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Jules Greze', Raphael Marlu?, Mariette Baud', Landry Seyve?, Tobias Gauss' and Pierre Bouzat'*"

The use of four-factor prothrombin complex (4F-PCC)
concentrate has been explored in the management of
posttraumatic coagulopathy with the purpose of boost-
ing thrombin generation [1]. The recent PROCOAG
trial demonstrated no clinical benefit in patients at risk
of massive transfusion after empiric administration of
4F-PCC, but an increased incidence of thromboembolic
events in the 4F-PCC group compared to the placebo
group [2]. To better understand the underlying coagula-
tion mechanisms observed in this trial such as thrombin
generation and modification of fibrinolysis, this PRO-
COAG ancillary study explored these pathways in a small
sample of patients.

From 26th of March 2018 to 31st of August 2021, a
subsample of adult trauma patients at risk of massive
transfusion (Assessment of Blood Consumption score
[3]>2 or clinical gestalt) from the PROCOAG trial were
included at Grenoble University Hospital. These patients
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were randomized to receive either 4F-PCC (25UI of F IX/
kg) or placebo (saline 0.9% 1 ml/kg) on admission. A spe-
cific Institutional Review Board approval and informed
consent were obtained for this ancillary study (Comité de
Protection des Personnes Sud-Ouest et Outre-Mer 2, Tou-
louse, France, 26th of March 2018). Samples were taken
at HO and H6 after admission to the resuscitation room
to assess thrombin generation (TG) and fibrinolysis (see
Additional file 1 for a detailed description of blood sam-
pling techniques and assays). Statistical analyses were
performed with GraphPad Prism 5.0 software using
Wilcoxon matched-pairs signed-rank tests to compare
parameters at H6 with baseline values and using Mann—
Whitney test to compare placebo group to 4-F PCC
group. Two-sided significance tests were used through-
out with a p value threshold of 0.05.

A total of 24 patients were included with eleven
patients allocated to the 4F-PCC group and thirteen
patients to the placebo group (Flowchart in Additional
file 2: eFigure 1). Additional file 2: €Table 1 summarizes
the clinical characteristics and laboratory parameters.
The sample is very representative of patients from the
PROCOAG study population with a high percentage of
patients in hemorrhagic shock, coagulopathy and a high
traumatic load. More patients had at least one throm-
boembolic event in the 4F-PCC group compared to the
placebo group: four patients versus two patients, respec-
tively. The endogenous thrombin potential (ETP) and the
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thrombin peak were comparable at baseline in the two
groups (for thrombin generation curves see Additional
file 2: eFigure 2). After six hours, ETP and thrombin peak
were significantly higher in the 4F-PCC group compared
to the placebo group both with or without thrombomod-
ulin (see Fig. 1A). Thrombomodulin-mediated inhibition
of thrombin generation remained similar between the
two groups (Additional file 2: eFigure 3). Assessments
of fibrinolytic markers did not show major differences
between the two groups: the median levels of plasmin-
alpha2-antiplasmin complexes (PAP) and D-Dimers,
reflecting the activation of fibrinolysis were similarly
elevated in both groups (Fig. 1B). Furthermore, there
were no difference in terms of levels of the main activa-
tor (t-PA) and inhibitors (alpha2-antiplasmin, PAI-1 and
TAFIa/ai) between both groups (results available in Addi-
tional file 2: eFigure 4).

This ancillary study from the PROCOAG trial indi-

cates an increased thrombin generation at six hours
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after 4F-PCC administration. At baseline, trauma
patients at risk of massive transfusion did not show
inhibition of thrombin generation by thrombomodu-
lin. This result further confirms other report performed
on admission in coagulopathic trauma patients and
treatment with PCC had previously been shown to
increase thrombin generation (ETP) for several days in
trauma patients [4]. Despite the use of tranexamic acid,
fibrinolysis was activated at the same level at HO and
H6 in both groups, which is in line with recent fibrinol-
ysis analysis after trauma [5]. The results suggest that
empiric administration of 4F-PCC in patients at risk of
massive transfusion generates as expected a thrombin
burst and a prothrombotic state. Interestingly, there
was no exhaustion of thrombin generation capacity
at baseline. Supraphysiological thrombin generation
observed in this ancillary study of the PROCOAG trial
may explain increased incidence of thrombotic events
after empiric administration of 4F-PCC.
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Fig. 1 Thrombin generation and fibrinolysis assays. A Thrombin generation assays. Endogenous thrombin potential (ETP) and thrombin peak at HO
and H6 after hospital admission in the placebo group and in the four-factor prothrombin complex concentrate (4F-PCC) group. The yellow zone
represents normal values. B Fibrinolysis assays. Plasmin-alpha2-antiplasmin (PAP) complex and D-Dimers at HO and H6 after hospital admission

in the placebo group and in the four-factor prothrombin complex concentrate (4F-PCC) group. The yellow zone represents normal values
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Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513054-024-04836-7.

Additional file 1: Study protocol with blood sampling and assays.

Additional file 2: eTable 1: Patient characteristics by treatment group.
eFigure 1. Flowchart of the study. eFigure 2. Median thrombin gen-
eration curves of patients from placebo and PCC groups. eFigure 3.
Thrombomodulin-mediated inhibition of thrombin generation. eFigure 4.
Levels of fibrinolysis activator and inhibitors.

Acknowledgements

We thank patients and their relatives, physicians, nurses, technicians and clini-
cal research staff of the Grenoble Alpes University Hospital for their involve-
ment in this study.

Author contributions

PB obtained funds from the French Ministry of Health to undertake the study.
JG, PB, RM, MB, LS and TG were responsible for conceiving and designing the
study, interpreting data and writing the report. RM performed the statistical
analysis and was responsible for data management and statistical analysis. All
authors participated in study management, data collection and data interpre-
tation. All authors have agreed to submit the data for publication.

Funding

Supported by a Grant from the French Ministry of Health Programme Hospital-
ier de Recherche Clinique Inter-regional 2015. LFB (Les Ullis, France) is the
manufacturer of the pharmaceutical product used in the trial and distributes
Kanokad?® for free to participating centers. PHRC-1 2015. LFB (Les Ullis, France)
is the manufacturer of the pharmaceutical product used in the trial and dis-
tributes Kanokad?® for free to participating centers. The funding organization
had no role in designing and conducting of the study; collection, manage-
ment, analysis and interpretating the data; preparing, reviewing or approving
the manuscript; and decision to submit the manuscript for publication.

Availability of data and materials
Pierre Bouzat had full access to all the data in the study and takes responsibil-
ity for the integrity of the data and the accuracy of the data analysis.

Declarations

Ethics approval and consent to participate

A specific Institutional Review Board approval and informed consent were
obtained for this ancillary study (Comité de Protection des Personnes Sud-Ouest
et Outre-Mer 2, Toulouse, France, 26th of March 2018).

Competing interests

Dr. Bouzat reports receiving lecture fees from LFB, Octapharma and Werfen.
Other authors declare that they have no conflicts of interest involving the
work under consideration for publication. Pierre Bouzat is an associate editor
of Crit Care.

Received: 2 February 2024 Accepted: 11 February 2024
Published online: 19 February 2024

References

1. Rossaint R, Afshari A, Bouillon B, et al. The European guideline on
management of major bleeding and coagulopathy following trauma:
sixth edition. Crit Care. 2023;27(1):80. https://doi.org/10.1186/
$13054-023-04327-7.

2. Bouzat P, Charbit J, Abback PS, et al. Efficacy and safety of early admin-
istration of 4-factor prothrombin complex concentrate in patients with
trauma at risk of massive transfusion: the PROCOAG randomized clinical
trial. JAMA. 2023;329(16):1367-75. https://doi.org/10.1001/jama.2023.
4080.

Page 3 of 3

3. NunezTC, Voskresensky IV, Dossett LA, Shinall R, Dutton WD, Cotton BA.
Early prediction of massive transfusion in trauma: simple as ABC (assess-
ment of blood consumption)? J Trauma. 2009;66(2):346-52. https://doi.
0rg/10.1097/TA.0b013e3181961¢35.

4. Schochl H, Voelckel W, Maegele M, Kirchmair L, Schlimp CJ. Endogenous
thrombin potential following hemostatic therapy with 4-factor prothrom-
bin complex concentrate: a 7-day observational study of trauma patients.
Crit Care. 2014;18(4):R147. https://doi.org/10.1186/cc13982.

5. Gando S, Shiraishi A, Wada T, et al. Effects of tranexamic acid on coagulofi-
brinolytic markers during the early stage of severe trauma: a propensity
score-matched analysis. Medicine. 2022;101(32):e29711. https://doi.org/
10.1097/MD.0000000000029711.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s13054-024-04836-z
https://doi.org/10.1186/s13054-024-04836-z
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1001/jama.2023.4080
https://doi.org/10.1001/jama.2023.4080
https://doi.org/10.1097/TA.0b013e3181961c35
https://doi.org/10.1097/TA.0b013e3181961c35
https://doi.org/10.1186/cc13982
https://doi.org/10.1097/MD.0000000000029711
https://doi.org/10.1097/MD.0000000000029711

	The administration of four-factor prothrombin complex concentrate exacerbates thrombin generation in trauma patients at risk of massive transfusion: an ancillary study of the PROCOAG trial
	Acknowledgements
	References


