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P rothrombin complex concentrates (PCCs) are rec-
ommended in preference to other treatments such as ther-

apeutic plasma for urgent reversal of vitamin K antagonists.1,2 
PCCs contain either three or four coagulation factors (factors 
II, IX, and X, with or without factor VII) and, depending on 
formulation, low doses of coagulation inhibitors such as protein 
C, protein S, and heparin (table 1). There are considerable varia-
tions among countries in the availability and licensing status of 
PCCs. For example, four-factor PCCs have been used for many 
years in Europe, where their license is not restricted to vitamin 
K antagonist reversal—they have broad approval for “treatment 
and prophylaxis of bleeding in acquired deficiency of the pro-
thrombin complex coagulation factors.” In the United States, 
however, the first four-factor PCC was only recently approved, 
specifically for urgent reversal of vitamin K antagonist therapy.

The mechanism of action of PCCs is important for under-
standing their therapeutic applications. Vitamin K antagonists 
such as warfarin function by reducing levels of four coagula-
tion factors: II, VII, IX, and X, with the aim of preventing 
thromboembolism. For patients with life-threatening bleed-
ing, rapid replacement of these coagulation factors is required, 
and PCCs serve as a concentrated source of the required coag-
ulation factors. Three-factor as well as four-factor PCCs have 
been explored for vitamin K antagonist reversal. However, due 
to the absence of factor VII, it appears that three-factor PCCs 
are less suitable than four-factor PCCs for patients with an 
international normalized ratio (INR) greater than 3.7.3

In trauma and perioperative bleeding, patients present 
with a variety of coagulopathies. PCCs increase thrombin 
generation potential by ensuring adequate levels of the 
key coagulation factors—notably factor II (prothrombin), 
whose conversion to thrombin is facilitated by activated 
factor X and activated factor V. Treatment with PCCs may 

potentially be effective in facilitating hemostasis in trauma 
and perioperative bleeding. However, the potential role of 
PCCs in these settings must be considered in the context of 
other treatment options and the patient’s overall coagulation 
status. Fibrinogen is generally the first coagulation factor to 
decrease below critical levels during bleeding.4 The physi-
ological response to trauma includes an increase in thrombin 
generation,5 whereas fibrinogen levels are typically reduced 
in trauma patients upon admission to hospital.6 In cardio-
vascular surgery, it has been shown that fibrin formation is 
impaired to a greater extent than thrombin generation after 
cardiopulmonary bypass.7 Coagulation management algo-
rithms based on coagulation factor concentrates have been 
published in relation to cardiovascular surgery8,9 and trauma 
(fig. 1).10 Some authors advocate the use of PCC in accor-
dance with implementing such algorithms although it should 
be noted that, after antifibrinolytic medication, fibrinogen 
supplementation is recommended as first-line hemostatic 
treatment.8,10,11 PCCs may subsequently be considered for 
patients with ongoing bleeding despite restoration of fibrin-
ogen levels. Throughout the management of coagulopathic 
bleeding, therapy should be tailored to the patient’s coagu-
lation status. Point-of-care assessment, for example using 
ROTEM® (Tem International GmbH, Germany) or TEG® 
(Haemonetics Corp., USA), can help determine which of 
the available hemostatic therapies (e.g., therapeutic plasma, 
platelets, coagulation factor concentrates, or cryoprecipitate) 
should be administered. A deficiency in thrombin genera-
tion is more likely to arise later during the course of surgery.

The potential risk of thromboembolic complications 
necessitates a cautious approach when using PCCs in 
trauma and perioperative bleeding. In these settings—
unlike vitamin K antagonist reversal—levels of coagulation 
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inhibitors as well as procoagulants are often decreased. 
The goal is to enhance thrombin generation and/or fibrin 
formation to promote clot formation at the site(s) of 

hemorrhage but not systemically throughout the circula-
tory system. Depending on formulation, PCCs contain 
low doses of coagulation inhibitors such as protein C, 

Fig. 1. ROTEM®-guided treatment algorithm: managing trauma-induced coagulopathy and diffuse microvascular bleeding (AUVA 
Trauma Hospital, Austria). *For patients who are unconscious or known to be taking a platelet inhibitor medication, Multiplate 
tests (adenosine diphosphate test, arachidonic acid test, and thrombin receptor activating peptide-6 test) are also performed. 
†Traumatic brain injury: platelet count 80,000–100,000/μl. APTEM = extrinsically activated ROTEM® assay with added aprotinin;  
BGA = blood gas analysis; BW = body weight; CA10 = clot amplitude after 10 min; CT = clotting time; EXTEM = extrinsically 
activated ROTEM® assay; FC = fibrinogen concentrate; FFP = fresh-frozen plasma; FIBTEM = extrinsically activated ROTEM® 
assay with inactivation of platelets; HEPTEM = intrinsically activated ROTEM® assay with added heparinase; INTEM = intrinsi-
cally activated ROTEM® assay; ISS = injury severity score; ML = maximum lysis; PCC = prothrombin complex concentrate; 
ROTEM® = thromboelastometry; TIC = trauma-induced coagulopathy; TXA = tranexamic acid. Adapted, with permission, from 
Schöchl H et al. J Trauma Acute Care Surg 2013; 74:1587–98.10 Adaptations are themselves works protected by copyright. So 
in order to publish this adaptation, authorization must be obtained both from the owner of the copyright in the original work 
and from the owner of copyright in the translation or adaptation.
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protein S, antithrombin, and heparin. However, this does 
not eliminate the risk of thromboembolic complications; 
levels of the key inhibitor, antithrombin, are always much 
lower than those of the coagulation factors.12–15

Therapeutic plasma (e.g., fresh-frozen plasma [FFP]) is often 
used as a means of supplementing coagulation factors. Com-
pared with FFP, PCCs do not require crossmatching, can be 
rapidly administered, and have minimal risk of infection, trans-
fusion-related circulatory overload, or acute lung injury.16 Also, 
with a small administration volume, PCC therapy is unlikely 
to cause significant dilution of plasma constituents, such as 
coagulation factors, hemoglobin, calcium, and platelets, or to 
cause volume overload issues. A shift toward goal-directed use 
of coagulation factor concentrates may be desirable for safety 
reasons (minimizing patient exposure to allogeneic blood prod-
ucts) and to maximize the speed of intervention (coagulation 
factor concentrates can generally be administered rapidly).

Current Evidence

Preclinical Studies of PCC
A number of preclinical studies have investigated the use of 
PCC in the treatment of trauma-induced bleeding. All stud-
ies indicate that PCC can be effective in restoring hemo-
stasis, but the evidence also shows that PCCs can cause 
procoagulant effects, such as thromboembolic complica-
tions and disseminated intravascular coagulation in animal 
models,12 so risk versus benefit considerations should always 
be considered. However, uncontrolled hemorrhage is also a 
potentially fatal event.

A porcine model of dilutional coagulopathy and trauma 
(spleen incision or bone injury) was used first, and three 
studies by the same group were published. In the first study, 
PCC (35 IU/kg) was shown to reduce the time to hemostasis 
compared with placebo (median 35 vs. 82.5 min, P < 0.001), 
and there was a trend toward reduced blood loss in the PCC 
group (mean 275 vs. 589 ml).17 In the second study, PCC 
(25 IU/kg) was significantly more effective than FFP (15 or 
40 ml/kg) in correcting coagulopathy and controlling bleed-
ing, with significant (P < 0.05) reductions in time to hemo-
stasis and blood loss.18 In the third study, time to hemostasis 
was significantly shorter with PCC (35 IU/kg) than with 
recombinant activated factor VII (180 μg/kg) (median 35 
vs. 94 min, P = 0.016).19

The effects of PCC on dilutional coagulopathy and kid-
ney trauma (scalpel incision) have also been studied in rab-
bits, with the aim of assessing thrombogenic potential as 
well as hemostatic efficacy.20 PCC (25 IU/kg) increased peak 
thrombin generation by a median of 104 nM versus saline 
control and by 106 nM versus recombinant activated fac-
tor VII (180 μg/kg). Similar to the porcine studies, PCC 
significantly decreased both the time to hemostasis and the 
amount of blood lost, in comparison with both saline and 
recombinant activated factor VII.

In a subsequent porcine model of coagulopathy induced 
by standardized blunt liver trauma and severe hypothermia 
(33°C), Honickel et al.21 reported a significant reduction in 
total blood loss with PCC (35 IU/kg) compared with saline 
control (1,349 vs. 2,632 ml, P = 0.002). The 2-h survival 
rate was 100% with PCC and 43% with saline (P = 0.022). 
Increased thrombin generation potential was observed in 
the PCC group and this was reflected by decreased values 
for prothrombin time (PT), whereas only small changes in 
thromboelastometric variables were reported.

The safety as well as efficacy of two PCC doses was 
explored without hypothermia in the same porcine trauma 
model as that used by Honickel et al.12 Among pigs receiving 
either 35 or 50 IU/kg, blood loss was lower and survival was 
higher than in recipients of saline. However, thromboem-
bolism was observed in all animals receiving the 50 IU/kg  
dose of PCC, with 44% of them also showing signs of dis-
seminated intravascular coagulation. In another porcine 
study published in the same year, dilutional coagulopathy 
was induced by withdrawing blood and replacing with 
hydroxyethyl starch, and a standardized liver laceration was 
performed.14 Compared with saline, PCC (35 IU/kg) with 
fibrinogen concentrate (200 mg/kg) shortened clotting time 
(CT) in the extrinsically activated ROTEM assay (EXTEM), 
reduced blood loss, and reduced mortality. (EXTEM is the 
ROTEM assay for assessing coagulation via the extrinsic 
pathway; tissue factor is used as the activator.) However, a 
fatal thromboembolic complication was reported in 1 of the 
10 animals treated with PCC and fibrinogen concentrate.

In a more recently published porcine study, PCC 
(45 IU/ kg) and FFP (4 U) were investigated in vitro for the 
reversal of dilutional coagulopathy (hemorrhage with isch-
emia–reperfusion).22 With both PCC and FFP, significant 
reductions in PT were observed, from a mean pretreatment 
level of 23 to 20 s (PCC) and 17 s (FFP) (P = 0.001 for both 
reductions). There were corresponding reductions in INR, 
from 2.1 to 1.8 (PCC) and 1.5 (FFP).

Clinical Studies of PCC
Three retrospective clinical studies have shown that PCC 
alone can attenuate bleeding. In the first study, Bruce and 
Nokes23 showed that PCC (500 to 4,000 IU) achieved 
hemostasis in 12 of 16 patients undergoing cardiac and other 
surgical procedures. In addition, transfusion of allogeneic 
blood products was reduced after PCC administration. The 
following year, the effect of PCC (median dose 1,500 IU) 
was investigated in a cohort of patients with perioperative 
coagulopathic bleeding.24 Bleeding cessation followed PCC 
treatment in 4 of 11 patients (36%) with surgical bleed-
ing and 26 of 27 (96%) of patients with diffuse bleed-
ing. The third study involved patients with bleeding after 
cardiac surgery involving cardiopulmonary bypass: PCC 
alone was administered to 24 patients (group I, mean dose  
PCC = 10.0 IU/kg), FFP alone was transfused in 26 patients 
(group II), and 27 patients received both FFP and PCC 
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(group III, mean dose PCC = 14.1 IU/kg).25 Blood loss 
during the first hour was different between the three groups  
(P = 0.05; mean blood loss of 224, 369, and 434 ml in groups 
I to III, respectively). A significant difference in blood loss 
during the first hour was evident between groups I and III  
(P = 0.02), but not between groups I and II or II and III. 
There were no significant between-group differences in 
blood loss at subsequent timepoints. The authors concluded 
that PCC significantly decreased postoperative bleeding 
after cardiopulmonary bypass.

Prothrombin complex concentrate has been investigated 
as part of a concentrate-based approach to coagulation man-
agement in trauma and cardiovascular surgery (table 2). In 
the first study, 131 trauma patients received coagulation 
factor concentrate-based therapy (fibrinogen concentrate 
[median dose 6 g] administered as first-line therapy; PCC 
subsequently administered to 98 patients with prolonged 
EXTEM CT [median dose 1,800 IU]).26 The mortality rate 
was 24%, significantly lower than the 34% rate predicted 
by the trauma injury severity score. A follow-up study of 
the same approach to managing trauma-induced bleeding 
showed that concentrate-based treatment reduced exposure 
to allogeneic blood products compared with FFP-based ther-
apy.27 Transfusions of erythrocytes and platelet concentrate 
were avoided by 29 and 91% of patients receiving concen-
trate-based treatment compared with 3 and 56% of those 
receiving FFP-based therapy. Innerhofer et al.28 also assessed 
concentrate-based therapy in trauma, reporting that fibrino-
gen concentrate and PCC (PCC administration conditional 
on bleeding and prolonged CT after fibrinogen supple-
mentation) corrected coagulopathy and reduced transfu-
sion of allogeneic blood products compared with patients 
also receiving FFP. The median 24-h dose of PCC was zero 
among patients treated with coagulation factor concentrates 
only (upper quartile: 1,000 IU), indicating that in this 
cohort most patients received fibrinogen concentrate alone.

Introduction of a concentrate-based approach to coagu-
lation management in cardiovascular surgery increased the 
percentage of patients receiving PCC from 4 to 9%.8 Trans-
fusion of allogeneic blood products was decreased, and the 
total cost of hemostatic therapy (allogeneic blood products 
and coagulation factor concentrates) was decreased by 6.5%. 
Importantly, a significant decrease in the rate of thrombotic/
thromboembolic adverse events was also reported (table 2). 
The last study in this section included a variety of clinical 
settings including trauma, cardiovascular surgery, and trans-
plantation and spanned three different hospitals. Concen-
trate-based treatment was again shown to reduce transfusion 
of allogeneic blood products.29

Although clinical outcomes were favorable, these stud-
ies were all retrospective or observational. In several of the 
studies, different patient groups were compared to assess the 
impact of concentrate-based therapy. However, the extent to 
which patients were matched across the study groups may be 
questioned. For example, Schöchl et al.27 selected patients 

from the German trauma registry with a minimum FFP dose 
intended to provide comparability with patients treated at 
their own center. In both studies by Görlinger et al.,8,29 all 
surgical patients during 1-yr periods before and after imple-
mentation of the relevant algorithm were analyzed, without 
specific selection criteria or matching methods. The study 
by Innerhofer et al.28 included analysis based on propensity 
score matching—although this increased comparability of 
patients’ characteristics, the number of patients was reduced, 
and the potential for differences (e.g., duration of bleeding) 
remained. Significant weaknesses in all of the comparisons 
drawn in the studies in table 2 underline the need for pro-
spective, randomized, controlled studies.

Risks of PCC
Prothrombin complex concentrates have been associated with 
a possible risk of thromboembolic complications, in clinical 
practice some years ago13 and in animal studies.12,14 In the 
late 1990s, activated factors were removed from most PCCs 
with the aim of improving safety. Factor II (prothrombin) has 
been identified as the key determinant of thrombogenicity 
in today’s PCCs, leading to a suggestion that they should be 
labeled according to the content of factor II instead of fac-
tor IX.15 Circulating levels of anticoagulants are also likely 
to affect patients’ risk of thromboembolic complications. 
PCCs are sometimes described in the literature as being bal-
anced19,30–34 or as having high levels of inhibitors including 
antithrombin.35  It is important to clarify that, although these 
products may be balanced regarding the ratios of coagulation 
factors II, VII, IX, and X, they are not balanced regarding lev-
els of procoagulants versus inhibitors (principally, levels of the 
key inhibitor antithrombin are always far below those of fac-
tor II). PCCs are highly potent thrombin-generating drugs: 
a study in trauma patients has shown that they elicit a sig-
nificant increase in endogenous thrombin potential for 3 to 4 
days, a period that is consistent with the 60 to 72 h half-life of 
factor II. Until robust evidence has been obtained, we would 
warn against their portrayal as “a versatile hemostatic agent 
suitable for use in indications involving multiple clotting fac-
tor deficiencies”19 or “a promising alternative to recombinant 
activated factor VII monotherapy for uncontrolled coagulo-
pathic bleeding.”20 As with all agents, the risk versus benefit 
profile should be considered carefully.

Pharmacovigilance data indicate that the risk of throm-
boembolic complications with PCCs may be low,36 but it 
must be remembered that the predominant setting from 
which these data are derived is vitamin K antagonist rever-
sal. Also, no systematic means of screening for adverse 
events was in place making it likely that some complica-
tions were not detected. Well-designed, prospective studies 
to investigate the safety of PCCs in perioperative bleeding 
are clearly needed.

The following considerations may help reduce the risk of 
complications when administering PCC to control periop-
erative bleeding—although it must be acknowledged robust 
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evidence to support their implementation is lacking, and no 
treatment algorithm has been validated in large randomized 
controlled trials. In major bleeding, fibrinogen deficiency is 
likely to be the primary cause of coagulopathy because levels 
of this coagulation factor become critically low before other 
coagulation factors.4,8,10 Considering this and the low risk of 
thromboembolic complications with fibrinogen supplemen-
tation, we support the administration of fibrinogen (fibrin-
ogen concentrate or possibly cryoprecipitate/therapeutic 
plasma) as first-line hemostatic therapy. Correction of fibrin-
ogen levels before administering PCC has been advocated 
previously and it should help avoid unnecessary administra-
tion of PCC (for more detail, see Diagnostic Tests).12,37,38 
The need for fibrinogen supplementation can be assessed 
at the point of care by testing fibrin-based clot strength 
(FIBTEM or Functional Fibrinogen assay) or in the labo-
ratory by measuring the plasma fibrinogen level. Although 
there may be other causes (e.g., platelet deficiency, factor 
XIII deficiency), persistent bleeding after fibrinogen supple-
mentation is often an indication that endogenous throm-
bin generation might be deficient. At present, EXTEM CT 
represents the best means of assessing whether restoration 
of thrombin generation is needed38 (see Diagnostic Tests). 
Furthermore, it has been suggested only low doses of PCCs 
should be administered and to use a theragnostic approach 
for dose titration as required.21,38 In addition, levels of anti-
thrombin (the most potent inhibitor of the activated forms 
of the four coagulation factors contained in PCCs) may be 
measured although there is currently no evidence to support 
best practice regarding threshold levels or how to manage 
patients with a deficiency.38 Finally, for patients believed to 
be at risk of thromboembolic complications (e.g., individuals 
with a history of thromboembolic events), close monitor-
ing may be appropriate.39 Careful consideration of the above 
steps would result in a notably different approach to using 
PCCs compared with established practice for emergency 
vitamin K antagonist reversal.

Research Needs

Clinical Evidence
The lack of prospective, randomized, controlled trials pre-
vents development of robust, evidence-based recommenda-
tions for PCC use in perioperative bleeding. High-quality 
studies are needed to ascertain efficacy, safety, optimum 
dosing, optimum timing, and whether there is an optimal 
PCC composition for use in this setting. Studies in this field 
should include screening for clinically relevant thrombosis 
and coagulation measurements (e.g., thrombin generation, 
thrombin–antithrombin complex) to ascertain the true clin-
ical picture and how best to avoid inappropriate adminis-
tration. In addition, comparisons of PCC with alternative 
therapy should be designed so that doses are comparable 
across treatment arms (among studies performed to date, 
the few comparing PCC with alternative treatment have not 

confirmed dose comparability). Although the current lack of 
robust evidence to support PCC use for trauma and periop-
erative bleeding is far from ideal, levels of evidence for the 
alternative therapies should be considered when choosing 
how to manage patients. Many physicians are familiar with 
administering allogeneic blood products to control bleeding. 
However, there is a similar lack of robust evidence to support 
the use of these products as there is with PCCs. In seeking 
the best care for our patients, it is important not to confuse 
familiarity with evidence.

Pharmacoeconomic Evidence
There is a need for robust pharmacoeconomic data to dem-
onstrate that the introduction of PCC for treating trauma 
and perioperative bleeding will be cost effective. The true 
costs of using allogeneic blood products are often underesti-
mated, whereas the costs of coagulation factor concentrates 
are usually clear to purchasers. Many additional factors affect 
the overall cost, including time taken for hemostasis to be 
achieved, performance of diagnostic tests, management of 
adverse events, and duration of stay (e.g., in the operating 
room, emergency room, or intensive care unit). To date, 
there have been no major pharmacoeconomic analyses of 
PCC for the treatment of trauma or perioperative bleeding.

Diagnostic Tests
To avoid unnecessary administration of PCCs, they should 
be given to patients with an urgent/emergent need for vita-
min K antagonist reversal or life-threatening hemorrhage 
that requires increased thrombin generation. INR (derived 
from PT) is the principal test in the context of vitamin K 
antagonist reversal, but it is not designed for use outside 
this setting. PT and INR assess only the initial phase of clot 
formation, meaning the results do not provide comprehen-
sive insight into coagulation status. More importantly, PT 
or INR can be prolonged by hypofibrinogenemia (<1 g/l), 
that is, by insufficient availability of coagulation substrate. 
A further consideration is that PT and INR results are time 
consuming to obtain, which can be problematic consider-
ing the need for rapid intervention to control perioperative 
bleeding.

There is currently no ideal biomarker or diagnostic test 
available to drive PCC administration in perioperative 
bleeding. However, EXTEM CT is advocated for establish-
ing patients’ need for PCC in concentrate-based coagula-
tion management algorithms.8,26 In patients without oral 
anticoagulation, CT prolongation is broadly considered to 
reflect impaired thrombin generation. Along with the TEG® 
equivalent (R-time), this is the only parameter with rapid 
availability that can be considered as a surrogate in this way. 
However, experimental data have shown that thrombin gen-
eration potential as assessed by the Calibrated Automated 
Thrombogram (in particular the parameters lag time, endog-
enous thrombin potential, and peak height) may not cor-
relate with the CT.12,21 This may relate to the fact that CT 

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/122/4/923/454395/20150400_0-00035.pdf by guest on 09 April 2024



Anesthesiology 2015; 122:923-31	 930	 O. Grottke and J. H. Levy

Prothrombin Complex Concentrates in Trauma

does not reflect levels of antithrombin. The importance of 
antithrombin levels was highlighted in a study showing that 
a physiological ratio between prothrombin and antithrom-
bin is required for normal levels of thrombin generation 
after PCC administration.15 Normal levels of antithrombin 
can be expected in vitamin K antagonist reversal, whereas in 
trauma and perioperative bleeding, the levels are variable. 
Decreased quality of the fibrin-based clot due to low fibrino-
gen is potentially a common cause of prolonged CT. Overall, 
it seems clear that EXTEM CT alone does not provide the 
ideal means for guiding PCC therapy, but for now, it may be 
the best alternative to “blind” administration.

The lack of a rapid, accurate, and readily available test for 
thrombin generation is currently a major research need. A 
new test is required which is quick to perform, provides sen-
sitive and specific assessment of the need for PCC therapy, 
and enables the effect of PCC treatment to be monitored. 
Derivative parameters from TEG®/ROTEM analysis may be 
considered as candidates in this regard.40 The two main deriv-
ative parameters of interest with TEG® are maximum rate of 
thrombus generation and time to maximum rate of thrombus 
generation; the equivalent ROTEM parameters being maxi-
mum velocity and time to maximum velocity. A third deriva-
tive parameter (TEG®: total thrombus generation; ROTEM: 
area under the curve) could also be considered,40 but this is a 
measure of clot elasticity and is therefore unlikely to provide 
more valuable information than standard measurements (e.g., 
maximum clot elasticity).

The Future
Considering the licensing status of PCCs in Europe and the 
existing use of coagulation factor concentrate-based treat-
ment algorithms in some centers for patients with periopera-
tive or trauma-related bleeding, increasing use of PCCs for 
indications other than vitamin K antagonist reversal may be 
anticipated. However, the current lack of prospective, ran-
domized, controlled trials is problematic—such studies will 
be needed to enable recommendations with a robust efficacy 
and safety evidence base. A suitable point-of-care test to con-
firm the need to administer PCC and monitor the effects of 
treatment is also needed—in the meantime, EXTEM CT 
(or perhaps R-time in the RapidTEG® assay [Haemonet-
ics Corp.]) appear to provide the best insight. At present, a 
cautious approach is required because of the possible risk of 
thromboembolic complications.
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