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Introduction
Thromboelastometry (ROTEM®, Tem International 

GmbH, Munich, Germany) has proven useful for the rapid 
assessment of haemostasis in cardiac surgery patients 
with coagulopathic bleeding, e.g., after cardiopulmonary 
bypass (CPB)1-5. The method can be used to measure 
the quality of the fibrin-based clot via the FIBTEM test, 
which uses cytochalasin D to eliminate the contribution 
of platelets to clot strength6. Since this type of clot results 
mainly from the conversion of fibrinogen to fibrin, a 
degree of correlation between FIBTEM clot firmness 
and plasma fibrinogen concentration exists and has been 
described in different clinical settings, including cardiac 
surgery1,7-9.

Importantly, cytochalasin D eliminates only the 
contribution of platelets to the formation of the clot; the 

remaining elements, including fibrinogen converted into 
fibrin, factor XIII (FXIII), red blood cells (RBC) and 
other cellular and plasma factors, all contribute to the 
strength of the whole blood clot. However, a recent study 
has shown that FXIII makes only a minimal contribution 
to clot formation10. Fibrinogen plays several key roles 
in haemostasis and has been previously identified as 
a primary haemostatic target. It is also the first factor 
to fall to critically low levels following major surgery. 
Thus, when FIBTEM is performed on whole blood, clot 
firmness is evaluated in relation to fibrinogen converted 
to fibrin plus the volume of RBC11. However, in samples 
with similar plasma fibrinogen concentrations and platelet 
counts, clot firmness was shown to be greater in anaemic 
whole blood samples than in control samples with a 
normal haematocrit, in both experimental and clinical 
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Conclusions. The effect of haematocrit on blood clotting is not reflected by plasma fibrinogen 

concentration, in contrast to FIBTEM MCF which incorporates the contribution of haematocrit to 

whole blood clot firmness. This effect does, however, appear to be negligible in haemodiluted patients.

Keywords: cardiac surgery, fibrinogen, FIBTEM, haematocrit, thromboelastometry.

412-418_043-12.indd   412412-418_043-12.indd   412 03/07/2013   14:30:0303/07/2013   14:30:03

All rights reserved - For personal use only 
No other uses without permission



© SIM
TI S

erv
izi

 Srl

413

Blood Transfus 2013; 11: 412-8  DOI 10.2450/2012.0043-12

anaemia11,12. Therefore, for measurements of fibrinogen 
concentration in plasma, it follows that an adjustment 
should be made to the theoretical total volume in order 
to account for the absence of red cell mass (as indicated 
by the haematocrit value of the whole blood sample).

If RBC are a part of the whole blood coagulation 
measurement, monitoring fibrinogen replacement by 
whole blood tests such as FIBTEM would include the 
impact of haematocrit in settings such as acute bleeding, 
while the measurement of plasma fibrinogen concentration 
would be more adequate for use with congenital 
fibrinogen deficiencies, with stable haematocrit and 
non-acute bleeding. Furthermore, the plasma fibrinogen 
concentration threshold for fibrinogen replacement in 
the peri-operative setting may need to be re-considered 
if haematocrit affects whole blood clot strength and 
whole blood fibrinogen concentration but not plasma 
fibrinogen concentration. In this study we investigated 
the relationships between FIBTEM clot firmness, whole 
blood fibrinogen concentration, and plasma fibrinogen 
concentration pre-operatively and at the end of CPB 
(after protamine administration) in order to determine 
the impact of haematocrit on these parameters.

Materials and methods
Following Research Ethics Committee approval 

and informed consent from participants in the study, 
prospective data were collected from patients undergoing 
surgery with CPB at the Hannover Medical School, 
Hannover, Germany. The surgical procedures included 
coronary artery bypass grafting (CABG), reoperation 
for CABG, aorta and/or aortic valve surgery, and other 
cardiac interventions.

Prior to surgery, general anaesthesia was induced 
with etomidate, fentanyl and cisatracurium. During 
induction of anaesthesia, all patients received 500 mL 
of lactated Ringer's solution and 500 mL of gelatin 
polysuccinate. For maintenance of anaesthesia, 
sevoflurane was titrated to an end-tidal concentration 
of 1-2% until aortic cross-clamping on CPB. Propofol 
and fentanyl were administered continuously during 
CPB as an infusion and as a bolus, respectively. One 
million kallikrein-inhibiting units (KIU) of aprotinin 
were administered before CPB and the same dose was 
added to the CPB prime solution. Before weaning from 
CPB, reperfusion was performed for a period of time 
equal to around 40% of the aortic cross-clamping time. 
Heparin was neutralised with protamine sulphate (1 mg 
protamine/100 U of total heparin dose) immediately 
after weaning from extracorporeal circulation. Arterial 
blood gases were monitored according to α–stat 
and the haematocrit was maintained above 25% 
by RBC transfusion. At the end of the operation, 
patients were re-warmed to a bladder temperature of 

36-37 °C when necessary and transported to the intensive 
care unit (ICU). Blood was collected into 3.8% citrate 
and ethylenediaminetetraacetic acid (both Sarstedt 
collection vials, Sarstedt, Germany) at baseline (before 
induction of anaesthesia) and at the end of CPB (after 
protamine administration). At each time point plasma 
fibrinogen concentration was measured using the Clauss 
method and whole blood fibrinogen concentration 
was calculated as plasma fibrinogen concentration × 
(100 − haematocrit)/100. Haematocrit was measured 
at baseline and after administration of protamine. 
Subgroups based on haematocrit levels were defined 
separately for samples at both time points to account for 
the decrease in haematocrit that typically occurs during 
cardiac surgery. Haematocrit subgroups were defined 
empirically, based upon haematocrit distribution of the 
total study population. This investigation had focused 
on the haematocrit values observed at the end of CPB, 
as they are relevant for RBC transfusion, together with 
haemostatic therapy in the course of elective cardiac 
surgery. Post-CPB, the groups were defined according 
to the following rationale: a haematocrit of 25% is used 
in a number of centres, including ours, as a maximum 
acceptable target on CPB (we aim to maintain a 
haematocrit of 23-25% on CPB); the limit of 28% is 
used as a target after CPB, including in the ICU; if the 
haematocrit is below this limit, RBC are administered; a 
haematocrit >30% is a potential indicator of stabilisation 
of the post-operative status in the ICU4,13. Pre-CPB 
groups were empirically defined to ensure that the 
groups were comparable in terms of numbers of patients 
and the range of haematocrit values covered.

Fibrinogen concentration was measured by a STA-R 
Evolution analyser (STAGO Diagnostica & Roche, 
Düsseldorf, Germany) using the Clauss method, and 
platelet count, haemoglobin and haematocrit were 
measured by the Sysmex XE-2100 (Roche Diagnostics, 
Mannheim, Germany).

Changes in the viscoelastic properties of whole 
blood clotting were evaluated using a ROTEM® device 
according to the manufacturer's instructions. In the 
FIBTEM test the contribution of platelets to whole 
blood coagulation was inhibited by cytochalasin D. 
All measurements were performed at 37 °C using 
300 μL whole blood, which was re-calcified in the 
reaction cup with 20 μL star-TEM® reagent and activated 
with 20 μL ex-TEM® reagent containing recombinant 
tissue factor (both from Tem International GmbH, 
Munich, Germany). Maximum clot firmness (MCF; 
mm) was recorded at each time point. 

Data distribution was evaluated graphically and, in 
the absence of a normal distribution, data were expressed 
as medians (with interquartile ranges [IQR]). Given the 
non-parametric distribution, Spearman's rho correlation 

Effect of haematocrit on FIBTEM fibrin-based clot firmness
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coefficient was determined between laboratory test results 
and ROTEM® variables. Subgroups were analysed using 
one-way analysis of variance with Bonferroni's correction. 
A P value <0.05 was considered statistically significant. 
Statistical analyses were performed using MedCalc 
Version 11.6.1.0 (MedCalc Software, Mariakerke, 
Belgium) and GraphPad Prism Version 5.04 (GraphPad 
Software Inc, La Jolla, United States of America).

Results
One-hundred and fifty-seven patients who underwent 

cardiac surgery were enrolled in the study. Ninety-three 
patients (59%) were male; the median age of all the 
patients was 66 years (IQR: 57, 73) and their median 
body mass index was 27 (IQR: 24, 30). Patients were on 
CPB for a median of 93 min (IQR: 72, 131).

In the analysis of baseline samples, a positive 
correlat ion was observed between FIBTEM 
MCF and plasma fibrinogen concentration (rho 
=0.68; P <0.001), and between FIBTEM MCF and 
whole blood fibrinogen concentration (rho =0.74; 
P <0.001) (Figure 1). In the subgroups created based 
on haematocrit level, FIBTEM MCF and whole blood 
fibrinogen concentration were significantly higher (P 
<0.05) in the subgroup with haematocrit <36% than in 
the subgroups with haematocrit 36-38.9%, 39-41.9% and 
>42% (Table I). The plasma fibrinogen concentrations 
were comparable across all four haematocrit subgroups 
at baseline, as were the platelet counts (Table I).

At the end of CPB, after protamine administration, 
the rho correlation coefficient for the relationship 
between FIBTEM MCF and plasma fibrinogen 

Figure 1 - Correlation between FIBTEM maximum clot firmness (MCF) and plasma or whole blood fibrinogen concentration 
at baseline (pre-operative).

 Whole blood fibrinogen concentration was calculated as plasma fibrinogen level × (100 − haematocrit)/100.

Table I - Baseline coagulation data in cardiac surgery patients: comparison between haematocrit subgroups.

Parameters All samples 
(n=157)

Samples 
with haematocrit 

<36% (n=34)

Samples 
with haematocrit 
36-38.9% (n=41)

Samples 
with haematocrit 
39-41.9% (n=36)

Samples 
with haematocrit 

>42% (n=46)

FIBTEM MCF (mm) 
(normal range, 9-25 mm)

18 
(15, 22)

22 
(19, 25)

17 
(15, 21)*

16 
(15, 20)*

17 
(14, 21)*

Plasma fibrinogen concentration (g/L)
(normal range, 2.0-4.5 g/L)

3.3 
(2.8, 3.9)

3.4 
(2.8, 4.4)

3.2 
(2.9, 3.7)

3.3 
(2.5, 3.9)

3.3 
(2.8, 3.9)

Whole blood fibrinogen concentration 
(g/L)

2.0 
(1.7, 2.4)

2.4 
(1.9, 2.9)

2.0 
(1.8, 2.3)*

2.0 
(1.6, 2.3)*

1.8 
(1.5, 2.1)*

Platelet count *1,000/μL           
(normal range, 150-450*1,000/μL)

218 
(180, 261)

224 
(170, 284)

231 
(170, 287)

217 
(182, 270)

202 
(182, 242)

Haemoglobin (g/dL)
(normal range, 13.5-17.5 g/dL)

13.6 
(12.3, 14.6)

11.3 
(10.4, 11.5)

12.9 
(12.4, 13.3)

14 
(13.7, 14.3)

15.2 
(14.6, 15.7)

Haematocrit (%) 
(normal range, 42-50%)

39.2 
(36.2, 42.7)

33.2 
(30.4, 34.7)

37.6 
(36.6, 38.3)

40.2 
(39.7, 41.2)

44.2 
(43.1, 45.3)

Legend Data presented as median (interquartile range).
 *: P <0.05 compared to samples with haematocrit <36%; comparisons performed between all groups for FIBTEM MCF, plasma fibrinogen 

concentration, whole blood fibrinogen concentration, and platelet count.
FIBTEM, whole blood thromboelastometry fibrin-based test; MCF, maximum clot firmness.
Whole blood fibrinogen concentration calculated as plasma fibrinogen level × (100 − haematocrit)/100. 
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concentration was 0.70 (P <0.001), and it was 0.72 (P 
<0.001) for the relationship between FIBTEM MCF and 
whole blood fibrinogen concentration (Figure 2); in both 
cases the values at the end of CPB were very similar 
to the preoperative values. After administration of 
protamine, new subgroups based on haematocrit (<25%, 
25-27.9%, 28-29.9% and >30%) were assigned to 
evaluate the effect of red cell mass on MCF. Fibrinogen 
concentrations in both whole blood and plasma were 
comparable for all four haematocrit subgroups after 
protamine administration, as were platelet counts 
(Table II). The FIBTEM MCF was slightly higher for 
the subgroup with haematocrit 25-27.9% compared to 

the subgroups with haematocrit 28-29.9% and >30% 
(P <0.05). However, no significant differences were 
observed between the lowest haematocrit group (<25%) 
and the other groups for FIBTEM MCF or fibrinogen 
concentrations in whole blood and plasma.

Discussion
In pre-operative whole blood samples from 

cardiac surgery patients, FIBTEM MCF and whole 
blood fibrinogen concentration were both increased in 
samples with low haematocrit, while plasma fibrinogen 
concentration was unchanged with different haematocrit 
levels. At the end of CPB, after protamine administration, 

Blood Transfus 2013; 11: 412-8  DOI 10.2450/2012.0043-12

Figure 2 - Correlation between FIBTEM maximum clot firmness (MCF) and plasma or whole blood fibrinogen concentration 
at the end of cardiopulmonary bypass (CPB), after protamine administration.

 Whole blood fibrinogen concentration was calculated as plasma fibrinogen level × (100 − haematocrit)/100.

Table II - End of CPB (after protamine administration) coagulation data in cardiac surgery patients: comparison between 
haematocrit subgroups.

Parameters All samples 
(n=157)

Samples 
with haematocrit 

<25% (n=33)

Samples 
with haematocrit 
25-27.9% (n=44)

Samples 
with haematocrit 
28-29.9% (n=40)

Samples 
with haematocrit 

>30% (n=40)

FIBTEM MCF (mm)
(normal range, 9-25 mm)

12 
(9, 16)

13 
(9, 16)

13 
(11, 17)

12 
(8, 14)*

11 
(10, 14)*

Plasma fibrinogen concentration (g/L)
(normal range, 2.0-4.5 g/L)

1.9 
(1.6, 2.4)

1.8 
(1.5, 2.4)

1.9 
(1.6, 2.4)

1.8 
(1.5, 2.4)

1.9 
(1.7, 2.2)

Whole blood fibrinogen concentration 
(g/L)

1.3 
(1.1, 1.7)

1.4 
(1.1, 1.9)

1.4 
(1.2, 1.7)

1.3 
(1.1, 1.7)

1.3 
(1.2, 1.5)

Platelet count *1,000/μL 
(normal range, 150-450 *1,000/μL)

100 
(67, 125)

98 
(75, 127)

103 
(77, 126)

111 
(78, 125)

84 
(58, 113)

Haemoglobin (g/dL)
(normal range, 13.5-17.5 g/dL)

9.6 
(9.2, 10.3)

8.5 
(8.1, 8.8)

9.4 
(9.2, 9.6)

10 
(9.7, 10.2)

10.9 
(10.5, 11.2)

Haematocrit (%) 
(normal range, 42-50%)

28 
(26.5, 30)

24.1 
(23.8, 25.1)

27.2 
(26.6, 27.5)

28.9 
(28.5, 29.3)

31.3 
(30.5, 32.3)

Legend Data presented as median (interquartile range).
*: P <0.05 compared to samples with haematocrit 25-27.9%; comparisons performed between all groups for FIBTEM MCF, plasma  
fibrinogen concentration, whole blood fibrinogen concentration, and platelet count 
CPB, cardiopulmonary bypass; FIBTEM, whole blood thromboelastometry fibrin-based test; MCF, maximum clot firmness 
Whole blood fibrinogen concentration calculated as plasma fibrinogen level × (100 − haematocrit)/100.

Effect of haematocrit on FIBTEM fibrin-based clot firmness
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whole blood fibrinogen concentration and plasma 
fibrinogen concentration were unchanged at different 
degrees of anaemia, while FIBTEM MCF varied slightly. 
Taken together, these results suggest that FIBTEM MCF 
incorporates the contribution of haematocrit to whole 
blood clot firmness in different peri-operative situations. 
While this contribution is evident pre-operatively when 
haematocrit levels are in the low-to-normal range, 
the effect is less pronounced at the end of CPB, after 
protamine administration, when haematocrit levels are 
severely decreased. Clinicians should, therefore, be 
aware that the impact of haematocrit on blood clotting is 
not accounted for by plasma fibrinogen concentration, in 
contrast to FIBTEM MCF; however, at low haematocrit 
values, when haemostatic therapy for bleeding may also 
be necessary, the impact of haematocrit is negligible.

The finding of increased FIBTEM MCF and whole 
blood fibrinogen concentration with haematocrit in the 
low-to-normal range and constant plasma fibrinogen 
concentration is in agreement with previous reports 
in the literature. Spiezia et al.12 reported that FIBTEM 
MCF values were significantly higher in samples from 
patients with sideropenic anaemia than in those from 
healthy matched subjects. Importantly, these patients 
were not in a haemodiluted state, as would be seen 
following surgical intervention. Plasma fibrinogen level 
was normal in both groups and, after adjusting for the 
haematocrit level, whole blood fibrinogen concentration 
in the anaemic group is likely to have been higher than 
in the control group, in agreement with the FIBTEM 
MCF values and with our findings. 

The effect of RBC on clot formation has also 
been addressed by experiments in vitro and in animal 
models. Using blood samples from healthy volunteers, 
Iselin et al.11 separated packed RBC from plasma and 
reconstituted them with 0.9% saline to produce samples 
with haematocrit values from 10% to 40%. A decreased 
haematocrit did not compromise clot strength; moreover, 
with decreasing haematocrit, all thrombelastography 
variables indicated improved clot strength. Also, in a 
transgenic mouse model with a haematocrit reaching 
85%, clot formation was prolonged and thrombus 
formation inhibited14. These results may be explained 
by the findings of Gersh et al.15, who demonstrated that 
incorporation of RBC into a fibrin clot significantly 
affects clot structure and mechanical properties in a 
concentration-dependent manner. Below a haematocrit 
of 10%, RBC assembled into holes in the fibrin network 
without disrupting it; however, above this concentration, 
RBC integrated fully into the network, thereby decreasing 
fibre density and resulting in a weaker clot. As assays 
using spun plasma do not take into account the effect 
of RBC on clotting, they cannot fully characterise clot 
formation15.

Bleeding is common following cardiac surgery 
and clot formation is typically diminished as a result 
of haemodilution and the loss of coagulation factors, 
RBC and platelets. Tests for monitoring haemostatic 
parameters, including FIBTEM and/or plasma fibrinogen 
and haematocrit, are essential for the identification and 
successful treatment of coagulopathy. An increasing 
number of studies have demonstrated successful use 
of fibrinogen concentrate as haemostatic therapy in 
cardiovascular surgery3,4 and trauma16,17, in which 
fibrinogen supplementation therapy is often guided by 
FIBTEM MCF. It is important to understand that whole 
blood clot strength does not behave in the same way as 
plasma fibrinogen concentration in situations in which 
whole blood components (e.g., haematocrit or FXIII) are 
altered, as in cardiac surgery. FIBTEM MCF, a measure 
of the viscoelastic quality of the blood clot, appears 
to be more meaningful than plasma or whole blood 
fibrinogen concentration for evaluating the impact on 
the coagulation system of haemostatic therapy such as 
fibrinogen concentrate.

As the FIBTEM test eliminates only the contribution 
of platelets to clot formation, it is possible that other 
coagulation factors, apart from fibrinogen, contribute 
to the measured clot firmness and stability. For 
example, a study by Theusinger et al.18 showed that in 
vitro supplementation of FXIII significantly improved 
FIBTEM MCF. Additionally, the sensitivity of clot 
formation to FXIII supplementation has been shown to 
be more pronounced in haemodiluted blood10, suggesting 
that the contribution of FXIII to clot firmness may be 
of more importance in the post-operative setting, when 
haemodilution is likely. A recent study has also shown 
that factors II and X have a role in clot formation19. 
However, as these studies were performed in vitro, 
the results cannot be directly extrapolated to a clinical 
setting. Further in vivo studies are needed to determine 
the influence that other coagulation factors exert upon 
clot firmness, and the importance of this influence 
relative to that of fibrinogen.

There are numerous reports on the correlation 
between plasma fibrinogen concentration and FIBTEM 
MCF in cardiac surgery: the correlation ranges from 
r =0.6–0.851,7-9 but has been reported to be as low 
as r =0.33 following haemostatic therapy20. When 
investigating the relationship between the two tests, it 
is imperative to consider that they measure different 
physical properties. The FIBTEM test measures the 
shear modulus during clot formation in whole blood, 
and the SI unit (Système International d'Unités) of 
shear modulus is dyne/cm2 (gigapascal). The SI units 
of fibrinogen concentration measured in platelet-poor 
plasma are g/L or mol/L, and are entirely different20. If 
platelet-poor plasma is used in viscoelastic assays, their 

Blood Transfus 2013; 11: 412-8  DOI 10.2450/2012.0043-12
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correlation with fibrinogen concentration measurements 
becomes almost as strong as between other different 
fibrinogen concentration measurement methods, 
such as prothrombin time-derived fibrinogen vs. 
an enzyme-linked immunosorbent assay (ELISA). 
This is because fewer confounding factors, such as 
FXIII or hydroxyethyl starch, which influence the 
two measurement methods, are present. Furthermore, 
because concentration measurements are indirect 
measurements along a calibration curve, tissue factor 
or thrombin-activated viscoelastic assays performed in 
platelet-poor plasma may serve as measures of fibrinogen 
concentration when similarly calibrated. For example, 
Kalina et al.21 showed that MCF (EXTEM in platelet-
free plasma) correlated excellently with a Clauss assay 
(r2 =0.93) and a fibrinogen ELISA (r2 =0.95). When the 
sample was spiked with fibrinogen, the increase in MCF 
was directly dependent upon fibrinogen concentration. 
If plasma is used instead of whole blood, the difference 
between the measurement methods is mainly dependent 
on the kind of activation (tissue factor versus thrombin) 
and the type of read-out method (e.g., time to turbidity/
clot strength, delta to maximum turbidity or maximum 
clot strength). However, if all the cellular components 
of the coagulation system (platelets, RBC) are removed, 
the viscoelastic measurements become as artificial as 
Clauss measurements and no longer reflect the impact 
of a haemostatic intervention on the entire coagulation 
system. Clot strength in whole blood may, therefore, 
be a more reliable surrogate marker than fibrinogen 
concentration for guiding haemostatic therapy in the 
peri-operative setting. Accordingly, recent years have 
seen the publication of a number of treatment algorithms 
and fibrinogen concentrate dosing formulae based on 
clot strength measurements instead of concentration 
measurements3-5,22,23. In the setting of acute bleeding, the 
main advantage of point-of-care viscoelastic testing is its 
short turnaround time; in contrast, the long turnaround 
times typically associated with laboratory tests lead to 
an unacceptable delay and often to unguided, "blind" 
therapy24-29.

It is important to consider that although the 
haematocrit showed a certain impact on clot firmness, 
the correction of haemoglobin/haematocrit level is 
generally a precondition for performing haemostatic 
therapy. This aspect is addressed in numerous transfusion 
algorithms and guidelines5,22,23,30. Therefore, variations 
in the dosing of haemostatic agents because of severely 
low haemoglobin/haematocrit levels are excluded.

One limitation of our study is that patients received 
500 mL gelatin polysuccinate (Gelafundin 0.026; 
Serumwerk, Bernburg, Germany) before the initiation 
of CPB. Although colloids are known to affect clot 
firmness when given in large volumes in experimental 

or clinical settings31-33, the single dose of colloids we 
used was diluted upon CPB and is, therefore, unlikely 
to have had a strong impact on our measurements. 
Another limitation is that the haematocrit subgroups 
were defined empirically in order to reflect haematocrit 
intervals common in our clinical setting. Because of the 
observational nature of the study, there were no pre-
defined haematocrit intervals or numbers of patients 
per subgroup.

In summary, this study showed that the effect of 
haematocrit on blood clotting is not reflected by plasma 
fibrinogen concentration, in contrast to FIBTEM MCF 
which incorporates the contribution of haematocrit to 
whole blood clot firmness. This effect does, however, 
appear to be negligible in haemodiluted patients.

Conflicts of interest disclosure 
Cristina Solomon, Herbert Schöchl, and Klaus 

Görlinger have received speaker honoraria and research 
support from Tem International. Niels Rahe-Meyer has 
participated in advisory boards and received speaker 
honoraria and research support from Tem International. 
Marco Ranucci has no relevant conflicts of interest to 
declare.

References
1)  Ogawa S, Szlam F, Chen EP, et al. A comparative evaluation 

of rotation thromboelastometry and standard coagulation tests 
in hemodilution-induced coagulation changes after cardiac 
surgery. Transfusion 2012; 52: 14-22. 

2) G i r d a u s k a s  E ,  K e m p f e r t  J ,  K u n t z e  T,  e t  a l . 
Thromboelastometrically guided transfusion protocol during 
aortic surgery with circulatory arrest: a prospective, randomized 
trial. J Thorac Cardiovasc Surg 2010; 140: 1117-24. 

3) Rahe-Meyer N, Solomon C, Winterhalter M, et al. 
Thromboelastometry-guided administration of fibrinogen 
concentrate for the treatment of excessive intraoperative 
bleeding in thoracoabdominal aortic aneurysm surgery. J 
Thorac Cardiovasc Surg 2009; 138: 694-702. 

4) Rahe-Meyer N, Pichlmaier M, Haverich A, et al. Bleeding 
management with fibrinogen concentrate targeting a high-
normal plasma fibrinogen level: a pilot study. Br J Anaesth 
2009; 102: 785-92. 

5) Görlinger K, Dirkmann D, Hanke AA, et al. First-line therapy 
with coagulation factor concentrates combined with point-
of-care coagulation testing is associated with decreased 
allogeneic blood transfusion in cardiovascular surgery: a 
retrospective, single-center cohort study. Anesthesiology 
2011; 115: 1179-91. 

6) Dorée C, Stanworth S, Brunskill SJ, et al. Where are the 
systematic reviews in transfusion medicine? A study of the 
transfusion evidence base. Transfus Med Rev 2010; 24: 286-94. 

7) Reinhofer M, Brauer M, Franke U, et al. The value of rotation 
thromboelastometry to monitor disturbed perioperative 
haemostasis and bleeding risk in patients with cardiopulmonary 
bypass. Blood Coagul Fibrinolysis 2008; 19: 212-9. 

8) Haizinger B, Gombotz H, Rehak P, et al. Activated 
thrombelastogram in neonates and infants with complex 
congenital heart disease in comparison with healthy children. 
Br J Anaesth 2006; 97: 545-52. 

Blood Transfus 2013; 11: 412-8  DOI 10.2450/2012.0043-12

412-418_043-12.indd   417412-418_043-12.indd   417 03/07/2013   14:30:0403/07/2013   14:30:04

All rights reserved - For personal use only 
No other uses without permission



© SIM
TI S

erv
izi

 Srl

418

9) Lee SH, Lee SM, Kim CS, et al. Use of fibrin-based 
thromboelastometry for cryoprecipitate transfusion in cardiac 
surgery involving deep hypothermic circulatory arrest during 
cardiopulmonary bypass. Blood Coagul Fibrinolysis 2010; 
21: 687-91. 

10) Shenkman B, Livnat T, Lubetsky A, et al. The in-vitro effect 
of fibrinogen, factor XIII and thrombin-activatable fibrinolysis 
inhibitor on clot formation and susceptibility to tissue 
plasminogen activator-induced fibrinolysis in hemodilution 
model. Blood Coagul Fibrinolysis 2012; 23: 370-8. 

11) Iselin BM, Willimann PF, Seifert B, et al. Isolated reduction of 
haematocrit does not compromise in vitro blood coagulation. 
Br J Anaesth 2001; 87: 246-9. 

12) Spiezia L, Radu C, Marchioro P, et al. Peculiar whole blood 
rotation thromboelastometry (Rotem) profile in 40 sideropenic 
anaemia patients. Thromb Haemost 2008; 100: 1106-10. 

13) Solomon C, Schöchl H, Hanke A, et al. Haemostatic therapy 
in coronary artery bypass graft patients with decreased platelet 
function: comparison of fibrinogen concentrate with allogeneic 
blood products. Scand J Clin Lab Invest 2012; 72: 121-8. 

14) Shibata J, Hasegawa J, Siemens HJ, et al. Hemostasis 
and coagulation at a hematocrit level of 0.85: functional 
consequences of erythrocytosis. Blood 2003; 101: 4416-22. 

15) Spoerke NJ, Van PY, Differding JA, et al. Red blood cells 
accelerate the onset of clot formation in polytrauma and 
hemorrhagic shock. J Trauma 2010; 69: 1054-9. 

16) Schöchl H, Posch A, Hanke A, et al. High-dose fibrinogen 
concentrate for haemostatic therapy of a major trauma patient 
with recent clopidogrel and aspirin intake. Scand J Clin Lab 
Invest 2010; 70: 453-7. 

17) Schöchl H, Nienaber U, Hofer G, et al. Goal-directed 
coagulation management of major trauma patients using 
thromboelastometry (ROTEM)-guided administration of 
fibrinogen concentrate and prothrombin complex concentrate. 
Crit Care 2010; 14: R55. 

18) Theusinger OM, Baulig W, Asmis LM, et al. In vitro factor 
XIII supplementation increases clot firmness in rotation 
thromboelastometry (ROTEM). Thromb Haemost 2010; 
104: 385-91. 

19) Gudmundsdottir BR, Francis CW, Bjornsdottir AM, 
et al. Critical role of factors II and X during coumarin 
anticoagulation and their combined measurement with a new 
Fiix-prothrombin time. Thromb Res 2012; 130: 674-81. 

20) Solomon C, Cadamuro J, Ziegler B, et al. A comparison 
of fibrinogen measurement methods with fibrin clot 
elasticity assessed by thromboelastometry, before and after 
administration of fibrinogen concentrate in cardiac surgery 
patients. Transfusion 2011; 51: 1695-706. 

21) Kalina U, Stohr HA, Bickhard H, et al. Rotational 
thromboelastography for monitoring of fibrinogen concentrate 
therapy in fibrinogen deficiency. Blood Coagul Fibrinolysis 
2008; 19: 777-83. 

Blood Transfus 2013; 11: 412-8  DOI 10.2450/2012.0043-12

22) Schöchl H, Maegele M, Solomon C, et al. Early and 
individualised goal-directed therapy for trauma-induced 
coagulopathy. Scand J Trauma Resusc Emerg Med 2012; 
20: 15. 

23) Theusinger OM, Spahn DR, Ganter MT. Transfusion in 
trauma: why and how should we change our current practice? 
Curr Opin Anaesthesiol 2009; 22: 305-12. 

24) Frith D, Brohi K. The acute coagulopathy of trauma shock: 
clinical relevance. Surgeon 2010; 8: 159-63. 

25) Jeger V, Urwyler N, Zimmermann H, Exadaktylos AK. 
Trauma-induced coagulopathy in severely injured patients: 
knowledge lost in translation? Emerg Med J 2010; 27: 551-2. 

26) Kozek-Langenecker S. Management of massive operative 
blood loss. Minerva Anestesiol 2007; 73: 401-15. 

27) Levrat A, Gros A, Rugeri L, et al. Evaluation of rotation 
thrombelastography for the diagnosis of hyperfibrinolysis in 
trauma patients. Br J Anaesth 2008; 100: 792-7. 

28) Plotkin AJ, Wade CE, Jenkins DH, et al. A reduction in clot 
formation rate and strength assessed by thrombelastography 
is indicative of transfusion requirements in patients with 
penetrating injuries. J Trauma 2008; 64 (Suppl. 2): S64-8. 

29) Haas T, Spielmann N, Mauch J, et al. Comparison of 
thromboelastometry (ROTEM®) with standard plasmatic 
coagulation testing in paediatric surgery. Br J Anaesth 2012; 
108: 36-41. 

30) Erber WN. Massive blood transfusion in the elective surgical 
setting. Transfus Apher Sci 2002; 27: 83-92. 

31) Weiss G, Lison S, Spannagl M, Heindl B. Expressiveness of 
global coagulation parameters in dilutional coagulopathy. Br 
J Anaesth 2010; 105: 429-36. 

32) Fries D, Krismer A, Klingler A, et al. Effect of fibrinogen on 
reversal of dilutional coagulopathy: a porcine model. Br J 
Anaesth 2005; 95: 172-7. 

33) Fenger-Eriksen C, Tonnesen E, Ingerslev J, Sorensen B. 
Mechanisms of hydroxyethyl starch-induced dilutional 
coagulopathy. J Thromb Haemost 2009; 7: 1099-105.

Arrived: 14 March 2012 - Revision accepted: 14 June 2012
Correspondence: Cristina Solomon
Department of Anaesthesiology and Intensive Care
Salzburger Landeskliniken SALK
48 Müllner Hauptstrasse
5020 Salzburg, Austria
e-mail: solomon.cristina@googlemail.com

Solomon C et al

412-418_043-12.indd   418412-418_043-12.indd   418 03/07/2013   14:30:0403/07/2013   14:30:04

All rights reserved - For personal use only 
No other uses without permission




