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Recently, lower thrombin generation has been associated

with excess bleeding post-cardiopulmonary bypass (CPB).

Therefore, treatment to correct thrombin generation is a

potentially important aspect of management of bleeding in

this group of patients. The objective of the present study

was to investigate the effects of fresh frozen plasma (FFP),

recombinant factor VIIa (rFVIIa), prothrombin complex

concentrate (PCC) and tissue factor pathway inhibitor (TFPI)

inhibition on thrombin generation when added ex vivo to the

plasma of patients who had undergone cardiac surgery

requiring CPB. Patients undergoing elective cardiac surgery

were recruited. Blood samples were collected before

administration of heparin and 30 min after its reversal.

Thrombin generation was measured in the presence and

absence of different concentrations of FFP, rFVIIa, PCC and

an anti-TFPI antibody. A total of 102 patients were recruited.

Thrombin generation following CPB was lower compared

with pre-CPB (median endogenous thrombin potential pre-

CPB 339 nmol/l per min, post-CPB 155 nmol/l per min,

P < 0.0001; median peak thrombin pre-CPB 35 nmol/l, post-

CPB 11 nmol/l, P < 0.0001). Coagulation factors and

anticoagulants decreased, apart from total TFPI, which

increased (55–111 ng/ml, P < 0.0001), and VWF (144–

170 IU/dl, P < 0.0001). Thrombin generation was corrected

to pre-CPB levels by the equivalent of 15 ml/kg FFP, 45 mg/

kg rFVIIa and 25 U/kg of PCC. Inhibition of TFPI resulted in

an enhancement of thrombin generation significantly

beyond pre-CPB levels. This study shows that FFP, rFVIIa,

PCC and inhibition of TFPI correct thrombin generation in

the plasma of patients who have undergone surgery

requiring CPB. Inhibition of TFPI may be a further potential

therapeutic strategy for managing bleeding in this group of

patients. Blood Coagul Fibrinolysis 26:357–367 Copyright

� 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Bleeding following cardiac surgery requiring the use of

cardiopulmonary bypass (CPB) is associated with pro-

longed hospital admission and increased mortality [1,2].

This may be a consequence of more complex surgery or

because of the increased number of red cell units trans-

fused [3,4]. The latter has been independently associated

with an increase in morbidity in a number of studies [5–

7]. Although surgical causes of bleeding will always need

to be addressed, bleeding caused by haemostatic failure

requires the use of the best available haemostatic treat-

ments with the objective of arresting the bleeding at an

early stage, thus reducing the overall number of red cells

that are transfused. Two recent studies have suggested

that lower thrombin generation measured both pre-CPB

and post-CPB is associated with excess postoperative

bleeding [8,9]. Therefore, interventions to enhance

thrombin generation may be as important as maintaining

an adequate platelet count and fibrinogen concentration

in controlling and preventing bleeding.

For patients who bleed because of impairment of thrombin

generation, the currently available haemostatic options

consist of fresh frozen plasma (FFP) and the off-label

use of recombinant FVIIa (rFVIIa) and prothrombin com-

plex concentrate (PCC). FFP is the most commonly used

and readily available way to replace coagulation factors.

However, the volume of FFP needed to produce a clini-

cally relevant increase in clotting factors has been reported

to be as much as 30 ml/kg [10]. In the context of surgery

involving CPB, this constitutes a considerable volume load

in a group of patients who may already have compromised

cardiac function. In addition, the transfusion of FFP can be

complicated by transfusion-related acute lung injury, and

transfusion of larger volumes has been associated with an

increased risk of stroke in some studies [11].
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rFVIIa has been used off label and in clinical trials in the

setting of massive haemorrhage, but evidence to demon-

strate efficacy and safety has been limited [12–14].

Furthermore, the optimal dose is unknown and lower

doses than those used to treat haemophilia-related bleed-

ing may be preferable to minimize any risk of thrombosis,

especially if these doses were shown to be effective in

correcting thrombin generation. PCCs contain FII, FIX

and FX or FII, FVII, FIX and FX depending on the

manufacturer and the licensing jurisdiction. Successful

off-label use of PCCs to manage excess bleeding follow-

ing cardiac surgery has been reported in a number of

studies [15–17]. However, the optimal dose is also

unknown and disseminated intravascular coagulation

has been reported when using high concentrations in a

porcine trauma model [18], although this may relate to

the type of PCC used.

Tissue factor pathway inhibitor (TFPI) is an important

regulator of the initiation phase of coagulation. Heparin,

the principal anticoagulant used during CPB, induces the

release of TFPI from the endothelial surface [19]. In-vitro

studies have shown that in the presence of TFPI, the rate

of thrombin generation is reduced in a concentration-

dependent manner [20]. Recently, a number of studies

have reported using TFPI-inhibition to improve thrombin

generation in both in-vitro and in-vivo models of haemo-

philia [21–25]. This raises the possibility that inhibition of

TFPI may be a therapeutic target in treating bleeding in

other circumstances, including cardiac surgery.

Thrombin generation assays may offer a better assess-

ment of haemostatic function than routine coagulation

tests such as the prothrombin time (PT) and activated

partial thromboplastin time (APTT), and thus a better

way of measuring the response to any treatment to correct

haemostasis. In this study, we investigated the effects of

FFP, rFVIIa, PCC and TFPI inhibition on thrombin

generation when added ex vivo to the plasma of patients

who had undergone cardiac surgery requiring CPB.

Methods
Patients were recruited who were undergoing heart valve

surgery with or without coronary artery bypass grafting

and procedures on the aorta. Informed consent was

obtained and the study received approval from the South

West Wales local research ethics committee (reference

11/WA/0215). The following demographic data were

recorded: age, weight, sex, anticoagulant and antiplatelet

medication history, type of operation, duration of aortic

cross-clamping, duration of CPB, time and dose of

heparin administration, time and dose of protamine

given, volume and time of intravenous crystalloid, colloid

and blood products administered once preoperative

blood samples had been taken. The volume of cell

salvage blood was also recorded. The CPB circuits and

priming fluids were the same in all cases. Unfractionated

heparin was used as an anticoagulant to maintain the

activated clotting time more than 400 s. Protamine at a

dose of 1 mg per 100 U of heparin was given after the end

of the CPB prior to the removal of the arterial and

venous cannulae.

Coagulation factor assays and full blood count
measurement
Whole blood samples were taken into vacutainer tubes

containing 3.2% trisodium citrate (Greiner Bio-One,

Stonehouse, UK) and ethylenediaminetetraacetic acid

(BD, Oxford, UK). Samples were taken before heparin

administration and 30 min after reversal of heparin by

protamine sulfate, PPP was prepared by centrifuging

samples twice at 1650g before freezing in aliquots at

�808C for testing later. Full blood cell counts were

performed on an ABX Pentra DX 120 automated analyser

(Horiba Medical, Northampton, UK). The PT, APTT,

Clauss fibrinogen and factors II, V, VII, VIII, IX, X, XI,

antithrombin, protein C, free protein S and postoperative

anti-Xa activity were measured on an ACL 500 Top

(Instrumentation Laboratory, Cheshire, UK) automated

coagulometer using standard manufacturer protocols and

reagents. Factor XIII activity was measured in a flat-

bottomed Immulon 2hb 96-well plate (Diagnostica-

Stago, Asnières sur Seine, France) using a chromogenic

assay kit from Technoclone (Vienna, Austria) and light

absorbance was measured using a plate reader (BioTek,

Winoosi, Vermont, USA).

Tissue factor pathway inhibitor ELISA
Quantification of full-length and total TFPI was per-

formed using an ELISA technique as described pre-

viously [22]. Briefly, full-length and total TFPI were

captured by an antic-terminus and anti-KD2 antibody

respectively (both from Sanquin Blood Supply, Amster-

dam, the Netherlands). A rabbit polyclonal antihuman

TFPI antibody was used as the first detection antibody

(American Diagnostica, Lexington, Massachusetts,

USA). An antirabbit IgG peroxidase conjugate was used

as the reporter antibody (Sigma-Aldrich, , Bromborough,

UK). An internal control and standard consisting of

human full-length TFPI was provided by Baxter Inno-

vations (Vienna, Austria). Absorbance was read at 450 nm

on a plate reader (BioTek).

Von Willebrand factor ELISA
Von Willebrand factor (VWF) antigen (VWF:Ag) was

measured by an ELISA technique. A 96-well DynexIm-

mulon 4HBX plate (Fisher Scientific, Loughborough,

UK) was coated with a capture antibody consisting of

an antihuman VWF antibody from Dako (Ely, UK) and

incubated at 4oC overnight. The plate was then blocked

using a solution of 2% polyvinyl pyrrolidine. After

washing the plate three times (wash buffer consisting

of phosphate buffered saline and 0.05% Tween 20 v/v),

100 ml of test plasma and control plasma (CryoCheck

Abnormal 1 and Abnormal 2 control plasma, Precision
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Biologic, Dartmouth, Nova Scotia, Canada) were added

to the appropriate number of wells. A standard curve

was constructed using Technoclone reference plasma

from Pathway Diagnostics, UK. The plate was then

covered and incubated for 2 h at room temperature.

The plate was then washed three times and a rabbit

anti-VWF horse-radish peroxidase immunoconjugate

antibody (Dako) was added to each well. The plate

was then covered and incubated for 1 h at room

temperature before washing a further three times. Hun-

dred microlitres of 3,30,5,50-tetramethylbenzidine

liquid reagent (Skybio Ltd, Wyboston, Bedfordshire,

UK) was added to each well and after 7 min 50 ml of Red-

Stop reagent (Skybio Ltd) was added. Light absorbance

was read at 405 nm on a plate reader (BioTek).

Thrombin generation assays
Whole blood samples were taken into vials containing

3.2% trisodium citrate with 20 mg/ml (final concentration

in whole blood) corn trypsin inhibitor (CTI) at a ratio of one

part anticoagulant to nine parts whole blood v/v (CTI;

Cambridge Bioscience, Cambridge, UK), before heparin

was given and 30 min after reversal of heparin by prota-

mine sulphate. Platelet-poor plasma (PPP) was prepared

by centrifuging samples twice at 1650g and freezing in

aliquots at �808C for testing later. Thrombin generation

was measured using the method described by Hemker

et al. [6]. Experiments were performed by mixing 20 ml of

commercially available trigger solution (Stago PPP Low;

Diagnostica-Stago) with 80 ml of plasma in a U-bottom

Immulon 2Hb 96-well plate (Diagnostica-Stago). The

plate was maintained at 378C using a plate incubator before

being placed in a Fluoroscan Ascent fluorometer (Thermo

Scientific, Helsinki, Finland). Thrombin generation was

initiated by adding Flu-Ca (fluorogenic substrate Z-Gly-

Gly-Arg; Bachem, UK, and 0.1 mol/l calcium chloride in a

HEPES buffer). Fluorescence was measured using a

Fluoroscan reader. Data were evaluated using Thrombi-

noscope software version 5.0.0.742 (Synapse BV, Maas-

tricht, the Netherlands).

Calculation of concentrations of FFP, rFVIIa, PCC and
anti-TFPI antibody to add
Thrombin generation was measured in the presence and

absence of a polyclonal anti-TFPI antibody (AF2974; R&D

Systems, Abingdon, UK) at a concentration of 100 nmol/l,

this concentration having previously been determined to

fully neutralize full-length TFPI from physiologic concen-

trations (� 0.4 nmol/l) up to 6 nmol/l (data not shown).

Fresh frozen plasma
Fresh frozen plasma was obtained from the Welsh

Blood Service. The postoperative plasma volume for

each patient was estimated using the formula,

0.07�weight� (1 – haematocrit). The mean plasma

volume was then calculated for the whole cohort. Mean

weight was also calculated. These figures were then

used to calculate the volume of FFP to add to each

sample to be equivalent to 15, 20 and 50 ml/kg. This was

0.308 ml FFP, 0.411 ml FFP and 0.617 ml FFP per ml

patient plasma, respectively.

rFVIIa and PCC
The mean weight of the overall cohort was used to

calculate the amount of rFVIIa to add to plasma to be

equivalent to doses of 45, 90 and 180 mg/kg. rFVIIa was

purchased from Novonordisk (NovoSeven, Novonor-

disk, Denmark). The final concentrations of rFVIIa in

the spiked plasma were 0.93, 1.85 and 3.7 mg/ml,

respectively.

The mean weight of the overall cohort was also used to

calculate the amount of PCC to add to plasma equivalent to

doses of 25, 35 and 50 U/kg. PCC was a gift from CSL

Behring (Beriplex, CSL; Behring UK Ltd, Haywards

Heath, UK). The final concentrations of PCC in the

spiked plasma were 0.51, 0.72 and 1.03 U/ml, respectively.

Statistical analysis
Data were analyzed using PASW Statistics version 18

software (SPSS Inc, released 2009; PASW Statistics for

Windows, Version 18.0; Chicago, Illinois, USA). The

Mann–Whitney U test was applied to examine differ-

ences between unrelated variables, whereas the Wil-

coxon rank test was used to examine differences

between related samples. Analysis of multiple related

samples was performed using Friedman’s test. Spear-

man’s correlation coefficients were calculated to investi-

gate the relationship between full-length TFPI and

thrombin generation parameters.

Results
A total of 102 patients were recruited, median age 68

(range 28–88), male 72, female 30. Ten patients were

excluded from further analysis because they had heparin

anti-Xa levels greater than 0.3 anti-Xa U/ml in the post-

CPB samples. This left 92 patients in the analysis.

Patients who were on warfarin were included provided

their international normalized ratio before surgery was

less than 1.5 as per institutional protocols.

Demographic and clinical parameters are summarized in

Table 1. Thrombin generation following CPB was lower

compared with preoperative samples. Procoagulant fac-

tors and anticoagulants decreased significantly, apart

from total TFPI, which increased significantly (median

55 ng/ml pre to 111 ng/ml post, P< 0.0001) and VWF:Ag,

which increased from 144 to 170 IU/dl (P< 0.0001). The

data are summarized in Table 2.

CAT results are summarized for peak thrombin in Fig. 1,

endogenous thrombin potential (ETP) in Fig. 2, lag time

in Fig. 3 and velocity index in Fig. 4. There was a fall in

peak thrombin, ETP and velocity index in the post-CPB
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samples compared with pre-CPB samples, whereas lag

time increased.

The addition of FFP resulted in a progressive, concen-

tration-dependent increase in peak thrombin, ETP and

velocity index and shortening of the lag time. The

largest effect was seen with a concentration equivalent

to 30 ml/kg (Figs. 1–4). FFP at 15 ml/kg resulted in an

increased peak thrombin to a level significantly greater

than both preoperative and postoperative levels.

Exceeding this volume resulted in a further dose-

dependent increase. With rFVIIa, 45 mg/kg was suffi-

cient to increase peak thrombin to preoperative levels,

but not above preoperative levels, and exceeding this

dose produced no further improvement. PCC at 25 U/kg

resulted in peak thrombin greater than that seen pre-

operatively. There was no increase in peak thrombin
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Table 1 Demographic details and clinical parameters of study
participants

Parameter Data

Age (years) 67
28–88 (62–76)

Weight (kg) 76
48–134 (67–90)

Sex (M/F) 64/28
Time on bypass (min) 146

64–427 (117–193)
Aortic cross-clamp time (min) 115

50–34 (96–152)
Intraoperative 14
volume crystalloid (ml/kg) 0–36 (8–20)
Intraoperative volume of colloid 13
(ml/kg) 0–47 (8–18)
Cell salvage volume (ml/kg) 10

3–52 (7–12)

Data shown are median, range (interquartile range).

Table 2 Concentrations of procoagulant factors, inhibitors, platelet count and thrombin-generation parameters before and after CPB

Parameter Pre-CPB Post-CPB
Comparison between pre-CPB

and post-CPB (P value)

Platelet count (�109 cells/l) 223 115 <0.0001
124–670 (118–257) 42–258 (98–138)

APTT (s) 29 31 <0.0001
23–38 (28–31) 22–46 (30–35)

PT (s) 11 15 <0.0001
10–16 (10–12) 12–22 (14–17)

vWF antigen (IU/dl) 144 170 <0.0001
61–322 (113–184) 84-367 (131–205)

Fibrinogen (g/l) 3.2 1.6 <0.0001
1.7–7.9 (2.6–4.0) 1.1–3.8 (1.4–1.9)

Factor II (IU/dl) 95 52 <0.0001
44–152 (85–107) 33–83 (47–60)

Factor V (IU/dl) 92 50 <0.0001
51–135 (76–109) 17–93 (40–58)

Factor VII (IU/dl) 104 68 <0.0001
48–192 (80–118) 25–146 (58–80)

Factor VIII (IU/dl) 129 92 <0.0001
75–262 (106–157) 49–216 (74–117)

Factor IX (IU/dl) 133 104 <0.0001
59–224 (117–151) 62–157 (93–123)

Factor X (IU/dl) 90 46 <0.0001
27–148 (78–104) 20–57 (38–54)

Factor XI (IU/dl) 95 60 <0.0001
42–183 (82–109) 35–137 (50–72)

Factor XIII (%) 103 57 <0.0001
30–213 (89–117) 21–107 (45–68)

Full-length TFPI (ng/ml) 21 15 <0.0001
7–39 (16–24) 4–35 (11–22)

Total TFPI (ng/ml) 56 113 <0.0001
32–99 (48–67) 60–165 (93–127)

Anti-thrombin (%) 92 51 <0.0001
11–144 (83–100) 30–77 (45–58)

Free protein S (%) 84 46 <0.0001
43–125 (72–98) 30–85 (39–55)

Protein C (%) 106 61 <0.0001
64–204 (92–119) 39–93 (52–69)

Lag time (min) 7 9 0.026
3–18 (6–8) 0–36 (7–14)

Peak thrombin (nmol/l) 35 11 0.019
1–115 (21–52) 0–144 (2–42)

ETP (nmol/l per min) 339 155 <0.0001
10–867 (221–497) 0–1161 (0–376)

Velocity index (nmol/l per min) 9 2 <0.0001
2–84 (5–14) 0–53 (0–9)

Anti-Xa activity (IU/ml) – 0.12 –
0.00–0.30 (0.08–0.19)

Data shown are median and range (interquartile range). APTT, activated partial thromboplastin time; CPB, cardiopulmonary bypass; ETP, endogenous thrombin potential;
PT, prothrombin time; TFPI, tissue factor pathway inhibitor; vWF, von Willebrand factor.



between 25 and 35 U/kg, but there was a small but

statistically significant difference comparing doses of

25 and 50 U/kg (P< 0.0001). Inhibition of TFPI

resulted in a peak thrombin concentration that was

much higher than the preoperative level. Results for

ETP were similar to peak thrombin.

FFP at a dose of 15 ml/kg was sufficient to correct the

velocity index to preoperative levels. Exceeding this

dose resulted in increases statistically significantly greater

than preoperative levels. For rFVIIa and PCC, 45 mg/kg

and 25 U/kg, respectively, were sufficient to return the

velocity index to preoperative levels. Exceeding these

doses produced no further increase. Inhibition of TFPI

dramatically increased the velocity index well exceeding

the preoperative level. Similar results were obtained for

the lag time with the exception that it required 30 ml/kg

of FFP before the lag time corrected to preoperative levels.

Full-length TFPI measured post-CPB was inversely

correlated with ETP, peak thrombin and velocity index

in the absence and presence of all concentrations of FFP,

rFVIIa and PCC, the weakest correlation being seen with

FFP. Thrombin generation in the presence of the anti-

TFPI antibody did not correlate the full-length TFPI

concentration. Figure 5 summarizes these findings for

ETP. Results for peak thrombin and velocity index were

similar (data not shown).

Discussion
The results show that 15 ml/kg of FFP was sufficient to

correct ETP, peak thrombin and velocity index to pre-

operative levels. Larger volumes of FFP improved throm-

bin generation above baseline. rFVIIa at a dose of 45 mg/kg

and PCC at a dose of 25 U/kg were sufficient to correct all

measured thrombin-generation parameters to preopera-

tive levels. Inhibition of TFPI markedly increased the
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Fig. 1
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ETP, peak thrombin and velocity index beyond preopera-

tive levels and shortened the lag time.

FFP remains the main treatment available to most clinicians

for correcting any coagulopathy. The optimum dose of FFP

to return the majority of thrombin-generation parameters to

preoperative levels was 15 ml/kg. Some studies have reported

a correlation between lag time and bleeding [26] and 30 ml/

kg was required to correct this. The full-length TFPI

concentration correlated with all thrombin-generation

parameters postoperatively and remained so in the presence

of FFP, rFVIIa and PCC. This supports the view that TFPI

is an important determinant of thrombin generation and

similar findings have been reported by Knappe et al. [22]

and Peraramelli et al. [27]. The inverse correlation of full-

length TFPI concentration with thrombin-generation

parameters was weaker following the addition of FFP than

after adding rFVIIa and PCC. This may be because FFP

contains both procoagulant factors and inhibitors and would

tend to normalize both, whereas rFVIIa and PCC only affect

the procoagulant pathways. There was no correlation

between full-length TFPI and thrombin generation in the

presence of an anti-TFPI antibody, further supporting the

importance of TFPI in thrombin generation assays activated

with low concentrations of tissue factor.

The enhancing effect of FFP observed on thrombin

generation may be overestimated by the in-vitro

nature of the assay. Patient plasma was contact-inacti-

vated by addition of CTI and so after addition of rFVIIa,

PCC and TFPI antibody thrombin generation was acti-

vated through tissue factor. In contrast, the added FFP

was not CTI-inhibited and would therefore have been

prone to contact activation in addition to tissue factor

activation. Contact activation has previously been shown

to result in higher ETP and peak thrombin and shorter

lag time when using lower concentrations of tissue factor

as used in this study [28,29].

rFVIIa made no significant difference to thrombin-gener-

ation parameters beyond doses of 45 mg/kg, indicating
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Fig. 2
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that lower doses are as effective as higher doses in

enhancing thrombin generation in vitro. This is as would

be predicted given the global reduction in clotting factors

observed in this patient cohort. A similar result was

observed by Altman et al. [30] using a model of dilutional

coagulopathy. This suggests that rFVIIa may be inap-

propriate to use in isolation to treat bleeding. Although

there are a number of studies that have reported safety

using rFVIIa in paediatric patients undergoing CPB [31],

some studies have reported an increase in thrombotic

events in adult patients [32]. Studies looking at adult

patients from a broader population have also shown an

increase in arterial events [33], something that would be

particularly deleterious in the typical adult patient popu-

lation undergoing cardiac surgery. Therefore, based on

these in-vitro assays, if rFVIIa is used, lower doses may

offer the best balance of achieving a beneficial effect while

possibly reducing the chance of an adverse event.

PCC corrected thrombin-generation parameters to pre-

operative levels at a concentration of 25 U/kg. There was

some further statistically significant improvement at con-

centrations of 50 U/kg; although this was so small, it is

unlikely to be clinically significant. This finding is con-

sistent with other in-vitro studies in which PCC has been

shown to enhance thrombin generation [34]. In-vivo PCC

has been shown to be effective in reducing blood loss in

human studies [16,35]. As well as different numbers of

clotting factors, different PCCs contain different amounts

of heparin, with some containing more heparin than the

PCC used in this study, which in turn has been shown to

affect thrombin generation [36]. Although a four-factor

PCC was used in this study, others have shown similar

effects on thrombin generation using a three-factor PCC

[34]. PCC has the advantage of additional safety over

FFP for transmission of infection and smaller volumes in

patients with cardiac compromise. However, large doses
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have been associated with disseminated intravascular

coagulation in some studies [18].

Inhibition of TFPI had a marked effect on enhancing

thrombin generation. TFPI in vivo is increased by admin-

istration of heparin [19]; the anticoagulant is routinely

used in CPB and therefore may be a good therapeutic

target in this group of patients. TFPI inhibition has

previously been reported to enhance thrombin gener-

ation in plasma from people with haemophilia [21,37].

However, a number of studies have reported higher

ETP and peak thrombin concentration in patients with

prothrombotic tendencies [38–40]. This suggests caution

may be required if TFPI inhibition was to be used as a

therapeutic target especially in cardiac patients in which

arterial thrombosis is often already a significant risk.

A weakness of studies investigating thrombin generation in

plasma is that they take no account of other important

factors that require correction in controlling bleeding

following cardiac surgery: fibrinogen concentration, pla-

telet count and function and fibrinolysis. A low fibrino-

gen has been associated with excessive postoperative

bleeding in a number of studies [41,42]. Thrombocyto-

penia has also been previously described as a risk factor

for bleeding following CPB [8,43]. Clot formation and

durability require sufficient thrombin to cleave fibrino-

gen to fibrin, FXIII to cross-link fibrin monomers, plate-

lets and reduced fibrinolysis. Therefore, correction of

thrombin generation forms only one component in the

management of bleeding.

In summary, this study suggests that comparatively low

doses of FFP, rFVIIa and PCC may be sufficient to

correct thrombin generation in patients who have under-

gone surgery requiring CPB. Inhibition of TFPI may

offer a future therapeutic strategy for managing bleeding

in this group of patients. However, these in-vitro results

need to be validated in vivo.
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