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Visual Abstract
IMPORTANCE Optimal transfusion strategies in traumatic hemorrhage are unknown. Reports
suggest a beneficial effect of 4-factor prothrombin complex concentrate (4F-PCC) on blood
product consumption.

Supplemental content

OBJECTIVE To investigate the efficacy and safety of 4F-PCC administration in patients at risk
of massive transfusion.

DESIGN, SETTING, AND PARTICIPANTS Double-blind, randomized, placebo-controlled
superiority trial in 12 French designated level | trauma centers from December 29, 2017, to
August 31, 2021, involving consecutive patients with trauma at risk of massive transfusion.
Follow-up was completed on August 31, 2021.

INTERVENTIONS Intravenous administration of 1 mL/kg of 4F-PCC (25 IU of factor IX/kg) vs 1
mL/kg of saline solution (placebo). Patients, investigators, and data analysts were blinded to
treatment assignment. All patients received early ratio-based transfusion (packed red blood
cells:fresh frozen plasma ratio of 1:1to 2:1) and were treated according to European traumatic
hemorrhage guidelines.

MAIN OUTCOMES AND MEASURES The primary outcome was 24-hour all blood product
consumption (efficacy); arterial or venous thromboembolic events were a secondary
outcome (safety).

RESULTS Of 4313 patients with the highest trauma level activation, 350 were eligible for
emergency inclusion, 327 were randomized, and 324 were analyzed (164 in the 4F-PCC group
and 160 in the placebo group). The median (IQR) age of participants was 39 (27-56) years,
Injury Severity Score was 36 (26-50 [major trauma]), and admission blood lactate level was
4.6 (2.8-74) mmol/L; prehospital arterial systolic blood pressure was less than 90 mm Hgin
179 of 324 patients (59%), 233 patients (73%) were men, and 226 (69%) required expedient
hemorrhage control. There was no statistically or clinically significant between-group
difference in median (IQR) total 24-hour blood product consumption (12 [5-19] U in the
4F-PCC group vs 11 [6-19] U in the placebo group; absolute difference, 0.2 U [95% Cl, -2.99
t0 3.33]; P = .72). In the 4F-PCC group, 56 patients (35%) presented with at least 1
thromboembolic event vs 37 patients (24%) in the placebo group (absolute difference, 1%
[95% Cl, 1%-21%]; relative risk, 1.48 [95% Cl, 1.04-2.10]; P = .03).

CONCLUSIONS AND RELEVANCE Among patients with trauma at risk of massive transfusion,

there was no significant reduction of 24-hour blood product consumption after Author Affiliations: Author
administration of 4F-PCC, but thromboembolic events were more common. These findings affiliations are listed at the end of this
do not support systematic use of 4F-PCC in patients at risk of massive transfusion. article.
o . . Group Information: A complete list
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03218722 of the members of the PROCOAG
Study Group appears in
Supplement 4.
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evere bleeding in patients with trauma remains a
challenge.'? Use of tranexamic acid (TXA), reduction of
fluid expansion, high-ratio blood product transfusion,
and expedient hemorrhage control have improved some pa-
tient outcomes,>but mortality among patients with trauma and
bleeding remains high due in part to trauma-induced
coagulopathy.*® Trials of fixed ratio-based blood product
transfusion,® viscoelastic testing (VET)” to guide a tailored com-
bination of blood products, and a hybrid of the 2 approaches®
have provided a management evidence base for the trauma
community, but no strategy has proven superior to another.
All 3 strategies transfuse coagulation factors as soon as pos-
sible. Observational studies provide evidence that early ad-
ministration of 4-factor prothrombin complex concentrate
(4F-PCC; human coagulation factors II, VII, IX, and X and pro-
teins S and C) to boost thrombin generation reduces blood prod-
uct consumption,®!° but concern about a potential increase
in thromboembolic events remains. Recent observational stud-
iesindicate that combining 4F-PCC administration with fresh
frozen plasma (FFP) reduces blood product consumption and
mortality without an increase in thromboembolic events.!1?
Given the absence of high-level evidence, a randomized clini-
cal trial was justified to explore the efficacy and safety of sys-
tematic 4F-PCC administration in patients with trauma. We
therefore designed this multisite trial to test the hypothesis that
systematic 4F-PCC administration combined with a ratio-
based transfusion protocol is superior to ratio-based transfu-
sion alone in reducing 24-hour total blood product consump-
tion in patients at risk of massive transfusion.

Methods

Design and Setting

This superiority, randomized, placebo-controlled clinical trial
took placein 12 level Iacademic trauma centers in France. Trial
recruitment lasted from December 29, 2017, to August 4, 2021.
Follow-up ended on August 31, 2021. The trial protocol and sta-
tistical analysis plan were registered under trial number
NCT03218722 before first patient inclusion and published be-
fore the conclusion of enrollment (see Supplement 1 for trial
protocol and CONSORT checklist).'* No major change to the
protocol or outcome occurred after the start of the trial.

Ethical Review of the Study

The institutional review board (Comité de Protection des Per-
sonnes Sud-Ouest et Outre-Mer 2, Toulouse, France) ap-
proved the study on May 4, 2017, and the French Agency for
the Safety of Health Products (Agence Nationale de Sécurité
du Médicament et des Produits de Santé, Saint Denis, France)
approved the study on April 21, 2017, in accordance with Good
Clinical Practice guidelines, French regulation, and the Dec-
laration of Helsinki. Each patient provided written informed
consent before inclusion. If the patient could not consent, in-
formed agreement was sought from the next of kin. If no sur-
rogate was available, emergency inclusion was authorized by
the institutional review board and the consent was obtained
as soon as appropriate.
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Key Points

Question Does 4-factor prothrombin complex concentrate
(4F-PCC) reduce 24-hour blood product consumption in patients
with trauma at risk of massive transfusion?

Findings In this superiority randomized trial involving 324
patients, there was no difference in total 24-hour blood product
consumption among patients treated with 4F-PCC (12 U) vs
placebo (11 U). More thromboembolic events occurred in the
4F-PCC group.

Meaning These findings do not support the administration of
4F-PCCin patients with trauma at risk of massive transfusion.

Patients
All adult patients (=18 years) with trauma directly admitted from
theinjury scene to one of the participating centers with the high-
est trauma level activation (grade A)'* were considered for po-
tential enrollment. The protocol included patients at risk of mas-
sive transfusion. At risk was defined as transfusion of at least 1
U of packed red blood cell concentrate (PRBC) during prehos-
pital care or within 1 hour of admission and an Assessment of
Blood Consumption (ABC) score of at least 2'° or clinical assess-
ment of the attending physician of risk of massive transfusion;
massive transfusion was defined as administration of at least 3
PRBC within the hour of admission or at least 10 PRBC within
the first 24 hours. Acute traumatic coagulopathy was defined
as prothrombin time ratio (PTr; prothrombin time/laboratory
normal reference value) greater than 1.2; severe acute trau-
matic coagulopathy was defined as PTr greater than 1.5.1617
Exclusion criteria were traumatic cardiac arrest before ran-
domization, patients with devastating injuries expected to die
within the first hour of admission, secondary admission from
another health care facility, preinjury treatment with antico-
agulants, known pregnancy, known hypersensitivity to 4F-
PCC or its excipients, known preinjury terminal condition, pa-
tient under guardianship, any inclusion in another trial within
the last 30 days, and, according to the French law, patients
without health insurance.

Randomization and Blinding

The reference time for each study measure was arrival in the
trauma bay (admission). Randomization was performed within
1hour of admission. Patients were randomized in blocks of ran-
dom size from 2 to 6, stratified by center, according to a ran-
domization sequence generated by a statistician not involved
in patient recruitment or outcome assessment. The coordinat-
ing pharmacy in Grenoble, France, created a set of sealed en-
velopes for the pharmacy of each investigating site to ensure
concealment. The pharmacy at each site provided a set of 4 se-
quentially numbered envelopes to the clinician investigators.
A clinician investigator at each site enrolled the patient and
picked a sealed envelope following the predetermined random-
ization sequence. The clinician conveyed patient name, weight,
and study number to a trained nurse not involved in the resus-
citation and subsequent care of the patient who unsealed the
envelope and prepared either 4F-PCC or placebo in a protected
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dedicated space according to the assignment specified in the ran-
domization envelope. The clinician investigator and all team
members involved in the care of the patient remained blinded
to the treatment assignment. The site and coordinating phar-
macy remained unblinded to treatment assignment. Unblind-
ing was possible by the coordinating pharmacy for safety rea-
sons. All personnel involved in data handling, monitoring, and
statistical analysis remained blinded for the duration of the trial.

Trial Intervention

The active intervention was 4F-PCC (Kanokad, Laboratoire
Francais du Biomédicament) at a dose of 25 IU of factor IX per
kg (1 mL/kg). The placebo was 1 mL/kg of 0.9% saline solu-
tion. Both were stored in a designated and closed refrigerator
at 2 °Cto 8 °C and administered in opaque syringes according
torandomization by the unblinded nurse at a speed of 120 mL/h
with syringe pumps as soon as possible after admission.

Resuscitation Management

On admission, patients in both groups were treated accord-
ing to European recommendations with restricted fluid ex-
pansion and early transfusion of blood products with a PRBC:
FFP ratio between 1:1 and 2:1. TXA was administered
intravenously within 3 hours after injury at a loading dose of
1g followed by 1 g over 8 hours.'® The source of bleeding was
identified and treated as soon as possible.'® Fibrinogen con-
centrate was administered in the case of fibrinogen concen-
tration less than 1.5 g/L.2° or viscoelastic criteria showing a func-
tional deficiency.?! Platelets received transfusion as needed to
maintain platelet count higher than 50 x10%/L at all times.'®
Blood samples at regular intervals monitored hemostasis
parameters (PTr, fibrinogen concentration, and VET if avail-
able; see Supplement 1 for details).

Outcomes

The primary outcome was the total number of all blood prod-
uct units (RBC, FFP, and platelet concentrate) consumed within
the first 24 hours after arrival in the trauma bay. Secondary out-
comes were individual blood component units consumed within
the first 24 hours; time to PTr less than 1.5 (severe acute trau-
matic coagulopathy); time to hemorrhage control; 24-hour and
28-day mortality; number of intensive care unit-free days (cal-
endar days not in critical care unit), ventilator-free days (calen-
dar days without need for ventilator support), and hospital-
free days through day 28 (calendar days not in hospital);
hospitalization status at 28 days; and Glasgow Outcome Scale-
Extended score in patients with brain injury on admission com-
puted tomography (CT) scan (Abbreviated Injury Scale score >2).

Safety

Arterial or venous thromboembolic events (pulmonary em-
bolus, clinically manifest vein thrombosis, stroke, myocar-
dial infarction, mesenteric ischemia, extremity ischemia) were
recorded through day 28. Surveillance was passive to reduce
radiation exposure from systematic CT scanning. Venous
echography was left to the discretion of the attending physi-
cian. Every clinical suspicion of a thromboembolic event was
confirmed by ultrasonography and/or contrast-enhanced CT.
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Sample Size Estimation

Based on 1-year data from the Northern French Alps Registry,'*
mean (SD) total blood product consumption was estimated at
12 (10) U of blood products (PRBC, FFP, and platelet concen-
trates) in the first 24 hours. The study group considered a re-
duction by 3 U per 24 hours or a decrease of 25% in 24 hours
to be clinically significant. Assuming a nonnormal distribu-
tion (log-normal) of blood product consumption, nQuery
software calculated the probability of observing a reduction
in blood product consumption in the 4F-PCC vs placebo group
0f 59%. Accordingly, a bilateral Mann-Whitney test estimated
the sample size of 162 patients in each group to obtain an
80% power with a risk of a error of .05, for a total sample size
of 324 patients (nQuery, Sample Size, and Power Calculation,
“Statsols” software, Statistical Solutions Ltd). To compen-
sate for potential loss of follow-up and premature activation
of the inclusion procedure without randomization (eg, erro-
neous assessment of inclusion criteria, erroneous handover,
arrival in cardiac arrest), 350 randomization envelopes were
prepared. No interim analysis was planned.

Statistical Analysis
All data handling and analysis were performed by indepen-
dent statisticians (see the statistical analysis plan in Supple-
ment 2). Results were expressed as mean and SD for normally
distributed variables (tested with a Shapiro-Wilk test), me-
dian and IQR for nonnormally distributed variables, and num-
bers and percentages. After complete patient enrollment, but
before data analyses, we performed a Mann-Whitney test to
confirm that time spent in the study, up to 24 hours, did not
differ between the 2 groups to prevent survivor bias and to en-
sure the same exposure time to receive blood products (pri-
mary outcome). The primary analysis included all random-
ized patients, except those who withdrew consent. No missing
outcomes were imputed. Patients who died within the first 24
hours after arrival in the trauma bay were included in the trans-
fusion analysis and their actual blood product consumption
was taken into account. Mann-Whitney tests were used to com-
pare continuous variables because variables were nonnor-
mally distributed. Categorical variables were compared with
a x? test. If the X2 test was not applicable the Fisher exact test
was used. The number of thromboembolic events at 28 days
was recorded as a binary variable and compared using x> test-
ing. Glasgow Outcome Scale-Extended score at hospital dis-
charge was compared with a Fisher exact test. A mixed-
effects linear regression model with time as a dependent
variable and independent variables of PTr, group assign-
ment, and atime x group interaction variable analyzed the time
course of PTr in both groups (from admission to 24 hours).
To account for patients with a PTr greater than 1.5 within the
first 24 hours and a PTr greater than 1.5 and death within
the first 24 hours, we used a competing-risks regression to ana-
lyze time to PTr less than 1.5 between the 2 groups. We also
performed a post hoc subgroup analysis exploring an associa-
tion between thromboembolic events in patients with vs with-
out coagulopathy (PTr >1.2).

We repeated all analyses in the per-protocol population
(ie, patients who received the study intervention within the
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Figure 1. Flow of Participants in a Study of Administration of 4-Factor Prothrombin Complex Concentrate

(4F-PCC) in Patients With Trauma at Risk of Transfusion

4313 Patients presenting from the scene with
the highest level of trauma activation
screened for enrollment?

3963 Did not meet inclusion criteria
3325 Assessment of Blood Consumption

—> score <2 on admission

638 Assessment of Blood Consumption

score 22 with no need for transfusion

350 Eligible for inclusion

L

9 With cardiac arrest on admission

2 Not a risk of massive transfusion

— 2 Not directly from the injury scene

1 Participating in an ongoing randomized
clinical trial

1 Treated with anticoagulant

1 Younger than 18y

23 Did not meet inclusion criteria or receive treatment

7 Did not receive transfusion within the first hour

327 Randomized®

165 Randomized to receive 4F-PCC ‘ ‘ 162 Randomized to receive placebo

l

|

159 Received 4F-PCC within 1 h
as randomized
1 Withdrew consent

149 Received placebo within 1 h
as randomized
2 Withdrew consent

|

|

164 Included in the primary analysis
159 Included in the per-protocol

160 Included in the primary analysis
149 Included in the per-protocol

2 Highest level of trauma activation
corresponds to patients with a
Glasgow Outcome Scale score less
than 9, systolic arterial blood
pressure less than 90 mm Hg,
and/or acute respiratory distress on
arrival at the trauma bay.

analysis analysis

b Randomization was stratified

by center.

first hour after arrival in the trauma bay) and analyzed out-
comes in a prespecified subgroup of patients who required mas-
sive transfusion.

All tests were 2-sided and a P value less than .05 was con-
sidered significant. Professional statisticians from Grenoble
Alpes University Hospital who were blinded to treatment ran-
domization performed all calculations using Stata, version 15
(StataCorp).

. |
Results

Among 4313 patients with the highest level of trauma activa-
tion admitted to the 12 participating centers, 350 patients were
eligible for inclusion, 327 patients were randomized, and 324
were analyzed (160 in the placebo group and 164 in the 4F-
PPC group; Figure 1). A total of 308 patients (95%) received the
study intervention (4F-PCC or placebo) within the first hour
of admission (159 in the 4F-PPC group and 149 in the placebo
group; per-protocol population).

Among the 324 randomized patients, 233 (73%) were men
and the median (IQR) age was 39 (26.5-56) years, median (IQR)
Injury Severity Score was 36 (26-50), prehospital systolic ar-
terial blood pressure less than 90 mm Hg occurred in 179 pa-
tients (59%), and median (IQR) plasma lactate concentration

JAMA April 25,2023 Volume 329, Number 16

on admission was 4.6 (2.8-7.4) mmol/L. The 2 groups gener-
ally shared similar characteristics (Table 1), including need for
expedient surgical or radiological hemorrhage control (115 in
the 4F-PCC group and 111 in the placebo group), although in
the placebo vs the 4F-PCC group, a higher percentage of pa-
tients received TXA (86% Vs 76%) and a higher median (IQR)
total dose of fibrinogen concentrate was given (3 [3-6]1 g vs 3
[3-7.5] g). Time spent in the study up to 24 hours was not dif-
ferent between the 2 groups (eTable 1in Supplement 3).
There was no clinically or statistically significant between-
group difference in median (IQR) 24-hour total blood prod-
uct consumption in the 4F-PCC group vs the placebo group (12
[5-19] Uvs11[ 6-19] U; absolute difference, 0.2 [95% CI, -2.99
to 3.33] U; P = .72) or consumption of individual components
(RBC, FFP, platelets) (Figure 2A and Table 2). There was a non-
statistically significant difference in time to correction of PTr
in the 4F-PCC group (mixed-effects linear regression model
P = .14) (Figure 2B) and no difference between the groups in
time to PTr less than 1.5 among patients with severe coagu-
lopathy (competing risks subhazard ratio, 1.08 [95% CI, 0.92-
1.28]; P = .33; eFigure 1 in Supplement 3). There were no be-
tween-group differences in secondary outcomes (Table 2).
Findings were qualitatively similar in patients who re-
ceived the study intervention (4F-PCC or placebo) within the
first hour after admission (per-protocol population; eTables 2-4
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Table 1. Patient Characteristics in a Study of Administration of 4-Factor
Prothrombin Complex Concentrate (4F-PCC) in Patients With Trauma
at Risk of Transfusion

Table 1. Patient Characteristics in a Study of Administration of 4-Factor
Prothrombin Complex Concentrate (4F-PCC) in Patients With Trauma
at Risk of Transfusion (continued)

Median (IQR) [total No.] Median (IQR) [total No.]
4F-PCC Placebo 4F-PCC Placebo
Characteristic (n =164) (n = 160) Characteristic (n=164) (n = 160)
Age, y 39.5(26-55.5) 39 (27-57) Transfusion of 210 U 42 (26) 43 (28)
o of RBCs within the
Sex, No. (%) first 24 h
Women 47 (29) 44.(27) Fibrinogen concentrate 141 (86) 129 (81)
Men 117 (71) 116 (73) treatment
Trauma, No. (%) Ig:]acle(:]t;?aetgf fibrinogen 3 (3-7.5) 3(3-6)
Blunt 135 (82) 125(78) median (IQR), g
Penetrating 29 (18) 35(22) Time from arrival 73 (56-105) [122] 91 (59-142) [130]

Prehospital
Heart rate, /min

Systolic arterial blood
pressure, mm Hg

Glasgow Outcome

113 (90-131) [151]
101 (80-121) [151]

14 (9-15) [160]

114 (90-130) [155]
90 (74-111) [152]

14 (8-15) [153]

to transfusion
of FFP, min

Abbreviations: FFP, fresh frozen plasma; RBC, red blood cell.

2 The Glasgow Outcome Scale measures level of consciousness based on eye,
verbal, and motor responses. Total scores range from 3 to 15, with higher
scores indicating greater disability.

Scale score?
b . i
e i 12550 138 (86) The Assessment of Blood Consumption .score gsgs pulse ratg, systolic blood
pressure, ultrasonography, and mechanism of injury to predict need for
Intubated 78 (48) 77 (48) massive transfusion. Scores range from O to 4, with higher scores indicating

Time from injury
to arrivalin the
trauma bay, min

105 (80-132) [148]

100 (75-132) [148]

Admission
Heart rate, /min

Systolic arterial blood
pressure, mm Hg

Assessment of Blood
Consumption score®

Assessment of Blood
Consumption score 22,
No. (%)

Time from arrival
to beginning of
treatment, min

Hemoglobin, g/dL®
Lactate, mmol/L®
Platelet count, x10°/L
Fibrinogen, g/L¢

Fibrinogen <1.5 g/L,
No. (%) [No.]

PTred
PTr>1.2, No. (%) [No.]
PTr >1.5, No. (%) [No.]

119 (95-132) [162]
89 (70-115) [160]

2(1-2)[161]

84 (52)

35(25-45) [154]

10.5 (8.7-12.0) [160]
4.5(2.7-7.1)[132]
214 (181-266) [132]
1.7 (1.2-2.2) [134]
49 (37) [134]

1.3(1.15-1.51) [142]
93 (65) [142]
36 (25)[142]

115(90-130) [158]
90 (70-110) [156]

2(1-2) [147]

78 (53)

30 (15-50) [150]

9.9(8.2-11.6) [155]
4.7 (2.9-7.5)[129]
204 (150-245) [125]
1.8(1.2-2.2) [128]
47 (37) [128]

1.3 (1.16-1.53) [130]
89 (68) [130]
34 (26)[130]

greater likelihood of requiring massive transfusion. Patients with a score of

less than 2 (n = 162) were enrolled in the trial as physician overrides, which

was defined as a score of less than 2 and attending physician determination
that a massive transfusion was needed.

¢ Laboratory reference ranges are as follows: hemoglobin, 1217 g/dL; lactate,
<1mmol/L; platelet count, 150-450 x10°/L; fibrinogen, 2-4 g/L; PTr, 0.8-1.2;
and thromboelastometry coagulation time, 31-63 s.

9 Prothrombin time ratio (PTr) is the ratio between the prothrombin time of
the patient and the prothrombin time reference value of the laboratory.
A PTr higher than 1.2 indicates posttraumatic coagulopathy and a PTr higher
than 1.5 indicates severe posttraumatic coagulopathy.

€ Thromboelastometry coagulation time is the time before the initiation of the
clot measured with thromboelastometry using activators of the extrinsic
pathway. A time of more than 80 seconds indicates PTr greater than 1.2.

f The Abbreviated Injury Scale (AIS) Head score assesses head injury on a scale
of O to 6, with O indicating no injury and 6 indicating a fatal injury.

8The Injury Severity Score (ISS) represents an overall assessment of bodily
injury calculated as the sum of squares of the highest injury scores for body
parts. It ranges from a total score of O to 75, with higher scores indicating
greater injury. A score greater than 15 indicates major trauma.

" Based on the Glasgow Outcome Scale score, systolic blood pressure, and
respiratory rate, the revised trauma score range was O to 7.8, with higher
scores associated with better survival probability.

" Includes observations made after randomization.

Thromboelastometry 73 (66-86) [31] 74 (66-95) [34]

coagulation time, s“¢

Thromboelastometry 11 (35) [31] 13 (38) [34] and eFigure 2 in Supplement 3). The subgroup analysis of patients
f\l%a%'/l?t[',\?g ﬁ'me 280s, requiring a massive transfusion yielded results identical to the
AIS Head score >2, 55 (35) [156] 50 (34) [149] main analysis (eTables 5-7 and eFigure 3 in Supplement 3).

No. (%) [No.]f
ISS9
ISS 215, No. (%) [No.]

Revised trauma score”

34 (25-50) [156]
143 (92) [156]
6.8 (5.8-7.6) [160]

38 (29-50) [149]
144 (97) [149]
6.6 (5.7-7.6) [153]

Resuscitation indicators, No. (%)

The number of patients with at least 1 thromboembolic
event was greater among those who received 4F-PCC vs pla-
cebo (56 [35%] vs 37 [24%]; absolute difference, 11% [95% CI,
1%-21%]; relative risk, 1.48 [95% CI, 1.04-2.10]; P = .03)
(Table 3). There were 63 total thromboembolic events in the

Need for hemostasis 115 (70) 111 (69) 4F-PCC group and 46 in the placebo group. A post hoc analy-
control procedure sis of 266 patients (139 in the 4F-PCC group and 127 in the pla-
(surgical or radiological) . O

Transfusion of 23 U 67 (42) 60 (38) cebo group) exploring an association between coagulopathy

of RBCs within the

and thromboembolic events revealed a higher percentage of

L C thromboembolic events in patients with a PTr greater than 1.2
(continued)  who received 4F-PCC (31/90 [34%]) vs placebo (19/87 [22%])
(P = .06). In patients with a PTr less than 1.2, the percentage
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Figure 2. Transfusion-Related Secondary Outcomes by Treatment Group

E Blood product consumption at 24 h

Prothrombin time ratio (PTr)
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= ' 1 (I
Total Red blood Fresh frozen Platelets 0o 1 2 4 5 6 12 24
cells plasma
Time, h
No. of patients No. of patients
4F-PCC 164 164 164 164 4F-PCC 142109 126 129 128 123 127 128 123
Placebo 160 160 160 160 Placebo 130111119131118115123 113 110
No. of patients with PTr >1.5
4F-PCC 36 32 21 18 13 15 13 9 9
Placebo 34 42 41 40 31 29 29 11 19

A, Lines within box indicate median values, lower and upper box edges are 25th
and 75th percentile values, whiskers extend to +1.5 times the interquartile
range, and points outside are the most extreme values. Total blood product
consumption at 24 hours (primary outcome) was not different between the 2
groups (median [IQR], 12 [5-19] U in the 4F-PCC group vs 11 [6-19] U in the
placebo group; absolute difference, 0.2 [95% Cl, -2.99 t0 3.33] U; P = .72).
Individual product consumption (secondary outcome) was also not different
between the 2 groups (see Table 2 for data). Mann-Whitney tests were applied

for all comparisons. B, Mean time course and 95% Cl (bars) of prothrombin time
ratio (PTr) between the groups. PTr is the ratio between the prothrombin time
of the patient and the prothrombin time reference value of the laboratory.

A PTr higher than 1.2 indicates posttraumatic coagulopathy and a PTr higher
than 1.5 indicates severe posttraumatic coagulopathy. A mixed-effects linear
regression model found no between-group difference (P = .14). 4F-PCC
indicates 4-factor prothrombin complex concentrate.

of patients with thromboembolic events was comparable be-
tween the 4F-PCC and placebo groups (6/49 [33%] vs 13/40
[33%]; P = .99).

|
Discussion

In this randomized, double-blind, placebo-controlled superi-
ority trial investigating the efficacy and safety of administer-
ing 4F-PCC with a ratio-based transfusion strategy in patients
at risk of massive transfusion, there was no reduction in 24-
hour blood product consumption or any differences in sec-
ondary outcomes compared with placebo. The trial detected
a statistically significantly higher risk of thromboembolic
events in the 4F-PCC group.

Previous physiological, observational, and interven-
tional evidence has suggested a benefit of 4F-PCC adminis-
tration through a mechanism of boosting factor concentra-
tion and thrombin generation.®!° The idea underlying the
current trial’s design was to generate a thrombin burst to re-
duce blood product use in patients with trauma at risk of mas-
sive transfusion. However, trauma-induced coagulopathy is a
complex hemostatic disorder, involving interactions be-
tween vessel wall, platelet, coagulation factor, and fibrinoly-
sis factors.?223 In response to tissue injury and shock, proco-
agulant factors levels decrease. In other consumptive
coagulopathies, natural inhibitors of coagulation, such as an-
tithrombin levels, are also decreased. This results in a new he-

JAMA April 25,2023 Volume 329, Number 16

mostatic balance and may explain why thrombin generation
capacity is preserved despite PTr greater than 1.5 after
trauma.?* The results of this trial support this observation, in-
dicating no incremental benefit of 4F-PCC even in patients at
risk of massive transfusion.

Three previous studies are comparable to the present trial:
2 observational efforts exploring the effect of an FFP-only strat-
egy vs FFP plus 4F-PCC'!2 and a single-center open-label trial
comparing a factor combination with fibrinogen concentrate,
factor XIII, and 4F-PCC vs FFP” observed a reduction of blood
product consumption with 4F-PCC administration. The trial
was stopped prematurely because of increased rates of mas-
sive transfusion and organ failure in the control group. In con-
trast to these efforts, the current trial included a higher per-
centage of patients in shock (59% with prehospital arterial
systolic blood pressure <90 mm Hg vs 35%, 45%, and 30%, re-
spectively, in previous trials). Our trial recruited patients with
more severe trauma as measured by higher median Injury Se-
verity Scores, more frequent hemorrhage control interven-
tions, higher lactate, lower hemoglobin, and a high percent-
age of patients with PTr greater than 1.2. The contrast in clinical
profiles and design may explain the divergent results. The clini-
cal profiles explored by our trial and its design are more likely
to test the effect of hemostatic therapies in patients with
trauma and bleeding and aligns with other recent trauma hem-
orrhage trials.®®2°> OQur protocol administered a dose of 25 IU
of factor IX/kg, which is very comparable to 20 IU in the pre-
vious trial”; no data are available for the observational

jama.com
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Table 2. Trial Outcomes by Treatment Group

No. (%)
4F-PCC Placebo Absolute difference

Outcome (n=164) (n =160) (95% ClI), %* P value®
Primary outcome
Total blood product consumption, median (IQR), U 12 (5t0 19) 11 (6to 19) 0.2 (-2.99t0 3.33) 72
Secondary outcomes
Red blood cell consumption, median (IQR), U¢ 6(3.5t010) 6 (4to010) -0.3(-1.8t01.3) .93
Fresh frozen plasma consumption, median (IQR), U¢ 4(1to8) 4(2t08) 0.1(-1.3to1.5) .56
Platelet concentrate consumption, median (IQR), U® 1(0to1) 1(0to1) 0.0(-0.3t00.3) .83
Time to PTr <1.5, median (IQR) [No.], min® 0(0to 60) [154] 0(0to 60) [145] -8.5(-48.9t032.0) .86
Mortality

24-h 18 (11) 20 (13) -2 (-9to5) .67

28-d 26(17) 30(21) -3(-12to5) 48
Time to achieve anatomic hemostasis, median (IQR) [No.], min? 300 (203 to 423) [131] 288 (210to 404) [128] 22 (-73.3t073.8) .96
Hospital-free days through day 28, median (IQR) 6.5 (0t022.5) 7 (0to22) -0.15(-1.65t0 1.35) 78
Ventilator-free days through day 28, median (IQR) 4(0.5t07) 4(0to 8) 0.33(-1.0t0 1.6) 51
ICU-free days through day 28, median (IQR) 6.5 (0t022.5) 7 (0to22) 1.22 (-5.93t08.37) 78
Disposition at day 28

Remained hospitalized 44 (33) 44 (35) 0(-10to 10)

Intensive care unit 37 (28) 28 (23) 5(-5t0 16)

Home 31(23) 29 (23) -3(-12t06)

Died 26 (17) 30 (21) -3(-12t05) 81

Rehabilitation 19 (14) 22 (18) -2(-14t09)

Other 2(2) 1(1) 1(-2to3)

Unknown 5@3) 6(4)
Glasgow Outcome Scale-Extended score, median (IQR) [No.]" 3(3to4)[36] 3(3to5)[27] -0.5(-1.91t00.91) 45

Abbreviations: 4F-PCC, 4-factor prothrombin complex concentrate;
ICU, intensive care unit.

2 Absolute differences are mean (95% bootstrapped Cl) for continuous variables;
differences for continuous and categorical variables and are not adjusted.

®Mann-Whitney or x? tests were applied for all comparisons, except for the
Glasgow Outcome Scale-Extended, for which a Fisher exact test was applied.

€ One unit of packed red blood cells is approximately 300 mL.
90ne unit of fresh frozen plasma is approximately 300 mL.
€ One unit of platelet concentrate is approximately 500 mL.

f Prothrombin time ratio (PTr) is the ratio between the prothrombin time of the
patient and the prothrombin time reference value of the laboratory. A PTr >1.2

indicates posttraumatic coagulopathy and a PTr >1.5 indicates severe
posttraumatic coagulopathy. Patients with a PTr >1.5 within the first 24 hours and
patients with a PTr >1.5 and who died within the first 24 hours were omitted.

8 Anatomic hemostasis in the operating room was defined as an objective
assessment by the surgeon indicating that bleeding within the surgical field
was controlled and no further hemostatic interventions were anticipated. In
the interventional radiology suite, anatomic hemostasis was defined as
achieving resolution of contrast blush after embolization.

" The Glasgow Outcome Scale-Extended is a broad assessment of neurological
outcome, with scores ranging from O (dead) to 7 (full recovery). Scores of 2 to
5 indicate residual neurological disability. This score was obtained only from
discharged patients who had a head injury.

Table 3. Thromboembolic Events by Treatment Group

Abbreviation: 4F-PCC, 4-factor

prothrombin complex concentrate.

2 Absolute differences were not
adjusted.

2 test was used for the comparison.

¢ Stroke was diagnosed using cerebral
contrast-enhanced computed
tomography.

dOther includes extremity ischemia
(n =11), thrombosis of venous
surgical anastomosis (n = 2), and
mesenteric infarction (n = 1). There
were no incidents of myocardial

No. (%)
4F-PCC Placebo Absolute difference Relative risk
Thromboembolic event (n=164) (n =160) (95% Cl), %* (95% Cl) P value®
Patients with at least 1 56 (35)[161] 37 (24) [157] 11(1to21) 1.48 (1.04 t0 2.10) .03
thromboembolic event,
No. (%) [No.]
Superficial venous 5(3.1) 1(0.6) 2(-1to5)
thrombosis
Deep venous 27 (16.8) 23 (14.6) 2 (-6t010)
thrombosis
Pulmonary embolism 20(12.4) 17 (10.8) 2(-5t09)
Stroke© 2(1.2) 0 1(-1to3)
Otherd 9(5.6) 5(3.2) 2(-2t07)

studies.''? Initial studies of 4F-PCC administered doses be-
tween 20 to 35 TU/kg.!° Therefore, we believe these differ-
ences do not have a significant impact on the results.

jama.com

infarction in either group.

Despite these previous results, safety concerns about in-
creased thromboembolic events were raised from the start.22”
In addition, detection and reporting remain heterogeneous
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across studies and suggest systematic underreporting.® The ob-
servational efforts reported thromboembolic risk to be around
5%,'12 while the trial reported 8% in the interventional group
vs 18% in the control group.” We demonstrated a higher over-
all relative risk of 1.48 despite more TXA and fibrinogen con-
centrate administration in the control group, increasing the
safety concern of 4F-PCC use. The post hoc analysis suggests
this effect appears amplified in patients with posttraumatic co-
agulopathy, which is possibly explained by providing supple-
mental substrate for already excessive thrombin generation.

Limitations

This study has several limitations. First, the study drug was
administered in combination with FFP without prior VET. The
combination of 4F-PCC and FFP without VET may expose pa-
tients without coagulopathy to the risk of coagulation factor
“overdosing.” However, the rationale to use VET to guide
4F-PCC remains questionable. VET thresholds that are used
to trigger 4F-PCC administration are neither standardized nor
consensual, and the investigators decided against this ap-
proach to conduct a pragmatic trial with a high external va-
lidity because VET is still not widely available in many cen-
ters across the world. Pragmatic inclusion criteria facilitated
recruitment of patients with severe bleeding who might po-
tentially benefit from 4F-PCC, enabling an elevated level of gen-
eralizability and external applicability. Second, the main end

Early Administration of 4-Factor Prothrombin Complex Concentrate in Patients With Trauma

point, 24-hour blood product use, may appear as an inappro-
priate surrogate for a patient-centered outcome, such as mor-
tality. However, reduction of blood product consumption re-
mains a meaningful clinical goal, because robust evidence
points toward a consistent association of an increase in organ
failure with increasing amounts of blood product use.?° Third,
despite randomization, the delay to FFP administration was
longer in the placebo group. Fourth, the definition of the pre-
specified “massive transfusion” subgroup could be influ-
enced by the intervention; given the clinical importance of this
subgroup, the investigators decided to report this result. Fifth,
the composition of other commercially available 4F-PCC may
differ from the one used in the present study, so their use might
generate a dissimilar outcome, and the results of the trial can-
not be applied to pediatric patients with trauma.

.|
Conclusions

This randomized, double-blind clinical trial found no benefi-
cial effect of adding 4F-PCC to aratio-based transfusion strat-
egy in patients with severe trauma at risk of massive transfu-
sion, and possible harm from a higher rate of thromboembolic
events, particularly in patients with an increased PTr. The find-
ings do not support systematic 4F-PCC use in patients with
trauma at risk of massive transfusion.
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