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•

– De quoi meurt les patients actuellement ?

Figure 1

– En 1995, 39 % des décès en relation avec un choc hémorragique (Sauia A et al. J Trauma 1995)
– Choc hémorragique : principale cause de mort évitable …
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“The Why & How Our Trauma Patients Die: A Prospective Multicenter

Overall: TBI (45%) and exsanguination (23%)

PREHOSPITAL CARE / TIME - TRANSPORT

Age, y
Mean (SD)

32.3 (13.2)

32.7 (13.4)

30.4 (12.2)

<.001

Median

29.0

29.0

27.0

<.001
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40 775 (47.4)

8545 (50.5)

White

27 083 (26.3)

23 420 (27.2)

3663 (21.6)
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IMPORTANCE Time to definitive care following injury is important to the outcomes of trauma
patients. Prehospital trauma care is provided based on policies developed by individual
trauma systems and is an important component of the care of injured patients. Given
a paucity of systems-level trauma research, considerable variability exists in prehospital care
policies across trauma systems, potentially affecting patient outcomes.
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Table 1. Sample Population Characteristics by Mode of Prehospital Transportation
Admission year

OBJECTIVE To evaluate whether private vehicle prehospital transport confers a survival

advantage vs ground emergency medical services (EMS) transport following penetrating
injuries in urban trauma systems.

No.
34(%)
259 (33.3)

28 651 (33.3)

5608 (33.1)

Characteristic
2011

All
34Patients
340 (33.3)

Ground
EMS
28
665 (33.3)

Private
5675 Vehicle
(33.5)

Population
2012 size

103
029 (33.4)
(100)
34 430

86 781
097 (33.4)
(83.6)
28

165649
932 (16.4)
(33.4)

Male
GSW

90 052
259 (51.5)
(87.6)
53

75 582
141 (52.9)
(87.3)
45

157470
118 (89.3)
(44.1)

Female
Stab
wound

12 977
770 (48.5)
(12.4)
49

10 515
956 (47.1)
(12.7)
40

1814 (10.7)
9462
(55.9)

2010

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of data included in the

National Trauma Data Bank from January 1, 2010, through December 31, 2012, comprising
298 level 1 and level 2 trauma centers that contribute data to the National Trauma Data Bank
that are located within the 100 most populous metropolitan areas in the United States. Of
2 329 446 patients assessed for eligibility, 103 029 were included in this study. All patients
were 16 years or older, had a gunshot wound or stab wound, and were transported by ground
EMS or private vehicle.
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MAIN OUTCOME AND MEASURE In-hospital mortality.
RESULTS Of the 2 329 446 records assessed for eligibility, 103 029 individuals at 298 urban

<.001
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Age,bpm
y
HR,

level 1 and level 2 trauma centers were included in the analysis. The study population was
predominantly male (87.6%), with a mean age of 32.3 years. Among those included,
47.9% were black, 26.3% were white, and 18.4% were Hispanic. Following risk adjustment,
individuals with penetrating injuries transported by private vehicle were less likely to die
than patients transported by ground EMS (odds ratio [OR], 0.38; 95% CI, 0.31-0.47). This
association remained statistically significant on stratified analysis of the gunshot wound
(OR, 0.45; 95% CI, 0.36-0.56) and stab wound (OR, 0.32; 95% CI, 0.20-0.52) subgroups.
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CONCLUSIONS AND RELEVANCE Private vehicle transport is associated with a significantly
lower likelihood of death when compared with ground EMS transport for individuals with
gunshot wounds and stab wounds in urban US trauma systems. System-level evidence such
as this can be a valuable tool for those responsible for developing and implementing policies
at the trauma system level.
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IMPORTANCE Time to definitive care following injury is important to the outcomes of trauma
patients. Prehospital trauma care is provided based on policies developed by individual
trauma systems and is an important component of the care of injured patients. Given
a paucity of systems-level trauma research, considerable variability exists in prehospital care
policies across trauma systems, potentially affecting patient outcomes.

T

OBJECTIVE To evaluate whether private vehicle prehospital transport confers a survival

advantage vs ground emergency medical services (EMS) transport following penetrating
injuries in urban trauma systems.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of data included in the
National Trauma Data Bank from January 1, 2010, through December 31, 2012, comprising
298 level 1 and level 2 trauma centers that contribute data to the National Trauma Data Bank
that are located within the 100 most populous metropolitan areas in the United States. Of
2 329 446 patients assessed for eligibility, 103 029 were included in this study. All patients
were 16 years or older, had a gunshot wound or stab wound, and were transported by ground
EMS or private vehicle.
MAIN OUTCOME AND MEASURE In-hospital mortality.

RESULTS Of the 2 329 446 records assessed for eligibility, 103 029 individuals at 298 urban

level 1 and level 2 trauma centers were included in the analysis. The study population was
predominantly male (87.6%), with a mean age of 32.3 years. Among those included,
47.9% were black, 26.3% were white, and 18.4% were Hispanic. Following risk adjustment,
individuals with penetrating injuries transported by private vehicle were less likely to die
than patients transported by ground EMS (odds ratio [OR], 0.38; 95% CI, 0.31-0.47). This
association remained statistically significant on stratified analysis of the gunshot wound
(OR, 0.45; 95% CI, 0.36-0.56) and stab wound (OR, 0.32; 95% CI, 0.20-0.52) subgroups.

CONCLUSIONS AND RELEVANCE Private vehicle transport is associated with a significantly
lower likelihood of death when compared with ground EMS transport for individuals with
gunshot wounds and stab wounds in urban US trauma systems. System-level evidence such
as this can be a valuable tool for those responsible for developing and implementing policies
at the trauma system level.
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Association of Prehospital Time to In-Hospital Trauma
Mortality in a Physician-Staffed Emergency Medicine System
Tobias Gauss, MD; François-Xavier Ageron, MD, PhD; Marie-Laure Devaud, MD; Guillaume Debaty, MD, PhD;
Stéphane Travers, MD; Delphine Garrigue, MD; Mathieu Raux, MD, PhD; Anatole Harrois, MD, PhD;
Pierre Bouzat, MD, PhD; for the French Trauma Research Initiative
Invited Commentary
IMPORTANCE The association between total prehospital time and mortality in
physician-staffed trauma systems remains uncertain.
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OBJECTIVE To describe the association of total prehospital time and in-hospital mortality in

prehospital, physician-staffed trauma systems in France, with the hypothesis that total
prehospital time is associated with increased mortality.
DESIGN, SETTING, AND PARTICIPANTS This cohort study was conducted from January 2009
to December 2016. Data for this study were derived from 2 distinct regional trauma registries
in France (1 urban and 1 rural) that both have a physician-staffed emergency medical service.
Consecutive adult trauma patients admitted to either of the regional trauma referral centers
during the study period were included. Data analysis took place from March 2018 to
September 2018.
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[78.3%]) affected by predominantly nonpenetrating injuries (9265 [91.5%]), with a mean
(SD) Injury Severity Score of 17 (14) points. Of the patients, 6737 (66.5%) had at least 1 body
region with an Abbreviated Injury Scale score of 3 or more. A total of 1259 patients (12.4%)
presented in shock (with systolic pressure <90 mm Hg) and 2724 (26.9%) with severe head
injury (Abbreviated Injury Scale score !3 points). On unadjusted analysis, increasing
prehospital times (in 30-minute categories) were associated with a markedly and constant
increase in the risk of in-hospital death. The odds of death increased by 9% for each
10-minute increase in prehospital time (odds ratio, 1.09 [95% CI, 1.07-1.11]) and after
adjustment by 4% (odds ratio, 1.04 [95% CI, 1.01-1.07]).
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RESULTS A total of 10 216 patients were included (mean [SD] age, 41 [18] years; 7937 men
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MAIN OUTCOMES AND MEASURES The association between death and prehospital time was
assessed with a multivariable model adjusted with confounders. Total prehospital time was
the primary exposure variable, recorded as the time from the arrival of the physician-led
prehospital care team on scene to the arrival at the hospital. The main outcome of interest
was all-cause in-hospital mortality.

CONCLUSIONS AND RELEVANCE In this study, an increase in total prehospital time was
associated with increasing in-hospital all-cause mortality in trauma patients at a
physician-staffed emergency medical system, after adjustment for case complexity.
Prehospital time is a management objective in analogy to physiological targets. These
findings plead for a further streamlining of prehospital trauma care and the need to define
the optimal intervention-to-time ratio.
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Table 3. Association Between Outcome and Prehospital Timea
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DESIGN, SETTING, AND PARTICIPANTS This cohort study was conducted from January 2009
to December 2016. Data for this study were derived from 2 distinct regional trauma registries
40 (1 urban and 1 rural) that both have a physician-staffed emergency medical service.
in France
Consecutive adult trauma patients admitted to either of the regional trauma referral centers
during the study period were included. Data analysis took place from March 2018 to
September 2018.
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OBJECTIVE To describe the association of total prehospital time and in-hospital mortality in
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assessed with a multivariable model adjusted with confounders. Total prehospital time was
the primary exposure variable, recorded as the time from the arrival of the physician-led
prehospital care team on scene to the arrival at the hospital. The main outcome of interest
20 in-hospital mortality.
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RESULTS A total of 10 216 patients were included (mean [SD] age, 41 [18] years; 7937 men

[78.3%]) affected by predominantly nonpenetrating injuries (9265 [91.5%]), with a mean
(SD) Injury Severity Score of 17 (14) points. Of the patients, 6737 (66.5%) had at least 1 body
10
region with an Abbreviated Injury Scale score of 3 or more. A total of 1259 patients (12.4%)
presented in shock (with systolic pressure <90 mm Hg) and 2724 (26.9%) with severe head
injury (Abbreviated Injury Scale score !3 points). On unadjusted analysis, increasing
prehospital times (in 30-minute categories) were associated with a markedly and constant
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Multivariable Analysis

MAIN OUTCOMES AND MEASURES The association between death and prehospital time was

associated with increasing in-hospital all-cause mortality in trauma patients at a
physician-staffed emergency medical system, after adjustment for case complexity.
Prehospital time is a management objective in analogy to physiological targets. These
findings plead for a further streamlining of prehospital trauma care and the need to define
the optimal intervention-to-time ratio.
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prehospital time is associated with increased mortality.
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Plasma-first resuscitation to treat haemorrhagic shock
during emergency ground transportation in an urban area:
a randomised trial

established in 1812

Summary

Methods The Control of Major Bleeding After Trauma Trial was a pragmatic, randomised, single-centre trial done at
the Denver Health Medical Center (DHMC), which houses the paramedic division for Denver city. Consecutive trauma
patients in haemorrhagic shock (defined as systolic blood pressure [SBP] ≤70 mm Hg or 71–90 mm Hg plus heart rate
≥108 beats per min) were assessed for eligibility at the scene of the injury by trained paramedics. Eligible patients were
randomly assigned to receive plasma or normal saline (control). Randomisation was achieved by preloading all
ambulances with sealed coolers at the start of each shift. Coolers were randomly assigned to groups 1:1 in blocks of 20
according to a schedule generated by the research coordinators. If the coolers contained two units of frozen plasma,
they were defrosted in the ambulance and the infusion started. If the coolers contained a dummy load of frozen water,
this indicated allocation to the control group and saline was infused. The primary endpoint was mortality within
28 days of injury. Analyses were done in the as-treated population and by intention to treat. This trial is registered with
ClinicalTrials.gov, number NCT01838863.
Findings From April 1, 2014, to March 31, 2017, paramedics randomly assigned 144 patients to study groups. The astreated analysis included 125 eligible patients, 65 received plasma and 60 received saline. Median age was 33 years
(IQR 25–47) and median New Injury Severity Score was 27 (10–38). 70 (56%) patients required blood transfusions
within 6 h of injury. The groups were similar at baseline and had similar transport times (plasma group median
19 min [IQR 16–23] vs control 16 min [14–22]). The groups did not diﬀer in mortality at 28 days
(15% in the plasma group vs 10% in the control group, p=0∙37). In the intention-to-treat analysis, we saw no significant
diﬀerences between the groups in safety outcomes and adverse events. Due to the consistent lack of diﬀerences in the
analyses, the study was stopped for futility after 144 of 150 planned enrolments.
Interpretation During rapid ground rescue to an urban level 1 trauma centre, use of prehospital plasma was not
associated with survival benefit. Blood products might be beneficial in settings with longer transport times, but the
financial burden would not be justified in an urban environment with short distances to mature trauma centres.
Funding US Department of Defense.
Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
For more than 50 years, impaired coagulation has been
associated with severe injury, and crystalloid resuscitation
has been the standard.1 In civilian settings, the first preemptive plasma resuscitation after injury was proposed in
the late 1970s in Denver, CO, USA.2 The rationale was that
coagulopathy would be lessened and progression to the
“bloody vicious cycle”, in which coagulopathy coupled
with acidosis and hypothermia (called the lethal triad)
result in uncontrolled bleeding, would be prevented.3
Benefits of early plasma resuscitation, however, were not
highlighted until the military reported increased survival
with high ratios of plasma to red blood cells in US combat

support hospitals in Iraq in 2003 and 2005.4 This
experience prompted several retrospective civilian
studies5,6 followed by a multicentre prospective study that
seemed to indicate a survival benefit with early plasma
administration.7 The retrospective studies, though, were
plagued by survivor bias (ie, patients had to survive long
enough to receive plasma). Indeed randomised clinical
trials have shown no survival benefit.8,9 A 2016 systematic
review concluded that, although transfusion of blood
products before reaching hospital is a plausible therapeutic
approach, the evidence at the time was of poor quality, did
not show outcome improvements, and recommended
assessment in randomised controlled trials.10
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Prehospital Plasma during Air Medical Transport in Trauma
Patients at Risk for Hemorrhagic Shock
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Background Plasma is integral to haemostatic resuscitation after injury, but the timing of administration remains
controversial. Anticipating approval of lyophilised plasma by the US Food and Drug Administration, the US
Department of Defense funded trials of prehospital plasma resuscitation. We investigated use of prehospital plasma
during rapid ground rescue of patients with haemorrhagic shock before arrival at an urban level 1 trauma centre.
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a bs t r ac t
BACKGROUND

After a person has been injured, prehospital administration of plasma in addition to the
initiation of standard resuscitation procedures in the prehospital environment may reduce
the risk of downstream complications from hemorrhage and shock. Data from large
clinical trials are lacking to show either the efficacy or the risks associated with plasma
transfusion in the prehospital setting.
METHODS

To determine the efficacy and safety of prehospital administration of thawed plasma in
injured patients who are at risk for hemorrhagic shock, we conducted a pragmatic, multicenter, cluster-randomized, phase 3 superiority trial that compared the administration
of thawed plasma with standard-care resuscitation during air medical transport. The
primary outcome was mortality at 30 days.
RESULTS

A total of 501 patients were evaluated: 230 patients received plasma (plasma group) and
271 received standard-care resuscitation (standard-care group). Mortality at 30 days was
significantly lower in the plasma group than in the standard-care group (23.2% vs. 33.0%;
difference, −9.8 percentage points; 95% confidence interval, −18.6 to −1.0%; P = 0.03). A
similar treatment effect was observed across nine prespecified subgroups (heterogeneity
chi-square test, 12.21; P = 0.79). Kaplan–Meier curves showed an early separation of the
two treatment groups that began 3 hours after randomization and persisted until 30 days
after randomization (log-rank chi-square test, 5.70; P = 0.02). The median prothrombintime ratio was lower in the plasma group than in the standard-care group (1.2 [interquartile range, 1.1 to 1.4] vs. 1.3 [interquartile range, 1.1 to 1.6], P<0.001) after the patients’
arrival at the trauma center. No significant differences between the two groups were
noted with respect to multiorgan failure, acute lung injury–acute respiratory distress
syndrome, nosocomial infections, or allergic or transfusion-related reactions.
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CONCLUSIONS

In injured patients at risk for hemorrhagic shock, the prehospital administration of thawed
plasma was safe and resulted in lower 30-day mortality and a lower median prothrombintime ratio than standard-care resuscitation. (Funded by the U.S. Army Medical Research
and Materiel Command; PAMPer ClinicalTrials.gov number, NCT01818427.)
n engl j med 379;4
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Open Access

Pre-hospital plasma transfusion: a valuable
coagulation support or an expensive fluid
therapy?
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of patients had received TXA while its use was not
reported for PAMPer.
There was high mortality difference at 24-h and 28/
30-days within both control arms which had assumingly
received comparable US standard trauma care after
hospital admission (Table 1). With identical entry criteria,
this difference may only be explained by differences in
injury severity, volume status and further pattern and/or
patient care; but no specific details were provided. The
comparison of injury severity between both trials is
difficult due to different scores applied. However, the
mortality in PAMPer was higher than in COMBAT and
that reported elsewhere which limits the external validity
of findings. In the European RETIC trial on early coagulation factor concentrates versus FFP in trauma the 30-day
mortality was only 7.4% despite an ISS of 34 [3]. The
German Trauma Registry (TR-DGU) confirms a mortality
< 10% for an ISS 20–23 [4]. In PAMPer, there was no clinical benefit for plasma on the sequalae of hypovolaemichaemorrhagic shock as 32% versus 29% of patients died in
haemorrhagic shock.
The underlying mechanism by which the two units of
pre-hospital plasma may have promoted lower mortality
in PAMPer remains speculative. In both trials, no relevant
improvements in standard/viscoelastic coagulation assays
were reported after pre-hospital plasma. A statistically
relevant but clinically insignificant shorter prothrombin
ratio was reported for the plasma group (1.2 vs 1.3) but
cannot account for the observed difference in mortality.
In COMBAT, more patients in the plasma group had an
INR > 1.3. The INR quantifies only pro-coagulants and
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Two recent clinical trials with conflicting results have
refuelled the discussion on pre-hospital plasma in trauma.
The multicentre, cluster-randomized PAMPer trial assessed
the efficacy and safety of two units of pre-hospital plasma
versus standard care without plasma in 501 trauma patients
at risk for haemorrhagic shock during air medical transport
to a designated US trauma centre [1]. The mortality at 30
days was lower in the plasma compared to the standard
care group (23% vs 33%; p = 0.03). The randomized,
placebo-controlled COMBAT trial compared the same
plasma volume versus isotonic saline in 144 haemorrhagic
shocked trauma patients within a US ground EMS and a
single US trauma centre but mortality at 28 days did not
differ between trial groups (15% vs 10%; n.s.) [2]. Table 1
summarizes the basic characteristics of both trials. The
results from both trials need to be viewed with caution
against their limitations and may not be translated directly
into routine without addressing a number of critical issues.
A single drop in blood pressure as an inclusion criterion
for both trials is problematic as pre-hospital hypotensive
episodes can have non-bleeding reasons (e.g. anaesthesia,
cardiac, spinal trauma or wrong readings), and, in
PAMPer, half of the patients had received pre-hospital
intubation/mechanical ventilation while for COMBAT no
details were provided. Both trials aimed for patients “at
risk for haemorrhagic shock” or “thought to be due to
acute blood loss” but no signs of bleeding were considered
for inclusion. Notably, 111 patients in PAMPer had
received unspecified pre-treatment prior to inclusion
which may have introduced bias. The time span for inclusion expanded over 3 years with trauma care subject to
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of patients had received TXA while its use was not
reported for PAMPer.
There was high mortality difference at 24-h and 28/
30-days within both control arms which had assumingly
received comparable US standard trauma care after
hospital admission (Table 1). With identical entry criteria,
this difference may only be explained by differences in
injury severity, volume status and further pattern and/or
patient care; but no specific details were provided. The
comparison of injury severity between both trials is
difficult due to different scores applied. However, the
mortality in PAMPer was higher than in COMBAT and
that reported elsewhere which limits the external validity
of findings. In the European RETIC trial on early coagulation factor concentrates versus FFP in trauma the 30-day
mortality was only 7.4% despite an ISS of 34 [3]. The
German Trauma Registry (TR-DGU) confirms a mortality
< 10% for an ISS 20–23 [4]. In PAMPer, there was no clinical benefit for plasma on the sequalae of hypovolaemichaemorrhagic shock as 32% versus 29% of patients died in
haemorrhagic shock.
The underlying mechanism by which the two units of
pre-hospital plasma may have promoted lower mortality
in PAMPer remains speculative. In both trials, no relevant
improvements in standard/viscoelastic coagulation assays
were reported after pre-hospital plasma. A statistically
relevant but clinically insignificant shorter prothrombin
ratio was reported for the plasma group (1.2 vs 1.3) but
cannot account for the observed difference in mortality.
In COMBAT, more patients in the plasma group had an
INR > 1.3. The INR quantifies only pro-coagulants and
does not mirror concentrations of inhibitors. In trauma,
INR can be prolonged despite upregulated thrombin
generation potential [5]. Moreover, the INR of FFP is 1.3
[6]. Any beneficial effect of plasma to correct slightly
elevated INR is futile and plasma has primarily an effect
on coagulation parameters with extended volumes and

USgroundEMStransport (Denver) single-centre

Two recent clinical trials with conflicting results have
refuelled the discussion on pre-hospital plasma in trauma.
The multicentre, cluster-randomized PAMPer trial assessed
the efficacy and safety of two units of pre-hospital plasma
versus standard care without plasma in 501 trauma patients
at risk for haemorrhagic shock during air medical transport
to a designated US trauma centre [1]. The mortality at 30
days was lower in the plasma compared to the standard
care group (23% vs 33%; p = 0.03). The randomized,
placebo-controlled COMBAT trial compared the same
plasma volume versus isotonic saline in 144 haemorrhagic
shocked trauma patients within a US ground EMS and a
single US trauma centre but mortality at 28 days did not
differ between trial groups (15% vs 10%; n.s.) [2]. Table 1
summarizes the basic characteristics of both trials. The
results from both trials need to be viewed with caution
against their limitations and may not be translated directly
into routine without addressing a number of critical issues.
A single drop in blood pressure as an inclusion criterion
for both trials is problematic as pre-hospital hypotensive
episodes can have non-bleeding reasons (e.g. anaesthesia,
cardiac, spinal trauma or wrong readings), and, in
PAMPer, half of the patients had received pre-hospital
intubation/mechanical ventilation while for COMBAT no
details were provided. Both trials aimed for patients “at
risk for haemorrhagic shock” or “thought to be due to
acute blood loss” but no signs of bleeding were considered
for inclusion. Notably, 111 patients in PAMPer had
received unspecified pre-treatment prior to inclusion
which may have introduced bias. The time span for inclusion expanded over 3 years with trauma care subject to
change over time, e.g. the increasing widespread use of
antifibrinolytic tranexamic acid (TXA). In COMBAT, 10%
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Acute lung injury within 28 days

Plasma-first resuscitation to treat haemorrhagic shock
during emergency ground transportation in an urban area:
a randomised trial

Findings From April 1, 2014, to March 31, 2017, paramedics randomly assigned 144 patients to study groups. The astreated analysis included 125 eligible patients, 65 received plasma and 60 received saline. Median age was 33 years
(IQR 25–47) and median New Injury Severity Score was 27 (10–38). 70 (56%) patients required blood transfusions
within 6 h of injury. The groups were similar at baseline and had similar transport times (plasma group median
19 min [IQR 16–23] vs control 16 min [14–22]). The groups did not diﬀer in mortality at 28 days
(15% in the plasma group vs 10% in the control group, p=0∙37). In the intention-to-treat analysis, we saw no significant
diﬀerences between the groups in safety outcomes and adverse events. Due to the consistent lack of diﬀerences in the
analyses, the study was stopped for futility after 144 of 150 planned enrolments.
Interpretation During rapid ground rescue to an urban level 1 trauma centre, use of prehospital plasma was not
associated with survival benefit. Blood products might be beneficial in settings with longer transport times, but the
financial burden would not be justified in an urban environment with short distances to mature trauma centres.
Funding US Department of Defense.
Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
For more than 50 years, impaired coagulation has been
associated with severe injury, and crystalloid resuscitation
has been the standard.1 In civilian settings, the first preemptive plasma resuscitation after injury was proposed in
the late 1970s in Denver, CO, USA.2 The rationale was that
coagulopathy would be lessened and progression to the
“bloody vicious cycle”, in which coagulopathy coupled
with acidosis and hypothermia (called the lethal triad)
result in uncontrolled bleeding, would be prevented.3
Benefits of early plasma resuscitation, however, were not
highlighted until the military reported increased survival
with high ratios of plasma to red blood cells in US combat

support hospitals in Iraq in 2003 and 2005.4 This
experience prompted several retrospective civilian
studies5,6 followed by a multicentre prospective study that
seemed to indicate a survival benefit with early plasma
administration.7 The retrospective studies, though, were
plagued by survivor bias (ie, patients had to survive long
enough to receive plasma). Indeed randomised clinical
trials have shown no survival benefit.8,9 A 2016 systematic
review concluded that, although transfusion of blood
products before reaching hospital is a plausible therapeutic
approach, the evidence at the time was of poor quality, did
not show outcome improvements, and recommended
assessment in randomised controlled trials.10
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to 26)(n=60)

0 (–1·00 to 0)
Effect0 size
(95%
CI)*
(–3·00
to 1·00)

0·35
p0·49
value

Physiology
and shock
Clinical outcome
SBP
on arrival
Hg)
Mortality
at 28(mm
days†
Heart
rateat
on24
arrival
Mortality
h (bpm)

Summary

Methods The Control of Major Bleeding After Trauma Trial was a pragmatic, randomised, single-centre trial done at
the Denver Health Medical Center (DHMC), which houses the paramedic division for Denver city. Consecutive trauma
patients in haemorrhagic shock (defined as systolic blood pressure [SBP] ≤70 mm Hg or 71–90 mm Hg plus heart rate
≥108 beats per min) were assessed for eligibility at the scene of the injury by trained paramedics. Eligible patients were
randomly assigned to receive plasma or normal saline (control). Randomisation was achieved by preloading all
ambulances with sealed coolers at the start of each shift. Coolers were randomly assigned to groups 1:1 in blocks of 20
according to a schedule generated by the research coordinators. If the coolers contained two units of frozen plasma,
they were defrosted in the ambulance and the infusion started. If the coolers contained a dummy load of frozen water,
this indicated allocation to the control group and saline was infused. The primary endpoint was mortality within
28 days of injury. Analyses were done in the as-treated population and by intention to treat. This trial is registered with
ClinicalTrials.gov, number NCT01838863.

30 (50%)

4 (6%)

Intensive-care-free days

Hunter B Moore, Ernest E Moore, Michael P Chapman, Kevin McVaney, Gary Bryskiewicz, Robert Blechar, Theresa Chin, Clay Cothren Burlew,
Fredric Pieracci, F Bernadette West, Courtney D Fleming, Arsen Ghasabyan, James Chandler, Christopher C Silliman, Anirban Banerjee, Angela Sauaia

Background Plasma is integral to haemostatic resuscitation after injury, but the timing of administration remains
controversial. Anticipating approval of lyophilised plasma by the US Food and Drug Administration, the US
Department of Defense funded trials of prehospital plasma resuscitation. We investigated use of prehospital plasma
during rapid ground rescue of patients with haemorrhagic shock before arrival at an urban level 1 trauma centre.
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1

Haemoglobin
failure
or death) concentration
at 28 days‡ <70 g/L
in 1–6 h
Ventilator-free
days

Base
deficit on arrival
(mEq/L)‡
Intensive-care-free
days
Base deficit
>10
mEq/L
Physiology
and
shock

Lactic
concentration
SBP onacid
arrival
(mm Hg) on arrival
(mg/dL)‡
Heart rate on arrival (bpm)
Coagulation (on arrival at hospital)
Haemoglobin concentration on arrival
INR
on arrival†
(g/dL)

INR>1·3
Lowest
haemoglobin concentration in
1–6 h (g/dL)
Rapid
thromboelastography
Haemoglobin
G
(dynes/cm²)‡concentration <70 g/L
in 1–6 h clotting time (s)
Activated
Base
deficit on
arrival (mEq/L)‡
Maximum
amplitude
(mm)

96
(80 to 110)
10 (15%)

90
(72 to 111)
6 (10%)

5·00(0·60
(–6·00toto3·98)
15·00)
1·54

0·38
0·37

105
(76 to) 124)
8 (12%

111
(92 to 128)
6 (10%)

–6·00
(–17·00
to 4·00)
1·23 (0·45
to 3·34)

0·23
0·68

12·6
(11·3 to 14·7)
28
(43%)

13·5
(11·9 to 14·7)
30
(50%)

–0·30
(–1·10toto1·26)
0·50)
0·86 (0·59

0·50
0·44

4 (6%)
11·3 (9·6 to 12·6)

1 (2%)
11·0 (9·1 to 12·8)

3·69 (0·42 to 32·11)
0·20 (–0·70 to 1·00)

0·37
0·67

1·85 (0·80 to 4·26)
0·41 (0·24 to 8·13)

0·14
1·00

0 (–1·00 to 0)
(–2·70to
to1·00)
2·00)
00(–3·00
0·94 (0·59–1·47)

0·35
0·80
0·49
0·77

14 (21%)
3 (5%)

7 (12%)
2 (3%)

26 (11 to 28)
to 13·0)
239·0
(7 (5·5
to 26)

26 (18 to 28)
to 13·0)
248·8
(17(6·0
to 26)

(3·9
8·5)
965·5
(80
to to
110)

to 7·0)
904·9
(72(3·2
to 111)

21/51 (41%)

105 (76 to 124)

22/50 (44%)

111 (92 to 128)

0·60(–6·00
(–0·60to
to15·00)
1·80)
5·00

0·30
0·38

–6·00 (–17·00 to 4·00)

0·23

–0·30 (–1·10 to 0·50)
0·60 (–0·01 to 0·14)

0·50
0·10

12·6 (11·3 to 14·7)
1·27 (1·11 to 1·40)

13·5 (11·9 to 14·7)
1·15 (1·08 to 1·29)

28/63
(44%)
11·3 (9·6
to 12·6)

14/58
(24%)
11·0
(9·1
to 12·8)

1·84(–0·70
(1·08 to
0·20
to 3·14)
1·00)

0·02
0·67

37·7
(5%)
(6·2 to 8·9)

(5·4 to 9·7)
27·1
(3%)

0·30(0·24
(–0·90toto8·13)
1·40)
0·41

0·66
1·00

128 (113 to 136)
9·0 (5·5
60·5
(55·5toto13·0)
64·0)

121 (113 to 136)
8·8 (6·0
58·5
(52·0toto13·0)
66·0)

0 (–7·00 to 8·00)
01·00
(–2·70
to 2·00)
(–2·50
to 4·50)

0·76
0·80
0·67
0·77
0·16

Base deficit
21/51
(41%)to 76·1)
Angle
(°) >10 mEq/L
70·9 (66·1
Lactic
5·5
LY30acid
(%)concentration on arrival
1·3 (3·9
(0·3 to
to 8·5)
2·6)
(mg/dL)‡
Hyperfibrinolysis (LY30 >3·0%)
14/56 (23%)
Coagulation (on arrival at hospital)
Physiological lysis (LY30 0·9–3·0%)
25/56 (45%)
INR on arrival†
1·27 (1·11 to 1·40)
Lysis shutdown (LY30 <0·9%)
18/56 (32%)
INR>1·3
28/63 (44%)
Coagulation factor on arrival at hospital (% activity)
Rapid thromboelastography
Fibrinogen on arrival (mg/dL)
195·0 (157·0 to 275·0)
G (dynes/cm²)‡
7·7 (6·2 to 8·9)
II
71·0 (57·0 to 88·0)
Activated clotting time (s)
128 (113 to 136)
V
64·0 (41·0 to 83·0)
Maximum amplitude (mm)
60·5 (55·5 to 64·0)
VII
72·0 (56·0 to 94·0)
Angle (°)
70·9 (66·1 to 76·1)
VIII
283·4 (168·4 to 434·2)
LY30 (%)
1·3 (0·3 to 2·6)
IX
121·0 (87·0 to 142·0)
Hyperfibrinolysis (LY30 >3·0%)
14/56 (23%)
XI
81·0 (58·0 to 127·0)
Physiological lysis (LY30 0·9–3·0%)
25/56 (45%)

22/50
(44%)
69·3 (63·2
to 74·4)
4·9
1·6 (3·2
(0·7to
to7·0)
3·1)

0·94
2·20 (0·59–1·47)
(–0·80 to 5·40)
0·60 (–0·60
–0·20
(–0·90to
to 1·80)
0·30)

0·30
0·32

13/51 (25%)

0·91 (0·47 to 1·78)

0·78

23/51 (45%)
1·15 (1·08 to 1·29)
15/51 (29%)
14/58 (24%)

0·99 (0·65 to 1·51)
0·60 (–0·01 to 0·14)
1·09 (0·62 to 1·93)
1·84 (1·08 to 3·14)

0·96
0·10
0·76
0·02

222·0 (154·5 to 282·0)
7·1 (5·4 to 9·7)
79·0 (65·0 to 92·0)
121 (113 to 136)
69·0 (52·0 to 91·0)
58·5 (52·0 to 66·0)
74·0 (52·0 to 94·0)
69·3 (63·2 to 74·4)
355·2 (279·0 to 462·6)
1·6 (0·7 to 3·1)
135·0 (99·0 to 159·0)
13/51 (25%)
109·0 (72·0 to 135·0)
23/51 (45%)

–10·00 (–30·00 to 48·00)
0·30 (–0·90 to 1·40)
–6·00 (–15·00 to 3·00)
0 (–7·00 to 8·00)
–7·00 (–20·00 to 5·00
1·00 (–2·50 to 4·50)
3·00 (–8·00 to 13·00)
2·20 (–0·80 to 5·40)
–71·70 (–148·00 to 2·00)
–0·20 (–0·90 to 0·30)
–11·00 (–30·00 to 2·00
0·91 (0·47 to 1·78)
–14·00 (–35·00 to 8·00)
0·99 (0·65 to 1·51)

0·68
0·66
0·14
0·76
0·32
0·67
0·61
0·16
0·06
0·32
0·36
0·78
0·21
0·96
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J.L. Sperry, F.X. Guyette, J.B. Brown, M.H. Yazer, D.J. Triulzi, B.J. Early-Young, P.W. Adams, B.J. Daley, R.S. Miller,
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After a person has been injured, prehospital administration of plasma in addition to the The authors’ full names, academic deand affiliations are listed in the
initiation of standard resuscitation procedures in theTprehospital
environment may reduce grees,
h e n e w e ng l a n d j o u r naAppendix.
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the risk of downstream complications from hemorrhage and shock. Data from large Dr. Sperry at the University of Pittsburgh,
clinical trials are lacking to show either the efficacy or the risks associated with plasma Department of Surgery and Critical Care
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transfusion in the prehospital setting.
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CONCLUSIONS

Plasma

230

183

172

170

169

Standard care
271
194
181
179
In injured patients at risk for
hemorrhagic shock,
the prehospital
administration
of thawed173
plasma was safe and resulted in lower 30-day mortality and a lower median prothrombinBtime
30-Day Mortality in Prespecified Subgroups
ratio than standard-care resuscitation. (Funded by the U.S. Army Medical Research
and Materiel Command; PAMPer ClinicalTrials.gov number, NCT01818427.)

Subgroup

No. of
Patients

Standard
Care

Plasma

no. of events/total no. (%)
n engl j med 379;4 nejm.org July 26, 2018

168
172

168
172

60 (22.1)

32 (13.9)

−8.2 (−14.9 to −1.6)

0.02

0.55

In-hospital mortality — no. (%)

88 (32.5)

51 (22.2)

−10.3 (−18.0 to −2.6)

0.01

0.33
0.41

Median total 24-hr volume of blood components transfused (IQR) — units

4 (2 to 16)

3 (0 to 10)

0.02

Median 24-hr volume of packed red cells transfused (IQR) — units

4 (1 to 9)

3 (0 to 7)

0.03

0.69

Median 24-hr volume of plasma transfused (IQR) — units

0 (0 to 4)

0 (0 to 3)

0.26

>0.99

0.22

>0.99

Median platelet transfusion volume at 24 hours (IQR) — units

NON !

Median 24-hr volume of crystalloids infused (IQR) — ml

0 (0 to 1)
4500 (3000 to 6800)

0 (0 to 1)
4388 (2225 to 6320)

Vasopressors received in first 24 hr — no. (%)

138 (50.9)

104 (45.2)

Multiorgan failure — no. (%)

156 (57.6)

145 (63.0)

Acute lung injury–acute respiratory distress syndrome — no. (%)

50 (18.5)

48 (20.9)

Nosocomial infection — no. (%)

49 (18.1)

46 (20.0)

-

TXA ? Pas enregistré …
Cryoprecipité ? Pas enregistré …
Anticoagulant / TIH …
Balance Level 1 vs. 2/3 ?
Mortalité 33% avec ISS < 25 ??

Allergic reaction or transfusion-related reaction — no. (%)
Median initial prothrombin-time ratio (IQR)¶

1 (0.4)

5 (2.2)

1.3 (1.1 to 1.6)

1.2 (1.1 to 1.4)

Activated clotting time — sec**

113 (101 to 136)

113 (97 to 132)

K-time — min††

1.9 (1.3 to 3.0)

1.8 (1.2 to 2.7)

Alpha-angle — deg‡‡

68.3 (59.1 to 73.9)

70.6 (62.1 to 75.2)

Maximal amplitude — mm§§

57.2 (48.6 to 63.2)

58.3 (49.1 to 63.6)

Median initial results of rapid thromboelastography (IQR)∥

LY30 — %¶¶

2.0 (0 to 30.0)

1.3 (0 to 20.0)

Correspondence

0.14
>0.99
Prehospital Plasma during Air Medical Transport in Trauma Patients
−5.7 (−14.4 to 3.1)
0.21
>0.99

To the Editor: Sperry and colleagues (July 26 The authors reply: The Prehospital Air Medical
issue)15.4
suggested
Plasma (PAMPer) trial
was a pragmatic, multi(−3.1thattoprehospital
14.1) transfusion of 0.23
>0.99
thawed plasma could improve survival in a hetero- center trial comparing the prehospital infusion
geneous
group
of injured
patients, including pa- 0.50
of plasma with standard
care in injured patients
2.4
(−4.8
to 9.4)
>0.99
tients who were taking anticoagulants or were who were at risk for hemorrhagic shock.1 Because
referred from another hospital. We have some this intervention was initiated in the prehospital
1.9 (−4.9 to 8.8)
0.65
>0.99
phase of care, we did not alter any other aspect of
concerns about the trial.
First, there is no mention of the use of treatment during transport or after the patient’s
1.8acid
(−0.2
to 3.8) However, inter- 0.10
arrival at a definitive >0.99
trauma center. Participating
tranexamic
or cryoprecipitate.
national guidelines suggest the use of tranexam- trauma centers used tranexamic acid and cryo<0.001
<0.001
precipitate after arrival
at the hospital in accoric acid within the first 3 hours after injury and
the maintenance of fibrinogen levels above 1.5 g dance with their own respective standard-care
per liter.2 The administration of either of these guidelines. In the trial, we did not regulate or
treatments may have influenced the results and monitor the use of tranexamic acid or levels of
should be reported.
fibrinogen.
0.39
>0.99
Second, mortality was higher among patients
Previous literature on traumatic injury shows
in the standard-care group than has been report- a range of mortality rates, as a result of differ0.17
>0.99
ed in the literature for patients with more severe ences in the nature and severity of injuries and
injuries.3,4 For example, in a recent trial examin- in the inclusion criteria used in the studies.2,3
>0.99 plasma by Moore
ing the role of prehospital administration of0.08
The recent trial of prehospital
thawed plasma in a similar context,5 mortality at et al.4 focused on ground transport and involved
>0.99
24 hours in the control group was 10%, as com-0.30
short prehospital times
and a high proportion of
pared with 22% in the trial by Sperry et al., penetrating traumatic injury. As evidenced by the
whereas mortality in the plasma group was0.38
overall differences in>0.99
mortality rates between
similar to that in previously published studies. that trial and our trial, irrespective of whether
This discrepancy may suggest a possible bias in they were in the plasma group or the standardthe conduct of the
study.
care group,
the cohorts differed
and represented
prehospital
qualifying
vital signs and
enrollment;
the 24unique injured populations with different reJean-Stéphane David, M.D., Ph.D.
Centre Hospitalier Lyon-Sud
sponses to the prehospital infusion of plasma.
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** Activated clotting time is the time between the initiation of the test and the initial formation of fibrin and is longer when a patient2.rhagic
has
a clotting
factor
deficiency or1.severe
hemodilution.
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Adjusted
P Value§

24-hr mortality — no. (%)

P Value for
Interaction

Odds Ratio (95% CI)

Observed
P Value‡

m e dic i n e

Standard care
60 patients received plasma (plasma group) and
A total of 501 patients were evaluated: 230
Copyright © 2018 Massachusetts Medical Society.
271 received standard-care resuscitation (standard-care
group). Mortality at 30 days was
50
significantly lower in the plasma group than in the standard-care group (23.2% vs. 33.0%;
40
difference, −9.8 percentage points; 95% confidence
interval, −18.6 to −1.0%; P = 0.03). A
similar treatment effect was observed across
nine prespecified subgroups (heterogeneity
30
chi-square test, 12.21; P = 0.79). Kaplan–Meier curves showed an early separation of the
two treatment groups that began 3 hours 20
after randomization and persisted until 30 days
after randomization (log-rank chi-square test, 5.70; P = 0.02). The median prothrombin10
time ratio was lower in the plasma group than in the standard-care group (1.2 [interquartile range, 1.1 to 1.4] vs. 1.3 [interquartile0range, 1.1 to 1.6], P<0.001) after the patients’
48 96 144
192 240
384 were
432 480 528 576 624 672 720
arrival at the trauma center. No significant0 differences
between
the 288
two 336
groups
Hours
since Randomization
noted with respect to multiorgan failure, acute lung injury–acute
respiratory
distress
syndrome, nosocomial infections,
or
allergic
or
transfusion-related
reactions.
No. at Risk

Difference
(95% CI)†

of

Percentage of Patients

* A complete list of the members of the
PAMPer Study Group is provided in the
Supplementary Appendix, available at
NEJM.org.

July 26, 2018

RESULTS

15213, or at sperryjl@upmc.edu.

nejm.org

AMETHODS
Survival
To determine the efficacy and safety of 100
prehospital administration of thawed plasma in
injured patients who are at risk for hemorrhagic
shock, we conducted a pragmatic, mul90
ticenter, cluster-randomized, phase 3 superiority trial that compared the administration
80
of thawed plasma with standard-care resuscitation
during air medical transport. The
primary outcome was mortality at 30 days.
70
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BACKGROUND
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(N = 271)

Outcome

Prehospital Plasma during Air Medical Transport in Trauma
Patients at Risk for Hemorrhagic Shock
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Recently within 2 days of each other, two of the leading medical journals published trials on the use of prehospital fresh frozen

Pre-hospital FFP

Standard of care

Odds ratio

plasma (FFP) for trauma patients, reaching apparently different

plasmapheresis, frozen within 24 hours and thawed rapidly in special

conclusions. In the New England Journal of Medicine article reporting

equipment before administration. In a study one of us was involved
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Events
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coagulation factors. Other modes of FFP benefit include protecting
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and reducing vascular permeability and
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1.1.2 --- 1 mo or hospital discharge
fect of FFP, if any (Table 1). Of course, the simplest explanation for
3
a combination of chance
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1.64
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51
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Test for overall effect: Z = 0.29 (P = 0.77)
shown to improve survival in US military combat casualties injured

The normal range for clotting factors measured as percent of

such as that following major fluid resuscitation and secondly due to

consumption in the presence of disseminated intravascular coagula-

the visual inspection of the forest plot (Figure 1) would support both

tion (DIC). With the exception of obstetric DIC at the time of deliv-

the hypothesis the two trials observing a different effect (as their

ery, this consumption is not usually so rapid to become a major issue

effect sizes lie on opposite sides of the identity line) and instead

in the prehospital management of trauma.

representing random variation of the same effect (as the confidence

Fresh frozen plasma is obtained from whole blood donation or

intervals do overlap). However, there are clear differences between
the trials, starting from the choice of results to report and the modality used to report them. The entry criteria for the two trials were the

investigators do not specify the volume of the two units they
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Pre-hospital plasma transfusion: a valuable
coagulation
support or an expensive fluid
250
therapy?
10 Fenger-Eriksen1, Dietmar Fries2, Jean-Stephane David3, Pierre Bouzat4, Marcus Daniel Lance5,
Christian
6
7
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10*
Oliver
10 Grottke , Donat R. Spahn , Herbert Schoechl and Marc Maegele

Two recent clinical trials with conflicting results have
refuelled the discussion on pre-hospital plasma in trauma.
The multicentre, cluster-randomized PAMPer trial assessed
the efficacy and safety of two units of pre-hospital plasma
versus standard care without plasma in 501 trauma patients
at risk for haemorrhagic shock during air medical transport
to a designated US trauma centre [1]. The mortality at 30
days ratio
was lower in the plasma compared to the standard
Odds
care group (23% vs 33%; p = 0.03). The randomized,
M-H, random,
95% CI COMBAT trial compared the same
placebo-controlled
plasma volume versus isotonic saline in 144 haemorrhagic
shocked trauma patients within a US ground EMS and a
single US trauma centre but mortality at 28 days did not
differ between trial groups (15% vs 10%; n.s.) [2]. Table 1
summarizes the basic characteristics of both trials. The
results from both trials need to be viewed with caution
against their limitations and may not be translated directly
into routine without addressing a number of critical issues.
A single drop in blood pressure as an inclusion criterion
for both trials is problematic as pre-hospital hypotensive
episodes can have non-bleeding reasons (e.g. anaesthesia,
cardiac, spinal trauma or wrong readings), and, in
PAMPer, half of the patients had received pre-hospital
intubation/mechanical ventilation while for COMBAT no
details were provided. Both trials aimed for patients “at
risk for haemorrhagic shock” or “thought to be due to
acute blood loss” but no signs of bleeding were considered
for inclusion. Notably, 111 patients in PAMPer had
received unspecified pre-treatment prior to inclusion
5 The time
10 span for in0.2
0.5
1 may have
2 introduced bias.
which
clusion expanded over 3 years with trauma care subject to
Favors pre–hospital FFP
Favors standard of care
change over time, e.g. the increasing widespread use of
antifibrinolytic tranexamic acid (TXA). In COMBAT, 10%

of patients had received TXA while its use was not
reported for PAMPer.
There was high mortality difference at 24-h and 28/
30-days within both control arms which had assumingly
received comparable US standard trauma care after
hospital admission (Table 1). With identical entry criteria,
this difference may only be explained by differences in
injury severity, volume status and further pattern and/or
patient care; but no specific details were provided. The
comparison of injury severity between both trials is
difficult due to different scores applied. However, the
mortality in PAMPer was higher than in COMBAT and
that reported elsewhere which limits the external validity
of findings. In the European RETIC trial on early coagulation factor concentrates versus FFP in trauma the 30-day
mortality was only 7.4% despite an ISS of 34 [3]. The
German Trauma Registry (TR-DGU) confirms a mortality
< 10% for an ISS 20–23 [4]. In PAMPer, there was no clinical benefit for plasma on the sequalae of hypovolaemichaemorrhagic shock as 32% versus 29% of patients died in
haemorrhagic shock.
The underlying mechanism by which the two units of
pre-hospital plasma may have promoted lower mortality
in PAMPer remains speculative. In both trials, no relevant
improvements in standard/viscoelastic coagulation assays
were reported after pre-hospital plasma. A statistically
relevant but clinically insignificant shorter prothrombin
ratio was reported for the plasma group (1.2 vs 1.3) but
cannot account for the observed difference in mortality.
In COMBAT, more patients in the plasma group had an
INR > 1.3. The INR quantifies only pro-coagulants and
does not mirror concentrations of inhibitors. In trauma,
INR can be prolonged despite upregulated thrombin
generation potential [5]. Moreover, the INR of FFP is 1.3
[6]. Any beneficial effect of plasma to correct slightly
elevated INR is futile and plasma has primarily an effect
on coagulation parameters with extended volumes and
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a

Department of Anaesthesiology and Critical Care Medicine, Hospices Civils de Lyon, Centre Hospitalier Lyon Sud, 69495 Pierre Benite, France
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Summary
Trauma promotes trauma-induced coagulopathy, which requires urgent treatment with ﬁxed-ratio transfusions of red
blood cells, fresh frozen plasma and platelet concentrates, or goal-directed administration of coagulation factors based
on viscoelastic testing. This retrospective observational study compared two time periods before (2005–2007) and
after (2012–2014) the implementation of changes in trauma management protocols which included: use of goaldirected coagulation management; admission of patients to designated trauma centres; whole-body computed tomography scanning on admission; damage control surgery; permissive hypotension; restrictive ﬂuid resuscitation; and
administration of tranexamic acid. The incidence of massive transfusion (≥ 10 units of red blood cells from emergency department arrival until intensive care unit admission) was compared with the predicted incidence according
to the trauma associated severe haemorrhage score. All adult (≥ 16 years) trauma patients primarily admitted to the
University Hospital Z€
urich with an injury severity score ≥ 16 were included. In 2005–2007, the observed and
trauma associated severe haemorrhage score that predicted the incidence of massive transfusion were identical,
whereas in 2012–2014 the observed incidence was less than half that predicted (3.7% vs. 7.5%). Compared to 2005–
2007, the proportion of patients transfused with red blood cells and fresh frozen plasma was signiﬁcantly lower in
2012–2014 in both the emergency department (43% vs. 17%; 31% vs. 6%, respectively), and after 24 h (53% vs. 27%;
37% vs. 16%, respectively). The use of tranexamic acid and coagulation factor XIII also increased signiﬁcantly in the
2012–2014 time period. Implementation of a revised trauma management strategy, which included goal-directed
coagulation management, was associated with a reduced incidence of massive transfusion and a reduction in the
transfusion of red blood cells and fresh frozen plasma.
.................................................................................................................................................................
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Introduction
Trauma is a leading cause of death worldwide [1, 2].
Severe trauma frequently results in trauma-induced
coagulopathy [3], which may increase mortality four© 2017 The Association of Anaesthetists of Great Britain and Ireland

fold [4] and therefore requires urgent treatment [3, 5].
This treatment may consist of administration of red
blood cells (RBC), fresh frozen plasma (FFP) and platelet concentrates at a ﬁxed-ratio [6], or administration of
1
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Objective: We hypothesised that the association of tranexamic acid (TXA) administration and
thromboelastometry-guided haemostatic therapy (TGHT) with implementation of Damage Control
Resuscitation (DCR) reduced blood products (BP) use and massive transfusion (MT).
Methods: Retrospective comparison of 2 cohorts of trauma patients admitted in a university hospital,
before (Period 1) and after implementation of DCR, TXA (first 3-hours) and TGHT (Period 2). Patients
were included if they received at least 1 BP (RBC, FFP or platelet) or coagulation factor concentrates
(fibrinogen or prothrombin complex) during the first 24-hours following the admission.
Results: 380 patients were included. Patients in Period 2 (n = 182) received less frequently a MT (8% vs.
33%, P < 0.01), significantly less BP (RBC: 2 units [1–5] vs. 6 [3–11]; FFP: 0 units [0–2] vs. 4 [2–8]) but
more fibrinogen concentrates (3.0 g [1.5–4.5] vs. 0.0 g [0.0–3.0], P < 0.01). Multivariate logistic
regression analysis identified Period 1 as being associated with an increased risk of receiving MT (OR:
26.1, 95% CI: 9.7–70.2) and decreased survival at 28 days (OR: 2.0, 95% CI: 1.0–3.9). After propensity
matching, the same results were observed but there was no difference for survival and a significant
decrease for the cost of BP (2370 ! 2126 vs. 3284 ! 3812 s, P: 0.036).
Conclusion: Following the implementation of a bundle of care including DCR, TGHT and administration of
TXA, we observed a decrease to the use of blood products, need for MT and an improvement of survival.
"
C 2019 Société française d’anesthésie et de réanimation (Sfar). Published by Elsevier Masson SAS. All
rights reserved.
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1. Introduction
In order to improve the outcome of injured patients, Damage
Control strategies have been implemented throughout the world
during the last 15-years. Damage Control Resuscitation (DCR) seeks
to minimise blood loss until definitive haemostasis is achieved. It
includes permissive hypotension with restrictive fluid administration and early correction of the three components of the lethal triad:
hypothermia, acidosis and the Trauma induced coagulopathy (TIC)
[1]. TIC is a frequent phenomenon observed in 20 to 30 % of the
injured patients [2], it reflects the severity of injury and bleeding,

* Corresponding author at: Departement d’Anesthesie-Reanimation, Centre
Hospitalier Lyon Sud, Hospices Civils de Lyon, 69495 Pierre-Benite Cedex, France.
E-mail address: js-david@univ-lyon1.fr (J.-S. David).

increases the requirement for blood and directly impacts outcome
[2]. Treatment of TIC may involve administration of blood products
(BP) at a fixed-ratio or the administration of BP combined with
coagulation factors concentrates (CFC) according to an individualised goal-directed algorithm based on viscoelastic techniques, such
as rotational thromboelastometry (ROTEM1, TEM international,
Munich, Germany) [3–5]. Whereas several studies have found that
the use of thromboelastometry-guided haemostatic therapy (TGHT)
decreases the administration of BP and the rate of massive
transfusion (MT) [6–8], only one study has suggested that the
use of thromboelastography improves the outcome [9].
Together with implementation of DCR, it is now recommended,
since the publication of the Crash-2 study in 2010, to give
tranexamic acid (TXA) in the first three hours following the injury
in order to reduce the bleeding and improve the outcome [10].

https://doi.org/10.1016/j.accpm.2019.02.005
C 2019 Société française d’anesthésie et de réanimation (Sfar). Published by Elsevier Masson SAS. All rights reserved.
2352-5568/"

Etudes Avant / Après
Bundle of Care :
- DC Surgery (2006)
- TXA (2011)
- ROTEM (2011)

of shock (lactate > 3.9 mmol/L ), these differences were also
observed for the RBC, FFP, platelet and fibrinogen concentrates
(Fig. 3).
3.2. Massive Transfusion

P < 0.001).
After matching, a significant decrease to the overall cost of
blood products and CFC was observed in Period 2 (2370 ! 2126 vs.
3284 ! 3812 s, P: 0.036).

COAGULOPATHIE : ROTEM / TEG ?
4. Discussion

A massive transfusion was utilised in 15 patients (8%) in Period
2 and 62 patients (33%) in Period 1 (P < 0.01). Stepwise regression
analysis on unmatched cohorts showed that the following
parameters were independent predictors of MT: Period 1, ISS,
base deficit and haemoglobin (Table 3).

In the present study, we observed that the incidence of massive
transfusion and the use of blood products were dramatically
reduced following the implementation of a bundle of care
including thromboelastometry-guided haemostatic therapy, TXA

C. Guth et al. / Anaesth Crit Care Pain Med 38 (2019) 469–476

Score de Propension

Table 1
Demographic and injury characteristics at hospital admission.
Period 1

Period 2

Unmatched

Matched

Unmatched

Matched

n

190

102

182

102

Demographic characteristics and vital signs at admission
Age (years)
Sex male
SBP (mmHg)
GCS
GCS < 9

35 [22-54]
144 (76)
105 [85-120]
13 [3–15]
47 (26)

37 [24–54]
76 (75)
109 [85-126]
13 [3–15]
42 (41)

39 [25–53]
129 (71)
106 [84–125]
11 [3–15]
78 (43)*

38 [25–53]
71 (70)
107 [90–120]
13 [3–15]
39 (38)
thromboplastin

Injury characteristics
Injury severity Score
Blunt trauma

28 [18–38]
170 (89)

28 [18–38]
95 (93)

30 [24–45]*
169 (93)

29 [22–38]
94 (92)

Trauma mechanism
MVC
Pedestrian
Fall from a Height
Other
GSSW
Other penetrating

102 (54)
14 (7)
44 (23)
10 (5)
12 (6)
8 (4)

57 (56)
8 (8)
24 (24)
6 (6)
4 (4)
3 (3)

86 (47)
23 (13)
48 (26)
12 (7)
11 (6)
2 (1)

55 (54)
8 (8)
28 (27)
3 (3)
6 (6)
2 (2)

Outcome
ICU LOS (days)
Survival at 24 hours
Survival at day 28

3 [1–9]
161 (85)
130 (68)

4 [1–17]
90 (88)
68 (50)

3 [1–13]
141 (77)
115 (63)

3 [1–12]
85 (83)
69 (50)

Fig. 2. Algorithm used in Period 2.

time (STA-PTT automat), fibrinogen (Clauss
technique, STA-Fibrinogen), and thromboelastogram.
For the ROTEM1 analysis, blood samples were collected at
admission (< 15 minutes) and then analysed within 30 minutes of
blood sample collection. The ROTEM1 coagulation analyser (Delta,
Pentapharm, Munich, Germany) has been described previously in
detail [15,16]. In the ROTEM1 analyser, coagulation is partially
activated with recombinant human tissue factor (EXTEM test). In
addition to the EXTEM screening tests, cytochalasin D (FIBTEM) is
used in order to study the EXTEM with inhibition of platelets for
fibrin polymerization evaluation. The ROTEM1 analysis was
performed at 37 8C, in parallel, on two channels (EXTEM and
FIBTEM). The following ROTEM1 parameters were analysed:
clotting time (CT), maximum clot firmness (MCF), and the
amplitude of clot at 5 minutes (A5). ROTEM1 analyses were
performed in a standardised fashion throughout the study
timeframe in the haemostasis laboratory where the ROTEM1 is
located. The results were immediately available on the computer
located in the trauma resuscitation unit.
2.7. Cost calculation
The cost of BP and CFC was calculated for each group. The cost
estimates were retrieved from the French blood bank and from the
pharmacy of the Hospices Civils de Lyon (fibrinogen concentrates
and PCCs). The following costs, including tax, were used for
calculation: RBC (1U: 179.7 s), FFP (1U: 97.3 s), PC (1 unit:
82.1 s), fibrinogen concentrate (1g: 499.3 s), PCC (1U: 0.48 s).

Data are n (%) or median [interquartile range]. P value refers to comparison between patients in Period 1 and 2. HD: hospital discharge; SBP: systolic blood pressure; GCS:
2.8. Statistical analysis
Glasgow coma scale; MVC: motor vehicle crash; GSSW: gunshot and stab wound; ICU LOS: intensive care unit length of stay. *P < 0.05: unmatched patients in Period 1 vs. Results are expressed as median [interquartile range] or
number (%) with 95% confidence interval (95% CI). Normality of
unmatched patients in Period 2.
the distribution was tested using the Kolmogorov-Smirnov test.

The Mann-Whitney U-test and Student t-test were
continuous variables as appropriate. Statistical d
between groups were evaluated by x2 test or by Fi
test when appropriate. A 2-tailed P < 0.05 was c
significant. In the whole cohort, data were missing for
BE, lactate, PT, fibrinogen, haemoglobin and platelet. Ho
incidence of missing data was less than 10% except in P
the GCS and BE, that were missing respectively in 45%
the case.
Univariate logistic regression models were performe
or mortality (at 24 hours and at day 28) as the dependen
Variables that were significantly associated with morta
level P < 0.05 were entered into stepwise logistic
analysis to identify those variables that were in
predictors of mortality or MT. Odds ratios (ORs) and 95
calculated. Calibration of the model was assessed usin
Lemeshow statistics. We used Mahalanobis metric match
propensity score caliper to build a controlled match
matched one-by-one Period 1 and Period 2 patients ac
the closest Mahalanobis distance using propensity score
Propensity score was estimated by the equation
regression including Age, initial SBP, initial GCS an
selected covariables in a parsimonious way including w
confounders. We were careful to include only baseline c
Statisticians subsequently reviewed statistical met
results. All statistical tests were performed using com
available statistical software (NCSS 9 Statistical Softwa
NCSS, LLC. Kaysville, Utah, USA; MedCalc 14, Ostend, Be
Stata software (Stata 14.0; Stata Corp, College Station,
3. Results

A total of 372 patients were included (190 in Period 1
Period 2, Fig. 1). Patients in Period 2 had a higher

© 2019 Elsevier Masson SAS.All rights reserved. - Document downloaded on 19/11/2019 by Universite Lyon I Claude Bernard (19411). It is forbidden and illegal to distribute this document.
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Table 2
Laboratory analyses and blood product administration at 24 hours following admission.
Period 1

Period 2

Unmatched

Matched

Unmatched

Matched

n

190

102

182

102

Laboratory analyses
BD (mEq/L-1)
Lactate (mmol/L-1)
PTratio
Fibrinogen (g/L-1)
Hemoglobin (g/dL-1)
Platelet (109/L-1)

6.2 [3.7–11.7]
3.1 [2.1–6.6]
1.3 [1.1–1.7]
1.6 [0.9–2.2]
10.6 [8.6–12.3]
176 [123-233]

6.6 [3.9–12.1]
3.3 [2.1–6.8]
1.3 [1.1–1.7]
1.6 [0.9–2.2]
10.6 [8.5–12.3]
169 [130-225]

8.0 [4.9–13.4]
3.3 [2.1–5.9]
1.4 [1.2–1.6]
1.5 [0.9–1.8]*
10.1 [8.7–12.3]
188 [146-227]

7.4 [5.2–11.7]
3.2 [2.0–5.0]
1.3 [1.2–1.6]
1.6 [1.1–2.0]
11.0 [9.1–12.6]
197 [151-241]z

Blood products administered
RBC (U)
n (%)
FFP (U)
n (%)
Platelets (U)
n (%)
FibCon (g)
n (%)
Total Fibrinogen (g)
n (%)
PCCs (UI)
n (%)
FFP:RBC ratio
n (%)
FIB:RBC ratio
n (%)
Total FIB:RBC ratio
n (%)

6 [3–12]
181 (95)
4 [2–9]
163 (86)
0 [0–4]
76 (40)
0 [0–3]
76 (40)
2.4 [1.2–5.7]
168 (88)
1000 [900–1500]
10 (5)
0.8 [0.5–1.0]
155 (82)
0.3 [0.2–0.5]
74 (39)
0.4 [0.3–0.7]
159 (84)

6 [2–12]
96 (94)
5 [2–9]
84 (82)
0 [0–4]
39 (38)
0 [0–3]
46 (45)
2.9 [1.2–6.5]
86 (84)
1000 [875–1125]
6 (6)
0.9 [0.6–1.0]
78 (76)
0.3 [0.2–0.5]
45 (44)
0.5 [0.4–0.8]
80 (78)

2 [1–5]b
137 (75)b
0 [0–2]b
60 (33)b
0 [0–0]b
33 (18)b
3 [2–5]b
153 (84)b
3.0 [1.5–6.0]
158 (87)
2000 [1500–2000]b
37 (20)b
0.7 [0.5–1.0]
55 (30)b
1.1 [0.8–1.5]b
109 (60)b
1.3 [0.9–1.6]b
113 (62)

2 [0–4]a
72 (71)a
0 [0–2]a
28 (27)a
0 [0–0]a
17 (17)a
3 [2–5]a
85 (83)a
3.0 [1.5–4.5]
88 (86)
2000 [1500–2000]a
16 (16)a
0.8 [0.6–1.0]
26 (25)a
1.1 [0.8–1.5]a
55 (54)
1.4 [0.9–1.5]a
58 (57)a

Data are median (interquartile range). BD: base deficit; CT: clotting time; clot amplitude at 5 min (A5) or maximum clot firmness (MCF). FibCon: fibrinogen concentrate; Total
Fibrinogen: total amount of fibrinogen received by patients including fibrinogen from FibCon or FFP.
a
P < 0.05: matched patients in period 1 vs. matched patients in period 2.
b
P < 0.05: unmatched patients in period 1 vs. unmatched patients in period 2.
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Table 3
Stepwise regression analysis for massive transfusion.
OR

95% CI

TM : 3,5 vs. 35 %
AUC

P

Univariate analysis
Period 1 (yes)
Injury severity score
Base deficit
Hemoglobin
SBP < 90 mmHg (yes)
PTratio > 1.2 (yes)

OR

95% CI

P

25.92
1.06
0.88
0.97

9.66–69.51
1.03–1.10
0.83–0.94
0.96–0.99

<
<
<
<

Multivariate analysis
5.39
1.06
0.88
0.98
3.27
4.17

2.93-9.92
1.04-1.08
0.84-0.92
0.97-0.99
1.94-5.51
2.16-8.07

0.686
0.723
0.732
0.662
0.634
0.641

<
<
<
<
<
<

0.001
0.001
0.001
0.001
0.001
0.001

Period 1 (yes)
Injury severity Score
Base deficit
Hemoglobin
–
–

0.001
0.001
0.001
0.001

The parameters that were significantly associated with massive transfusion are shown in the univariate analysis. For the multivariate regression analysis, calibration was
assessed by the Hosmer and Lemeshow test (P: 0.18), AUC was 0.903 and the percentage of patients correctly classified was 87 %. OR: odds ratio. SBP (systolic blood pressure)
and PTratio were not included in the final model.

Table 4
Univariate and multivariate stepwise regression analysis to predict death at day 28.
OR

95% CI

AUC

OR

95% CI

P

2.12
1.04
14.48
1.05
0.86

1.06-4.24
1.02-1.08
6.92-30.30
1.02-1.08
0.81-0.91

0.033
< 0.001
< 0.001
0.002
< 0.001

Multivariate analysis
0.79
1.02
12.67
1.10
0.85
2.63

0.52-1.22
1.00-1.03
7.50-21.39
1.07-1.12
0.82-0.89
1.65-4.18

0.529
0.574
0.775
0.806
0.741
0.604

0.196
0.004
< 0.001
< 0.001
< 0.001
< 0.001

Period 1 (yes)
Age
GCS < 9 (yes)
Injury severity Score
Base deficit
-

The parameters that were significantly associated with death at day 28 are shown in the univariate analysis. For the multivariate regression analysis, calibration was assessed
by the Hosmer and Lemeshow test (P: 0.63), AUC was 0.896 and the percentage of patients correctly classified was 81%. Systolic blood pressure was not included in the final
model. OR: odds ratio. The variable ‘‘study group’’ was forced into the model.

Après appariement, cout période 2 < période 1 : 2370 ± 2126 euro vs. 3284 ± 3812 euro, P: 0.036
have led to a decrease in the number of transfusion-related
complications such as infections, pulmonary embolism and TRALI
[26,27]. Unfortunately, we did not record this information in the
study.
Finally, as reported by Nardi et al. and in other setting, we
observed a reduction in the overall cost of transfusion and CFC in
Period 2 after patients have been matched [7,28]. This was
attributable mainly to the significant and important decrease in
the use of blood products. The decrease of the cost was not
observed before matching probably because patients in Period
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Univariate Analysis
Period 1 (yes)
Age
GCS < 9
Injury severity score
Base deficit
SBP < 90 mmHg (yes)
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seen. Forth, patients in this study were cared by prehospital
physician and the results of the present study may not apply into a
prehospital paramedic based system even though we had shown in
a previous study that the survival of injured patient was not
different [11,29].

Coagulation monitoring
Recommendation 10 We recommend that
routine practice include the early and
repeated monitoring of haemostasis, using
either a combined traditional laboratory
determination
[prothrombin
timecoagulopathy
(PT),have supported
Results:
Advances in our understanding
of the pathophysiology of post-traumatic
improved management strategies, including evidence that early, individualised goal-directed treatment improves
the
outcome of severely
injured patients.and
The overall
organisation offibrinogen
the current guideline haslevel]
been designed to
platelet
counts
Clauss
reflect the clinical decision-making process along the patient pathway in an approximate temporal sequence.
Recommendations are grouped behind the rationale for key decision points, which are patient- or problem-oriented
and/or
(POC)
PT/international
rather
than related topoint-of-care
specific treatment modalities. While
these recommendations
provide guidance for the diagnosis
and treatment of major bleeding and coagulopathy, emerging evidence supports the author group’s belief that the
greatest
outcome improvementratio
can be achieved
through education
and the establishment
of and adherence to local
normalised
(INR)
and/or
a viscoelastic
clinical management algorithms.
Conclusions:
A multidisciplinary
approach
and adherence to
evidence-based guidance are key to improving patient
method
(VEM)
(Grade
1C)
outcomes. If incorporated into local practice, these clinical practice guidelines have the potential to ensure a uniform

Background: Severe traumatic injury continues to present challenges to healthcare systems around the world, and
post-traumatic bleeding remains a leading cause of potentially preventable death among injured patients. Now in
its fifth edition, this document aims to provide guidance on the management of major bleeding and coagulopathy
following traumatic injury and encourages adaptation of the guiding principles described here to individual
institutional circumstances and resources.
Methods: The pan-European, multidisciplinary Task Force for Advanced Bleeding Care in Trauma was founded in
2004, and the current author group included representatives of six relevant European professional societies. The
group applied a structured, evidence-based consensus approach to address scientific queries that served as the
basis for each recommendation and supporting rationale. Expert opinion and current clinical practice were also
considered, particularly in areas in which randomised clinical trials have not or cannot be performed. Existing
recommendations were re-examined and revised based on scientific evidence that has emerged since the previous
edition and observed shifts in clinical practice. New recommendations were formulated to reflect current clinical
concerns and areas in which new research data have been generated.

standard of care across Europe and beyond and better outcomes for the severely bleeding trauma patient.
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Etude randomisée à construire : Mortalité / Morbidité !
5. Conclusion

In this study, following the implementation of a bundle of care
including DCR, TGHT and administration of TXA, we observed a
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Critical Care, Edouard Herriot Hospital, Hospices Civils de
Lyon, France

fractures [from 2 to 8 on the right side with flail
(Fig. 1a) and chest wall deformation (Fig. 1b)]. A
traoperative view showed the chest wall deform
(Fig. 1c). Right chest wall stabilization was perfo
using plates from MatrixRIBTM (DePuy Synthes)
rib 2 to 8 without chest wall opening (Fig. 2a), i
sociation; video thoracoscopy was performed to a
pleural toilet and clot removal. The postoperative

PNEUMOTHORAX / SYNTHESE COTES

David
ma and Emergency Surgery Unit, Department of Anesthesia
Critical Care, Lyon Sud Hospital, Hospices Civils de Lyon,
5 Pierre Benite Cedex, France

a 3D CT-scan chest wall reconstruction, b Chest X-ray, c Per operative view; rib fractures are showed with arrows

LEVEL OF EVIDENCE: Therapeutic, level III.
KEY WORDS:
Observation; pneumothorax; pneumothoraces; tube thoracostomy; chest tube.

PNEUMOTHORAX / QUI DRAINER ?

T

he incidence of pneumothoraxes (PTX) among injured patients has long been estimated to be around 5%,1–4 with
numbers of occult PTX, defined as a PTX seen on computed
tomography (CT) scans but not on the initial supine chest X-rays
(CXR), similar to those of overt PTX in some reports.5 Major
PTX are often detected by CXR. However, standard AP CXR
missed nearly half of pneumothoraces.1,5–11 AAST 2018
Computed tomography scanning is routine in the evaluation
of both blunt and penetrating traumas. Although this imaging may
have strengthened physicians' decisions and subsequent management, minor abnormalities and incidental findings, including
pneumothoraces,12 are more detected. Findings that would have
otherwise remained undetected and untreated, now pose therapeutic

dilemmas. On the other hand, the use of CT scan provides the
opportunity to better standardize how pathology, like PTX, could
be quantified and categorized.
Placing a tube thoracostomy (TT) has been the standard
practice for nearly all traumatic PTX as per Advanced Trauma
Life Support. However, physicians are now supporting the option of observing
PODIUM
PAPER hemodynamically patients with PTX.1,12–19
With few trials in the literature,1,18,19 routine TT remains a controversial topic. Using the deMoya scoring system,20 Cropano et al21
conducted a study in 2015 on 165 patients concluding that the dichotomization of PTX measurement base on a cutoff of 35 mm is
able to predict successful observation of hemodynamically stable
patients whether or not they are mechanically ventilated. The
35-mm cutoff has been found to have an area under the receiver
Submitted: September 6, 2018, Revised: December 17, 2018, Accepted: December 19,
operating characteristic curve of 0.090 in predicting successful
2018, Published online: January 8, 2019.
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observation with a negative predictive value of 95.7%.
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Observing pneumothoraces: The 35-millimeter rule is safe
for both blunt and penetrating chest trauma

J Trauma Acute Care Surg
Volume 86, Number 4

-

J Trauma Acute Care Surg

As more pneumothoraxes (PTX) are being identified on chest computed tomography (CT), the empiric trigger for tube thoracostomy557 Volume 86, Number 4
(TT) versus observation remains unclear. We hypothesized that PTX measuring 35 mm or less on chest CT can be safely observed
in both penetrating and blunt trauma mechanisms.
METHODS:
A retrospective
review was
conducted
of all
patientsHealth,
diagnosed
chest CT between January 2011 and December 2016.
Copyright
© 2019
Wolters
Kluwer
Inc.with
All PTX
rightsbyreserved.
Patients were excluded if they had an associated hemothorax, an immediate TT (TT placed before the initial chest CT), or if they
were on mechanical ventilation. Size of PTX was quantified by measuring the radial distance between the parietal and visceral
pleura/mediastinum in a line perpendicular to the chest wall on axial imaging of the largest air pocket. Based on previous work,
This
is a single-center
retrospective
a cutoff of 35 mm on the initial CTwas used to dichotomize the groups. Failure
of observation
was defined as the
need for a delayed chart review of trauma
TT during the first week. A univariate analysis was performed to identify
predictors
of failure in both
and multivariate
analysis
patients
admitted
to agroups,
Level
I trauma
center over the period of
was constructed to assess the independent impact of PTX measurement on the failure of observation while controlling for demo5 years (January 2011 to December 2016). The trauma registry
graphics and chest injuries.
reviewed
toinclusion
identify
patients.
Wewere
included
all patients 18 years
RESULTS:
Of the 1,767 chest trauma patients screened, 832 (47%) had PTX,was
and of
those meeting
criteria,
257 (89.0%)
successfully observed until discharge. Of those successfully observed,
247 (96%)
a measurement
35 mm
or less.
The of admission. We exand
olderpatients
whohad
had
a chest ofCT
at the
time
positive predictive value for 35 mm as a cutoff was 90.8% to predict successful observation. In the univariant analyses, rib fractures
cluded patients who had no CT performed at the time of admis(p = 0.048), Glasgow Coma Scale (p = 0.012), and size of the PTX (≤35 mm or >35 mm) (P < 0.0001) were associated with failed
sion,
an ipsilateral
hemothorax
or(odds
hemopneumothorax, had
observation. In multivariate analysis, PTX measuring 35 mm or less
was anhad
independent
predictor of successful
observation
ratio, 0.142; 95% confidence interval, 0.047–0.428)] for the combined
and penetrating
patients.
a TTblunt
inserted
beforetrauma
doing
a chest CT. Patients who were mechanCONCLUSION:
A 35-mm cutoff is safe as a general guide with only 9% of stable patients failing initial observation regardless of mechanism.
ically ventilated during their index admission were also excluded.
(J Trauma Acute Care Surg. 2019;86: 557–564. Copyright © 2019 American Association for the Surgery of Trauma. All
Chest CT was reviewed for all included patients to identify and
rights reserved.)
LEVEL OF EVIDENCE: Therapeutic, level III.
measure the size of the PTX. The measurement was performed
KEY WORDS:
Observation; pneumothorax; pneumothoraces; tube thoracostomy; chest tube.
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Hypothèse : Seuil 35 mm Safe ?
Etude rétrospective US.
1767 trauma thorax / 257 patients inclus.
VPP : 91 % pour prédire le succès du non
drainage (observation).
AMV : Le seuil de 35 mm est associé avec
le succès de l’observation.
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MATERIALS AND METHODS

who were put on mechanical ventilation during their index adTABLE 3. Multivariant Logistic Regression With Failure of
mission. The remaining 336 patients were included in this study.
Observation as an Outcome, N = 289
The mean age was 41.5 years (± SD 18.9 years), and 94.3%
Variable
p
OR [95% CI]
had a blunt mechanism of injury. Only 1.5% of the patients had a
clinical flail chest diagnosis, and 35.4% had a lung contusion.
PTX measurement (≤35 mm as reference)
0.001
0.142 (0.047–0.428]
Three hundred twenty-two (95.8%) of the patients had a Glasgow
GCS
0.065
6.632 (0.889–49.483)
Coma Scale (GCS) score of 13 to 15. The median measurement
No. rib fractures
0.098
1.300 (0.953–1.774)
by taking the radial distance—in millimeter—between the parietal
of the PTX is 10.4 mm (interquartile
range [IQR], in5.4–21.1)
with to the
and visceral pleura/mediastinum
a line perpendicular
chest35
wall
onhand,
axial
imaging
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mm
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T
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greater
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35 mm (Table
(Fig. 1). 1).
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A 42-year-old male pedestrian was admitted to our trauma
center after being hit by a car. His medical history reported chronic alcohol intoxication and a 30-pack-year
tobacco use with COPD II and emphysema.
Clinical findings were a Glasgow Coma Scale (GCS)
Fig.1 a 3D CT-scan chest wall reconstruction, b Chest X-ray, c Per operative view; rib fractures are showed with arrows
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Fig.2 a Per operative view of chest wall reconstruction with MatrixRIBTM, b Post operative chest X-ray, c 6 months 3D CT-scan chest
wall reconstruction

X-ray showed the restoration of the chest wall (Fig. 2b). day 18. At 6 months, clinical evaluation, respiratory
The patient was discharged from mechanical ventilation test, and CT scan (Fig. 2c) showed no residual pain, a
at day 1 and admitted to a rehabilitation center at 71 % FEV1, and no pseudoarthrosis.

J Trauma Acute Care Surg
Volume 87, Number 3
J Trauma Acute Care Surg

RIB FRACTURE FIXATION ?
Volume 87, Number 3

Sh

ORIGINAL ARTICLE

Effect of surgical rib fixation for rib fracture on mortality:
A multicenter, propensity score matching analysis
Keita Shibahashi, MD, Kazuhiro Sugiyama, MD, Yoshihiro Okura, MD, and Yuichi Hamabe, MD, Tokyo, Japan

-

BACKGROUND:

Rib fracture is a common injury and can be associated with complications and a high mortality rate. There has been growing interest in surgical rib fixation as a treatment for rib fracture. However, results from previous studies are conflicting, and conclusive
results regarding the efficacy of surgical rib fixation for rib fracture are lacking. This study aimed to investigate if surgical rib fixation improves prognosis in patients with traumatic rib fractures.
METHODS:
Using the Japan Trauma Data Bank, a nationwide trauma registry, we identified patients 18 years or older with rib fracture between
2004 and 2015. The primary outcome was in-hospital mortality. Logistic regression analysis was used to estimate a propensity
score to predict reception of surgical rib fixation. We used a 1:4 propensity score matching analysis to compare patients who
underwent surgical rib fixation with those who did not.
RESULTS:
Overall, 236,698 patients were registered in the database, and 37,571 were eligible for propensity score matching analysis. This
analysis included 147 patients who underwent surgical rib fixation and 588 as controls. The in-hospital mortality rate was significantly lower in patients who underwent surgical rib fixation than in those who did not (4.8% vs. 16.2%, respectively; absolute
difference: −11.4%; 95% confidence interval: −14.8% to −8.0%).
CONCLUSION:
This study showed that surgical fixation may reduce in-hospital mortality in patients with rib fracture. Surgical rib fixation may
offer a better modality for the management of selected patients with rib fracture. (J Trauma Acute Care Surg. 2019;87: 599–605.
Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: Therapeutic, level III.
KEY WORDS:
Surgical rib fixation; traumatic rib fracture; mortality; propensity score matching.
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damage, and physiotherapy are used for patients with fractured
ribs; however, these treatments often lead to complications and
long-lasting disabilities due to reduced respiratory function.4,5
Thus, patient outcomes after conservative treatments are often
less than optimal.
Recently, there has been growing interest in surgical rib
fixation (SRF) as a treatment for rib fracture. Surgical rib fixation aims to achieve early immobilization of fractured ribs to reduce pain and facilitate rapid return to prior functional state.
Previous studies have demonstrated that SRF is associated with
improved outcomes including lower mortality, lower complication rates, and shorter durations of mechanical ventilation and
intensive care.4–6
However, results from previous studies are conflicting
and have limitations of small sample size and/or insufficient
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ORIGINAL ARTICLE

Abstract
We successfully stabilized severe hemorrhagic shock following
traumatic liver injury by percutaneous transcarotid supraceliac aortic occlusion with a 5 Fr balloon catheter. Then we were able to
perform transfemoral embolization therapy of the hepatic arterial
bleeding source. Transient aortic occlusion using a balloon catheter
appears to be a useful adjunct in select cases where stabilization of
the patient is necessary to allow successful selective embolization
Megan
L. Brenner, MD, Laura J. Moore, MD,
of the bleeding
source.

A clinical series of resuscitative endovascular balloon occlusion
of the aorta for hemorrhage control and resuscitation
Joseph J. DuBose, MD, George H. Tyson, MD,
Michelle K. McNutt, MD, Rondel P. Albarado, MD, John B. Holcomb, MD, Thomas M. Scalea, MD,
E. Rasmussen, MD

Key words: Balloon occlusion—Hemorrhagic shock—Aorta—
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Embolization
BACKGROUND:
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Balloon occlusion of the aorta specialty
has beenskills
employed
to control
mas- of resuscitative endovascular balloon occlusion of the aorta (REBOA) for end-stage
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Fluoroscopy-Free Resuscitative Endovascular Balloon
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resuscitation of patients with exsanguinating pelvic haemorrhage.

more likely than those who did not receive REBOA to have a
liver injury (43 [30.7%] vs 27 309 of 593 678 [4.6%]; P < .001),
splenic injury (47 [33.6%] vs 29 090 of 593 678 [4.6%];
P < .001), or kidney injury (22 [15.7%] vs 14 248 of 593 678
[2.4%]; P < .001); a lower limb fracture (41 [29.3%] vs 39 776
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score de propension, 1:2
Outcome measures were the rates of complications
MAIN OUTCOMES AND MEASURES

and mortality.
Meaning
The use of resuscitative endovascular balloon occlusion
of the aorta in severely injured trauma patients may increase the
RESULTS Of 593 818 trauma patients, 420 patients (the REBOA group, 140 patients;
risk
of complications
and [SD]
mortality.
36 women
and 104 men; mean
age, 44 [20] years; the no-REBOA group, 280 patients;
77 women and 203 men; mean [SD] age, 43 [19] years) were matched and included in the
analysis. Among the REBOA group, median injury severity score was 29 (interquartile range
[IQR], 18-38) and 129 patients (92.1%) had a blunt mechanism of injury. There was no significant
difference between groups in median 4-hour blood transfusion (REBOA: packed red blood cells,
transferred,
had missing physiological parameters, or who
6 U [IQR, 3-8 U]; platelets, 4 U [IQR, 3-9 U], and plasma, 3 U [IQR, 2-5 U]; and no-REBOA: packed
underwent
resuscitative
thoracotomy.
Internared blood cells,
7 U [IQR, 3-9 U]; platelets,
4 U [IQR, 3-8 The
U], andfollowing
plasma, 3 U [IQR,
2-6 U]) or
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Variables

No-REBOA Group (n = 280)

REBOA Group (n = 140)

P Value

Age, mean (SD), y

43 (19)

44 (20)

.88

Male sex

203 (72.5)

104 (74.3)

.76

White race

180 (64.3)

89 (63.6)

.37

Vital signs in the ED
SBP, mean (SD), mm Hg

106.5 (28.7)

108.8 (32.7)

.65

HR, mean (SD), bpm

104 (27)

102 (30)

.74

GCS score, median (IQR)

13 (3-15)

14 (3-15)

.88

Blunt MOI

257 (91.8)

129 (92.1)

.87

ISS, median (IQR)

28 (17-35)

29 (18-38)

.91

h-AIS score, median (IQR)

0 (0-3)

0 (0-3)

.98

144 (51.4)

74 (52.9)

With intact posterior arch

45 (16.1)

25 (17.9)

Incompletely disrupted posterior arch

68 (24.3)

33 (23.6)

Completely disrupted posterior arch

31 (11.1)

16 (11.4)

Injury parameters

Pelvic fractures, total

Liver injuries, total

89 (31.8)

43 (30.7)

Grades I-III

76 (27.1)

37 (26.4)

Grades IV-VI

13 (4.6)

6 (4.3)

Splenic injuries, total

90 (32.1)

47 (33.6)

Grades I-III

67 (23.9)

36 (25.7)

Grades IV-V

22 (7.9)

11 (7.9)

Kidney injuries, total

39 (13.9)

22 (15.7)

Grades I-III

35 (12.5)

19 (13.6)

Grades IV-V

5 (1.8)

3 (2.1)

Lower limb fractures, total

78 (27.9)

41 (29.3)

Femur

48 (17.1)

27 (19.3)

Tibia

45 (16.1)

20 (14.3)

Fibula

32 (11.4)

21 (15.0)

76 (27.1)

41 (29.3)

Iliac

53 (18.9)

29 (20.7)

Lower extremity

20 (7.1)

11 (7.9)

Other

11 (3.9)

38 (27.1)

Vascular injuries, total

.65

.79

.81

.82

.69

.11

Abbreviatio
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IQR, interqu
Severity Sco
injury; REBO
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aorta; SBP, s

all 420 patients was 9 days (IQR, 4-20 days), and the median
intensive care unit LOS was 6 days (IQR, 3-14 days). The median time from ED presentation to the placement of REBOA was
19 minutes (IQR, 14-29 minutes).
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TRANEXAMIC ACID FOR HEAD INJURY ?

TXA AND BRAIN INJURY
Articles

12 737 patients randomly assigned

Effects of tranexamic acid on death, disability, vascular
occlusive events and other morbidities in patients with
acute traumatic brain injury (CRASH-3): a randomised,
placebo-controlled trial
The CRASH-3 trial collaborators*

Summary

Background Tranexamic acid reduces surgical bleeding and decreases mortality in patients with traumatic extracranial
bleeding. Intracranial bleeding is common after traumatic brain injury (TBI) and can cause brain herniation and
death. We aimed to assess the eﬀects of tranexamic acid in patients with TBI.
Methods This randomised, placebo-controlled trial was done in 175 hospitals in 29 countries. Adults with TBI who
were within 3 h of injury, had a Glasgow Coma Scale (GCS) score of 12 or lower or any intracranial bleeding on
CT scan, and no major extracranial bleeding were eligible. The time window for eligibility was originally 8 h but in
2016 the protocol was changed to limit recruitment to patients within 3 h of injury. This change was made blind to the
trial data, in response to external evidence suggesting that delayed treatment is unlikely to be eﬀective. We randomly
assigned (1:1) patients to receive tranexamic acid (loading dose 1 g over 10 min then infusion of 1 g over 8 h) or
matching placebo. Patients were assigned by selecting a numbered treatment pack from a box containing eight packs
that were identical apart from the pack number. Patients, caregivers, and those assessing outcomes were masked to
allocation. The primary outcome was head injury-related death in hospital within 28 days of injury in patients treated
within 3 h of injury. We prespecified a sensitivity analysis that excluded patients with a GCS score of 3 and those with
bilateral unreactive pupils at baseline. All analyses were done by intention to treat. This trial was registered with
ISRCTN (ISRCTN15088122), ClinicalTrials.gov (NCT01402882), EudraCT (2011-003669-14), and the Pan African
Clinical Trial Registry (PACTR20121000441277).
Results Between July 20, 2012, and Jan 31, 2019, we randomly allocated 12 737 patients with TBI to receive tranexamic
acid (6406 [50·3%] or placebo [6331 [49·7%], of whom 9202 (72·2%) patients were treated within 3 h of injury.
Among patients treated within 3 h of injury, the risk of head injury-related death was 18·5% in the tranexamic acid
group versus 19·8% in the placebo group (855 vs 892 events; risk ratio [RR] 0·94 [95% CI 0·86–1·02]). In the
prespecified sensitivity analysis that excluded patients with a GCS score of 3 or bilateral unreactive pupils at
baseline, the risk of head injury-related death was 12·5% in the tranexamic acid group versus 14·0% in the placebo
group (485 vs 525 events; RR 0·89 [95% CI 0·80–1·00]). The risk of head injury-related death reduced with
tranexamic acid in patients with mild-to-moderate head injury (RR 0·78 [95% CI 0·64–0·95]) but not in patients
with severe head injury (0·99 [95% CI 0·91–1·07]; p value for heterogeneity 0·030). Early treatment was more
eﬀective than was later treatment in patients with mild and moderate head injury (p=0·005) but time to treatment
had no obvious eﬀect in patients with severe head injury (p=0·73). The risk of vascular occlusive events was similar
in the tranexamic acid and placebo groups (RR 0·98 (0·74–1·28). The risk of seizures was also similar between
groups (1·09 [95% CI 0·90–1·33]).

Lancet 2019; 394: 1713–23

6406 allocated to tranexamic acid group
4649 randomly assigned within 3h

6331 allocated to placebo group
4553 randomly assigned within 3 h

6406 baseline data collected
4649 randomly assigned within 3h

6331 baseline data collected
4553 randomly assigned within 3h

6314 received loading dose
4576 randomly assigned within 3h
5984 received maintenance dose
4308 randomly assigned within 3h

6247 received loading dose
4488 randomly assigned within 3h
5882 received maintenance dose
4191 randomly assigned within 3h
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16 withdrew consent
13 randomly assigned within 3h
9 outcome data unavailable
7 randomly assigned within 3h

24 withdrew consent
19 randomly assigned within 3h
18 outcome data unavailable
14 randomly assigned within 3h

38 lost to follow-up
29 randomly assigned within 3h

33 lost to follow-up
25 randomly assigned within 3h

Interpretation Our results show that tranexamic acid is safe in patients with TBI and that treatment within 3 h of
injury reduces head injury-related death. Patients should be treated as soon as possible after injury.
Funding National Institute for Health Research Health Technology Assessment, JP Moulton Charitable Trust,
Department of Health and Social Care, Department for International Development, Global Challenges Research
Fund, Medical Research Council, and Wellcome Trust (Joint Global Health Trials scheme).

6359 patients with outcome data
4613 randomly assigned within 3h

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Each year, worldwide, there are more than 60 million
new cases of traumatic brain injury (TBI).1 Road traﬃc
crashes and falls are the main causes and the incidence is increasing.1 Intracranial bleeding is a common
www.thelancet.com Vol 394 November 9, 2019

complication of TBI and increases the risk of death and
disability.2 Although bleeding can start from the moment
of impact, it often continues for several hours after
injury.3,4 Ongoing intracranial bleeding can lead to
raised intracranial pressure, brain herniation, and death.

6280 patients with outcome data
4514 randomly assigned within 3h

Figure 1: Trial profile
1713

9202 patient randomisés ds les 3 heures (< 10.000)
Statistical analysis
CJP : Head related
death vs.
All Cause
death
We published
a statistical
analysis
plan before unblinding.11 The plan gave our reasons for limiting

Favours tranexamic acid

Figure 3: Effect of tranexamic acid on head injury-related death stratified by baseline severity in patients
randomised within 3 h of injury
RR=risk ratio. GCS=Glasgow Coma Scale.
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acid on head injury-related death within 24 h of injury.
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