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Abstract

Introduction: Increased INR values have a high prevalence among critically ill patients 
and are often a trigger to administer Fresh Frozen Plasma (FFP). However, ability of 
INR to accurately reflect hemostasis is limited. In contrast to INR, rotational throm-
boelastometry (ROTEM) assesses whole clot formation and degradation.
Aim: Assessing correlation of ROTEM with conventional hemostatic tests in critically 
ill patients with a coagulopathy and evaluating the response of thromboelastometry 
variables to a prophylactic transfusion of a fixed dose of FFP in these patients.
Methods: In a sub-study of a prospective trial evaluating the efficacy of FFP to pre-
vent bleeding, ROTEM assays were performed in 16 critically ill patients with a pro-
longed INR (1.5-3.0) before and after transfusion of a fixed dose of FFP (12 ml/kg).
Results: At baseline, only INTEM CFT was prolonged to 133 (51-162), while all other 
variables were within reference ranges. INR showed weak correlation with INTEM 
CFT, and was not correlated with EXTEM CFT. In patients with disseminated intra-
vascular coagulation (DIC), EXTEM CFT was increased (218 sec (154-409) vs. 60 sec 
(38-165), p=0.007), whereas alpha (55° (44-65) vs. 79° (70-83), p=0.003) and MCF 
(47 mm (36-49) vs. 65 mm (55-77), p=0.01) were decreased compared to those with-
out DIC, indicative of a hypocoagulable state. Also, CFT, MCF and alpha correlated 
well with platelet count, fibrinogen and factor II levels, as well as with DIC score. 
EXTEM CFT, alpha and MCF had high accuracy in discriminating patients with and 
without DIC. Transfusion of FFP decreased EXTEM CT (70 (46-94) before vs. (58 (46-
82) after FFP, p=0.04) and MCF (51 mm (43-65) before FFP vs. 55 (47-75) after FFP, 
p=0.04) and decreased FIBTEM CT (66 sec (50-96) before vs. 49 (40-66) after FFP, 
p=0.01).
Conclusion: ROTEM parameters were mostly within reference ranges and correlated 
only modestly with INR, but did correlate with platelet count, fibrinogen and factor 
II levels. Patients with DIC had more hypocoagulable profiles and ROTEM could be 
useful to diagnose DIC. Transfusion of FFP improved EXTEM CT and MCF.
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Background

Coagulopathy, defined as prolonged prothrombin time (PT) or increased Interna-
tional Normalized Ratio (INR), has a high prevalence in critically ill patients [1]. Audits 
of transfusion practice show that clinicians consider increased INR and PT values 
as indicators of increased bleeding risk and thereby they are an important trigger 
to transfuse Fresh Frozen Plasma (FFP), in particular in patients undergoing inva-
sive procedures [2,3]. However, despite the widespread use of INR and PT to detect 
coagulopathy, these tests do not accurately reflect in vivo hemostatic potential [4], 
which may be due to the fact that only a part of the coagulation cascade is assessed. 
Essential contributors to hemostasis, such as platelet count and levels of endog-
enous anticoagulants, both of which are often decreased in the critically ill, are not 
accounted for [5,6].
An important cause of abnormal coagulation test results in critically ill patients is the 
presence of disseminated intravascular coagulation (DIC). The clinical picture of DIC 
ranges from severe consumption coagulopathy with increased bleeding tendency to 
a prothrombotic state with (micro)vascular thrombosis. Conventional coagulation 
tests lack the ability to discriminate between these profiles.
Ideally, a test to assess bleeding risk in the critically ill should take into account 
all factors contributing to hemostasis and be readily available for clinicians caring 
for these patients. In recent years there has been a growing interest in rotational 
thromboelastometry (ROTEM), a point of care test evaluating whole clot formation 
and degradation. Use of ROTEM was shown to reduce the amount of transfusions 
in cardiac surgery [7] and ROTEM may also be of use to detect DIC in the critically 
ill [8,9]. Therefore we aimed to study the correlation of thromboelastometry with 
other hemostatic tests and ISTH DIC score in critically ill patients with a coagulopa-
thy. Also, the effect of transfusion of prophylactic FFP on ROTEM parameters in non-
bleeding patients has not been evaluated before. As a substudy of a trial evaluating 
efficacy of prophylactic FFP in coagulopathic patients prior to undergoing an inter-
vention, the response of thromboelastometry variables to a fixed dose of FFP was 
investigated.
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Methods

Setting and patients
The study was performed as a predefined post-hoc substudy of a randomized clini-
cal trial on the efficacy of prophylactic FFP in critically ill patients with a coagulopa-
thy [10]. Patients were either randomized to receive or not to receive 12 ml/kg of 
FFP transfusion before an intervention. Patients were eligible if INR was ≥1.5 and 
≤3.0 and an intervention was scheduled. Defined invasive procedures were inser-
tion of a central venous catheter, thoracocentesis, percutaneous tracheotomy or 
drainage of abscess or fluid collection. Patients randomized to FFP transfusion were 
included in the current study. Patients with clinically overt bleeding or with a throm-
bocytopenia <30 x 109/L were excluded from participation. Patients using platelet 
aggregation inhibitors, low molecular weight heparin in a therapeutic dose, vitamin 
K antagonists, activated protein C or prothrombin complex concentrates were also 
excluded. Patients treated with heparin were eligible if medication was discontin-
ued for an appropriate period.
The study was conducted in a mixed-medical surgical ICU in a university hospital, 
the Academic Medical Center in Amsterdam, the Netherlands in accordance with 
the Declaration of Helsinki. The protocol was approved by our Institutional Review 
Board. Written informed consent was obtained from patients or legal representative 
before entry in the study.

Data collection
Baseline data included demographics, admission reason, APACHE IV and SOFA score 
and previous medical history. DIC was assessed using the ISTH DIC score, which 
defines DIC as a score of ≥5 points [11]. Blood samples were drawn just prior to FFP 
transfusion and immediately after FFP transfusion.

Coagulation assays
Routine coagulation tests included INR, aPTT, fibrinogen, d-dimer levels (Sysmex 
CA 7000 and all reagents, Siemens Healthcare Diagnostics, Germany) and platelet 
count. In addition, levels of coagulation factors II, V and VII were assessed using 
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a one stage clotting assay according to manufacturers instruction (ACL TOP 700, 
Instrumentation Laboratory, USA).
Antithrombin was assessed by chromogenic substrate method (Sysmex CA 7000, 
Siemens Healthcare Diagnostics, Germany) with reagents and protocols of the man-
ufacturer. Plasmin-α2-antiplasmin complex (PAP) levels were measured using spe-
cific commercially available ELISAs according to the instruction of the manufacturer 
(Siemens Healthcare Diagnostics, Germany). Protein C activity was assessed by a 
kinetic assay (Coamatic Protein C, Chromogenix, Mölndal, Sweden) and protein S 
levels were determined by ELISA, as described previously [12]. All tests were carried 
out before and directly after FFP transfusion.

ROTEM measurements
Using ROTEM (Tem International, Munich, Germany), three separate assays were 
carried out, including EXTEM to assess tissue factor-initiated coagulation, INTEM to 
assess the intrinsic pathway and FIBTEM to qualitatively assess fibrinogen status. For 
EXTEM, 20 μL of 0.2 mol/L CaCl2 (star-tem®) and 20 μL of recombinant tissue factor 
(r EXTEM®) were added to a test vial, subsequently 300 μL of the citrated blood sam-
ple was added. For the INTEM test 20 μL of 0.2 mol/L CaCl2 (star-tem®), 20 μL of par-
tial thromboplastin made of rabbit brain (in-tem®) and 300 μL of blood were added 
to the test cuvette. FIBTEM test was carried out by adding 20 μL of recombinant 
human tissue factor (r EXTEM®), 20 μL of platelet inactivating cytochalasin D solu-
tion 0.2 mol/L CaCl2 and 300 μL of the blood sample to the test vial. The electronic 
pipette program guided all test steps. For INTEM and EXTEM clotting time (CT), clot 
formation time (CFT), clot firmness (MCF), alpha angle and maximum lysis (ML) were 
recorded. For the FIBTEM assay CT and MCF were recorded. All treating physicians 
were blinded for ROTEM results.

Statistical analysis
All variables are expressed as median (interquartile ranges). To compare groups 
Mann Whitney was used for independent variables and Wilcoxon signed rank test 
was used for paired data. Fisher’s exact test was used for comparisons in cross-
tabs. Correlations were assessed using Spearman’s rho. To assess value of ROTEM 
variables to diagnose DIC, receiver operating characteristic (ROC) curves were used. 
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Results are given as area under the curve (AUC) and 95% confidence interval (CI). In 
addition optimal cut-off values ad odds ratio’s were calculated for each parameter. 
A p value less than 0.05 was considered significant. Statistical analyses were per-
formed with SPSS 20.0 (SPSS Inc., Chicago, USA) and Prism Version 5.0 (Graphpad 
Software, San Diego, USA).

Results

Patients
Of the 16 included patients (table 1), the majority was admitted to the ICU due to 
sepsis. Accordingly, patients were ill, as reflected by high disease severity scores. 
Eight patients fulfilled criteria for overt DIC, with a median platelet count of 69 x 
109/L. Median levels of natural anticoagulants antithrombin, protein C and S were 
reduced. Most patients underwent central venous catheterization and minor bleed-
ing occurred after six interventions, including hematoma requiring prolonged pres-
sure, suture or application of spongostan. No major bleedings were observed.

Thromboelastometry and assessment of coagulation status
Baseline thromboelastometry results are depicted in figure 1. With the exception of 
INTEM CFT, which was prolonged, all median variables were within manufacturers 
reference values. However, EXTEM CFT was at the upper reference limit. In addition, 
both median INTEM and EXTEM MCF were on the lower reference range, indicating 
a tendency to hypocoagulability.
Baseline CT for both INTEM and EXTEM did not correlate with INR, nor did EXTEM 
CFT, while INTEM CFT showed moderate positive correlation with INR. Both INTEM 
and EXTEM CFT correlated positively with aPTT (tables 2a and 2b). CFT, alpha and 
MCF (INTEM and EXTEM) correlated well with platelet count, fibrinogen and factor 
II levels. Other factor levels did not correlate with ROTEM variables (tables 2a and 
2b). Lysis indexes did not correlate with markers of fibrinolysis such as D-dimer and 
plasmin-antiplasmin levels (data not shown).
ROTEM parameters did not differ between patients with and without bleeding (data 
not shown).
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Table 1: Characteristics of critically ill patients with a coagulopathy prior to receiving pro-
phylactic FFP for an intervention. 

n = 16
General characteristics
Gender, male, % (n) 63 (10)
Age (years) 58 (46-69)
APACHE IV score 115 (81-136)
SOFA score 14 (8-16)
Medical condition
Liver disease, % (n) 25 (4)
Sepsis, % (n) 56 (9)
DIC, % (n) 50 (8)
Coagulation 
INR 1.60 (1.54-2.12)
aPTT (sec) 40 (35-47)
Platelet count x109/L 69 (49-177)
Fibrinogen (g/L) 2.60 (1.95-4.80)
Antithrombin (%) 54 (38-68)
Protein C (%) 34 (22-53)
Total protein S (%) 47 (39-72)
Intervention
Central venous catheter, % (n) 69 (11)
Chest tube, % (n) 13 (2)
Tracheotomy, % (n) 13 (2)
Abdominal drain, % (n) 6 (1)
Outcome
Occurrence of bleeding, % (n)* 38 (6)

Data expressed as median and interquartile ranges.
*Assessed using a tool validated in critically ill (HEME)[24]
APACHE = Acute Physiology and Chronic Health Evaluation
SOFA = Sequential Organ Failure Assessment
DIC = Disseminated Intravascular Coagulation
aPTT = Activated Partial Thromboplastin Time
INR = International Normalized Ratio

Thromboelastometry in patients with disseminated intravascular coagulation
In patients with DIC, thromboelastometry profiles were more hypocoagulable com-
pared to those without DIC (figure 2). Also, prolonged CFT and reduced alpha and 
MCF were significantly associated with DIC score (tables 2a and 2b). Although the 
proportion of patients with DIC that had EXTEM test results outside manufacturers 

Muller.indd   133 25-7-2014   14:40:27



Chapter 7

134

Figure 1: ROTEM EXTEM variables before and after Fresh Frozen Plasma transfusion (12 ml/
kg). Dotted lines indicate reference ranges.

FFP = Fresh Frozen Plasma
CT = clotting time
CFT = clot formation time
MCF = maximum clot firmness

reference range did not differ from those without DIC (p=0.12), a ROC curve analysis 
was performed to investigate the value of these variables for the diagnosis of DIC. 
ROC curves for EXTEM CFT, alpha and MCF are shown in figure 3. Comparison of 
EXTEM CFT, alpha and MCF in patients with and without DIC showed all three vari-
ables were capable of detecting differences between these groups with high accu-
racy (table 3).

Response of thromboelastometry variables to transfusion with FFP
Transfusion with 12 ml/kg FFP reduced median EXTEM CT and improved median 
EXTEM MCF, indicating enhanced coagulation. However, in most patients, variables 
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Figure 2: ROTEM EXTEM variables before and after Fresh Frozen Plasma transfusion (12 ml/
kg) in patients with and without disseminated intravascular coagulation.

FFP = Fresh Frozen Plasma
DIC = Disseminated intravascular coagulation
CT = clotting time
CFT = clot formation time
MCF = maximum clot firmness

only changed marginally after FFP transfusion (figure 1). FIBTEM MCF was unaffected 
by FFP transfusion and the same applied for the INTEM variables (CT: 183 (175-218) 
before vs. 175 (159-197) after FFP (p=0.40), CFT: 133 (51-162) before vs. 115 (60-140) 
after FFP (p=0.33), alpha: 74 (63-80) before vs. 72 (68-78) after FFP (p=0.63) and 
MCF: 52 (43-70) before vs. 55 (49-69) after FFP (p=0.19)). The effect of FFP transfu-
sion did not differ among patients with or without DIC (figure 2).
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Table 2a: Correlation of INTEM ROTEM variables with coagulation tests at baseline. 

CT CFT Alpha MCF
INR 0.174 0.538* NA NA
aPTT (sec) 0.430 0.646* NA NA
Platelet count (x109/L) -0.270 -0.908** 0.725** 0.811**
Factor II (%) -0.609* -0.785** 0.839** 0.794**
Factor V (%) -0.319 -0.187 0.187 0.279
Factor VII (%) -0.187 -0.451 0.487 0.389
Fibrinogen (g/L) -0.498 -0.769** 0.865** 0.665**
DIC score 0.452 0.802** -0.918** -0.636*

Table 2b: Correlation of EXTEM ROTEM variables with coagulation tests at baseline. 

CT CFT Alpha MCF
INR -0.022 0.369 NA NA
aPTT (sec) 0.318 0.548* NA NA
Platelet count (x109/L) -0.487 -0.833** 0.818** 0.613*
Factor II (%) -0.412 -0.689** 0.732** 0.513*
Factor V (%) -0.146 -0.190 0.259 0.018
Factor VII (%) -0.062 -0.306 0.373 0.484
Fibrinogen (g/L) -0.233 -0.743** 0.765** 0.724**
DIC score 0.271 0.796** -0.860** -0.790**

*p<0.05
**p<0.01
INR = International normalized ratio
aPTT = activated partial thromboplastin time
DIC = disseminated intravascular coagulation
CT = clotting time
CFT = clot formation time
MCF = maximum clot firmness
NA = not applicable

Table 3: Results of Receiver Operating Characteristics curve analysis for EXTEM variables in 
patients with and without disseminated intravascular coagulation.

AUC 95% CI p value Cut off Sensitivity Specificity Likelihood 
ratio

CFT 0.906 0.757-1.056 <0.01 >105 sec 100% 75% 3.0
alpha 0.945 0.841-1.050 <0.01 <67° 88% 88% 7.0
MCF 0.883 0.688-1.078 0.01 <51 mm 88% 88% 7.0

CFT = clot formation time
MCF = maximum clot firmness
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Discussion

The current study demonstrates that most ROTEM variables are within reference 
values in critically ill patients with an increased INR. Correlation with the widely 
used INR is moderate, while ROTEM correlates well with factor II, platelet count and 
fibrinogen. ROTEM profiles are more hypocoagulable in patients with DIC compared 
to those without DIC and CFT, alpha and MCF correlate strongly with DIC score. 
Prophylactic transfusion of FFP slightly improved ROTEM EXTEM results and FIBTEM 
CFT.
In the present study, ROTEM measurements were done in severely ill patients with 
increased INR values. Thromboelastometry results were heterogeneous ranging 
from hyper- to hypocoagulable profiles, as shown before in ICU patients [13]. How-
ever for the whole cohort, most results were within reference ranges, which is in line 
with reports from patients with severe sepsis [6,14]. Thereby, it can be questioned 
whether reference values as validated in healthy volunteers for a single outcome 
should be used to diagnose hypo- or hypercoagulability in the critically ill, or rather 

Figure 3: Receiver operating characteristics curves for EXTEM clot formation time, alpha and 
maximum clot firmness for the diagnosis of disseminated intravascular coagulation in criti-
cally ill patients with coagulopathy.

CFT = clot formation time
MCF = maximum clot firmness
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that new reference values should be formulated for specific profiles by combining 
several ROTEM values.
We assessed the correlation of ROTEM with conventional coagulation tests and indi-
vidual factor levels. INR values increase when levels of factor II, VII, IX and X are 
reduced and a reduction of these factors would result in concomitant prolonged 
coagulation times in the ROTEM assay, as was observed in patients with sepsis [15]. 
Indeed, INTEM CFT was prolonged and EXTEM CFT was at the upper reference limit 
in our patients. However, correlation between INR values and ROTEM was only 
seen in the INTEM assay and not in the EXTEM, as reported previously [16]. A pos-
sible explanation for this observation could be that compared to activation of the 
intrinsic pathway, EXTEM is less standardized due to the use of tissue factor [17]. 
This has led to the recommendation to use INTEM for patients with known bleeding 
diathesis [18]. Of note, correlation with INR was only modest. A stronger correlation 
was found between CFT, alpha and MCF with fibrinogen, factor II levels and platelet 
count in our patients, which is in line with recent reports in surgical patients [16] and 
sepsis patients [14]. Hereby, ROTEM could provide valuable information on different 
components of the coagulation system in a bedside manner, abating the need to 
perform different assays.
Half of the patients in the current study had overt DIC. Compared to patients with-
out DIC, ROTEM CFT was prolonged and alpha and MCF were reduced, indicative of 
a more hypocoagulable profile. Also, ROTEM correlated highly with the DIC score. 
Comparable observations have been reported in sepsis patients [6,8]. Similar to our 
findings, the combination of CFT, alpha and MCF values was able to discriminate 
between patients with and without DIC [8]. This suggests that ROTEM could be a 
useful diagnostic test for DIC [19]. Further research is warranted enabling develop-
ment of a thromboelastographic DIC score for critically ill with appropriate refer-
ence values.
Transfusion with a fixed dose of FFP reduced CT in EXTEM and FIBTEM and increased 
MCF in EXTEM, whereas INTEM variables remained unaffected. Although FFP is 
widely used to correct coagulopathy in critically ill patients [1], effect of this prac-
tice on coagulation parameters is limited. An increase in individual factor levels 
and decrease of INR following FFP transfusion has been demonstrated in different 
patient groups [20-22], however to our best knowledge this is the first report of the 
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effect of FFP on thromboelastometric variables. Of note, observed increments in 
this study were only small and the clinical significance of the observed improvement 
is doubtful.
Our study has several limitations. First, group size is relatively small, although patient 
characteristics correspond well with those of larger cohort studies on thromboelas-
tometry in the ICU [13], supporting the generalizability of our results on correlation 
between ROTEM and other hemostatic tests. However, although we found no differ-
ences in ROTEM parameters between patients with and without bleeding following 
an intervention, assessment of the ability of ROTEM to predict bleeding complica-
tions requires a larger sample size. Another limitation is test precision of ROTEM, 
which is a subject of debate with reported high coefficients of variance [23]. How-
ever, in order to limit variation as much as possible, all tests were carried out on the 
same device by only two experienced researchers.

Conclusion

In critically ill patients with a coagulopathy, ROTEM parameters were mostly within 
manufacturers reference ranges. Correlation with INR was moderate, but CFT, alpha 
and MCF correlated well with platelet count and levels of factor II and fibrinogen, as 
well as with DIC score. Also, EXTEM variables showed high accuracy in discriminating 
patients with and without DIC. Thereby, ROTEM may be a useful tool in diagnosing 
DIC in the critically ill. Transfusion of FFP resulted in improved EXTEM CT and MCF 
and reduced CT in FIBTEM.

Muller.indd   139 25-7-2014   14:40:28



Chapter 7

140

References

1. Walsh TS, Stanworth SJ, Prescott RJ, et al.: Prevalence, management, and outcomes of 
critically ill patients with prothrombin time prolongation in United Kingdom intensive 
care units. Crit Care Med 2010;38: 1939-46

2. Stanworth SJ, Grant-Casey J, Lowe D, et al.: The use of fresh-frozen plasma in England: 
high levels of inappropriate use in adults and children. Transfusion 2011;51: 62-70

3. Watson DM, Stanworth SJ, Wyncoll D, et al.: A national clinical scenario-based survey 
of clinicians’ attitudes towards fresh frozen plasma transfusion for critically ill patients. 
Transfus Med 2011;21: 124-9

4. Segal JB, Dzik WH: Paucity of studies to support that abnormal coagulation test results 
predict bleeding in the setting of invasive procedures: an evidence-based review. Trans-
fusion 2005;45: 1413-25

5. Strauss R, Wehler M, Mehler K, et al.: Thrombocytopenia in patients in the medical 
intensive care unit: bleeding prevalence, transfusion requirements, and outcome. Crit 
Care Med 2002;30: 1765-71

6. Brenner T, Schmidt K, Delang M, et al.: Viscoelastic and aggregometric point-of-care 
testing in patients with septic shock - cross-links between inflammation and haemosta-
sis. Acta Anaesthesiol Scand 56: 1277-90

7. Bolliger D, Tanaka KA: Roles of thrombelastography and thromboelastometry for 
patient blood management in cardiac surgery. Transfus Med Rev 2013;27: 213-20

8. Sivula M, Pettila V, Niemi TT, et al.: Thromboelastometry in patients with severe sepsis 
and disseminated intravascular coagulation. Blood Coagul Fibrinolysis 2009;20: 419-26

9. Müller MC, Meijers JC, Vroom MB, et al.: Utility of thromboelastography and/or throm-
boelastometry in adults with sepsis: a systematic review. Crit Care 2014;18: R30

10. Müller MC, de Jonge E, Arbous MS, et al.: Transfusion of fresh frozen plasma in non-
bleeding ICU patients--TOPIC trial: study protocol for a randomized controlled trial. Tri-
als 2011;12: 266

11. Taylor FB, Jr., Toh CH, Hoots WK, et al.: Towards definition, clinical and laboratory crite-
ria, and a scoring system for disseminated intravascular coagulation. Thromb Haemost 
2001;86: 1327-30

12. Kager LM, de Boer JD, Bresser P, et al.: Intrabronchial activated protein C enhances 
lipopolysaccharide-induced pulmonary responses. Eur Respir J 2013;42: 188-97

13. Johansson PI, Stensballe J, Vindelov N, et al.: Hypocoagulability, as evaluated by 
thrombelastography, at admission to the ICU is associated with increased 30-day mor-
tality. Blood Coagul Fibrinolysis 21: 168-74

14. Daudel F, Kessler U, Folly H, et al.: Thromboelastometry for the assessment of coagula-
tion abnormalities in early and established adult sepsis: a prospective cohort study. Crit 
Care 2009;13: R42

15. Collins PW, Macchiavello LI, Lewis SJ, et al.: Global tests of haemostasis in critically ill 
patients with severe sepsis syndrome compared to controls. Br J Haematol 2006;135: 
220-7

Muller.indd   140 25-7-2014   14:40:28



Thromboelastometry and FFP transfusion in critically ill patients with a coagulopathy

141

16. Theusinger OM, Schroder CM, Eismon J, et al.: The influence of laboratory coagulation 
tests and clotting factor levels on Rotation Thromboelastometry (ROTEM(R)) during 
major surgery with hemorrhage. Anesth Analg 2013;117: 314-21

17. Young G, Sorensen B, Dargaud Y, et al.: Thrombin generation and whole blood viscoe-
lastic assays in the management of hemophilia: current state of art and future perspec-
tives. Blood 2013;121: 1944-50

18. Chitlur M, Rivard GE, Lillicrap D, et al.: Recommendations for performing thromboe-
lastography/thromboelastometry in hemophilia: communication from the SSC of the 
ISTH. J Thromb Haemost 2014;12: 103-6

19. Sharma P, Saxena R: A novel thromboelastographic score to identify overt disseminated 
intravascular coagulation resulting in a hypocoagulable state. Am J Clin Pathol 134: 
97-102

20. Holland LL, Brooks JP: Toward rational fresh frozen plasma transfusion: The effect of 
plasma transfusion on coagulation test results. Am J Clin Pathol 2006;126: 133-9

21. Tinmouth A, Chatelain E, Fergusson D, et al.: A Randomized Controlled Trial of High and 
Standard Dose Fresh Frozen Plasma Transfusions in Critically Ill Patients. Transfusion 
2008;48: 26A-7A

22. Abdel-Wahab OI, Healy B, Dzik WH: Effect of fresh-frozen plasma transfusion on pro-
thrombin time and bleeding in patients with mild coagulation abnormalities. Transfu-
sion 2006;46: 1279-85

23. Kitchen DP, Kitchen S, Jennings I, et al.: Quality assurance and quality control of thromb-
elastography and rotational Thromboelastometry: the UK NEQAS for blood coagulation 
experience. Semin Thromb Hemost 2010;36: 757-63

24. Arnold DM, Donahoe L, Clarke FJ, et al.: Bleeding during critical illness: a prospective 
cohort study using a new measurement tool. Clin Invest Med 2007;30: E93-102

Muller.indd   141 25-7-2014   14:40:28




