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 Abstract
Introduction: Fibrinogen is a key protein in achieving and maintaining haemostasis. Prophylactic fibrinogen 

has been shown to reduce bleeding after coronary artery bypass graft (CABG) and studies have reported an 
inverse correlation between preoperative plasma concentration of fibrinogen and the volume of postoperative 
bleeding after CABG. This indicates that preoperative fibrinogen plasma concentration, even within the normal 
range, is a limiting factor for haemostasis after cardiac surgery. In theory, fibrinogen might induce a risk for 
thrombosis and hypercoagulability. The reported adverse effects of fibrinogen administration are few, without 
clinical significance or blurred by the use of other medications influencing coagulation; the potential adverse 
effects of prophylactic fibrinogen on larger groups of cardiac surgery patients seem unidentified. 

Material and methods: All patients undergoing cardiac surgery at Aarhus University Hospital in 2008 and 
2009 were obtained from West Denmark Heart Registry (n=1876) and merged with our patient data management 
system to identify patients receiving fibrinogen, aprotinin and recombinant VIIa perioperatively. The outcomes 
considered included in-hospital myocardial infarction, stroke and need for dialysis. Model-based Poisson 
regression analysis was used to estimate adjusted risk ratios to identify independent factors with impact on 
outcomes. 

Results: Independent risk factors (OR (95% CI)) for postoperative stroke were preoperative neurological 
dysfunction: 3.10 (1.46- 6.57), valve replacement: 2.12 (1.09 - 4.12), aortic surgery: 3.57 (1.35 - 9.46) and 
perioperative fibrinogen infusion: 2.69 (1.24 - 5.87). Independent risk factors for postoperative dialysis were 
s-creatinine > 200 µmol/L: 8.21 (4.12 - 16.5), age: 1.16 (1.00 - 1.33), Euroscore defined general-: 1.32 (1.17 -
1.48), and cardiac state: 1.27 (1.12 - 1.44) together with perioperative aprotinin: 3.42 (1.74 - 6.77) and fibrinogen
infusion: 3.77 (2.02 - 7.03).

Conclusion: This study indicates that perioperative administration of fibrinogen could be associated 
with increased risk of neurological thromboembolic complication and renal failure and thus have potential 
thromboembolic side effects. However, further studies are warranted to clarify any causal association between 
postoperative complications and perioperative infusion of fibrinogen. The results further emphasized that 
administration of fibrinogen should be in accordance with recommended guidelines and always guided by whole 
blood coagulation evaluation.

Keywords: AFibrinogen; Thromboembolic complications; Cardiac
surgery

Introduction 
Severe bleeding during and after cardiac surgery is a serious and 

relatively common complication associated with increased morbidity 
and mortality [1-3]. The risk of postoperative bleeding increases with age 
and prolonged cardiopulmonary bypass (CPB) [4-5]. Excessive bleeding 
may be caused by both surgical factors and impaired haemostasis due 
to enhanced fibrinolysis, platelet dysfunction, haemodilution, acidosis, 
hypothermia and consumption of coagulation factors in addition to the 
surgical trauma alone [6-7].

Fibrinogen is a key protein in achieving and maintaining 
haemostasis [8]. It is converted in plasma by thrombin into a fibrin 
clot at the site of tissue damage in order to minimize blood loss and 
initiate tissue repair [9]. Administration of prophylactic fibrinogen 
has been shown to reduce postoperative bleeding after coronary artery 
bypass graft (CABG) [10] and previous studies have reported an 
inverse correlation between preoperative concentration of fibrinogen 
in plasma and the volume of postoperative bleeding after CABG [11-
15]. This indicates that preoperative fibrinogen plasma concentration, 
even within the normal range, is a limiting factor for haemostasis after 

cardiac surgery. One randomized clinical trial in patients undergoing 
cystectomy demonstrated reduced bleeding and need of transfusion in 
the group treated with fibrinogen [16].

In theory, fibrinogen could induce a risk for thrombosis and 
hypercoagulability. Although the reported adverse effects of fibrinogen 
administration are few [17], without clinical significance [10,17] or 
blurred by the use of other medications influencing coagulation such as 
aprotinin [18-20], the potential adverse effects of fibrinogen on larger 
groups of cardiac surgery patients seem unidentified.
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Materials and Methods
We conducted this cohort study using population-based healthcare 

databases. The Danish National Health Service provides free universal 
tax-financed healthcare to all Danish citizens We used the unique 
personal civil registration number assigned to all Danish citizens 
at birth to link individual data across databases [21]. The study was 
approved by The Danish Data Protection Agency.

Study population

 To identify patients who underwent cardiac surgery at Aarhus 
University Hospital, Skejby from 1 January 2008 to 31 December 
2009 we used computerized data from the Western Denmark Heart 
Registry (WDHR). WDHR is an internet-based clinical registry 
covering all adult patients undergoing cardiac surgery in the western 
part of Denmark [22]. The registry is a valuable research tool providing 
ongoing longitudinal registration of detailed patient and procedural 
data and reporting to the registry has been mandatory since January 
1999. Detailed patient, surgery, anesthesia, and intensive care-related 
data are collected prospectively. Data quality is ensured by automatic 
validation at entry combined with systematic validation procedures and 
random spot-checks. 

We found that 1,937 cardiac surgery procedures were performed 
during the study period. For patients who underwent more than one 
procedure during the study period, only the most recent procedure was 
included. Fifty-nine patients undergoing transcutaneous aortic valve 
replacement were excluded. Finally, 1,876 patients (97% of the original 
patient population) were included in the study.

Fibrinogen treatment

Since January 2003, all perioperative monitoring data and 
medications have been entered into an electronic patient management 
system at Aarhus University Hospital, Skejby. We identified all patients 
receiving perioperative fibrinogen treatment by merging data from the 
WDHR with data from the patient management system. Administration 
of other medications with potential thrombogenic effect (aprotinin 
and recombinant factor VII) was also registered. The indications for 
fibrinogen use were severe ongoing perioperative bleeding without 
obvious surgical reason or lack of coagulation factors. During the 
observation period an algorithm for administration of fibrinogen 
primarily based on RoTEM® thromboelastometry analysis was 
introduced and fully implemented during the last 6 months. In all, 168 
patients were treated with fibrinogen. Retrospectively, a perioperative 
bleeding problem was confirmed if patients had been transfused with 
more than five units of allergenic red blood cells (RBC) or plasma, had 
had a postoperative bleeding of more than 1000 ml during the first 24 
hours in the ICU or were subjected to re-do surgery.

Anaesthesia protocols and perioperative procedures

According to hospital protocol, all preoperative cardiac medications 
were continued until the morning of surgery with the exception of 
angiotensin-converting enzyme inhibitors and platelet inhibitors, 
including aspirin. However, all patients were evaluated individually 
and patients with acute coronary syndrome were kept on angiotensin-
converting enzyme inhibitors and platelet inhibitors until elective or 
acute surgery. Patients received standard premedication consisting of 
benzodiazepines? and paracetamol 60-90 minutes before surgery. In 
general, anaesthesia was administered intravenously using Propofol, 
Sufentanil and Rocuronium.

Routine surgical and cardio-protective techniques, including 
cold crystalloid cardioplegia with open cardio-pulmonary bypass 
systems, were used in most patients. The system consisted of tubes 
with a surface-modifying additive coating, an arterial filter with 
heparin coating, a hollow fiber membrane oxygenator with a surface-
modifying additive coating, and a venous and cardiotomy reservoir. 
Patients were maintained normothermic or slightly hypothermic. The 
majority of patients (n=1,748) received anti-fibrinolytic treatment with 
tranexamic acid, receiving in total 4 g or aprotinin (n=128) during the 
surgical procedure. At the end of surgery, reperfusion of the heart was 
performed according to the patient’s general condition and time on 
cross-clamp. There was no standard postoperative treatment regimen 
for either pharmacological or mechanical support.

Patient and procedure characteristics

Patients and procedures were characterized primarily by 
EuroSCORE [23] containing the following variables: age, sex, chronic 
pulmonary disease, extra cardiac arteriopathy, neurologic dysfunction, 
previous cardiac surgery, high preoperative serum creatinine (>200 
µmol/l), active endocarditis, critical preoperative state, unstable 
angina, recent myocardial infarction (MI), pulmonary hypertension, 
left ventricular function (three levels), emergency operation, post 
infarct septal rupture together with type of surgery (4 categories). 
We computed the EuroSCORE based on these variables [23]. Further 
preoperative antiplatelet medication and perioperative administration 
of aprotinin and recombinant factor VIIa (rVIIa)(Novo Seven®) were 
included in analysis.

Outcome

The safety outcomes considered included 30-day mortality, 
postoperative in-hospital MI (5 timers above upper CK-MB level and/
or new Q-wave in ECG), need for postoperative in-hospital dialysis and 
postoperative in-hospital stroke. Stroke was combined with outcomes 
of registered transitory ischaemic attack (TIA - lasting less than 24 
hours) and registered cerebrovascular attack (CVA - lasting more than 
24 hours). Data on 30-day mortality were obtained from the Danish 
Civil Registration System; the system keeps updated records on vital 
status, date of death, residence, and migration since 1968 of all Danish 
citizens.

Statistical analyses

Univariate analysis was done using student’s t-test or χ2-test. A 
model-based Poisson regression analysis with robust error variance 
was used to estimate adjusted (patient, procedure and medicine 
characteristics) risk ratios to identify independent factors with impact 
on outcomes. Analyses were performed with MedCalc® software version 
11.5.1 (Mariakerke, Belgium). A probability value of <0.05 was used to 
define statistical significance.

Results
A total of 9.8% of patients received fibrinogen perioperatively. The 

retrospective analysis showed that a bleeding problem was present in 
89.9% of fibrinogen patients compared to 19.6% in the control group 

In the operating room, patients were monitored routinely using 
five-lead ECG, radial and pulmonary artery catheters with or without 
continuous cardiac output measurement (Swan-Ganz CCO/VIP; 
Edwards Lifesciences LLC, Irvine, CA), pulse-oximetry, capnography 
as well as temperature monitoring; Some patients were also monitored 
by transoesophageal echocardiography.
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(Table 1). Further 2.4 % was grouped as receiving fibrinogen due to 
re-do surgery and 3.0% due to marginal or low s-fibrinogen. In 4.8% of 
patients the indication was unknown.

In the fibrinogen group, 91.1% of patients received transfusion 
with blood or blood products compared to 30.3% in the control group 
(P<0.0001, χ2-test). The average volume in transfused patients was 
2,601 ml vs. 1,238 ml of RBC, 2,273 ml vs. 1,338 ml of plasma and 1.039 
ml vs. 632 ml of platelets (all P<0.0001, T-test). 

Selected indicators and outcome parameters are shown in Table 2. 
The predominant finding was that the patients receiving fibrinogen had 
a higher EuroSCORE. Patients receiving fibrinogen were more often 
medicated with platelet inhibitors up to the time of surgery, were more 
often? treated with perioperative aprotinin and recombinant factor VII 
(rVIIa) and were more often subjected to aortic surgery and less often 
to CABG.

With regard to safety outcomes a significantly higher number 
had a stroke (6.5% vs. 1.9%, P=0.0003) and a higher number needed 
postoperative dialysis (13.7% vs. 3.7%, P<0.0001), while no difference 
was found in postoperative MI and 30-day mortality (Table 2). 

The adjusted odds-ratios for postoperative stroke, MI and need 
for dialysis are shown in Table 3. Independent risk factors (OR (95% 
CI)) for postoperative stroke were aortic surgery 3.57 (1.35 - 9.46), 
preoperative neurologic dysfunction 3.10 (1.46- 6.57), perioperative 
fibrinogen 2.69 (1.24 - 5.87) and valve surgery 2.12 (1.09 - 4.12). The 
only independent risk factor for developing postoperative MI was 
critical preoperative cardiac state defined by EuroSCORE parameters, 
while independent risk factors for need of postoperative dialysis was 
preoperative s-creatinine >200 µmol/ L 8.21 (4.12 - 16.5), perioperative 
fibrinogen 3.77 (2.02 - 7.03) and aprotinin infusion 3.42 (1.74 - 6.77) 
together with EuroSCORE parameters: patient’s general preoperative 
state 1.32 (1.17 - 1.48) and cardiac state 1.27 (1.12 - 1.44). 

When excluding the confounding factors preoperative neurologic 
dysfunction as a parameter of prior thromboembolic factor and 
preoperative treatment with platelets inhibitors, the cohort was reduced 
to 1,540 patients. The adjusted risk ratio for fibrinogen treatment on 
postoperative stroke, MI and need for dialysis increased to 3.24 (1.26 - 
8.36), 2.62 (1.05 – 6.52) and 3.95 (1.84 – 8.49), respectively.

Discussion
This study demonstrates an increased risk of postoperative 

renal insufficiency and higher incidence of stroke associated with 
administration of fibrinogen concentrate. Fibrinogen is administered 
to a patient group with higher EuroSCORE undergoing complex 
surgical procedures, which increase the risk of stroke and dialysis. 
It should be noted that there is no significant difference in previous 
neurological dysfunction between the two groups (12.5% (fibrinogen 

group) vs. 8.4% (control). Preoperative reduced renal function defined 
as creatinine level >200 µmol/L was also evenly distributed between the 
groups (4.8% (fibrinogen group) vs. 3.2% (control group). 

One argument for not using fibrinogen concentrate has been the 
potential adverse effects related to transfusion of blood products [24]. It 
is important to notice that fibrinogen concentrate (Haemocomplettan®) 
is a plasma-derived product. It is virus inactivated by pasteurization 
and afterwards purification to reduce risk of an immunological or 
allergic reaction as well as diminish the risk of transfer of pathogens. 

The findings of aprotinin as an independent risk factor for 
postoperative dialysis is in accordance with previous study [25]. 
Nineteen (11%) of the patients in the fibrinogen group also received 
aprotinin. Excluding this group did not affect the results, still 
demonstrating a significantly higher number of patients with stroke or 
renal failure. Administration of rVIIa has previously been associated 
with an increase in serious adverse effects; a clinical randomized trial 
was terminated pre-term due to thromboembolic complications [26]. 
However, in this study rVIIa alone did neither increase the incidence of 
thromboembolic complications (neurological dysfunction, MI) nor the 
risk of dialysis; only a relatively small number of patients were treated 

Indication/problem Fibrinogen Control
No patients 168 1708
Peroperative bleeding a) 7.1% 0.9%
Postoperative bleeding a) 58.9% 16.3%
Perioperative bleedinga) 23.8% 2.4%
Re-do surgeryb) 36.9% 4.7%
Low or marginal low s-fibrinogenc) 51.7% 25.6%
Nonea) 4.8% 79.2%

Table 1: Retrospective analysis of bleeding events distributed on fibrinogen infu-
sion. a) All together patients with bleeding events or not, P<0.0001; b) Fraction of all 
patients, P<0.0001; c) Fraction of all measured s-fibrinogen, P=0.0152 (all χ2-test).

Factors Fibrinogen Control p-valuec)
No of patients 168 1.708
Preoperative factors
Preoperative platelets 
inhibitors 28 (16.7%) 159 (9.3%) 0.0037

Neurologic dysfunction 21 (12.5%) 143 8.4%) 0.0908
S-creatinine >200 µmol/ L 8 (4.8%) 54 (3.2%) 0.3783
Female 38 (22.6%) 515 (30.2%) 0.0506
Age (mean) 64.4 ± 14.4 64.6 ± 13.5 0.8187
Euroscore (mean) 8.0 ± 4.3 5.9 ± 3.7 <0.0001
EuroSCORECardiac state 
(mean) 1.2 ± 1.8 1.2 ± 1.6 0.5517

Pre op. patient factors comp 
(Euroscore) a) 1.5 ± 2.1 0.8 ± 1.4 <0.0001

EuroSCORE age/sex 
(mean) 2.3 ± 1.9 2.4 ± 2.0 0.7298

EuroSCORE procedure 
(mean) 2.6 ± 2.0 1.4± 1.5 <0.0001

Coronary artery bypass 
graftingb) 60 (35.7%) 999 (58.5%) <0.0001

Aortic valve replacement b) 62 (36.9%) 555 (32.5%) 0.2824
Mitral valve replacement b) 24 (14.3%) 167 (9.8%) 0.0873
Total valve replacement b) 83 (49.4%) 712 (41.7%) 0.0643
Aortic surgery 35 (20.8%) 60 (3.5%) <0.0001
Other than CABG, valve- or 
aortic surgery 23 (13.7%) 243 (14.2%) 0.7165

Perioperative re-combinant 
fact VII 20 (11.9%) 3 (0.2%) <0.0001

Peroperative Aprotinin 19 (11.3%) 109 (6.4%) 0.0240
Postoperative outcomes
Neurologic dysfunction 
(stroke) 11 (6.5%) 32 (1.9%) 0.0003

Myocardial infarction 9 (5.4%) 48 (2.8%) 0.1082
Need for dialysis 23 (13.7%) 63 (3.7%) <0.0001
30-day mortality 9 (5.4%) 42 (2.5%) 0.0505

Table 2: Univariate analysis according to administration of fibrinogen.a)Preop. pa-
tient factors comp (EuroSCORE)= total mean individual EuroSCORE for chronic 
pulmonary disease, extra cardiac arteriopathy, previous cardiac surgery, active 
endocarditis and critical peroperative state. b) Total number is higher than 100% 
as combination surgery is not specified. c) Absolute values χ2-test, means student’s 
t-test.
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with rVIIa. More patients in the fibrinogen group also received rVIIa 
(11.9% vs. 0.2%)

European guidelines regarding bleeding in major trauma were 
recently updated and recommend fibrinogen administration in all cases 
with plasma level fibrinogen below 1.5g/L or thromboelastometric 
evidence of fibrinogen deficiency [27]. In this study, 99 of the patients 
were evaluated with one or more thrombo elastometries. During the 
study period a standard treatment algorithm for thromboelastometry 
was established, but some empiric treatment was still ongoing in 
the study period despite thromboelastometry. All patients had a 
preoperative coagulation screening with platelet count, activated partial 
thrombin time (APTT) and INR. 

Solomon et al. [28] recently published a retrospective study 
including 39 elective cardiac surgery patients receiving fibrinogen 
concentrate with the indication of bleeding. All patients receiving 
additional coagulation factor concentrates were excluded as well as all 
patients without measured plasma fibrinogen level prior to fibrinogen 
infusion and after the number of adverse effects was reported and 
sufficient increase in plasma fibrinogen was seen after administration 
of an average 6.5 g; this was larger than the standard dose used in our 
patient group(2-3 g). One clinical randomized but not blinded trial has 
been done regarding fibrinogen infusion in cardiac surgery; the study 
included 20 CABG patients with preoperative fibrinogen <3.8g/L [10]. 
The primary outcomes were safety related to clinical adverse events and 
graft occlusion accessed by multi-slice computed tomography (CT). The 
secondary end points were among others postoperative blood loss and 
transfusion requirements. Fibrinogen reduced postoperative bleeding 
but not transfusion needs; one of the patients in the fibrinogen group 
had an occluded venous graft visualised by CT and another patient had 
a subclinical pulmonary embolism. 

Epidemiological studies have revealed that the risk of arterial 
and venous thromboembolic events are associated to elevated 
plasma fibrinogen levels [29-30]. Increased levels of factor VII were 
also associated with thromboembolism. Previously, recombinant 

factor VIIa (rVIIa) was used frequently in cardiac surgery but when 
a clinical randomized trial was carried out it was discontinued due 
to many serious adverse effects in the group treated with rVIIa [26]. 
Thus, attention should be made to be careful in the administration of 
fibrinogen concentrate which was originally developed for treatment of 
hypofibrinaemia and not for bleeding events in patients with normal 
levels of fibrinogen. In major bleeding seen in cardiac surgery, fibrinogen 
is one of the first coagulation factors to deteriorate and haemodilution 
is known to worsen this coagulopathy [16]. However, fibrinogen 
concentrate is known to correct a dilutional coagulopathy both in vivo 
and in vitro studies [16] and a placebo controlled randomized trial 
by Fenger-Eriksen et al. [16] on 20 patients undergoing cystectomy a 
reduced bleeding and need of transfusion was demonstrated and no 
adverse effects were seen in the fibrinogen group. 

Alternative methods to increase plasma fibrinogen are 
administration of either fresh frozen plasma or cryoprecipitate 
which are both allergenic blood products. The use of cryoprecipitate 
versus fibrinogen was questioned by Sorensen and Bevan [31] and 
recommendations favored fibrinogen concentrate especially due to 
the risk of virus transmission in cryoprecipitate. However, as the 
haemostatic potency of fresh frozen plasma (FFP) may be insufficient 
and unpredictable [32] as well as considering the risk of transfusion-
related acute lung injury, the alternatives seem less favorable.

Limitations of the study

The main strength of our study is its prospective population-
based design with complete follow-up for a broad range of clinical 
outcomes. Thus, the study has a low risk of selection and information 
bias. Furthermore, detailed and complete data on patient- and 
procedure-related characteristics were available. However, this is a 
historical observational study which implies that conclusions should 
be interpreted with caution. Although we adjusted for a wide range of 
possible confounding factors in the analyses, it is evident that patients 
receiving fibrinogen in the perioperative period to some extent have 
an adverse prognostic profile compared to patients not treated with 
fibrinogen. We can therefore not entirely exclude the possibility that 
residual or unexplained confounding may still influence our results. 
However, as exclusion of patients with the presumed confounders 
prior thromboembolic events and preoperative treatment with 
platelets inhibitors increased the adjusted risk ratio of fibrinogen for all 
outcomes, the overall hypothesis of fibrinogen as an independent risk 
factor is further strengthened.

An obvious weakness of this study is that it was not conducted 
to evaluate the safety of fibrinogen and that data were retrospective. 
However, the study population is large and data on all patients 
undergoing surgery were registered in the mandatory database. 

Moreover, FFP is an alternative treatment of fibrinogen deficit and 
it might strengthen the validity of the adjusted odds-ratios to add blood 
and blood products into the model. However, as a considerable need for 
transfusion of blood and blood products is a major indication for use of 
fibrinogen, the use of FFP in the model could increase instead of solve 
this specific confounder problem. Adding blood and blood products to 
the odds-ratio model gives a slightly reduced OR for fibrinogen: 1.75 
for neurological dysfunction and 2.43 for need of postoperative dialysis; 
only the latter remains statistically significant.

Conclusion
This study suggests that administration of fibrinogen concentrate 

could increase the risk of neurological thromboembolic complication 

Factors Neurological 
dysfunction

Myocardial 
infarction

Postoperative 
dialysis

Age (EuroSCORE) 1.16 (0.97 - 1.39) 0.97 (0.83 - 1.14) 1.16 (1.00 - 1.33) 

Female 0.50 (0.23 - 1.11) 1.17 (0.63 - 2.16) 1.02 (0.60 - 1.75)

Patient factors comp a) 0.99 (0.83 - 1.19) 0.90 (0.73 - 1.10) 1.32 (1.17 - 1.48) 

Neurological dysfunction 3.10 (1.46- 6.57) 1.68 (0.73 - 3.86) 1.27 (0.61 - 2.62) 

S-creatinine >200 µmol/ L 0.92 (0.19 - 4.38) 0.40 (0.05 - 3.10) 8.21 (4.12 - 16.5) 

Preop. platelets inhibitors 0.57 (0.17 - 1.97) 0.73 (0.30 - 1.84) 0.55 (0.25 - 1.20) 

Euroscore Cardiac state 1.13 (0.94 - 1.37) 1.29 (1.13 - 1.49) 1.27 (1.12 - 1.44) 

Valve surgery 2.12 (1.09 - 4.12) 0.85 (0.47 - 1.52) 1.43 (0.84 - 2.45) 

Aortic surgery 3.57 (1.35 - 9.46) 2.05 (0.72 - 5.84) 0.98 (0.36 - 2.69) 

Other than aortic/valve/
CABG 

1.11 (0.41 - 3.01) 0.20 (0.05 - 0.88) 1.52 (0.80 - 2.89) 

Peroperative Aprotinin 1.10 (0.34 - 3.50) 1.27 (0.39 - 4.12) 3.42 (1.74 - 6.77) 

Perioperative 
NovoSeven

0.74 (0.09 - 6.30) 1.05 (0.12 - 8.89) 0.88 (0.20 - 3.99) 

Perioperative Fibrinogen 2.69 (1.24 - 5.87) 1.79 (0.79 - 4.05) 3.77 (2.02 - 7.03) 

Table 3: Adjusted odds-ratio and 95% confidence limits of significant factors from 
Table 1.a) Patient factors comp (EuroSCORE) = total mean individual EuroS-
COREfor chronic pulmonary disease, extra cardiac arteriopathy, previous cardiac 
surgery, active endocarditis and critical peroperative state.
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and renal failure and thus has a potential thromboembolic side effect. 
However, further studies are warranted to clarify any causal association 
between postoperative complications and perioperative infusion of 
fibrinogen. The results further emphasizes that administration should 
be in accordance with recommended guidelines and always be guided 
by whole blood coagulation evaluation.
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