subsequently, 4 blood 
samples were drawn: 12.5 ml at baseline and then 
3 samples of 10 ml each. Dilution process was car‑
ried out immediately after blood sampling.

Hemodilution  The test solutions included bal‑
anced crystalloid (Plasmalyte®, Baxter, Poland), 
balanced succinylated gelatin (Geloplasma®, 
Fresenius Kabi, Kutno, Poland), and balanced 
6% HES 130/0.4 (Volulyte®, Fresenius Kabi). 
The whole blood was diluted at a ratio of 4:1 with 
the study solutions to make a final concentration 
of 20% of each solution, equivalent of an infusion 
of about 1 l of a test solution to a person weighing 
70 kg. Taking into account the mean (SD) weight 
of volunteers (81.2 [9.8] kg), the average amount 
of a study solution administered in this recreated 
scenario was 15 ml/kg. The investigator perform‑
ing dilutions was not blinded to the test solutions.

Rotational thromboelastometry  ROTEM coagu‑
lation analysis was carried out using a ROTEM 
delta analyzer (Tem Innovations GmbH, Munich, 
Germany), and assays were allowed to run for 30 
minutes. Blood samples were analyzed immedi‑
ately after sampling to minimize a preanalytical 
error. We performed 3 ROTEM assays simultane‑
ously: INTEM, EXTEM, and FIBTEM. All ROTEM 
assays were performed by the same investigator 
in accordance with the manufacturer’s instruc‑
tions. INTEM is an intrinsic coagulation assay 
initiated by addition of ellagic acid. The EXTEM 
assay measures an extrinsic coagulation pathway 
by addition of tissue factor. The FIBTEM coagu‑
lation assay measures the effect of fibrin on clot 
firmness and uses cytochalasin D as a platelet in‑
hibitor. The parameters measured in all 3 assays 

Introduction  Fluid resuscitation is essential to 
maintain or restore normovolemia during mas‑
sive bleeding. Both crystalloids and colloids, by 
decreasing concentration of coagulation factors 
and number of platelets, cause dilutional coagu‑
lopathy. Additionally, synthetic colloids specifi‑
cally impair polymerization of fibrin and plate‑
let function, aggravating hemostatic disturbanc‑
es.1 Their administration may therefore increase 
postoperative blood loss.2

Hydroxyethyl starch (HES) affects fibrin‑based 
clot firmness more than normal saline and Ring‑
er’s lactate solution.3 The dilutional coagulopa‑
thy produced with gelatin induces fewer coagu‑
lation abnormalities than HES.4 Moreover, there 
is a growing body of evidence that the carrier of 
the particles may influence hemostasis to some 
extent, and balanced solutions of crystalloids and 
colloids are considered safer than saline.5

We aimed to compare the in vitro effects of bal‑
anced crystalloid and 2 balanced colloids on coag‑
ulation and fibrinolysis, using rotational throm‑
boelastometry (ROTEM).

Patients and methods  The study included 32 vol‑
unteers aged 21 to 35 years (mean [SD] age, 29 
[4] years), weighing 59 kg to 103 kg (mean [SD] 
weight, 81.2 [9.8] kg), whose physical status was 
deemed class I according to the American So‑
ciety of Anesthesiologists. Blood samples were 
withdrawn from all participants. No drugs were 
allowed for 7 days and no alcohol or strenuous 
physical exercise for 1 day before blood sampling. 
The study was approved by the Bioethics Commit‑
tee of the Medical University of Silesia in Kato‑
wice, Poland (KNW/0022/KB1/158/15/16), and 
written informed consent was obtained from all 
participants.

Sampling  Venous blood samples were drawn 
through a  16‑G or 18‑G indwelling cannula 
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Discussion  Our ex vivo study showed a minor ef‑
fect of the balanced crystalloid at hemodilution of 
20%. Dilution with gelatin impaired coagulation 
to a lesser extent than HES. The most pronounced 
effect of HES was the decrease in fibrinogen lev‑
els and impaired fibrin polymerization. Fibrino‑
lysis was undisturbed by all balanced solutions.

We decided to implement the ROTEM analysis 
as the most reliable method of hemostasis assess‑
ment. Three assays were used: INTEM, EXTEM, 
and FIBTEM. INTEM is dependent on coagulation 
factors (XII, XI, IX, VIII, X, V, II, I), platelets, and 
fibrinolysis. Contributors to EXTEM are coagu‑
lation factors (VII, X, V, II, I), platelets, and fibri‑
nolysis. Finally, FIBTEM is carried out to perform 
differential diagnosis between fibrinogen deple‑
tion, fibrinogen dysfunction, and platelet dysfunc‑
tion. Fibrinogen is an essential precursor of CF.

In our in vitro study, dilution with balanced 
medium‑molecular‑weight HES with low degree 
of substitution (ie, 0.4) impaired hemostasis to 
a higher extent than balanced gelatin. This effect 
was demonstrated by deranged parameters ob‑
tained with 3 ROTEM assays. Using INTEM, we 
showed decreased CF (CFT, AA) and clot firm‑
ness (amplitude at different time points, MCF) 
induced by Volulyte® and Geloplasma®, although 
the effect for Volulyte® was more pronounced. In 
the FIBTEM assay, CF and clot strength was im‑
paired exclusively by Volulyte®.

The clinical coagulopathic effects are mostly 
seen when large volume (>1.5 l) of colloids have 
been infused or in patients with previous coagu‑
lopathy.6 In our study, we used moderate dosing 
of HES. The real novelty of our findings is that, 
although we used the dose of HES that is recom‑
mended by the manufacturer, we still showed neg‑
ative impact of this solution on hemostasis. Our 
findings therefore support the recommendation 
against the use of HES in this context.

According to previous studies, dilution with 
gelatin reduces CF to a lesser degree than HES.7 
Several in vitro and in vivo studies have demon‑
strated that gelatin solution has only moderate 
effects on the hemostatic process as compared 
to other colloids. It is noteworthy that the ef‑
fects of gelatin on coagulation are almost com‑
pletely reversed by increasing the concentration 
of fibrinogen.4

Our results showing an insignificant effect of 
crystalloid on hemostasis are also comparable 

included coagulation time (CT; reference value, 
100–240 s [INTEM], 38–79 s [EXTEM]), clot for‑
mation [CF]  time (CFT; reference value: 30–110 s 
[INTEM], 34–159 s [EXTEM]), CF ratio (CFR; no 
reference value given), alpha angle (AA; reference 
value, 70º–83º [INTEM], 63º–83º [EXTEM]), am‑
plitude at different time points (minutes) (eg, A10; 
reference value, 44–66 mm [INTEM], 43–65 mm 
[EXTEM], 7–23 mm [FIBTEM]), maximum clot 
firmness (MCF; reference value, 50–72  mm 
[INTEM, EXTEM]), actual clot firmness (ACF; 
no reference value given), maximum lysis (ML; 
reference value, <15% [INTEM, EXTEM]), and 
area under the clotting curve at different time 
points (minutes) (AR5, AR10, AR15, AR20, AR25; 
no reference values established). MCF is the max‑
imum firmness of the clot and is influenced by fi‑
brin, platelets, and factor XIII.

Statistical analysis  The statistical analysis was 
performed using the MedCalc statistical software 
(Version 16.1 2016, MedCalc Software bvba, Bel‑
gium). Demographic characteristics were shown 
as a mean (SD). All ROTEM values were present‑
ed as a median and interquartile range. The dif‑
ferences between undiluted and diluted samples 
were assessed using tests for repeated measures 
(repeated analysis of variance or Friedman test). 
The level of statistical significance was set at a 
P value of less than 0.05.

Results  The baseline results of standard labora‑
tory tests of coagulation are provided in TABLE 1. 
The effects of all investigated fluids on coagula‑
tion are presented in Supplementary material 
online, Table S1. Plasmalyte® had no impact on 
ex vivo hemostasis. Significant dilution was ob‑
served only for colloids, and Geloplasma® pro‑
duced fewer coagulation abnormalities than HES. 
In INTEM,  we found impaired CF (measured by 
CFT and AA) as well as clot strength (measured 
by A10, A15, A20, and MCF). FIBTEM and EXTEM 
CT fell outside the reference values only for HES. 
Other parameters reflecting fibrinogen contribu‑
tion to clot strength were also impaired only by 
HES. No test solution impacted EXTEM parame‑
ters of clot firmness (ie, A10, A15, A20, and MCF). 
No effect on fibrinolysis (as evidenced by ML) in 
INTEM and EXTEM was noticed for all solutions.

TABLE 1  Baseline standard laboratory coagulation tests

Parameter Mean (SD) Median (interquartile range) Reference value

aPTT, s 30.22 (4.05) 29.95 (27.7–31.95) 25–37

PT, s 12.45 (0.79) 12.5 (11.75–13.05) 10.4–13.0

INR 1.05 (0.07) 1.05 (0.99–1.1) 0.9–1.2

Fibrinogen, mg/dl 246.97 (31.78) 235.0 (212.99–250.07) 210–400

D‑dimer, µg/ml 0.20 (0.08) 0.17 (0.17–0.19) 0–0.50

Platelets, 103/µl 228.41 (36.89) 222.0 (175.99–237.0) 150–350

Abbreviations: aPTT, activated partial thromboplastin time; INR, international normalized ratio; PT, prothrombin time
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with previous studies. Only at high dilution, 
the effect of balanced crystalloid like Ringer’s 
lactate solution might be detected.8 In our study, 
the effect of balanced crystalloid (Plasmalyte®) 
on coagulation was minor, possibly due to limit‑
ed dilution (20%).

The effects of HES on fibrinolysis have also 
been studied with thromboelastometry and con‑
firmed the negative effect only after dilution with 
HES.9 In our study, no test solution impacted 
fibrinolysis.

An interesting finding of our study is the pos‑
sible impact of fluids used for priming of the car‑
diopulmonary bypass system in cardiac surgery on 
perioperative blood loss. Up to 15% of the proce‑
dures requiring cardiopulmonary bypass are com‑
plicated with postoperative hemorrhage; thus, 
cardiac surgery is a discipline that consumes 
the majority of blood products. Therefore, tak‑
ing into account the results of our study, the use 
of HES as a priming solution is controversial. 
On the contrary, a recent analysis showed that 
the safety profile of gelatin and HES as a priming 
solution is comparable to that of crystalloids,10 so 
we need more data to draw definite conclusions.

Our study has limitations of an in vitro study. 
First of all, our findings may differ from those ob‑
served for in vivo fluid resuscitation, including 
changes in the coagulation system, response to 
tissue and endothelial injuries, as well as changes 
in kinetics, volume of distribution, or acid‑base 
balance. On the one hand, in vivo studies deliv‑
er more physiological data. However, the find‑
ings in healthy volunteers also differ from those 
in the scenario of massive bleeding in real coag‑
ulopathy. Secondly, one ought to remember that 
only a 20% dilution was made, which may be in‑
sufficient to observe coagulation abnormalities, 
even with the ROTEM analysis.

In conclusion, fluid resuscitation with balanced 
crystalloid solutions causing the 20% blood dilu‑
tion seems safe in terms of interference with co‑
agulation and fibrinolysis. Gelatins may be a rea‑
sonable choice for a second‑line treatment when 
further volume expansion is required. HES should 
rather be avoided due to its detrimental effect 
on hemostasis, even in doses recommended by 
the manufacturer.

Supplementary material online  Supplementary 
material online is available with the online ver‑
sion of the article at www.pamw.pl.
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