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value) <70% and/ or platelets <100.000/l.
[10]

 In Germany, 

the prothrombin time is preferentially reported and 

documented as Quick's value in percentage (%; 70-130% 

= normal
[10]

). A Quick's value of <70% is equivalent to a 

prothrombin time ratio of approximately 1.4.
[11,12]

Acute traumatic coagulopathy upon ER admission 

was present in 2 989 (34.2%) of all patients. Males were 

more affected than females (72.5% vs. 27.5%) and in 

96% the trauma mechanism was blunt. There was an 

increasing frequency of coagulopathy with increasing 

amounts of intravenous fluids administered during the 

pre-hospital phase of care (Figure 2). The incidence of 

ATC was also associated with the trauma load as refl ected 

by injury severity scores (ISS). 2522 (84%) patients with 

coagulopathy had an ISS more than or equal to 16 upon 

hospital admission and the frequency of coagulopathy 

increased with higher ISS scores (Figure 2). The presence 

of acute ATC was associated with impaired outcome and 

increased mortality. Of all patients with coagulopathy, 

29% developed multi-organ failure (MOF) in their 

later hospital stay. Early in-hospital mortality (<24 hr) 

was 13% in patients with coagulopathy versus 1.5% in 

patients without coagulopathy; the overall in-hospital 

mortality totalled 28% versus 8.4% (P<0.001). Mortality 

increased with injury severity but was generally higher 

in patients with coagulopathy across all severity grades 

studied. Figure 3 depicts mortality rates of patients with 

and without coagulopathy with respect to their severity 

of injury as refl ected by ISS.

ATC  present on admission but independent of 

injury severity
Recently Brohi et al

[5]
 introduced the role of 

hypoperfusion in the initiation of ATC by reporting their 

results from a prospective cohort study of major trauma 

patients (n=208) admitted to a single trauma center. In 

this cohort, patients without tissue hypoperfusion were 

not coagulopathic, irrespective of the amount of thrombin 

generated. Prolonged partial thromboplastin and 

prothrombin time was only observed with an increased 

base defi cit (BD). An increasing BD was associated with 

high soluble thrombomodulin and low protein C levels. 

Low protein C levels were associated with prolonged 

partial thromboplastin and prothrombin time as well 

as hyperfibrinolysis with low levels of plasminogen 

activator inhibitor-1 and high d-dimer levels. Longer 

thrombomodulin time and low protein C level  were 

significantly associated with increased mortality, blood 

transfusion requirements, acute renal injury, and reduced 

ventilator-free days. These researchers concluded that 

ATC occurs only in the presence of tissue hypoperfusion 

and appears to occur without significant consumption 

of coagulation factors. In an extension to this work, we 

analysed  Base excess (BE) levels from severe  multiply 

injured patients in respect to ATC frequencies upon ER 

admission. Also in our datasets, the frequency of ATC 

was strongly associated with BE level (Figure 4).

Figure 2. The incidence of  ATC in subgroups according to ISS (4 
subgroups) and intravenous fl uids administered during the pre-hospital 
phase of care (5 subgroups). Each line represents a group of patients 
with a similar ISS score, while each vertical group represents patients 
who had received comparable amounts of intravenous fl uids during the 
pre-hospital phase of care. Sample sizes for the groups ranged between  
68 and  1439 patients.
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Figure 3. The mortality of patients with and without ATC  on ER arrival 
according to the severity of injury as refl ected by ISS. 
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Figure 4. Incidence of  ATC as a function of BE  on ER arrival.
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KRYSTALOIDY KOLOIDY SYNTETYCZNE 
KOLOIDY 

NATURALNE 

0,9% NaCl 
HES 450/06 

0,9% NaCl 

HES 250/05 

0,9% NaCl 

HES 130/04\ 

0,9% NaCl 
4,5% ALBUMINY 

Mleczan Ringera 

HES-BAL 

670/04 

HES-BAL 

200/05 



MEMODYLUCJA 

 20% - 40% - 60 % 

R CT 



MEMODYLUCJA 

 20% - 40% - 60 % 

α CFT 



MA MCF 

MEMODYLUCJA 

 20% - 40% - 60 % 
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KOAGULOPATIA Z ROZCIEŃCZENIA 

1 
• UTRATA 65% OBJĘTOŚĆI KRWI KRĄŻĄCEJ 

2 

• HES 130/04 – 2500 ml/30 min 

• 0,9% NaCl – 2500 ml/30 min 

3 

• PCC – 35 j/kg 

• FIBRYNOGEN – 2 g 
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1 

• KWALIFIKACJA DO BADANIA  

• Analiza Gazometria, Układ krzepnięcia, Tromboelastografia 

2 

• WLEW 0,9% NaCl o temp 4*C – 30 ml/kg 

• WLEW RINGER LACTATE o temp 4*C – 30 ml/kg 

3 

• STOP  -  33 * C 

• STOP  -  OBRZĘK PŁUC 

4 

• REDUKCJA WLEWU PŁYNÓW do 10 ml/kg 

•  TEMPERATURA 34 *C 

5 
• KONTROLA  w 6 i 24 h  
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FI and FXIII in dilutional coagulopathy

prepared according to the manufacturer's prescription 

and dosage aimed in this study setting to apply a 

"supra-normal" dose (300%), to find a possible 

effect of FXIII alone on dilutional coagulopathy. 

The ROTEM cup of the dilution-only study sample 

was always spiked with 10 μL of saline in order to 

maintain the same volume compared with the cups 

where the coagulation factors were added. Including 

recalcification and activation, the final volume in the 

ROTEM cup was 350 μL or 360 μL (the latter due to 

combination of FI and FXIII). Data were collected 

for 45 min and analysed for CT, CFT, alpha angle 

and MCF in the EXTEM assay. In the FIBTEM assay 

only MCF was analysed. 

Standard coagulation tests 

Prothrombin time (Thromborel S, Siemens 

Healthcare Diagnostics GmbH, Eschborn, Germany), 

activated partial thromboplastin time (aPTT) (Actin 

FS, Siemens Healthcare Diagnostics GmbH) and 

FI concentration according to Clauss (Thrombin 

Reagent, Siemens Healthcare Diagnostics GmbH) 

were run on the Sysmex CA 1500 (Siemens 

Healthcare Diagnostics GmbH). FXIII was measured 

using an activity assay (Berichrom Factor XIII, 

Siemens Healthcare Diagnostics GmbH) run on the 

BCS-XP-System (Siemens Healthcare Diagnostics 

GmbH). Haematocrit and platelet count were 

measured in the collected EDTA blood sample with 

a CELLDYN 3700 instrument (Abbott, Vienna, 

Austria). All coagulation parameters and blood cell 

counts were tested again in a 33% diluted sample with 

0.9% saline for further reference. 

Statistics

A sample size of eight was calculated based on 

previous similar studies of other working groups26,27, 

providing a power of 80% and a two-sided alpha of 

5%. This allowed detection of a difference of 10 vs 

5±3 mm standard deviation (SD) in the FIBTEM 

MCF, considered to be the main variable of this 

study. Data are expressed as the mean and SD. The 

normal distribution of the data was confirmed using 

the Kolmogorov-Smirnov test. One-way repeated 

measures analysis of variance was used and a 

Newman-Keuls post hoc correction for multiple 

comparisons was applied. The unpaired t-test was 

used to compare the effect of dilution with baseline. 

When data were not normally distributed, the      

Mann-Whitney test was used. A two-tailed P-value 

of <0.05 was considered statistically significant. 

Statistical calculations were performed using the 

commercially available statistical software GraphPad 

Prism 5 (GraphPad Software, La Jolla, CA, USA).

Results

Standard coagulation tests and blood counts were 

normal at baseline and changed significantly due to 

33% dilution (Table I). 

Compared with baseline, the EXTEM CT 

significantly increased with HES, exceeding the 

upper limit of the reference value. Albumin also 

prolonged the CT, but was almost within the normal 

limits. Gelatine did not change the CT and dilution 

with saline even decreased the CT.

The EXTEM CFT and EXTEM alpha angle were 

significantly altered in all colloid dilutions but not 

with saline. Compared to the synthetic colloids 

gelatine and HES, the natural colloid albumin 

exerted significantly less influence on both clot 

formation parameters.

Baseline MCF of both EXTEM and FIBTEM 

significantly decreased with all diluents. However, 

with saline dilution both MCF values were still 

within the lower limit of reference and, thus, 

significantly less impaired than in the colloid 

dilutions. The most pronounced changes were 

observed in the HES group.

Table I - Standard laboratory data (baseline/dilution).

Hct (%) Plt (μL−1) PT (s) aPTT (s) Fib (mg/dL) FXI I I  (%)

Baseline 45±3 247±44 12.4±0,5 30.7±2.4 314±82 116±22

Dilution 30±3 168±31 16.9±1.2 39.1±3.5 163±48 61±12

% change 32±3% 32±9% 36±7% 27±5% 48±4% 47±2%

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Legend Data are mean ± standard deviation. Measurements were performed in undiluted blood (baseline) and after 33% dilution with 0.9% saline. 

Hct: haematocrit, Plt: platelet count, PT: prothrombin time, aPTT: activated partial thromboplastin time, Fib: fibrinogen concentration 

in p lasma, FXIII: coagulation factor FXIII activity.
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The effect of fibrinogen concentrate and factor XIII on thromboelastometry 
in 33% diluted blood with albumin, gelatine, hydroxyethyl starch or saline 
in vitro

Christoph Johannes Schlimp1, Janne Cadamuro2, Cristina Solomon1, Heinz Redl1, Herbert Schöchl1,3

1Ludwig Boltzmann Insti tute for  Exper imental and Clinical Traumatology, Austr ian Workers' Compensation 

Board (AUVA) Research Centre, Vienna; 2Department of Laboratory Medicine, Universi ty Hospital  of 

Salzburg, Salzburg; 3Department of Anaesthesiology and Intensive Care, Austr ian Workers' Compensation 

Board (AUVA) Trauma Hospital Salzburg, Salzburg, Austr ia

Introduction

The main therapeutic strategy in the treatment 

of acute haemorrhage is to prevent or correct 

hypovolaemic shock. In order to ensure tissue 

oxygenation it is essential to restore the circulating 

blood volume by an infusion of crystalloids/colloids, 

in sufficient amounts to maintain adequate blood flow 

and blood pressure1. The optimal composition of the 

fluids for trauma patients is still under discussion2. 

It has been shown that crystalloids exert only minor 

effects on coagulation compared with artificial 

colloids3. In contrast, synthetic colloids impair the 

coagulation process not only by a dilutional effect 

but also via interaction with the fibrin polymerisation 

process4. This fact is assumed as one of the reasons 

why synthetic colloid infusion has been associated 

with higher mortality in trauma patients1,5.

Fibrinogen (factor I; FI) concentrate in clinical 

use seems to improve coagulation in dilutional 

coagulopathy and reduces red cell transfusion 

Background. Fluid replacement results in dilutional coagulopathy. We investigated 

the potential role of fibrinogen, factor XIII and a combination of both to reverse dilutional 

coagulopathy, assessed by thromboelastometry (ROTEM®).

Material and methods. Blood samples from healthy volunteers were analysed undiluted 

and after 33% dilution in vitro with albumin, gelatine, 130/0.4 hydroxyethyl starch or saline. 

Diluted samples were incubated with fibrinogen (3 g/70 kg bodyweight equivalent), factor XIII 

(10,000 IU/70 kg bodyweight equivalent), or a combination of both. Measurements were performed 

using an extrinsic activated assay (EXTEM®) and a functional fibrin polymerisation test (FIBTEM®).

Results. Compared with baseline, EXTEM clotting time increased with hydroxyethyl starch, 

exceeding the upper limit of the reference value. Albumin prolonged clotting time within normal 

limits. Gelatine did not change clotting time, and saline reduced clotting time. Clot formation 

time increased in colloids only. Maximum clot firmness of both EXTEM and FIBTEM decreased 

with all fluids, but was less pronounced in saline. Incubation with fibrinogen had no effect on 

EXTEM maximum clot firmness but improved FIBTEM maximum clot firmness in saline       

(P <0.001) and albumin (P <0.05), but not gelatine and hydroxyethyl starch). Factor XIII had 

no effect on any EXTEM and FIBTEM maximum clot firmness results. Fibrinogen and factor 

XIII combined did not improve EXTEM maximum clot firmness. Fibrinogen and factor XIII 

did not change FIBTEM maximum clot firmness in hydroxyethyl starch but improved FIBTEM 

maximum clot firmness in albumin (P <0.001), gelatine (P <0.01) and saline (P <0.001).

Discussion. ROTEM parameters in dilutional coagulopathy in vitro cannot be improved with 

factor XIII alone in any tested diluent. The combination of fibrinogen and factor XIII is highly 

effective in raising FIBTEM maximum clot firmness after dilution with albumin, gelatine and 

saline back to normal values, but is ineffective in 130/0.4 hydroxyethyl starch.

Keywords: dilutional coagulopathy, factor XIII, fibrinogen, thromboelastometry.

1 
• HEMODYLUCJA   33% 

2 
• ALB – GEL- HES - NaCl  

3 

• FIBRYNOGEN – 3 g 

• CZYNNIK XIII – 10 000 j 

4 
• ROTEM 
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Incubation with factor I , factor XI I I  and a 

combination of both

With regards to the effect of incubation with coagulation 

factors FI, FXIII and the combination of both factors, 

ROTEM parameters improved differently, depending on 

the diluting solution (Figure 1A, 1B, 1C, 1D, 1E).

Addition of FI improved the EXTEM CT only in the 

albumin dilution (Figure 1A), did not alter the EXTEM 

CFT in any dilution (Figure 1B), changed the EXTEM 

angle in gelatin and saline (Figure 1C) and did not 

modify the EXTEM MCF in any dilution (Figure 1D). 

FIBTEM MCF was enhanced with FI in albumin and 

saline, in the latter dilution back to baseline (Figure 1E). 

Addition of FXIII prolonged the EXTEM CFT 

in the samples diluted with albumin and gelatine   

(Figure 1B), but did not significantly alter any other 

Figure 1 - Effects of in vitro 33% dilution of human (n=8) whole blood with albumin (ALB), gelatin (GEL), hydroxylethyl 

starch (HES) and physiological saline (SL) and administration of fibrinogen (FI) corresponding to 3 g in a 

patient of 70 kg bodyweight, factor XIII (FXII) corresponding to approximately 10,000 IU in a patient of      

70 kg bodyweight, or the combination of both to the diluted sample. Box plot (minimum, 25th percentile, 

median, 75th percentile, maximum) values are from thromboelastometry using the extrinsic activated (EXTEM) 

and the functional fibrin polymerisation (FIBTEM) tests with following parameters: clotting time (CT), clot 

formation time (CFT), alpha angle and maximum clot firmness (MCF). *P <0.05; **P <0.01; ***P <0.001 

after substitution of the coagulation factor(s) as compared with dilution alone in each group.

C DC D

A B

E

Schlimp CJ et al
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formation time (CFT), alpha angle and maximum clot firmness (MCF). *P <0.05; **P <0.01; ***P <0.001 
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9 PŁYNÓW HEMODYLUCJA 50 % FIBRYNOGEN 



OCENA FUNKCJI PŁYTEK 



HES-Y A HEMOSTAZA PŁYTKOWA 

*p<0.05 
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Franz. Anesth Analg 2001;92:1402-7 



KOLOIDY A HIPERFIBRYNOLIZA 

 

30% HEMODYLUCJA I EKSPOZYCJA NA TKANKOWY 

AKTYWATOR PLAZMINOGENU 

WNIOSEK 

 

KOLOIDY 
wzmożona fibrynoliza                             

w odpowiedzi na tPA 

 

 

Mittermayr. Br J Anaesth 2008;100:307-14 

Kozek Fracta 2009 

Nielsen. J Heart Lung Transplant 2006;25:1344-52 



KOLOIDY A HEMOSTAZA 

 ↓ OSOCZOWE CZYNNIKI KRZEPNIĘCIA: 

   Czynnik VIII.  

   Czynnik von Willebranda (vWF). 

   Interakcja trombina-fibrynogen. 

   Interakcja czynnika XIII i polimerów fibryny. 
 

 ↓ HEMOSTAZA PŁYTKOWA: 

  Glikoproteina IIb/IIIa. 

Hetastarch  >  Pentastarch  >  Tetrastarch 
(480 - 600/0,7)                           (200/0,5)                                                (130/0,4-0,42) 

Dextran  > Gelatin  ≥ Tetrastarch 
Semin Thromb Hemost 2007;33:810-815 
Kozek FRACTA 2009 
Yearbook of Int Care & Emer g Med 2009 
 
 
 



Mittermayr. Anesth Analg 2007;105:905-17 

Badany parametr Wynik 

Fibrinogen Gel = HES = RL 

Platelet count Gel = HES = RL 

vWF:RiCo Gel * < HES = RL 

F VIII Gel * < HES * < RL 

PT Gel #* < HES = RL 

aPTT Gel * = HES * > RL 

EXTEM CT HES = Gel = RL 

EXTEM alpha HES #* < Gel * < RL 

EXTEM A30 HES #* < Gel * < RL 

FIBTEM MCF HES #* < Gel * < RL 

P < 0,05: * vs. RL; # vs. other colloids 





 PŁYNOTERAPIA  A HEMOSTAZA 

o Przemieszczenie skrzepów. 

 

o Rozcieńczenie czynników   krzepnięcia. 

 

o Zniszczenie glikokaliksu: 
o Zakrzepica.. 

 

o Kwasica 

o  Hiperchloremiczną (0,9% NaCl) 

o Z rozcieńczenia. 

 

o Hipotermia 

 

o Większa utrata okołooperacyjna. 

  

Kwasieborski. Europejskie wytyczne postępowania w krwawieniu poprzedzonym poważnym urazem - 2007 r. 
Źródło: Management of bleeding following major trauma: a European guideline 
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WNIOSKI 

KRYSTALOIDY 

1 
• HEMODYLUCJA 

2 
• < 40% 

• NADKRZEPLIWOŚĆ 

3 
• > 40% 

• NIEDOKRZEPLIWOŚĆ 

KOLOIDY 

1 
• NIEDOKRZEPLIWOŚĆ 

• HES 

• GELL 


