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Summary
Background: Massive bleeding and transfusion of packed red blood 
cells (PRBC), fresh frozen plasma (FFP) and platelets are associated 
with increased morbidity, mortality and costs. Patients and Methods: 
We analysed the transfusion requirements after implementation of 
point-of-care (POC) coagulation management algorithms based on 
early, calculated, goal-directed therapy with fibrinogen concentrate 
and prothrombin complex concentrate (PCC) in different periopera-
tive settings (trauma surgery, visceral and transplant surgery (VTS), 
cardiovascular surgery (CVS) and general and surgical intensive care 
medicine) at 3 different hospitals (AUVA Trauma Centre Salzburg, 
University Hospital Innsbruck and University Hospital Essen) in 2 dif-
ferent countries (Austria and Germany). Results: In all institutions, the 
implementation of POC coagulation management algorithms was as-
sociated with a reduction in the transfusion requirements for FFP by 
about 90% (Salzburg 94%, Innsbruck 88% and Essen 93%). Further-
more, PRBC transfusion was reduced by 8.4–62%. The incidence of 
intraoperative massive transfusion (≥10 U PRBC) could be more than 
halved in VTS and CVS (2.56 vs. 0.88%; p < 0.0001 and 2.50 vs. 1.06%; 
p = 0.0007, respectively). Platelet transfusion could be reduced by 
21–72%, except in CVS where it increased by 115% due to a 5-fold 
 increase in patients with dual antiplatelet therapy (2.7 vs. 13.7%; p < 
0.0001). Conclusions: The implementation of perioperative POC co-
agulation management algorithms based on early, calculated, goal-
directed therapy with fibrinogen concentrate and PCC is associated 
with a reduction in the transfusion requirements for FFP, PRBC and 
platelets as well as with a reduced incidence of massive transfusion. 
Thus, the limited blood resources can be used more efficiently.
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Zusammenfassung
Hintergrund: Sowohl schwere Blutungen als auch die Transfusion 
von Erythrozytenkonzentraten (EK), Frischplasma (FFP) und Thrombo-
zytenkonzentraten (TK) sind mit einer Steigerung der Morbidität, der 
Mortalität und der Kosten assoziiert. Patienten und Methoden: Wir 
analysierten den Einfluss der Implementierung von Point-of-
Care(POC)-Algorithmen zum Gerinnungsmanagement, basierend auf 
der frühzeitigen, kalkulierten, zielgerichteten Therapie mit Fibrinogen-
konzentrat und Prothrombin-Komplex-Konzentrat (PPSB), auf den 
Transfusionsbedarf in unterschiedlichen perioperativen Bereichen 
(Unfallchirurgie, Viszeral- und Transplantationschirurgie, kardiovas-
kuläre Chirurgie und allgemeine und chirurgische Intensivmedizin) in 
3 verschiedenen Kliniken (AUVA Traumazentrum Salzburg, Universi-
tätsklinikum Innsbruck und Universitätsklinikum Essen) in 2 verschie-
denen Ländern (Österreich und Deutschland). Ergebnisse: In allen 
Kliniken war die Implementierung der POC-Algorithmen zum Gerin-
nungsmanagement mit einer etwa 90%igen Reduktion des Trans-
fusionsbedarfs an FFP assoziiert (Salzburg 94%, Innsbruck 88% und 
Essen 93%). Außerdem konnte die Zahl der transfundierten EK um 
8,4–62% reduziert werden. Die Inzidenz von intraoperativen Massiv-
transfusionen (≥10 EK) konnte in der Viszeral- und Transplantations-
chirugie sowie in der kardiovaskulären Chirurgie mehr als halbiert 
werden (2,56 vs. 0,88%; p < 0,0001 bzw. 2,50 vs. 1,06%; p = 0,0007). 
Die Transfusion von TK konnte mit Ausnahme der kardiovaskulären 
Chirurgie um 21–72% reduziert werden. In Letzterer stieg der Ver-
brauch an TK aufgrund einer 5-fachen Zunahme der Patienten mit 
 dualer antithrombozytärer Therapie (2,7 vs. 13,7%; p < 0,0001) um 
115% an. Schlussfolgerungen: Die Implementierung von POC-Algo-
rithmen zum perioperativen Gerinnungsmanagement, basierend auf 
der frühzeitigen, kalkulierten, zielgerichteten Therapie mit Fibrinogen-
konzentrat und PCC, ist mit einer Reduktion des Transfusionsbedarfs 
für EK, FFP und TK sowie mit einer Reduktion der Inzidenz von Mas-
sivtransfusionen assoziiert. Dadurch können die knappen Blutressour-
cen effektiver genutzt werden.
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out the blood products in form of packages, e.g. with 5 units 
of PRBCs, 5 units of FFP, and 1 pooled PC (which corre-
sponds to 4–5 single-donor PCs). The advantage of this strat-
egy is that no laboratory analysis is necessary. However, this 
concept is only effective if coagulopathy can be avoided by 
prophylactic administration of FFP and PCs. According to the 
German cross-sectional guidelines for therapy with blood 
components and plasma derivatives published by the board of 
the German Medical Association on the recommendation of 
the scientific advisory board in 2009, prophylactic transfusion 
of FFP and PCs should be avoided based on a recommenda-
tion with an evidence level of 1A [36].

Furthermore, Gonzales et al. [37] demonstrated in a study 
performed in a big US American trauma centre that, using the 
1:1 concept, it took on average 14.8 h to correct a coagulo-
pathy (to reduce the international normalised ratio (INR) ad 
admission of 1.8  0.2 below a level of 1.5). Therefore, 
Gonzalez et al. came to the conclusion that pre-intensive care 
unit (ICU) interventions to correct coagulopathy should be 
more aggressive in order to stop the bleeding, reduce the 
transfusion requirements and improve the patients’ outcome. 
Furthermore, they recommended the development and imple-
mentation of standardised transfusion and coagulation man-
agement protocols, both empirical and data-driven ones.

Since FFP has to be thawed before it can be transfused, in 
a study published by Snyder et al. [38] in 2009 the first unit of 
FFP was transfused after a median time of 93 min, whereas 
the first unit of PRBCs was already transfused after 19 min. In 
consideration of the median time to death of 293 min in this 
study, this resulted in a survival bias and the authors therefore 
concluded that the non-survivors in their study did not die be-
cause they got a lower FFP/PRBC ratio but rather that they 
got a lower ratio because they died [38].

In order to shorten the ‘time-to-treat’ in their bleeding 
emergency cases, several trauma centres are using pre-thawed 
AB plasma as a universal donor plasma. However, data from 
2 large retrospective studies from the USA and Scandinavia 
demonstrated that exposure to more than 6 units of AB0-
compatible non-identical plasma transfusions increased the 
overall complication rate of acute lung injury and sepsis by up 
to 70% and increased mortality as well [39, 40]. Again, this 
limits the efficacy and safety of the formula-driven treatment 
concepts of massively bleeding patients [41–45].

Conventional Laboratory Test-Driven Transfusion and  
Coagulation Management Algorithms
There is emerging consensus that plasma-based conventional 
laboratory tests such as prothrombin time (PT) and activated 
partial thromboplastin time (aPTT) measurements are inade-
quate to define and address the bleeding origin in massively 
bleeding patients and to guide therapy [20, 22, 23, 46, 47]. This 
may be due to the fact that they are not able to assess the in-
teraction between the cellular and plasma components of clot 
formation, which plays a central role in our current under-

General Medical and Economic Implications of  
Massive Bleeding and Blood Transfusion

Massive bleeding and blood transfusion are associated with in-
creased morbidity, mortality, and costs [1–4]. This is not only 
true for the transfusion of packed red blood cells (PRBCs) but 
also of fresh frozen plasma (FFP) and platelets [5–14]. There-
fore, it is most important to detect and treat the underlying 
haemostatic disturbance depending on the individual defects 
and as fast as possible in order to avoid unnecessary blood 
transfusions. This target can be achieved by combining point-
of-care (POC) diagnostics such as rotation thromboelastome-
try (ROTEM , Tem Innovations, Munich, Germany) and 
whole-blood impedance aggregometry (multiple-electrode 
 aggregometry (MEA = Multiplate , Roche AG, Grenzach, 
Germany)) with an early goal-directed therapy using coagula-
tion factor concentrates (such as fibrinogen concentrate, pro-
thrombin complex concentrate (PCC), factor XIII concen-
trate, and activated recombinant factor VII (rFVIIa)) and hae-
mostatic drugs (such as tranexamic acid and 1-deamino-8-d-
arginine vasopressin (DDAVP, desmopressin)) [15–28]. On 
the other hand, POC tests and the use of coagulation factor 
concentrates also generate considerable costs for the hospital. 
Since an economic approach is of increasing importance for 
hospitals, economic considerations are also increasingly rele-
vant in medical decision-making, especially linked to the use 
of expensive drugs such as antibiotics, antimycotics and coagu-
lation factor concentrates. Therefore, besides a risk-benefit 
analysis, also a cost-benefit analysis comes more and more into 
the pharmacoeconomic focus.

Therapeutic Strategies in Massive Bleeding and  
Perioperative Coagulopathy

Several authors reported that the implementation of trans-
fusion and coagulation management algorithms was efficient 
in the reduction of perioperative blood loss and transfusion 
requirements in massively bleeding patients [29–35].

Three therapeutic strategies are mainly used in massively 
bleeding patients:
– formula-driven transfusion algorithms (e.g., the 1:1:1 

concept),
– conventional laboratory test-driven transfusion and coagu-

lation management algorithms,
– POC test-driven transfusion and coagulation management 

algorithms.

Formula-Driven Transfusion Algorithms
In the USA, the 1:1:1 concept is favoured for the treatment of 
military trauma patients. Here, in patients with (expected) 
massive transfusion of PRBCs, FFP and platelet concentrates 
(PCs) were transfused at a fixed ratio of 1:1:1, independently 
of laboratory results. In many hospitals, the blood bank hands 
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centration falls below 1.5–2.0 g/l [36, 57]. However, the tar-
geted fibrinogen plasma concentration seems to be dependent 
on the clinical setting and/or the severity of the trauma. Based 
on thromboelastometry measurements, a maximum clot firm-
ness (MCF) in FibTEM  below 8–15 mm (corresponding to 
an amplitude after 10 min (A10) in FibTEM < 6–12 mm) can 
be used as a trigger value for fibrinogen substitution in bleed-
ing patients [18, 19, 21, 25, 26, 28, 52, 54, 55, 58, 59]. In this 
setting, the use of fibrinogen concentrate enables a fast and 
predictable increase in plasma fibrinogen concentration, even 
above a level of 2.5 g/l [60, 61].

The required fibrinogen dosage can be calculated based on 
the targeted increase in MCF or A10 in FibTEM and the body 
weight. The following formula and the values in table 1 are 
based on the experience of the University Hospital Essen and 
the Medical School Hannover in the management of mas-
sively bleeding patients, and the corresponding results differ 
by less than 10% [52, 60–62].

Fibrinogen dosage (g) = targeted  MCF in FibTEM (mm) 
 × body weight (kg)/140 (1)

A clinically relevant increase in the plasma fibrinogen concen-
tration can only be achieved by transfusion of high amounts 
of FFP (15–30 ml per kg body weight) [5, 15, 36, 63, 64]. How-
ever, this may result in a transfusion-associated circulatory 
overload (TACO) syndrome and a transfusion-relevant de-
crease in haemoglobin concentration. In principle, plasma fi-
brinogen concentrations above 2.5 g/l cannot be achieved by 
FFP transfusion.

Furthermore, the evidence is growing that, apart from hae-
mostatic drugs such as DDAVP, tranexamic acid and rFVIIa, 
high fibrinogen plasma concentrations can compensate for 
low platelet counts or platelet dysfunction [65–72]. However, 
high amounts of fibrinogen concentrate have to be adminis-
tered in order to increase the MCF in FibTEM to the high 
normal values of 18–25 mm that seem to be necessary to 
achieve this goal, and further studies are required to prove 
this concept [21, 55, 60, 61, 68, 71, 73].

Prothrombin Complex Concentrate
A clinically relevant deficiency in vitamin K-dependent coag-
ulation factors results in a prolongation of the coagulation 
time (CT) in ExTEM . A therapeutic intervention is recom-
mended in bleeding patients with a CT in ExTEM > 80 s [18, 
19, 21, 26, 28, 51, 52, 55, 62].

PCC is approved in the European Union (EU) for the 
treatment and perioperative prophylaxis of bleeding in con-
genital and acquired deficiency of prothrombin complex co-
agulation factors (factors II, VII, IX and X). This applies to 
patients with prolonged PT (increased INR or decreased 
Quick value) due to vitamin K deficiency, treatment with vita-
min K antagonists/oral anticoagulation (phenprocoumarin, 
warfarin), liver cirrhosis, severe blood loss and haemodilu-
tion, when rapid correction of the deficiency is required, and 

standing of haemostasis according to the new cell-based 
model [48]. Furthermore, the turnaround time of conven-
tional coagulation tests in the central laboratory results in a 
delay of goal-directed therapeutic interventions of about 30 to 
60 min, compared to POC testing [49, 50].

POC Test-Driven Transfusion and Coagulation Management 
Algorithms
POC diagnostics based on thromboelastography/-metry and 
whole-blood impedance aggregometry (Multiplate) enable a 
contemporary detection of several haemostatic disorders 
within 15 min in patients with massive bleeding [15–28]. Fur-
thermore, this allows for an early goal-directed therapy of 
these haemostatic disorders on a rational and calculated basis 
with specific coagulation factor concentrates and/or haemo-
static drugs [15, 18, 19, 21, 26–28, 51]. This concept enables a 
‘bleed-to-treat-time’ of 20 to 30 min. However, POC diagnos-
tics and early goal-directed therapy should be connected by 
corresponding coagulation management algorithms adapted 
to specific patient populations and clinical settings [18–21, 26, 
28, 51–56].

Calculated, Goal-Directed Use of Coagulation Factor 
Concentrates and FFP in Bleeding Patients According 
to the POC-Based Coagulation Management  
Algorithms

Fibrinogen Concentrate
As the final substrate of coagulation and the ligand of the 
platelet GPIIb/IIIa receptors, fibrinogen plays a key role in 
clot formation. Fibrinogen represents 85–90% of the whole 
amount by weight of plasmatic coagulation factors and is the 
first to fall below a critical value during bleeding and 
haemodilution. The reference value for fibrinogen is 1.5–3.0 
g/l plasma, which is increased to 4–6 g/l at the end of preg-
nancy. Even in inflammation and sepsis, the plasma fibrino-
gen concentration increases up to 10 g/l as an acute-phase 
protein. Since there are no reserves for fibrinogen outside of 
the plasma, the overall stock of fibrinogen within the body 
amounts to about 10 g (per 80 kg body weight). In massive 
bleeding, fibrinogen should be substituted if the plasma con-

Table 1. Required fibrinogen dosage

Body weight, kg Fibrinogen, g

Targeted increase in MCF (A10) in FibTEM

4 mm 8 mm 12 mm 16 mm

20 0.5 1 1.5 2
40 1 2 3 4
60 1.5 3 4.5 6
80 2 4 6 8
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surgery [83]. However, in ongoing massive bleeding, the activ-
ity of coagulation factor V, VIII or XI may limit thrombin gen-
eration in patients who have been treated exclusively with fi-
brinogen and PCC. Therefore, the indication for FFP transfu-
sion according to our POC-based coagulation management al-
gorithm is an expected or detected coagulation factor 
deficiency (V, VIII, or XI) that cannot be treated by specific 
coagulation factor concentrates or if these products are cur-
rently not available. FFP should be transfused in a dose of 
15–30 ml per kg body weight in these cases [36, 52, 55, 62, 64].

Factor XIII Concentrate
The clinical relevance of factor XIII deficiency in periopera-
tive settings is discussed controversially. In particular, factor 
XIII administration should be considered in neurosurgical 
and tumour patients with an activity of factor XIII below 
60%, in bleeding patients with increased clot lysis in ROTEM 
analysis not responding to antifibrinolytics but to in vitro spik-
ing with factor XIII, in ongoing bleeding without pathological 
findings in ROTEM and Multiplate analysis, and in repeated 
postoperative diffuse bleeding without detectable surgical 
source of bleeding [15, 18, 19, 36, 51, 52, 55, 62, 83–93].

Recombinant Activated Factor VII
Although rFVIIa plays a definite role in the management of 
patients with acquired haemophilia with inhibitors, its effec-
tiveness and safety as a more general haemostatic drug, either 
prophylactically or therapeutically, remains uncertain. There-
fore, the use of rFVIIa outside its currently licensed indica-
tions should be limited to prospective randomised trials and 
‘ultima ratio’ interventions [21, 36, 52, 55, 57, 62, 94–98].

in congenital deficiency of any of the vitamin K-dependent 
coagulation factors, when purified specific coagulation factor 
concentrates are not available [74–78]. Apart from the coagu-
lation factors II, VII, IX and X, balanced four-factor PCCs 
used in the EU contain also the vitamin K-dependent coagu-
lation inhibition proteins C, S, and Z, as well as small amounts 
of antithrombin and heparin [79]. The application of 1 IU 
PCC per kg body weight usually results in an increase of the 
activity of the corresponding coagulation factors (and the 
Quick value) by 0.6–1% [80, 81].

In case of a clinically relevant diffuse bleeding and a pro-
longation of the CT in ExTEM > 80 s, a primary dose of about 
25 IU PCC per kg body weight (corresponding to 1 ml PCC 
per kg body weight) should be administered [18, 19, 26, 51, 52, 
55]. The PCC dosage can be enhanced up to 40 IU per kg 
body weight in case of massive bleeding and a prolongation of 
the CT in ExTEM > 100 s.

 PCC dosage: Bleeding + CT in ExTEM  > 80 s  25 IU PCC 
per kg body weight (2)

Fresh Frozen Plasma
In most perioperative clinical settings, a substitution of fibrino-
gen and prothrombin complex coagulation factors seems to be 
sufficient to stabilise clot formation in bleeding patients. Al-
though an isolated decreased activity of coagulation factors V 
and XI to 10–20% does not compromise thrombin generation, 
the endogenous thrombin potential increases proportionally to 
the plasma prothrombin concentration [82]. Furthermore, von 
Willebrand factor and factor VIII are released very quickly 
from the endothelium during trauma and surgery, which results 
in a factor VIII activity of about 150% already 2 h after cardiac 

Fig. 1. Reduction of 
transfusion require-
ments for PRBCs, 
FFP and PCs at the 
Department of An-
aesthesiology and 
 Intensive Care Medi-
cine, AUVA Trauma 
Centre Salzburg, 
Austria, and at the 
Department of 
 General and Surgical 
Critical Care Medi-
cine (ICU) at the 
Medical University 
Innsbruck, Austria, 
after implementation 
of POC coagulation 
management with 
early, calculated, 
goal-directed therapy 
with coagulation 
 factor concentrates.
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by about 40% by the industry and, secondly, because of a 
widespread use especially of fibrinogen concentrate in Inns-
bruck for more and more prophylactic indications rather than 
in acutely bleeding patients.

Department of Anaesthesiology and Intensive Care Medicine, 
University Hospital Essen, Germany
Thromboelastometry (ROTEM) was implemented for POC co-
agulation management in visceral surgery and liver transplanta-
tion (LTX) in 2000 at the Department of Anaesthesiology and 
Intensive Care Medicine at the University Hospital Essen in 
Germany. In 2003, POC coagulation management was also im-
plemented in trauma surgery (TS). Based on our experience in 
perioperative POC coagulation management from 2000 to 2003, 
we developed algorithms for ROTEM-based coagulation man-
agement in LTX and trauma patients in 2004, which were pub-
lished for the first time in 2006 [52, 99, 100]. In 2005, POC co-
agulation management was also implemented in cardiovascular 
surgery (CVS) based on thromboelastometry and whole-blood 
impedance aggregometry (Multiplate). Our POC algorithm for 
perioperative coagulation management in CVS was developed 
in collaboration with colleagues at the University Hospital 
Frankfurt and the Medical School Hannover, and was published 
for the first time in 2007 [21, 101]. All 3 algorithms are based on 
POC diagnostics combined with first-line, calculated, goal- 
directed therapy with specific coagulation factor concentrates 
such as fibrinogen and PCC and were refined continuously dur-
ing the last 5 years (fig. 2) [28, 54, 55, 102, 103].

Transfusion requirements for FFP could be reduced in vis-
ceral surgery and LTX (VTS) by 95% (4465 units in 1999 vs. 
223 unit in 2010), in TS by 79% (1221 in 2002 units vs. 261 
units in 2010) and in CVS by 98% (1986 units in 2004 vs. 41 
units in 2010) (fig. 3). Overall, this resulted in a reduction in 
transfusion requirements for FFP by 93% (7,672 units per 
year before and 525 units per year after implementation of 
POC coagulation management algorithms).

At the same time, the number of cases in VTS decreased 
by 4.8% (2,734 vs. 2,604 cases) while the number of LTX in-
creased by 66% (97 vs. 161 LTX). LTX were responsible for 
43% of all allogeneic blood products transfused in 2009 and 
for 52% of all massive transfusions (≥10 units of PRBCs intra-
operatively transfused) in VTS. The number of cases in TS 
and CVS increased by 15.5% (2594 vs. 2996 cases) and 32.1% 
(1717 vs. 2269 cases), respectively.

The transfusion requirements for PRBCs decreased in 
VTS by 62% (3,454 vs. 1,319 units), in TS by 33% (1,332 vs. 
888 units) and in CVS by 8.4% (3,276 vs. 3,000 units). The 
transfusion requirements for PCs decreased in VTS by 66% 
(433 vs. 149 units) and in TS by 65% (82 vs. 29 units). In con-
trast, the transfusion requirements for PCs increased in CVS 
by 115% (336 vs. 722 units). This isolated increase in platelet 
trans fusion in CVS was most likely due to a 5-fold increase in 
the incidence of patients with dual antiplatelet therapy from 
2004 to 2009 (2.7 vs. 13.7%; p < 0.0001) [103].

Impact of POC-Based Transfusion and Coagulation 
Management Algorithms on Transfusion Requirements 
in Massive Bleeding

Using algorithms based on POC diagnostics and early, calcu-
lated, goal-directed therapy with specific coagulation factor 
concentrates such as fibrinogen concentrate and PCC, the re-
quirements for FFP could be reduced dramatically in several 
Austrian and German hospitals in different clinical settings.

Department of Anaesthesiology and Intensive Care Medicine, 
AUVA Trauma Centre Salzburg, Austria
After implementation of thromboelastometry and goal- 
directed therapy with fibrinogen concentrate and PCC in 
2002, the transfusion requirements for FFP could be reduced 
by 94% (756 units transfused to 63 patients vs. 48 units trans-
fused to 4 patients) within 9 years (from 2001 to 2010) at the 
Department of Anaesthesiology and Intensive Care Medicine 
at the AUVA Trauma Centre Salzburg in Austria. Further-
more, the transfusion requirements for PRBCs and PCs could 
be reduced by 42% (2,215 vs. 1,282 units) and 72% (90 vs. 25 
units), respectively (fig. 1). The incidence of massive transfu-
sion (≥10 U PRBCs transfused intraoperatively) decreased 
from 20 to 16 patients per year. At the same time, the admin-
istration of fibrinogen concentrate increased 8-fold (43 vs. 390 
g per year), while the administration of PCC decreased by 
36% (185,500 vs. 118,200 IU per year).

Department of General and Surgical Critical Care Medicine, 
Medical University Innsbruck, Austria
The Department for General and Surgical Critical Care Medi-
cine of the Medical University Innsbruck, Austria (1 trauma 
ICU including 11 beds and 1 surgical ICU including 12 beds of 
the highest category) uses POC monitoring since 2000. By 
using a POC-based algorithm including a goal-directed coagu-
lation management, the need for FFP transfusion became 
more and more redundant [19]. From 2003 to 2008, transfu-
sion of FFP was reduced by 88% (3367 vs. 410 units). Simulta-
neously, the transfusion requirements for PRBCs and PCs 
decreased by 26% (3,411 vs. 2,536 units) and 39% (634 vs. 384 
units), respectively (fig. 1). While the need for PCC was also 
reduced by 89% within that period, fibrinogen concentrate 
was administered significantly more, which resulted in an in-
crease of 58% in the costs for coagulation factor concentrates 
from 2003 to 2008. Nevertheless, the overall cost reduction for 
blood products including coagulation factor concentrates 
from 2005 to 2008 compared to 2003 was about EUR 200,000 
per year. For this cost analysis, only the institutional costs, not 
the real costs for FFP, RBCs and PCs, were taken into ac-
count. Nevertheless, the simplified acute physiology score II 
(SAPS II) at admission at the ICU increased during that time.

Since 2008, this positive cost-benefit ratio was not achieved 
any more in Innsbruck because of the following 2 reasons. 
First of all, the price for fibrinogen concentrate was increased 
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Fig. 2. Algorithm for POC 
 coagulation management in 
trauma surgery at the Depart-
ment of Anaesthesiology and 
 Intensive Care Medicine, Uni-
versity Hospital Essen, Germany. 
Thromboelastometric variables 
and assays: CT = clotting time; 
A10 = amplitude of clot firmness 
after 10 min; ML = maximum 
lysis. Assays: EX = ExTEM ; 
FIB = FibTEM ; IN = InTEM ; 
HEP = HepTEM . Other abbre-
viations: Tc = core temperature; 
Cai = ionised calcium; Hb = hae-
moglobin; ISS = injury severity 
score; PT = prothrombin time; 
bw = body weight; PCC = pro-
thrombin complex concentrate; 
FFP = fresh frozen plasma; 
DDAVP = desmopressin; F VIII/
vWF concentrate = factor VIII/
von Willebrand factor concen-
trate; F XIII = factor XIII con-
centrate; rFVIIa = activated 
 recombinant factor VII.
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after the implementation of perioperative POC coagulation 
management with early, calculated, goal- directed therapy 
should be higher in Austria.

Notably, this cost analysis matches only the primary, in-
traoperative costs for blood products and coagulation factor 
concentrates, without consideration of the activity-based 
costs of blood transfusions or the secondary costs of transfu-
sion-associated adverse events such as transfusion-related 
acute lung injury (TRALI), TACO and sepsis [104–106]. 
However, the reduction of the secondary costs by reducing 
the incidence of transfusion-associated adverse events can 
account for a reduction of the overall hospital costs far be-
yond the reduction of the primary costs of blood transfusion 
[2, 4, 107–109].

Conclusions and Practical Recommendations

Perioperative POC coagulation management with early, cal-
culated, goal-directed therapy was effective in the reduction 
of FFP transfusion requirements by about 90% in different 
perioperative settings (TS, visceral surgery, LTX, CVS, and 
intensive care medicine), in 3 different hospitals (Salzburg, 
Innsbruck, and Essen) and in 2 different countries (Austria 
and Germany). Furthermore, the transfusion requirements 
for PRBCs and PCs could be reduced up to 62 and 72%, re-
spectively, dependent on the clinical setting and the patient 
population. Thus, the limited blood resources can be used 
more efficiently. In addition, cost savings can be realised if 
reasonable transfusion and coagulation management algo-
rithms are implemented and used accordingly.

In VTS and CVS, the incidence of massive transfusion (≥10 
units of PRBC transfused intraoperatively) could be reduced 
from 2.56 to 0.88% (p < 0.0001) and from 2.50 to 1.06% (p = 
0.0007), respectively. In the whole 2010 patient population 
(VTS, TS and CVS; n = 7,869 patients), the incidence of mas-
sive transfusion was 0.8% (66/7,869) and the incidence of FFP 
transfusion was 1.2% (92/7,869). The PRBC-to-FFP ratio de-
creased from 1:0.95 (8062/7,672) before implementation of 
POC-based coagulation management to 1:0.1 (5,207/525) in 
2010.

The usage of fibrinogen concentrate increased in VTS from 
68 to 745 g per year (from 1999 to 2009) and in CVS from 179 
to 702 g per year (from 2004 to 2009). PCC administration in-
creased in VTS from 65,500 to 238,500 IU per year and in 
CVS from 162,000 to 388,000 IU per year, whilst antithrombin 
administration decreased in VTS and CVS from 150,500 to 
32,500 IU and from 223,000 to 170,000 IU, respectively. Since 
the implementation of POC coagulation management, there 
was no case of ‘off-label’ use of rFVIIa.

Cost savings in VTS accounted for EUR 270,000 (–36% 
overall cost in 2009 compared to 1999) and in CVS for 
EUR 50,000 (–6.5% cost savings per patient in 2009 compared 
to 2004) [102]. The calculation of costs was based on the inter-
nal transfer prices of blood components and coagulation 
 factor concentrates in 2009 for the University Hospital Essen  
(1 U PRBCs EUR 85, 1 U FFP EUR 65, 1 pooled PC 
EUR 250, 1 g fibrinogen concentrate EUR 288, 500 IU PCC 
EUR 126, 500 IU antithrombin EUR 44, 1250 IU factor XIII 
EUR 527 und 4.8 mg rFVIIa EUR 3,203). Costs for blood 
products (PRBCs, FFP, and PCs) are about 20–40% higher in 
Austria compared to Germany. Therefore, the cost savings 

Fig. 3. Reduction of 
intraoperative trans-
fusion requirements 
for PRBCs, FFP and 
platelets in VTS, TS, 
and CVS at the 
 University Hospital 
Essen, Germany, 
after implementation 
of POC coagulation 
management algo-
rithms with early, cal-
culated, goal-directed 
therapy with coagu-
lation factor concen-
trates.
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– Haemostatic drugs such as tranexamic acid, DDAVP and 
coagulation factor concentrates have to be basically (na-
tional approval) and locally (storage in the operation room 
or at the ICU) available. Decision-making should be based 
on POC diagnostics according to algorithms, by an experi-
enced anaesthetist or intensivist.

– Every haemostatic intervention should be based on a ra-
tional indication described in the transfusion and coagula-
tion management algorithm.

– Prophylactic or unspecific transfusion of FFP should be 
avoided if a goal-directed therapy with specific coagulation 
factor concentrates is performed. FFP has to be transfused 
if specific coagulation factor concentrates are not available 
to treat the coagulopathy.

– A restrictive transfusion strategy for PRBCs, FFP and 
platelets should be preferred in order to avoid unnecessary 
blood transfusions and corresponding transfusion-associ-
ated adverse events.
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A cost-effective perioperative transfusion and coagulation 
management algorithm should be based on the following 
keystones:
– medical and bleeding history,
– contemporary and reasonable POC diagnostics (e.g., by 

using ROTEM and Multiplate),
– quickly available, effective, and calculable goal-directed 

haemostatic interventions with a good risk-benefit and cost-
benefit ratio (e.g., by using tranexamic acid and specific co-
agulation factor concentrates such as fibrinogen and PCC),

– connection of diagnostics and therapy by the implementa-
tion of evidence- or at least experience-based algorithms for 
perioperative transfusion and coagulation management.

Here, the following principles have to be considered:
– The indication to carry out a haemostatic intervention 

should be based on the detection of a clinically relevant dif-
fuse bleeding!

– POC diagnostics can be helpful to identify the haemostatic 
intervention with the best chance to stop the diffuse bleed-
ing (without inducing life-threatening adverse events).

– In the absence of clinically relevant bleeding, pathological 
laboratory results (irrespective of whether they are assessed 
by POC tests in the operation room or by conventional tests 
in the central laboratory) are not an indication for a haemo-
static intervention (Don’t treat numbers!).
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