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• Epidémiologie
– De quoi meurt les patients actuellement ?
– 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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PREHOSPITAL CARE : TRANSPORT

Association of Prehospital Mode of Transport
With Mortality in Penetrating Trauma
A Trauma System–Level Assessment of Private Vehicle
Transportation vs Ground Emergency Medical Services
Michael W. Wandling, MD, MS; Avery B. Nathens, MD, PhD; Michael B. Shapiro, MD; Elliott R. Haut, MD, PhD

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.

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.

JAMA Surg. doi:10.1001/jamasurg.2017.3601
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After risk adjustment, patients with penetrating injuries
transported by private vehicle were significantly less likely to
die than patients transported by ground EMS (OR, 0.38; 95%
CI, 0.31-0.47) (Figure 2). This association remained statisti-

cally significant on stratified analysis of the GSW (OR, 0.45;
95% CI, 0.36-0.56) and stab wound (OR, 0.32; 95% CI, 0.20-
0.52) subgroups (Figure 2). Stratified injury severity analyses
demonstrated a qualitatively similar survival benefit associ-

Table 2. Unadjusted Overall Mortality for All Penetrating Injuries, GSWs, and Stab Wounds by Mode
of Prehospital Transportation

Overall Mortality

No. (%)

P ValueAll Patients Ground EMS Private Vehicle
All GSWs and stab wounds (n = 103 029) 10 364 (10.1) 9986 (11.6) 378 (2.2) <.001

GSWs only (n = 53 052) 9146 (17.2) 8807 (19.3) 339 (4.5) <.001

Stab wounds only (n = 49 977) 1218 (2.4) 1179 (2.9) 39 (0.2) <.001

Abbreviations: EMS, emergency
medical service; GSW, gunshot
wound.

Table 1. Sample Population Characteristics by Mode of Prehospital Transportation

Characteristic

No. (%)

P ValueAll Patients Ground EMS Private Vehicle
Population size 103 029 (100) 86 097 (83.6) 16 932 (16.4)

Sex

Male 90 259 (87.6) 75 141 (87.3) 15 118 (89.3)
<.001

Female 12 770 (12.4) 10 956 (12.7) 1814 (10.7)

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

Race/ethnicity

Black 49 320 (47.9) 40 775 (47.4) 8545 (50.5)

<.001

White 27 083 (26.3) 23 420 (27.2) 3663 (21.6)

Hispanic 18 902 (18.4) 15 430 (17.9) 3472 (20.5)

Asian 1458 (1.4) 1232 (1.4) 226 (1.3)

Other 4437 (4.3) 3725 (4.3) 712 (4.2)

Unknown 1829 (1.8) 1515 (1.8) 314 (1.9)

Insurance

Private 18 480 (17.9) 15 111 (17.6) 3369 (19.9)

<.001

Governmental 29 783 (28.9) 25 496 (29.6) 4287 (25.3)

Self-pay 37 765 (36.7) 31 015 (36.0) 6750 (39.9)

Other 8941 (8.7) 7700 (8.9) 1241 (7.3)

Unknown 8060 (7.8) 6775 (7.9) 1285 (7.6)

Admission year

2010 34 259 (33.3) 28 651 (33.3) 5608 (33.1)

.852011 34 340 (33.3) 28 665 (33.3) 5675 (33.5)

2012 34 430 (33.4) 28 781 (33.4) 5649 (33.4)

Injury mechanism

GSW 53 052 (51.5) 45 582 (52.9) 7470 (44.1)

<.001Stab wound 49 977 (48.5) 40 515 (47.1) 9462 (55.9)

HR, bpm

Mean (SD) 91.5 (30.2) 90.6 (31.1) 96.3 (24.6) <.001

Median 94.0 94.0 96.0 <.001

SBP, mm Hg

Mean (SD) 125.3 (39.7) 123.6 (41.2) 134.0 (29.3) <.001

Median 132.0 131.0 136.0 <.001

GCS motor scorea <.001

Mean (SD) 5.4 (1.5) 5.4 (1.6) 5.9 (0.8) <.001

% GCS motor <6 14.1 15.9 5.9 <.001

ISSb

Mean (SD) 9.3 (12.0) 10.1 (12.5) 5.5 (7.8) <.001

Median 5.0 8.0 2.0 <.001

Abbreviations: EMS, emergency
medical service; GCS, Glasgow Coma
Scale; GSW, gunshot wound;
HR, heart rate; ISS, Injury Severity
Score; SBP, systolic blood pressure.
a GCS motor scores range from 1 to 6,

with 6 being normal.
b ISS ranges from 0 to 75, with 75

being an injury resulting in death.
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Association of Prehospital Mode of Transport
With Mortality in Penetrating Trauma
A Trauma System–Level Assessment of Private Vehicle
Transportation vs Ground Emergency Medical Services
Michael W. Wandling, MD, MS; Avery B. Nathens, MD, PhD; Michael B. Shapiro, MD; Elliott R. Haut, MD, PhD

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.

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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medical service; GSW, gunshot
wound.
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ated with private vehicle transport when compared with
ground EMS transport for all but the lowest injury severity
strata. Sensitivity analyses revealed statistically significant
mortality benefits for patients with penetrating injures trans-
ported by private vehicle when compared with ground EMS
in 8 of 9 trauma system cohorts. Sensitivity analyses re-
vealed the only group of trauma systems failing to demon-
strate statistically significant risk-adjusted mortality differ-
ences was the 91 to 100 most populous trauma systems, where

the sample size was too small to detect a significant differ-
ence (OR, 0.26; 95% CI, 0.06-1.15) (Figure 3).

Discussion
This study demonstrates that for individuals with penetrat-
ing injuries in urban trauma systems, private vehicle trans-
port to a level 1 or level 2 trauma center is associated with sig-
nificantly lower mortality when compared with similarly
injured individuals who are transported by ground EMS. This
mortality benefit holds true on subgroup analyses of the 100
most populous US trauma systems, making these findings gen-
eralizable at the trauma system level for the large urban trauma
systems included in this study. These results are important be-
cause they identify a component of prehospital trauma care
that is associated with significant differences in mortality and
may present an opportunity to improve trauma care at the sys-
tem level.

Previous research has demonstrated that variations in pre-
hospital care can affect mortality among seriously injured pa-

Figure 2. Risk-Adjusted Odds Ratios For Mortality For Private Vehicle
Transport When Compared With Ground Emergency Medical
Services Transport

0 0.80.6 1.00.4
Adjusted Odds Ratio for Mortality (95% CI)

0.2

GSWs and stab wounds
GSW
Stab wounds

GSW indicates gunshot wound.

Figure 3. Trauma System Subgroup Analyses of Risk-Adjusted Odds Ratios (ORs) For Mortality
for Private Vehicle Transport When Compared With Ground Emergency Medical Services Transport

0 0.80.6 1.0 2.0 4.00.4
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0.2
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GSWs 4868 28 258 0.48 (0.36-0.63)
Stab wounds 649 26 880 0.30 (0.16-0.58)

Most populous 25

All penetrating 7552 76 908 0.38 (0.31-0.48)
GSWs 6706 40 165 0.46 (0.36-0.59)
Stab wounds 846 36 743 0.29 (0.16-0.51)

Most populous 50

All penetrating 8500 86 605 0.40 (0.32-0.49)
GSWs 7523 44 765 0.47 (0.37-0.59)
Stab wounds 977 41 840 0.35 (0.22-0.58)

Most populous 75

All penetrating 243 2315 0.26 (0.06-1.15)
GSWs 222 1357 0.42 (0.09-2.07)
Stab wounds 21 958 NA a

Least populous 10

All penetrating 685 6987 0.28 (0.14-0.56)
GSWs 604 3549 0.35 (0.16-0.76)
Stab wounds 81 3438 NA a

Least populous 25

All penetrating 1633 16 684 0.40 (0.25-0.63)
GSWs 1421 8149 0.42 (0.25-0.72)
Stab wounds 212 8535 0.47 (0.18-1.23)

Least populous 50

All penetrating 3668 38 454 0.36 (0.26-0.49)
GSWs 3259 20 056 0.42 (0.29-0.60)
Stab wounds 409 18 398 0.36 (0.17-0.75)

Least populous 75

All penetrating 9185 93 592 0.38 (0.31-0.47)
GSWs 8127 48 314 0.45 (0.36-0.56)
Stab wounds 1058 45 278 0.32 (0.20-0.52)

Overall

GSW indicates gunshot wound;
NA, not applicable.
Odds ratios cannot be derived due to
small sample size.
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T he time immediately following injury can be vitally im-
portant to the clinical outcomes of severely injured
trauma patients.1-3 The term the golden hour is com-

monly used to emphasize the importance of time in trauma
care. Trauma systems are developed at the local, state, or re-
gional level to optimize the delivery of care to seriously in-
jured patients and are associated with increased survival af-
ter injury.4-6 Although the focal points of trauma systems are
specialized trauma centers, the prehospital care provided to
injured patients prior to arriving at trauma centers is impor-
tant because this care has implications on clinical outcomes.7,8

Prehospital care policies are typically established at the trauma
system level. In accordance with these policies, first respond-
ers must determine what, if any, interventions should be
performed prior to and during transport to the hospital. To our
knowledge, most of the previous research into optimal pre-
hospital trauma care policies has not evaluated their effects
at a system level, limiting the generalizability of their find-
ings and resulting in persistent variability in prehospital pro-
tocols and procedures across trauma systems.9-12

The spectrum of prehospital care provided to injured pa-
tients ranges from no intervention to advanced life support,
fluid resuscitation, and endotracheal intubation with mechani-
cal ventilation. Although optimal prehospital care strategies
following injury remain undefined, within the last 2 years, sev-
eral major national initiatives have aimed to improve early by-
stander and first responder response to injury, including the
Stop the Bleed campaign based primarily on the Hartford
Consensus.13,14 Training of the lay public in hemorrhage con-
trol has also become increasingly common in urban areas with
high levels of violence.15

Private vehicle transportation to a trauma center repre-
sents perhaps the most basic form of prehospital care, where
no intervention is performed and only transportation is pro-
vided. In essence, private vehicle transport is a pure example
of the “scoop and run” approach to prehospital trauma care.
In patients with penetrating injures where time to definitive
treatment is paramount, private vehicle transportation has
been shown to be associated with improved survival when
compared with transportation via ground emergency medi-
cal services (EMS).12 Although compelling, the results of this
study are at the patient level and thus have been difficult to
translate into trauma system–level policy. The objective of our
study was to evaluate the association between the mode of
transportation and mortality among individuals with pen-
etrating injuries within urban trauma systems. We hypoth-
esized that private vehicle transport is associated with a de-
creased mortality for penetrating injuries when compared with
ground EMS transport.

Methods
The data source for this study was the American College of Sur-
geons National Trauma Databank (NTDB); the largest aggre-
gation of US trauma registry data assembled.16 Data are en-
tered into the NTDB by trained data abstractors, and the quality
of the data is maintained through extensive statistical analy-

ses and hospital audits performed by the American College of
Surgeons Committee on Trauma. For this study, data from
January 1, 2010, through December 31, 2012, were analyzed.
Patients were included if they were aged 16 years or older, had
a gunshot wound (GSW) or stab wound, were transported to
the hospital by ground EMS or private vehicle, and were treated
at a level 1 or level 2 trauma center. The design of this study is
similar to previously published work comparing ground EMS
and police department prehospital transport.17 Analyses were
restricted to patients treated at trauma centers located within
the 100 most populous US trauma systems to generate re-
sults capable of driving prehospital policy changes within large
urban trauma systems. Cities were not used to define trauma
systems because doing so would exclude trauma centers lo-
cated outside a city’s limits that still provide trauma care to
the city’s population. Patients were excluded if they had in-
complete records for the primary outcome of in-hospital mor-
tality or were transferred to or from another hospital.

Study participants were limited to individuals with GSWs
or stab wounds because they represent a unique subpopula-
tion of trauma patients most likely to benefit from timely sur-
gical intervention and least likely to derive significant benefit
from prehospital interventions.18-20 These mechanisms of in-
jury were identified by International Classification of Dis-
eases, Ninth Revision external causes of injury codes that are
provided for each record in the NTDB. The 100 most popu-
lous US trauma systems were defined using 2010 US census
information that ranks metropolitan areas based on Metro-
politan Statistical Areas, an approach previously used in ag-
gregating trauma centers into defined trauma systems.21 Met-
ropolitan Statistical Areas are geographic areas containing a
large population nucleus and adjacent communities with a high
degree of integration with the population nucleus.22 Adult level
1 and level 2 trauma centers located within the most popu-
lous metropolitan areas were assigned to their respective
trauma system. Institutional review board exemption was
obtained from the Northwestern University Feinberg School
of Medicine institutional review board. Individual patient
consent was waived because all data used in this study were
deidentified in the NTDB dataset prior to this study being
conducted.

Key Points
Question Does ground emergency medical services transport
confer a survival advantage vs private vehicle transport for
patients with penetrating injuries?

Findings In this cohort study of 103 029 patients included in the
National Trauma Data Bank, individuals transported by private
vehicle were significantly less likely to die than similarly injured
patients transported by ground emergency medical services,
even when controlling for injury severity.

Meaning Ground emergency medical services transport is not
associated with improved survival compared with private vehicle
transport among patients with penetrating injuries in urban
trauma systems, suggesting prehospital trauma care may have
a limited role in this subset of patients.
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PREHOSPITAL CARE : TIME IS LIFE

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

IMPORTANCE The association between total prehospital time and mortality in
physician-staffed trauma systems remains uncertain.

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.

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.

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
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]).

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.

JAMA Surg. doi:10.1001/jamasurg.2019.3475
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tients was missing data (eFigure 1 and eTable 2 in the Supple-
ment). In total, 10 126 patients (5059 from TRENAU and 5067
from TraumaBase) were retained for complete case analysis.

Patients had a mean (SD) age of 41 (18) years, and most were
men (7937 [78.3%]) affected by predominantly nonpenetrat-
ing injury (9265 [91.5%]), with a mean (SD) ISS of 17 (14) points.
In 6737 patients (66.5%), at least 1 body region had an AIS score
of 3 points or more. A total of 1259 patients (12.4%) presented
in shock (systolic pressure <90 mm Hg), and 2724 (26.9%) pre-
sented with severe head injury (AIS ≥3 points; Table 1).

The median TPT was 73 (interquartile range [IQR], 54-
100) minutes in the TraumaBase cohort and 60 (IQR, 45-80)
minutes in the TRENAU cohort (eTable 3 in the Supplement).
The median TPT was 65 (IQR, 49-90) minutes for the com-
bined cohort, with 4067 of 10 126 cases (40.2%) presenting a
TPT shorter than 60 minutes. Three-quarters of patients (7434
of 10 126 [73.4%]) were transported by land, and 9098 of 10 126
(89.8%) were admitted to a designated trauma center.

In addition, TPT increased with the number of prehos-
pital interventions performed. Indeed, a TPT lower than 60
minutes involved intubation and vasopressor use in 537 of
4049 patients (13.3%) and 228 of 4047 patients (5.6%), respec-
tively, whereas a TPT longer than 120 minutes involved intu-
bation and vasopressor use in 458 of 994 patients (46.1%) and
185 of 994 patients (18.6%), respectively (eTable 4 in the

Supplement). Characteristics of excluded patients were simi-
lar to those who were included in the analysis, except with a
slight difference in the mechanism of injury (road traffic: in-
cluded patients, 5598 of 10 126 [55.3%] vs excluded patients,
1551 of 3633 [42.7%]; falls: included patients, 3053 of 10 126
[30.2%] vs excluded patients, 1389 of 3633 [38.2%]).

Primary Outcome
Unadjusted GLMM and GAM showed a significant, progres-
sive increase of all-cause mortality with TPT (odds ratio [OR],
1.09 [95% CI, 1.07-1.11]; P < .001; Figure 1). Increasing 30-
minute categories of TPT were associated with a markedly and
constant increase in the risk of in-hospital death (total: 9.6%
[95% CI, 9.0%-10.1%]; 0-29 minutes: 5.3% [95% CI, 3.6%-
4.6%]; ≥180 minutes, 19.4% [95% CI, 13.3%-27.3%]; Table 2).
Odds of death increased by 9% for each 10-minute increase in
TPT (OR, 1.09 [95% CI, 1.07-1.11]; Table 3) and by 4% after ad-
justment for confounders (OR, 1.04 [95% CI, 1.01-1.07];
Figure 2; Table 3). The post hoc power calculation demon-
strated a study power of 100%.

Secondary Outcomes
Increasing 30-minute categories of TPT were associated with
a progressive and constant increase in the risk of death
attributable to head injury (total: 5.0% [95% CI, 4.5%-5.4%];

Table 1. Patient Characteristics According to Regional Database

Characteristic

No. (%)

Total
Paris, Île-de-France
(TraumaBase)

Northern French Alps
(TRENAU)

No. 10 126 5067 5059

Age, mean (SD), y 41 (18) 38 (17) 42 (18)

Male sex 7937 (78.3) 3998 (78.9) 3939 (77.9)

Penetrating injury 861 (8.5) 568 (11.2) 293 (5.8)

Circumstances

Road traffic injury 5598 (55.2) 3014 (59.5) 2549 (50.4)

Fall 3053 (30.1) 1231 (24.3) 1805 (35.7)

Stabbing 605 (5.9) 399 (7.9) 201 (4.0)

Gun shot 250 (2.5) 169 (3.3) 80 (1.6)

Prehospital systolic blood pressure, mm Hg

Mean (SD) 117 (32) 109 (34) 126 (2.5)

<90 mm Hg 1259 (12.4) 946 (18.7) 313 (6.2)

Prehospital Glasgow Coma Scale score

3-8 1518 (15.0) 889 (17.5) 629 (12.4)

9-13 963 (9.5) 517 (10.2) 446 (8.8)

13-15 7453 (73.6) 3648 (72.0) 3805 (75.2)

Injury Severity Score

Mean (SD) 17 (14) 18 (15) 17 (13)

0-15 5313 (52.5) 2679 (52.9) 2634 (52.1)

16-24 2034 (20.1) 1013 (20.0) 1021 (20.2)

25-34 1757 (17.4) 818 (16.1) 939 (18.6)

≥35 966 (9.5) 554 (10.9) 412 (8.1)

Overall Abbreviated Injury Scale score ≥3 6737 (66.5) 3302 (65.2) 3435 (67.9)

Severe head injury (Abbreviated Injury
Scale–head score ≥3)

2724 (26.9) 1346 (26.6) 1378 (27.2)

Secondary transfer

In-hospital mortality 968 (9.6) 566 (11.2) 402 (7.9)

Abbreviation: TRENAU, Trauma
System du Réseau Nord Alpin des
Urgences.
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tients was missing data (eFigure 1 and eTable 2 in the Supple-
ment). In total, 10 126 patients (5059 from TRENAU and 5067
from TraumaBase) were retained for complete case analysis.

Patients had a mean (SD) age of 41 (18) years, and most were
men (7937 [78.3%]) affected by predominantly nonpenetrat-
ing injury (9265 [91.5%]), with a mean (SD) ISS of 17 (14) points.
In 6737 patients (66.5%), at least 1 body region had an AIS score
of 3 points or more. A total of 1259 patients (12.4%) presented
in shock (systolic pressure <90 mm Hg), and 2724 (26.9%) pre-
sented with severe head injury (AIS ≥3 points; Table 1).

The median TPT was 73 (interquartile range [IQR], 54-
100) minutes in the TraumaBase cohort and 60 (IQR, 45-80)
minutes in the TRENAU cohort (eTable 3 in the Supplement).
The median TPT was 65 (IQR, 49-90) minutes for the com-
bined cohort, with 4067 of 10 126 cases (40.2%) presenting a
TPT shorter than 60 minutes. Three-quarters of patients (7434
of 10 126 [73.4%]) were transported by land, and 9098 of 10 126
(89.8%) were admitted to a designated trauma center.

In addition, TPT increased with the number of prehos-
pital interventions performed. Indeed, a TPT lower than 60
minutes involved intubation and vasopressor use in 537 of
4049 patients (13.3%) and 228 of 4047 patients (5.6%), respec-
tively, whereas a TPT longer than 120 minutes involved intu-
bation and vasopressor use in 458 of 994 patients (46.1%) and
185 of 994 patients (18.6%), respectively (eTable 4 in the

Supplement). Characteristics of excluded patients were simi-
lar to those who were included in the analysis, except with a
slight difference in the mechanism of injury (road traffic: in-
cluded patients, 5598 of 10 126 [55.3%] vs excluded patients,
1551 of 3633 [42.7%]; falls: included patients, 3053 of 10 126
[30.2%] vs excluded patients, 1389 of 3633 [38.2%]).

Primary Outcome
Unadjusted GLMM and GAM showed a significant, progres-
sive increase of all-cause mortality with TPT (odds ratio [OR],
1.09 [95% CI, 1.07-1.11]; P < .001; Figure 1). Increasing 30-
minute categories of TPT were associated with a markedly and
constant increase in the risk of in-hospital death (total: 9.6%
[95% CI, 9.0%-10.1%]; 0-29 minutes: 5.3% [95% CI, 3.6%-
4.6%]; ≥180 minutes, 19.4% [95% CI, 13.3%-27.3%]; Table 2).
Odds of death increased by 9% for each 10-minute increase in
TPT (OR, 1.09 [95% CI, 1.07-1.11]; Table 3) and by 4% after ad-
justment for confounders (OR, 1.04 [95% CI, 1.01-1.07];
Figure 2; Table 3). The post hoc power calculation demon-
strated a study power of 100%.

Secondary Outcomes
Increasing 30-minute categories of TPT were associated with
a progressive and constant increase in the risk of death
attributable to head injury (total: 5.0% [95% CI, 4.5%-5.4%];

Table 1. Patient Characteristics According to Regional Database

Characteristic

No. (%)

Total
Paris, Île-de-France
(TraumaBase)

Northern French Alps
(TRENAU)

No. 10 126 5067 5059

Age, mean (SD), y 41 (18) 38 (17) 42 (18)

Male sex 7937 (78.3) 3998 (78.9) 3939 (77.9)

Penetrating injury 861 (8.5) 568 (11.2) 293 (5.8)

Circumstances

Road traffic injury 5598 (55.2) 3014 (59.5) 2549 (50.4)

Fall 3053 (30.1) 1231 (24.3) 1805 (35.7)

Stabbing 605 (5.9) 399 (7.9) 201 (4.0)

Gun shot 250 (2.5) 169 (3.3) 80 (1.6)

Prehospital systolic blood pressure, mm Hg

Mean (SD) 117 (32) 109 (34) 126 (2.5)

<90 mm Hg 1259 (12.4) 946 (18.7) 313 (6.2)

Prehospital Glasgow Coma Scale score

3-8 1518 (15.0) 889 (17.5) 629 (12.4)

9-13 963 (9.5) 517 (10.2) 446 (8.8)

13-15 7453 (73.6) 3648 (72.0) 3805 (75.2)

Injury Severity Score

Mean (SD) 17 (14) 18 (15) 17 (13)

0-15 5313 (52.5) 2679 (52.9) 2634 (52.1)

16-24 2034 (20.1) 1013 (20.0) 1021 (20.2)

25-34 1757 (17.4) 818 (16.1) 939 (18.6)

≥35 966 (9.5) 554 (10.9) 412 (8.1)

Overall Abbreviated Injury Scale score ≥3 6737 (66.5) 3302 (65.2) 3435 (67.9)

Severe head injury (Abbreviated Injury
Scale–head score ≥3)

2724 (26.9) 1346 (26.6) 1378 (27.2)

Secondary transfer

In-hospital mortality 968 (9.6) 566 (11.2) 402 (7.9)

Abbreviation: TRENAU, Trauma
System du Réseau Nord Alpin des
Urgences.
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tients was missing data (eFigure 1 and eTable 2 in the Supple-
ment). In total, 10 126 patients (5059 from TRENAU and 5067
from TraumaBase) were retained for complete case analysis.

Patients had a mean (SD) age of 41 (18) years, and most were
men (7937 [78.3%]) affected by predominantly nonpenetrat-
ing injury (9265 [91.5%]), with a mean (SD) ISS of 17 (14) points.
In 6737 patients (66.5%), at least 1 body region had an AIS score
of 3 points or more. A total of 1259 patients (12.4%) presented
in shock (systolic pressure <90 mm Hg), and 2724 (26.9%) pre-
sented with severe head injury (AIS ≥3 points; Table 1).

The median TPT was 73 (interquartile range [IQR], 54-
100) minutes in the TraumaBase cohort and 60 (IQR, 45-80)
minutes in the TRENAU cohort (eTable 3 in the Supplement).
The median TPT was 65 (IQR, 49-90) minutes for the com-
bined cohort, with 4067 of 10 126 cases (40.2%) presenting a
TPT shorter than 60 minutes. Three-quarters of patients (7434
of 10 126 [73.4%]) were transported by land, and 9098 of 10 126
(89.8%) were admitted to a designated trauma center.

In addition, TPT increased with the number of prehos-
pital interventions performed. Indeed, a TPT lower than 60
minutes involved intubation and vasopressor use in 537 of
4049 patients (13.3%) and 228 of 4047 patients (5.6%), respec-
tively, whereas a TPT longer than 120 minutes involved intu-
bation and vasopressor use in 458 of 994 patients (46.1%) and
185 of 994 patients (18.6%), respectively (eTable 4 in the

Supplement). Characteristics of excluded patients were simi-
lar to those who were included in the analysis, except with a
slight difference in the mechanism of injury (road traffic: in-
cluded patients, 5598 of 10 126 [55.3%] vs excluded patients,
1551 of 3633 [42.7%]; falls: included patients, 3053 of 10 126
[30.2%] vs excluded patients, 1389 of 3633 [38.2%]).

Primary Outcome
Unadjusted GLMM and GAM showed a significant, progres-
sive increase of all-cause mortality with TPT (odds ratio [OR],
1.09 [95% CI, 1.07-1.11]; P < .001; Figure 1). Increasing 30-
minute categories of TPT were associated with a markedly and
constant increase in the risk of in-hospital death (total: 9.6%
[95% CI, 9.0%-10.1%]; 0-29 minutes: 5.3% [95% CI, 3.6%-
4.6%]; ≥180 minutes, 19.4% [95% CI, 13.3%-27.3%]; Table 2).
Odds of death increased by 9% for each 10-minute increase in
TPT (OR, 1.09 [95% CI, 1.07-1.11]; Table 3) and by 4% after ad-
justment for confounders (OR, 1.04 [95% CI, 1.01-1.07];
Figure 2; Table 3). The post hoc power calculation demon-
strated a study power of 100%.

Secondary Outcomes
Increasing 30-minute categories of TPT were associated with
a progressive and constant increase in the risk of death
attributable to head injury (total: 5.0% [95% CI, 4.5%-5.4%];

Table 1. Patient Characteristics According to Regional Database

Characteristic

No. (%)

Total
Paris, Île-de-France
(TraumaBase)

Northern French Alps
(TRENAU)

No. 10 126 5067 5059

Age, mean (SD), y 41 (18) 38 (17) 42 (18)

Male sex 7937 (78.3) 3998 (78.9) 3939 (77.9)

Penetrating injury 861 (8.5) 568 (11.2) 293 (5.8)

Circumstances

Road traffic injury 5598 (55.2) 3014 (59.5) 2549 (50.4)

Fall 3053 (30.1) 1231 (24.3) 1805 (35.7)

Stabbing 605 (5.9) 399 (7.9) 201 (4.0)

Gun shot 250 (2.5) 169 (3.3) 80 (1.6)

Prehospital systolic blood pressure, mm Hg

Mean (SD) 117 (32) 109 (34) 126 (2.5)

<90 mm Hg 1259 (12.4) 946 (18.7) 313 (6.2)

Prehospital Glasgow Coma Scale score

3-8 1518 (15.0) 889 (17.5) 629 (12.4)

9-13 963 (9.5) 517 (10.2) 446 (8.8)

13-15 7453 (73.6) 3648 (72.0) 3805 (75.2)

Injury Severity Score

Mean (SD) 17 (14) 18 (15) 17 (13)

0-15 5313 (52.5) 2679 (52.9) 2634 (52.1)

16-24 2034 (20.1) 1013 (20.0) 1021 (20.2)

25-34 1757 (17.4) 818 (16.1) 939 (18.6)

≥35 966 (9.5) 554 (10.9) 412 (8.1)

Overall Abbreviated Injury Scale score ≥3 6737 (66.5) 3302 (65.2) 3435 (67.9)

Severe head injury (Abbreviated Injury
Scale–head score ≥3)

2724 (26.9) 1346 (26.6) 1378 (27.2)

Secondary transfer

In-hospital mortality 968 (9.6) 566 (11.2) 402 (7.9)

Abbreviation: TRENAU, Trauma
System du Réseau Nord Alpin des
Urgences.
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PREHOSPITAL CARE : TIME IS LIFE

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

IMPORTANCE The association between total prehospital time and mortality in
physician-staffed trauma systems remains uncertain.

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.

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.

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
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]).

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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The association of TPT and mortality implies that time is
an independent exposure that should be a management ob-
jective. Observed TPT were comparable with other European
physician-staffed EMSs13,23,24 but longer than in paramedic-
staffed EMS.25 A propensity-matched analysis reported that
critical prehospital interventions were associated with a de-
crease in mortality without affecting TPT.14 Clinicians con-
stantly negotiate a trade-off between safely performing cru-
cial interventions and limiting time on scene. The answer to
this challenge may not be dichotomic concepts such as scoop
and run, stay and play, or play and run. Instead, we suggest
framing this challenge as a ratio between time spent on scene
and interventions performed to meet the patient's critical
needs. This ratio is specific to every case and prehospital situ-
ation. We suggest to call this the intervention-to-time ratio. This
ratio implies that the time every prehospital intervention re-
quired must be tailored to each patient and counterbalanced
by its potential gain in survival. A recent cohort study of trunk
trauma5 revealed increased mortality in patients in shock with
incompressible trunk trauma, long before any definitive hem-
orrhage control is possible; hence the advocacy of some people
in favor of very advanced prehospital resuscitation and hem-
orrhage control, such as resuscitative endovascular balloon oc-
clusion of the aorta, which carries the risk of prolonging scene
time. The TPT stems from aspects crucial to prehospital care
other than resuscitation, including extrication, communica-
tion with command or dispatch and the receiving center, and
transport time.26 The whole process needs streamlining to keep
TPT as short and safe as possible, to only address the targeted
and individualized essential needs of each patient that are of
benefit to that patient.

When looking at the specific causes of death, the ad-
justed model (Table 3; Figure 2) showed a nonsignificant as-
sociation of time with hemorrhage-associated mortality. The
critical association of time and trauma hemorrhage was re-
cently observed, demonstrating peak mortality from hemor-
rhage at 37 minutes.27 This circumstance might have reduced
the size of the association with death by hemorrhage in the
model. Both registries only include patients who arrived alive

at the hospital. Ball et al28 indicated that with shorter TPT, more
patients arrived alive but then died subsequently. Future stud-
ies need to address this question and include all patients de-
ceased on scene.

In opposition to previous reports,29 the adjusted model did
not show a significant association of TPT and TBI-induced mor-
tality. Affirmation of TBI as the cause of death is difficult since
patients with head injuries commonly have other confound-
ing causes of death (eg, hemorrhage, thoracic trauma). More-
over, a substantial proportion of patients with TBI ultimately
die after withdrawal of treatment and are registered as such,
which may have biased the true proportion of death attribut-
able to TBI.

This study has several strengths. Data were extracted from
2 established registries with robust data management. These
data were collected from 2 geographically and structurally dis-
tinct regions with different trauma systems. The TRENAU sys-
tem qualifies as inclusive, with 3 designated levels of care.16

The Paris system tends to be exclusive, with 6 designated
level I centers absorbing the most regional trauma cases.17

These characteristics apply to other European EMS, support-
ing the external validity and generalizability of the observa-
tions made. Thus, the present model appears robust and gen-
eralizable. As eFigure 2 in the Supplement illustrates, mortality
retains a coherent and consistent association to well-
documented variables and confounders.

Limitations
This study carries a number of limitations linked to its de-
sign. Based on a prospective data collection and with ad-
equate control of potential confounders, it appeared appro-
priate, however, to examine the hypothesis in a sufficiently
large real-world cohort. A physician closing the case deter-
mined the cause of death, and a subjective bias cannot be ex-
cluded, which is in analogy to most existing registries, unless

Table 3. Association Between Outcome and Prehospital Timea

Death by Type
Odds Ratio by Generalized
Linear Mixed Model (95% CI)b P Value

Univariable Analysis

Overall death 1.09 (1.07-1.11) <.001

Death attributable to head
injury

1.09 (1.06-1.11) <.001

Death attributable to bleeding 1.04 (1.00-1.09) .04

Multivariable Analysis

Overall death 1.04 (1.01-1.07) .002

Death attributable to head
injury

1.03 (1.00-1.07) .15

Death attributable to bleeding 1.00 (0.99-1.02) .24

a Generalized linear model with random effect by registry and emergency
medical system; adjustment for individual confounders as logarithmic function
(prehospital time, age, systolic blood pressure, Injury Severity Score, and
Glasgow Coma Scale score).

b Odds ratio for increase of 10 minutes in prehospital time.

Figure 2. Adjusted Association Between Death and Prehospital Time
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Multivariable generalized linear mixed model representing the risk of death
from all causes according to prehospital time, adjusted for individual
confounder as logarithmic function (age, systolic blood pressure, Glasgow Coma
Score scale, and Injury Severity Score): area under the curve, 0.96 (95% CI,
0.95-0.96); internal overall calibration (expected over observed), 1.00 (95% CI,
0.96-1.04); and calibration slope, 1.00 (95% CI, 0.94-1.06). The full model is
presented in eTable 5 in the Supplement. The shaded area represents the
95% CIs.
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The association of TPT and mortality implies that time is
an independent exposure that should be a management ob-
jective. Observed TPT were comparable with other European
physician-staffed EMSs13,23,24 but longer than in paramedic-
staffed EMS.25 A propensity-matched analysis reported that
critical prehospital interventions were associated with a de-
crease in mortality without affecting TPT.14 Clinicians con-
stantly negotiate a trade-off between safely performing cru-
cial interventions and limiting time on scene. The answer to
this challenge may not be dichotomic concepts such as scoop
and run, stay and play, or play and run. Instead, we suggest
framing this challenge as a ratio between time spent on scene
and interventions performed to meet the patient's critical
needs. This ratio is specific to every case and prehospital situ-
ation. We suggest to call this the intervention-to-time ratio. This
ratio implies that the time every prehospital intervention re-
quired must be tailored to each patient and counterbalanced
by its potential gain in survival. A recent cohort study of trunk
trauma5 revealed increased mortality in patients in shock with
incompressible trunk trauma, long before any definitive hem-
orrhage control is possible; hence the advocacy of some people
in favor of very advanced prehospital resuscitation and hem-
orrhage control, such as resuscitative endovascular balloon oc-
clusion of the aorta, which carries the risk of prolonging scene
time. The TPT stems from aspects crucial to prehospital care
other than resuscitation, including extrication, communica-
tion with command or dispatch and the receiving center, and
transport time.26 The whole process needs streamlining to keep
TPT as short and safe as possible, to only address the targeted
and individualized essential needs of each patient that are of
benefit to that patient.

When looking at the specific causes of death, the ad-
justed model (Table 3; Figure 2) showed a nonsignificant as-
sociation of time with hemorrhage-associated mortality. The
critical association of time and trauma hemorrhage was re-
cently observed, demonstrating peak mortality from hemor-
rhage at 37 minutes.27 This circumstance might have reduced
the size of the association with death by hemorrhage in the
model. Both registries only include patients who arrived alive

at the hospital. Ball et al28 indicated that with shorter TPT, more
patients arrived alive but then died subsequently. Future stud-
ies need to address this question and include all patients de-
ceased on scene.

In opposition to previous reports,29 the adjusted model did
not show a significant association of TPT and TBI-induced mor-
tality. Affirmation of TBI as the cause of death is difficult since
patients with head injuries commonly have other confound-
ing causes of death (eg, hemorrhage, thoracic trauma). More-
over, a substantial proportion of patients with TBI ultimately
die after withdrawal of treatment and are registered as such,
which may have biased the true proportion of death attribut-
able to TBI.

This study has several strengths. Data were extracted from
2 established registries with robust data management. These
data were collected from 2 geographically and structurally dis-
tinct regions with different trauma systems. The TRENAU sys-
tem qualifies as inclusive, with 3 designated levels of care.16

The Paris system tends to be exclusive, with 6 designated
level I centers absorbing the most regional trauma cases.17

These characteristics apply to other European EMS, support-
ing the external validity and generalizability of the observa-
tions made. Thus, the present model appears robust and gen-
eralizable. As eFigure 2 in the Supplement illustrates, mortality
retains a coherent and consistent association to well-
documented variables and confounders.

Limitations
This study carries a number of limitations linked to its de-
sign. Based on a prospective data collection and with ad-
equate control of potential confounders, it appeared appro-
priate, however, to examine the hypothesis in a sufficiently
large real-world cohort. A physician closing the case deter-
mined the cause of death, and a subjective bias cannot be ex-
cluded, which is in analogy to most existing registries, unless

Table 3. Association Between Outcome and Prehospital Timea

Death by Type
Odds Ratio by Generalized
Linear Mixed Model (95% CI)b P Value

Univariable Analysis

Overall death 1.09 (1.07-1.11) <.001

Death attributable to head
injury

1.09 (1.06-1.11) <.001

Death attributable to bleeding 1.04 (1.00-1.09) .04

Multivariable Analysis

Overall death 1.04 (1.01-1.07) .002

Death attributable to head
injury

1.03 (1.00-1.07) .15

Death attributable to bleeding 1.00 (0.99-1.02) .24

a Generalized linear model with random effect by registry and emergency
medical system; adjustment for individual confounders as logarithmic function
(prehospital time, age, systolic blood pressure, Injury Severity Score, and
Glasgow Coma Scale score).

b Odds ratio for increase of 10 minutes in prehospital time.
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Multivariable generalized linear mixed model representing the risk of death
from all causes according to prehospital time, adjusted for individual
confounder as logarithmic function (age, systolic blood pressure, Glasgow Coma
Score scale, and Injury Severity Score): area under the curve, 0.96 (95% CI,
0.95-0.96); internal overall calibration (expected over observed), 1.00 (95% CI,
0.96-1.04); and calibration slope, 1.00 (95% CI, 0.94-1.06). The full model is
presented in eTable 5 in the Supplement. The shaded area represents the
95% CIs.
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T he concept of time as essential determinant of out-
come in the early care of trauma patients is a prevail-
ing doctrine,1,2 captured in the term the golden hour of

trauma.3,4 The concept of trauma as a time-sensitive condi-
tion has guided education and policy for decades in the inter-
national trauma community. Despite this cultural penetrance,5

evidence in favor remains elusive, and the concept is
controversial.6-10

The concept of trauma as a time-sensitive health condi-
tion was developed and nurtured in a specific emergency medi-
cal system (EMS), mainly a paramedic-based system in North
America. The international trauma community transposed this
concept to diverse, specific settings, even if the respective con-
text was different from that of the North American system.11

Data on system performance from physician-staffed EMS are
far less abundant than data from EMS systems. On the one
hand, physician-staffed EMS are thought to add complexity to
a complex situation by performing more interventions that re-
sult in longer total prehospital time (TPT).12,13 On the other side,
proponents of the physician-led critical care team advocate a
more tailored provision of advanced prehospital critical care.
The ensuing debate oscillates between dichotomous con-
cepts such as scoop and run or stay and play.11,13,14 The reality
is probably less easy to frame.

Based on this rationale and considering the comparative
lack of data for physician-staffed EMS, it appeared justified to
reconsider the association of prehospital total time with in-
hospital mortality in a physician-staffed EMS. The objective
was to describe the association of total prehospital time and
in-hospital mortality in a large and representative cohort of
trauma patients from 2 regional and very geographically dis-
tinct trauma systems in France (1 urban and 1 rural and moun-
tainous). We hypothesized that a longer TPT is associated with
a mortality increase in a physician-staffed EMS system.

Methods
This study follows the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines. A
checklist for this cohort study is provided in eTable 1 in the
Supplement.

Ethical Approval
This is an observational study using data from 2 prospective
multicenter regional trauma registries, the TraumaBase, from
the Paris area, Île-de-France, and Trauma System of the North-
ern French Alps Emergency Network (Trauma System du Ré-
seau Nord Alpin des Urgences [TRENAU]), from the Rhône-
Alpes region. Both registries have obtained approval from the
institutional review board (Comité de Protection des Per-
sonnes, Paris VI and Clermont-Ferrand), the Advisory Com-
mittee for Information Processing in Health Research (Comite
Consultatif Pour le Traitement de l’Information en Matière de
Recherche Dans le Domaine de la Santé, 11.305bis and 15.038bis),
and from the National Data Protection Agency (Commission Na-
tionale de l’Informatique et des Libertés 911461 and 915372),
waiving the need for informed consent. Both registries use al-

gorithms for consistency, coherence, and professional data
monitoring. Data monitoring for the TraumaBase is assured by
the Biostatistics Laboratory of Paris 7 and for the TRENAU reg-
istry by professional statisticians employed by the network.

Setting
The structure and triage in both trauma systems have been pre-
viously described.15,16 In summary, physician-staffed mobile
intensive care units provide the prehospital care in both sys-
tems. A mobile intensive care unit team provides the equiva-
lent of advanced trauma life support–based prehospital inter-
ventions (eg, sedation, prehospital anesthesia, advanced airway
management, chest decompression). The TraumaBase in Île-de
France covers an urban area of 4633.2 mi2 (12 000 km2) with
a population of 12 million inhabitants and 15 million visitors
per year. Almost exclusively, 8 physician-staffed EMS (Ser-
vice Aide Medicale Urgente [SAMUs]) organized into 43 mo-
bile intensive care units, 37 SAMUs, 6 Paris Fire Brigades
(Brigade de Sapeurs de Pompiers), and 6 designated level I cen-
ters provide the trauma care; no lower-level care centers have
been designated. The TRENAU area covers an area of 6949.8
mi2 (18 000 km2) in the Northern French Alps, with a popula-
tion of 2 million inhabitants and a high seasonal variation
(8 million tourists each year). Care in the TRENAU network
is provided by 3 SAMUs and a total of 14 designated trauma
hospitals, with 2 level I, 1 level II, and 11 level III centers. The
TRENAU network uses specific management and triage
guidelines.15 Within the Paris network, national triage17 and
management guidelines apply, such as those for shock.18 At any
given time, clinical management was left to the discretion of
the responsible physician (prehospital or in-hospital). Both net-
works and registries are financially supported by the respec-
tive Regional Health Authorities (Agence Régionale de Santé)
in Île-de-France and Rhône-Alpes.

Study Populations
All consecutive trauma patients triaged to 1 of the 6 regional,
designated Paris level I trauma centers or 1 of the 14 centers
participating in the TRENAU network were screened for in-
clusion. Patients who were not managed by a physician-
staffed mobile unit or transported to a participating hospital
(ie, recorded in the data set as death on scene or not trans-
ported) or transferred from a hospital outside of the respec-
tive system were not included. Only patients directly admit-

Key Points
Question How are prehospital time and mortality associated in a
physician-staffed trauma system?

Findings The results of this cohort study from 2 French trauma
registries demonstrate a linear association between total
prehospital time and in-hospital all-cause mortality. The odds of
death increased by 8% for each 10-minute increase in prehospital
time.

Meaning These findings call for a further streamlining of
prehospital trauma care and the need to define the optimal
intervention-to-time ratio.
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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, mul-
ticenter, 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 prothrombin-
time ratio was lower in the plasma group than in the standard-care group (1.2 [interquar-
tile 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.
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 prothrombin-
time ratio than standard-care resuscitation. (Funded by the U.S. Army Medical Research 
and Materiel Command; PAMPer ClinicalTrials.gov number, NCT01818427.)
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Prehospital Plasma during Air Medical Transport in Trauma 
Patients at Risk for Hemorrhagic Shock
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Plasma-first resuscitation to treat haemorrhagic shock 
during emergency ground transportation in an urban area: 
a randomised trial
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

Summary
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.

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 as-
treated 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 resuscita tion 
has been the standard.1 In civilian settings, the first pre-
emptive 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 bleed ing, would be prevented.3 
Benefits of early plasma resusci tation, 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 
admin istration.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 syste matic 
review concluded that, although trans fusion of blood 
products before reaching hospital is a plausible therapeutic 
approach, the evidence at the time was of poor quality, did 
not show outcome improve ments, and recommended 
assessment in randomised controlled trials.10
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EDITORIAL Open Access

Pre-hospital plasma transfusion: a valuable
coagulation support or an expensive fluid
therapy?
Christian Fenger-Eriksen1, Dietmar Fries2, Jean-Stephane David3, Pierre Bouzat4, Marcus Daniel Lance5,
Oliver Grottke6, Donat R. Spahn7, Herbert Schoechl8,9 and Marc Maegele10*

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 in-
clusion 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%

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 coagula-
tion 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 cli-
nical benefit for plasma on the sequalae of hypovolaemic-
haemorrhagic 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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Plasma-first resuscitation to treat haemorrhagic shock 
during emergency ground transportation in an urban area: 
a randomised trial
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

Summary
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.

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 as-
treated 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 resuscita tion 
has been the standard.1 In civilian settings, the first pre-
emptive 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 bleed ing, would be prevented.3 
Benefits of early plasma resusci tation, 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 
admin istration.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 syste matic 
review concluded that, although trans fusion of blood 
products before reaching hospital is a plausible therapeutic 
approach, the evidence at the time was of poor quality, did 
not show outcome improve ments, and recommended 
assessment in randomised controlled trials.10
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significantly skewed and, therefore, we used a Box-Cox 
power transformation (λ=0·25), which succeeded in 
approximating normality. This trial is registered with 
ClinicalTrials.gov, number NCT01838863.

Role of the funding source
The funder of the study had no role in the study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 

access to all the data in the study and had final 
responsibility for the decision to submit for publication. 

Results
From April 1, 2014, to March 31, 2017, 144 patients were 
randomly assigned to the study groups by paramedics 
(figure). The as-treated analyses involved 125 patients 
(65 in the plasma group and 60 in the control group). The 
main reasons for exclusion were age younger than 

Plasma group (n=65) Control group (n=60) Effect size (95% CI)* p value

Clinical outcome

Mortality at 28 days† 10 (15%) 6 (10%) 1·54 (0·60 to 3·98) 0·37

Mortality at 24 h 8 (12% ) 6 (10%) 1·23 (0·45 to 3·34) 0·68

Acute lung injury within 28 days 28 (43%) 30 (50%) 0·86 (0·59 to 1·26) 0·44

Multiple organ failure within 28 days 
(Denver score >3)

4 (6%) 1 (2%) 3·69 (0·42 to 32·11) 0·37

Composite outcome (multiple organ 
failure or death) at 28 days‡

14 (21%) 7 (12%) 1·85 (0·80 to 4·26) 0·14

Ventilator-free days 26 (11 to 28) 26 (18 to 28) 0 (–1·00 to 0) 0·35

Intensive-care-free days 23 (7 to 26) 24 (17 to 26) 0 (–3·00 to 1·00) 0·49

Physiology and shock

SBP on arrival (mm Hg) 96 (80 to 110) 90 (72 to 111) 5·00 (–6·00 to 15·00) 0·38

Heart rate on arrival (bpm) 105 (76 to 124) 111 (92 to 128) –6·00 (–17·00 to 4·00) 0·23

Haemoglobin concentration on arrival 
(g/dL)

12·6 (11·3 to 14·7) 13·5 (11·9 to 14·7) –0·30 (–1·10 to 0·50) 0·50

Lowest haemoglobin concentration in 
1–6 h (g/dL)

11·3 (9·6 to 12·6) 11·0 (9·1 to 12·8) 0·20 (–0·70 to 1·00) 0·67

Haemoglobin concentration <70 g/L 
in 1–6 h

3 (5%) 2 (3%) 0·41 (0·24 to 8·13) 1·00

Base deficit on arrival (mEq/L)‡ 9·0 (5·5 to 13·0) 8·8 (6·0 to 13·0) 0 (–2·70 to 2·00) 0·80

 Base deficit >10 mEq/L 21/51 (41%) 22/50 (44%) 0·94 (0·59–1·47) 0·77

Lactic acid concentration on arrival 
(mg/dL)‡

5·5 (3·9 to 8·5) 4·9 (3·2 to 7·0) 0·60 (–0·60 to 1·80) 0·30

Coagulation (on arrival at hospital)

INR on arrival† 1·27 (1·11 to 1·40) 1·15 (1·08 to 1·29) 0·60 (–0·01 to 0·14) 0·10

INR>1·3 28/63 (44%) 14/58 (24%) 1·84 (1·08 to 3·14) 0·02

Rapid thromboelastography

G (dynes/cm²)‡ 7·7 (6·2 to 8·9) 7·1 (5·4 to 9·7) 0·30 (–0·90 to 1·40) 0·66

Activated clotting time (s) 128 (113 to 136) 121 (113 to 136) 0 (–7·00 to 8·00) 0·76

Maximum amplitude (mm) 60·5 (55·5 to 64·0) 58·5 (52·0 to 66·0) 1·00 (–2·50 to 4·50) 0·67

Angle (°) 70·9 (66·1 to 76·1) 69·3 (63·2 to 74·4) 2·20 (–0·80 to 5·40) 0·16

LY30 (%) 1·3 (0·3 to 2·6) 1·6 (0·7 to 3·1) –0·20 (–0·90 to 0·30) 0·32

Hyperfibrinolysis (LY30 >3·0%) 14/56 (23%) 13/51 (25%) 0·91 (0·47 to 1·78) 0·78

Physiological lysis (LY30 0·9–3·0%) 25/56 (45%) 23/51 (45%) 0·99 (0·65 to 1·51) 0·96

Lysis shutdown (LY30 <0·9%) 18/56 (32%) 15/51 (29%) 1·09 (0·62 to 1·93) 0·76

Coagulation factor on arrival at hospital (% activity)

Fibrinogen on arrival (mg/dL) 195·0 (157·0 to 275·0) 222·0 (154·5 to 282·0) –10·00 (–30·00 to 48·00) 0·68

II 71·0 (57·0 to 88·0) 79·0 (65·0 to 92·0) –6·00 (–15·00 to 3·00) 0·14

V 64·0 (41·0 to 83·0) 69·0 (52·0 to 91·0) –7·00 (–20·00 to 5·00 0·32

VII 72·0 (56·0 to 94·0) 74·0 (52·0 to 94·0) 3·00 (–8·00 to 13·00) 0·61

VIII 283·4 (168·4 to 434·2) 355·2 (279·0 to 462·6) –71·70 (–148·00 to 2·00) 0·06

IX 121·0 (87·0 to 142·0) 135·0 (99·0 to 159·0) –11·00 (–30·00 to 2·00 0·36

XI 81·0 (58·0 to 127·0) 109·0 (72·0 to 135·0) –14·00 (–35·00 to 8·00) 0·21

XIII§ 0/47 2/41 (5%) 0·18 (0·01 to 3·54) 0·21

(Table 2 continues on next page)
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(Table 2 continues on next page)
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significantly skewed and, therefore, we used a Box-Cox 
power transformation (λ=0·25), which succeeded in 
approximating normality. This trial is registered with 
ClinicalTrials.gov, number NCT01838863.

Role of the funding source
The funder of the study had no role in the study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 

access to all the data in the study and had final 
responsibility for the decision to submit for publication. 

Results
From April 1, 2014, to March 31, 2017, 144 patients were 
randomly assigned to the study groups by paramedics 
(figure). The as-treated analyses involved 125 patients 
(65 in the plasma group and 60 in the control group). The 
main reasons for exclusion were age younger than 

Plasma group (n=65) Control group (n=60) Effect size (95% CI)* p value

Clinical outcome

Mortality at 28 days† 10 (15%) 6 (10%) 1·54 (0·60 to 3·98) 0·37

Mortality at 24 h 8 (12% ) 6 (10%) 1·23 (0·45 to 3·34) 0·68

Acute lung injury within 28 days 28 (43%) 30 (50%) 0·86 (0·59 to 1·26) 0·44

Multiple organ failure within 28 days 
(Denver score >3)

4 (6%) 1 (2%) 3·69 (0·42 to 32·11) 0·37

Composite outcome (multiple organ 
failure or death) at 28 days‡

14 (21%) 7 (12%) 1·85 (0·80 to 4·26) 0·14

Ventilator-free days 26 (11 to 28) 26 (18 to 28) 0 (–1·00 to 0) 0·35

Intensive-care-free days 23 (7 to 26) 24 (17 to 26) 0 (–3·00 to 1·00) 0·49

Physiology and shock

SBP on arrival (mm Hg) 96 (80 to 110) 90 (72 to 111) 5·00 (–6·00 to 15·00) 0·38

Heart rate on arrival (bpm) 105 (76 to 124) 111 (92 to 128) –6·00 (–17·00 to 4·00) 0·23

Haemoglobin concentration on arrival 
(g/dL)

12·6 (11·3 to 14·7) 13·5 (11·9 to 14·7) –0·30 (–1·10 to 0·50) 0·50

Lowest haemoglobin concentration in 
1–6 h (g/dL)

11·3 (9·6 to 12·6) 11·0 (9·1 to 12·8) 0·20 (–0·70 to 1·00) 0·67

Haemoglobin concentration <70 g/L 
in 1–6 h

3 (5%) 2 (3%) 0·41 (0·24 to 8·13) 1·00

Base deficit on arrival (mEq/L)‡ 9·0 (5·5 to 13·0) 8·8 (6·0 to 13·0) 0 (–2·70 to 2·00) 0·80

 Base deficit >10 mEq/L 21/51 (41%) 22/50 (44%) 0·94 (0·59–1·47) 0·77

Lactic acid concentration on arrival 
(mg/dL)‡

5·5 (3·9 to 8·5) 4·9 (3·2 to 7·0) 0·60 (–0·60 to 1·80) 0·30

Coagulation (on arrival at hospital)

INR on arrival† 1·27 (1·11 to 1·40) 1·15 (1·08 to 1·29) 0·60 (–0·01 to 0·14) 0·10

INR>1·3 28/63 (44%) 14/58 (24%) 1·84 (1·08 to 3·14) 0·02

Rapid thromboelastography

G (dynes/cm²)‡ 7·7 (6·2 to 8·9) 7·1 (5·4 to 9·7) 0·30 (–0·90 to 1·40) 0·66

Activated clotting time (s) 128 (113 to 136) 121 (113 to 136) 0 (–7·00 to 8·00) 0·76

Maximum amplitude (mm) 60·5 (55·5 to 64·0) 58·5 (52·0 to 66·0) 1·00 (–2·50 to 4·50) 0·67

Angle (°) 70·9 (66·1 to 76·1) 69·3 (63·2 to 74·4) 2·20 (–0·80 to 5·40) 0·16

LY30 (%) 1·3 (0·3 to 2·6) 1·6 (0·7 to 3·1) –0·20 (–0·90 to 0·30) 0·32

Hyperfibrinolysis (LY30 >3·0%) 14/56 (23%) 13/51 (25%) 0·91 (0·47 to 1·78) 0·78

Physiological lysis (LY30 0·9–3·0%) 25/56 (45%) 23/51 (45%) 0·99 (0·65 to 1·51) 0·96

Lysis shutdown (LY30 <0·9%) 18/56 (32%) 15/51 (29%) 1·09 (0·62 to 1·93) 0·76

Coagulation factor on arrival at hospital (% activity)

Fibrinogen on arrival (mg/dL) 195·0 (157·0 to 275·0) 222·0 (154·5 to 282·0) –10·00 (–30·00 to 48·00) 0·68

II 71·0 (57·0 to 88·0) 79·0 (65·0 to 92·0) –6·00 (–15·00 to 3·00) 0·14

V 64·0 (41·0 to 83·0) 69·0 (52·0 to 91·0) –7·00 (–20·00 to 5·00 0·32

VII 72·0 (56·0 to 94·0) 74·0 (52·0 to 94·0) 3·00 (–8·00 to 13·00) 0·61

VIII 283·4 (168·4 to 434·2) 355·2 (279·0 to 462·6) –71·70 (–148·00 to 2·00) 0·06

IX 121·0 (87·0 to 142·0) 135·0 (99·0 to 159·0) –11·00 (–30·00 to 2·00 0·36

XI 81·0 (58·0 to 127·0) 109·0 (72·0 to 135·0) –14·00 (–35·00 to 8·00) 0·21

XIII§ 0/47 2/41 (5%) 0·18 (0·01 to 3·54) 0·21

(Table 2 continues on next page)
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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, mul-
ticenter, 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 prothrombin-
time ratio was lower in the plasma group than in the standard-care group (1.2 [interquar-
tile 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.
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 prothrombin-
time ratio than standard-care resuscitation. (Funded by the U.S. Army Medical Research 
and Materiel Command; PAMPer ClinicalTrials.gov number, NCT01818427.)
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Prehospital Plasma during Air Medical Transport in Trauma 
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Table 2. Secondary Trial Outcomes.*

Outcome
Standard-Care Group 

(N = 271)
Plasma Group 

(N = 230)
Difference 
(95% CI)†

Observed 
P Value‡

Adjusted 
P Value§

24-hr mortality — no. (%) 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

Median total 24-hr volume of blood components transfused (IQR) — units 4 (2 to 16) 3 (0 to 10) 0.02 0.41

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

Median platelet transfusion volume at 24 hours (IQR) — units 0 (0 to 1) 0 (0 to 1) 0.22 >0.99

Median 24-hr volume of crystalloids infused (IQR) — ml 4500 (3000 to 6800) 4388 (2225 to 6320) 0.14 >0.99

Vasopressors received in first 24 hr — no. (%) 138 (50.9) 104 (45.2) −5.7 (−14.4 to 3.1) 0.21 >0.99

Multiorgan failure — no. (%) 156 (57.6) 145 (63.0) 5.4 (−3.1 to 14.1) 0.23 >0.99

Acute lung injury–acute respiratory distress syndrome — no. (%) 50 (18.5) 48 (20.9) 2.4 (−4.8 to 9.4) 0.50 >0.99

Nosocomial infection — no. (%) 49 (18.1) 46 (20.0) 1.9 (−4.9 to 8.8) 0.65 >0.99

Allergic reaction or transfusion-related reaction — no. (%) 1 (0.4) 5 (2.2) 1.8 (−0.2 to 3.8) 0.10 >0.99

Median initial prothrombin-time ratio (IQR)¶ 1.3 (1.1 to 1.6) 1.2 (1.1 to 1.4) <0.001 <0.001

Median initial results of rapid thromboelastography (IQR)∥

Activated clotting time — sec** 113 (101 to 136) 113 (97 to 132) 0.39 >0.99

K-time — min†† 1.9 (1.3 to 3.0) 1.8 (1.2 to 2.7) 0.17 >0.99

Alpha-angle — deg‡‡ 68.3 (59.1 to 73.9) 70.6 (62.1 to 75.2) 0.08 >0.99

Maximal amplitude — mm§§ 57.2 (48.6 to 63.2) 58.3 (49.1 to 63.6) 0.30 >0.99

LY30 — %¶¶ 2.0 (0 to 30.0) 1.3 (0 to 20.0) 0.38 >0.99

*  All transfusion and resuscitation volumes were totaled over the course of 24 hours beginning at the time of measurement of prehospital qualifying vital signs and enrollment; the 24-
hour volumes of plasma transfused do not include the volume of plasma intervention.

†  Differences are expressed as percentage points.
‡  Continuous variables were compared with the use of the Mann–Whitney U test, and categorical variables were compared with Fisher’s exact test.
§  Significance levels were adjusted with the use of a Bonferroni correction to account for multiple comparisons. Adjusted P values were calculated by multiplying the observed P value 

by the number of comparisons (27 tests, which included all the secondary outcomes and subgroup interactions).
¶  Data were unavailable for 29 patients in the standard-care group and 24 patients in the plasma group.
∥  Thromboelastography was used to assess the viscoelastic properties of blood samples obtained during the trial.
**  Activated clotting time is the time between the initiation of the test and the initial formation of fibrin and is longer when a patient has a clotting factor deficiency or severe hemodilution. 

Data were unavailable for 73 patients in the standard-care group and 66 patients in the plasma group.
††  K-time is the time that is needed to reach 20-mm clot strength and is generally longer when a patient has hypofibrinogenemia or a platelet deficiency. Data were unavailable for 72 patients 

in the standard-care group and 66 patients in the plasma group.
‡‡  Alpha-angle is the slope of the tracing that represents the rate of clot formation; the value decreases when a patient has hypofibrinogenemia or a platelet deficiency. Data were unavailable 

for 64 patients in the standard-care group and 60 patients in the plasma group.
§§  The maximal amplitude is the greatest amplitude of the tracing and reflects the contribution of platelets to clot strength. Data were unavailable for 63 patients in the standard-care 

group and 60 patients in the plasma group.
¶¶  LY30 is the percent reduction in amplitude 30 minutes after the maximal amplitude is reached; when elevated, it reflects a state of hyperfibrinolysis. Data were unavailable for 113 patients 

in the standard-care group and 98 patients in the plasma group.
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NON !
- TXA ? Pas enregistré …
- Cryoprecipité ? Pas enregistré …
- Anticoagulant / TIH …
- Balance Level 1 vs. 2/3 ?
- Mortalité 33% avec ISS < 25 ??
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No. at Risk
Plasma
Standard care

230
271

384
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179

144

183
194

192 240 288

172
181

480

169
173

576

168
172

672 720

168
172

Standard care

Plasma

0.25 0.50 4.002.001.00 10.00

Standard Care
Better

Plasma
Better

≥10 units packed red cells in 24 hr
No
Yes

≥4 units packed red cells in 24 hr
No
Yes

Prehospital packed red cells
No
Yes

Traumatic brain injury
No
Yes

Enrollment location
Scene
Referral emergency department

Mechanism of injury
Blunt
Penetrating

Prehospital transport time
Short
Prolonged

Vitamin K antagonist
No
Yes

Antiplatelet medication
No
Yes

Overall

Standard
Care Odds Ratio (95% CI)Plasma

No. of
PatientsSubgroup

0.61 (0.41–0.92)
1.67 (0.34–8.26)

0.53 (0.30–0.91)

0.58 (0.31–1.08)
0.60 (0.04–8.73)

0.51 (0.27–0.97)

0.63 (0.34–1.16)

1.09 (0.32–3.74)
0.57 (0.37–0.88)
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0.52 (0.32–0.84)

0.03 0.05 0.10

1.11 (0.50–2.47)

Adjusted
P Value for
Interaction

377
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14

338
38

481

63/198 (31.8)
26/63 (41.3)  

32/124 (25.8)
57/137 (41.6)

50/148 (33.8)
39/113 (34.5)

36/165 (21.8)
51/94 (54.3)  

76/203 (37.4)
11/56 (19.6)

83/220 (37.7)
6/41 (14.6)

41/131 (31.3)
48/130 (36.9)

32/186 (17.2)
2/8 (25.0)  

33/181 (18.2)
3/18 (16.7)

89/261 (34.1)

35/179 (19.6)
18/41 (43.9)

20/119 (16.8)
33/101 (32.7)
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17/59 (28.8)  

22/130 (16.9)
29/87 (33.3)  

40/170 (23.5)
13/49 (26.5)  
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6/38 (15.8)
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1/6 (16.7)  
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>0.99

>0.99
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>0.99

>0.99

>0.99

>0.99

>0.99
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no. of events/total no. (%)
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Prehospital Plasma during Air Medical Transport in Trauma Patients

To the Editor: Sperry and colleagues (July 26 
issue)1 suggested that prehospital transfusion of 
thawed plasma could improve survival in a hetero-
geneous group of injured patients, including pa-
tients who were taking anticoagulants or were 
referred from another hospital. We have some 
concerns about the trial.

First, there is no mention of the use of 
tranexamic acid or cryoprecipitate. However, inter-
national guidelines suggest the use of tranexam-
ic acid within the first 3 hours after injury and 
the maintenance of fibrinogen levels above 1.5 g 
per liter.2 The administration of either of these 
treatments may have influenced the results and 
should be reported.

Second, mortality was higher among patients 
in the standard-care group than has been report-
ed in the literature for patients with more severe 
injuries.3,4 For example, in a recent trial examin-
ing the role of prehospital administration of 
thawed plasma in a similar context,5 mortality at 
24 hours in the control group was 10%, as com-
pared with 22% in the trial by Sperry et al., 
whereas mortality in the plasma group was 
similar to that in previously published studies. 
This discrepancy may suggest a possible bias in 
the conduct of the study.
Jean-Stéphane David, M.D., Ph.D.
Centre Hospitalier Lyon-Sud 
Pierre Bénite, France 
js-david@  univ-lyon1 . fr

Pierre Bouzat, M.D., Ph.D.
Centre Hospitalier Universitaire Grenoble Alpes 
Grenoble, France

Dr. David and Dr. Bouzat report having received lecture fees 
and consulting fees from LFB. No other potential conflict of 
interest relevant to this letter was reported.
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The authors reply: The Prehospital Air Medical 
Plasma (PAMPer) trial was a pragmatic, multi-
center trial comparing the prehospital infusion 
of plasma with standard care in injured patients 
who were at risk for hemorrhagic shock.1 Because 
this intervention was initiated in the prehospital 
phase of care, we did not alter any other aspect of 
treatment during transport or after the patient’s 
arrival at a definitive trauma center. Participating 
trauma centers used tranexamic acid and cryo-
precipitate after arrival at the hospital in accor-
dance with their own respective standard-care 
guidelines. In the trial, we did not regulate or 
monitor the use of tranexamic acid or levels of 
fibrinogen.

Previous literature on traumatic injury shows 
a range of mortality rates, as a result of differ-
ences in the nature and severity of injuries and 
in the inclusion criteria used in the studies.2,3 
The recent trial of prehospital plasma by Moore 
et al.4 focused on ground transport and involved 
short prehospital times and a high proportion of 
penetrating traumatic injury. As evidenced by the 
overall differences in mortality rates between 
that trial and our trial, irrespective of whether 
they were in the plasma group or the standard-
care group, the cohorts differed and represented 
unique injured populations with different re-
sponses to the prehospital infusion of plasma.
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Prehospital fresh frozen plasma: Universal life saver or 
treatment in search of a target population?
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Recently within 2 days of each other, two of the leading medi-
cal journals published trials on the use of prehospital fresh frozen 
plasma (FFP) for trauma patients, reaching apparently different 
conclusions. In the New England Journal of Medicine article reporting 
om�|_;��u;_ovrb|-Ѵ��bu��;7b1-Ѵ��Ѵ-vl-�Ő����;uő�|ub-Ѵķ�"r;uu��;|�-Ѵ1 
found that two units of prehospital FFP was associated with an al-
lov|�ƐƏѷ�v�u�b�-Ѵ�-7�-m|-];ĺ��m�|_;��om|uoѴ�o=��-fou��Ѵ;;7bm]��=|;u�
$u-�l-�$ub-Ѵ�Ő�����$ő�u;rou|;7�bm�|_;��-m1;|ķ��oou;�;|�-Ѵ2 found 
that the same volume of plasma had no survival advantage.

The concept of prehospital plasma is in theory attractive. You 
have an injured individual who is likely to need plasma in the next 
few hours, so why not preemptively reduce the bleeding by adminis-
|;ubm]�rѴ-vl-�=buv|ĵ��m�blrou|-m|�bvv�;�|o�1omvb7;uķ�_o�;�;uķ�bv�|_-|�
at the injury scene the patient is not likely to be deficient in clotting 
factors yet. The prehospital transfusion of blood products has been 
shown to improve survival in US military combat casualties injured 
bm��=]_-mbv|-mĺ3

The normal range for clotting factors measured as percent of 
normal is approximately 50- 150 with a mean of 100. It follows, that 
the average individual can lose half their plasma volume and still 
have clotting factor levels in the normal range even after reconstitu-
|bom�o=�0Ѵoo7��oѴ�l;ĺ���l-fou�u;7�1|bom�bm�1Ѵo||bm]�=-1|ouv�1-m�o11�u�
in two relevant settings, firstly when there is marked hemodilution 
such as that following major fluid resuscitation and secondly due to 
consumption in the presence of disseminated intravascular coagula-
tion (DIC). With the exception of obstetric DIC at the time of deliv-
ery, this consumption is not usually so rapid to become a major issue 
in the prehospital management of trauma.

Fresh frozen plasma is obtained from whole blood donation or 
rѴ-vl-r_;u;vbvĺ�)_bѴ;� bm�|_;������$�|ub-Ѵ� |_;��vr;1b=��|_-|�|_;��
]-�;�|�o��mb|v�o=�-rruo�bl-|;Ѵ��ƑƔƏ�l��;-1_�o=��ķ�|_;�����;u�
investigators do not specify the volume of the two units they 

-7lbmbv|;u;7ĺ�$_;�����;u����-v�ru;|_-�;7�-m7�1o�Ѵ7�0;��r�|o�
Ɣ�7-�v�vbm1;�|_-�bm]ķ��_bѴ;�|_;������$�ruo7�1|��-v�1oѴѴ;1|;7�0��
plasmapheresis, frozen within 24 hours and thawed rapidly in special 
equipment before administration. In a study one of us was involved 
in, measuring clotting factor levels before and after administration of 
four units of optimally thawed FFP just before infusion, the increase 
bm�1Ѵo||bm]�=-1|ou�Ѵ;�;Ѵv��-v�ƖѷŊ�ƐƓѷĺ4 Based on the volume of FFP 
bm=�v;7� bm� |_;�����;u� -m7������$� v|�7b;vķ� |_;� bm1u;-v;� bm� =-1-
tor levels would be 7% at best. This suggests that if prehospital FFP 
provides benefit, it is unlikely that this is through the substitution of 
coagulation factors. Other modes of FFP benefit include protecting 
the endothelial glycocalyx and reducing vascular permeability and 
inflammation.5,6

);�1olr-u;7�|_;�����;u�-m7������$�|ub-Ѵv� Ѵoohbm]� =ou�7b=-
ferences in their design and conduct to shed light on the true ef-
fect of FFP, if any (Table 1). Of course, the simplest explanation for 
the difference in results could well be a combination of chance and 
Ѵo��ro�;u�=ou�|_;������$�v|�7�ķ�7�;�|o�Ѵo��;�;m|�u-|;�-m7�vl-ѴѴ�
v-lrѴ;�vb�;ĺ�$_;�1om|ub0�|bom�o=�|_;������$�|ub-Ѵ��m7;u�-�=b�;7�;=-
fect meta- analysis approach would have been <10%, and the pooled 
;v|bl-|;vķ� 7ub�;m� 0�� |_;� Ѵ-u];u� ����;u� v|�7�ķ��o�Ѵ7� _-�;� v_o�m�
a significant benefit for plasma administration at both 24 hours 
Ő�!�Ʒ�ƏĺѵƓķ�ƖƔѷ����ƏĺƓƑŊ�ƏĺƖѶő�-m7�Ɛ�lom|_�Ő�!�Ʒ�Əĺѵƕķ�ƖƔѷ����ƏĺƓѵŊ�
ƏĺƖѶőĺ���;m��m7;u� |_;�lou;�1omv;u�-|b�;�u-m7olŊ�;==;1|�-rruo-1_ķ�
the visual inspection of the forest plot (Figure 1) would support both 
the hypothesis the two trials observing a different effect (as their 
effect sizes lie on opposite sides of the identity line) and instead 
representing random variation of the same effect (as the confidence 
intervals do overlap). However, there are clear differences between 
the trials, starting from the choice of results to report and the modal-
ity used to report them. The entry criteria for the two trials were the 
same in terms of blood pressure and heart rate measurements, but 

$_bv�bv�-m�or;m�-11;vv�-u|b1Ѵ;��m7;u�|_;�|;ulv�o=�|_;��u;-|b�;��ollomv��||ub0�|bomŊ�om�oll;u1b-ѴŊ�o	;ub�v��b1;mv;ķ��_b1_�r;ulb|v��v;�-m7�7bv|ub0�|bom�bm�
any medium, provided the original work is properly cited, the use is non- commercial and no modifications or adaptations are made.
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$���� �ƐՊ�olr-ubvom�o=�|_;�����;u�-m7������$�|ub-Ѵv

����;u�|ub-Ѵ �����$�|ub-Ѵ

FFP Standard care FFP Saline

Patient characteristics

��l0;u 230 271 65 60

�];�l;7b-m�Ő�ő 44 46 33 32.5

Male (%) 71.3 73.8 80 85

Blunt injury 81.3 83.4 46 53

�uo|_uol0bm�|bl;�u-|bo�ou���!�om�
arrival at hospital

1.2 1.3 1.27 1.15

Injury severity

Prehospital intubation (%) 50 52 �o|�]b�;m

Prehospital red cells (%) 26.1 42.1 �o|�]b�;m

Transfused red cells in first 24 h (%) �o|�]b�;m 55 58

Injury severity score (median) 22 21 27

Operations in first 24 h (%) 71.7 80.1 �o|�]b�;m

Setting US air medical transport Denver, US ground transport

Median prehospital transfer time 
(min)

42 40 ƐƖ 16

Entry qualification ���ƺƖƏ�ll��]�rѴ�v�r�Ѵv;�ƻƐƏѶ�ou����ƺƕƏ ���ƺƖƏ�ll��]�rѴ�v�r�Ѵv;�ƻƐƏѶ�ou����ƺƕƏ

Randomization Cluster randomization to plasma or standard 
care at monthly intervals. Treating staff not 
blinded.

Individual randomization by the content of coolers. 
Treating staff not blinded

Intervention 2 units pre- thawed 
up to 5- day- old 
plasma

Standard care no fluid 
volume stipulated

2 units apheresis 
FFP approx 
ƔƏƏ�l�

�oul-Ѵ�v-Ѵbm;�-v�r;u�v|-m7-u7�
care (volume not same)

�u;_ovrb|-Ѵ�1u�v|-ѴѴob7�Ől�ő 500 ƖƏƏ 150 250

Outcome

24- h mortality (%) ƐƒĺƖ 22.1 12 10

28-  or 30- day mortality (%) 23.2 33 15 10

�����$ķ��om|uoѴ�o=��-fou��Ѵ;;7bm]��=|;u�$u-�l-�$ub-Ѵĸ��ķ�=u;v_�=uo�;m�rѴ-vl-ĸ�����;uķ��u;_ovrb|-Ѵ��bu��;7b1-Ѵ��Ѵ-vl-ĺ

 ��&!� �ƐՊ!-m7ol�;==;1|�l;|-Ŋ�-m-Ѵ�vbv�o=�lou|-Ѵb|��7-|-�=uol�|_;�����;u�-m7������$�|ub-Ѵvĺ���ķ�1om=b7;m1;�bm|;u�-Ѵĸ������$ķ�
�om|uoѴ�o=��-fou��Ѵ;;7bm]��=|;u�$u-�l-�$ub-Ѵĸ�����;uķ��u;_ovrb|-Ѵ��bu��;7b1-Ѵ��Ѵ-vl-�|ub-Ѵ

Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI

Odds ratioPre-hospital FFP Standard of care Odds ratio

1.1.1 --- 24 h
COMBAT
PAMPer
Subtotal (95% CI)
Total events
Heterogeneity: τ = 0.13; χ = 1.65, df = 1 (P = 0.20); I2 = 40%

1.1.2 --- 1 mo or hospital discharge
COMBAT
PAMPer
Subtotal (95% CI)
Total events
Heterogeneity: τ = 0.34; χ = 2.99, df = 1 (P = 0.08); I 2 = 67%
Test for overall effect: Z = 0.29 (P = 0.77)

8
32

40

65
230
295

6
60

66

60
271
331

28.8%
71.2%

100.0%

1.26 [0.41, 3.88]
0.57 [0.35, 0.91]
0.72 [0.35, 1.45]

Test for overall effect: Z = 0.93 (P = 0.35)

10
51

61

65
230
295

6
88

94

60
271
331

37.3%
62.7%

100.0%

1.64 [0.56, 4.82]
0.59 [0.40, 0.89]
0.87 [0.33, 2.27]
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EDITORIAL Open Access

Pre-hospital plasma transfusion: a valuable
coagulation support or an expensive fluid
therapy?
Christian Fenger-Eriksen1, Dietmar Fries2, Jean-Stephane David3, Pierre Bouzat4, Marcus Daniel Lance5,
Oliver Grottke6, Donat R. Spahn7, Herbert Schoechl8,9 and Marc Maegele10*

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 in-
clusion 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%

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 coagula-
tion 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 cli-
nical benefit for plasma on the sequalae of hypovolaemic-
haemorrhagic 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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Effects of modification of trauma bleeding management: A before
and after study

Cécile Guth c, Olivia Vassal a,b, Arnaud Friggeri a,b, Pierre-François Wey c, Kenji Inaba d,
Evelyne Decullier e, François-Xavier Ageron f, Jean-Stéphane David a,b,c,*
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c Service de Santé des Armées, Hôpital d’Instruction des Armées Desgenettes, Department of Anaesthesiology and Critical Care Medicine, 69003 Lyon, France
d Division of Trauma and Critical Care, Department of Surgery, LAC + USC Medical Center, University of Southern California, Los Angeles, California, USA
e Pole Information Medicale Evaluation Recherche, Hospices Civils de Lyon, Université Claude Bernard Lyon 1, 69003 Lyon, France
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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 administra-
tion 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,

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 individual-
ised 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].
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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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Change of transfusion and treatment paradigm in major trauma
patients
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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 goal-
directed coagulation management; admission of patients to designated trauma centres; whole-body computed tomog-
raphy 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 emer-
gency 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-

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 plate-
let concentrates at a fixed-ratio [6], or administration of
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thromboplastin 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).

2.8. Statistical analysis

Results are expressed as median [interquartile range] or
number (%) with 95% confidence interval (95% CI). Normality of
the distribution was tested using the Kolmogorov-Smirnov test.

The Mann-Whitney U-test and Student t-test were used for
continuous variables as appropriate. Statistical differences
between groups were evaluated by x2 test or by Fisher exact
test when appropriate. A 2-tailed P < 0.05 was considered
significant. In the whole cohort, data were missing for SBP, GCS,
BE, lactate, PT, fibrinogen, haemoglobin and platelet. However, the
incidence of missing data was less than 10% except in Period 1 for
the GCS and BE, that were missing respectively in 45% and 25% of
the case.

Univariate logistic regression models were performed with MT
or mortality (at 24 hours and at day 28) as the dependent variable.
Variables that were significantly associated with mortality at the
level P < 0.05 were entered into stepwise logistic regression
analysis to identify those variables that were independent
predictors of mortality or MT. Odds ratios (ORs) and 95% CI were
calculated. Calibration of the model was assessed using Hosmer-
Lemeshow statistics. We used Mahalanobis metric matching within
propensity score caliper to build a controlled match group. We
matched one-by-one Period 1 and Period 2 patients according to
the closest Mahalanobis distance using propensity score as caliper.
Propensity score was estimated by the equation of logistic
regression including Age, initial SBP, initial GCS and ISS. We
selected covariables in a parsimonious way including well-known
confounders. We were careful to include only baseline covariables.
Statisticians subsequently reviewed statistical methods and
results. All statistical tests were performed using commercially
available statistical software (NCSS 9 Statistical Software (2013).
NCSS, LLC. Kaysville, Utah, USA; MedCalc 14, Ostend, Belgium) and
Stata software (Stata 14.0; Stata Corp, College Station, Tx, USA).

3. Results

A total of 372 patients were included (190 in Period 1 and 182 in
Period 2, Fig. 1). Patients in Period 2 had a higher ISS, more

Fig. 2. Algorithm used in Period 2.
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frequently sustained a severe TBI and conventional coagulation
tests showed a lower fibrinogen level at admission (Table 1).
ROTEM1 analysis at admission showed for the patients in Period
2 the following characteristics: (median [IQR]) for the EXTEM (CT:
79 s [62–117]; MCF EXTEM: 54 mm [46–59]; ML EXTEM: 4 [2–6])
and FIBTEM (MCF: 7 mm [4–10]).

We matched 102 patients in Period 2 with 102 patients in
Period 1. Standardized differences for each covariable between
group before and after matching were significantly reduced.
Standardised difference for ISS was reduced from 27% to 2%, for Age
from 18% to 5%, for SBP from 11% to 7% and for GCS from 6% to 0%.
After matching, only the platelet number was different among
groups (Table 2).

3.1. Blood products and TXA administration during the first 24 hours

TXA was given to 171 patients (95%) in Period 2, 109 (61%) in
the prehospital phase and 62 (39%) at admission.

Patients in Period 2 received significantly less RBC, FFP and
platelet but more PCCs and fibrinogen concentrates leading to an
increase of the FIB:RBC ratio and the total FIB:RBC ratio (including
fibrinogen from the FFP) (Table 2). The FFP: RBC ratio was not
significantly different but significantly fewer patients received a
combination of FFP and RBC in Period 2 (Table 2). After matching,
the same results were observed.

When the comparison was made according to the ISS or in case
of shock (lactate > 3.9 mmol/L-1), these differences were also
observed for the RBC, FFP, platelet and fibrinogen concentrates
(Fig. 3).

3.2. Massive Transfusion

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).

After matching, MT was observed for 3 patients (3%) in Period
2 as compared to 35 patients (34%) in Period 1 (odd ratio (OR): 5.39
(95% CI (95% confidence interval): 1.08–2.29, P < 0.001).

3.3. Outcome

Survival at 24-hours was not different between groups (Table
1). Regression analysis showed that after adjustment, independent
predictors of survival at 24-hours were base deficit, ISS, and
GCS < 9 but not Period 1 (OR: 1.46 (95% CI: 0.69–3.11), P = 0.326).
The same result was observed on matched data.

Survival at day-28 was not different between groups (Table 1).
However, stepwise regression analysis showed that the variable
‘‘Period 1’’ was an independent predictor of death as well as the
following parameters: age, GCS < 9, ISS and the base deficit (Table
4). However, after matching, there was no significant difference
between groups.

3.4. Comparison of blood products and CFC Cost between groups

The mean (! standard deviation) overall cost, including blood
products and CFC was not different between study groups:
3190 ! 3448 euro (Period 1) vs. 3126 ! 2142 euro (Period 2,
P = 0.861). The cost of blood products only was diminished in Period
2 (939 ! 1468 s vs. 2394 ! 2531 s, P < 0.001) but it was associated
with an increase to the cost of CFC (2192 ! 2367 s vs. 796 ! 1243 s,
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).

4. Discussion

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

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) 35 [22-54] 37 [24–54] 39 [25–53] 38 [25–53]
Sex male 144 (76) 76 (75) 129 (71) 71 (70)
SBP (mmHg) 105 [85-120] 109 [85-126] 106 [84–125] 107 [90–120]
GCS 13 [3–15] 13 [3–15] 11 [3–15] 13 [3–15]
GCS < 9 47 (26) 42 (41) 78 (43)* 39 (38)

Injury characteristics
Injury severity Score 28 [18–38] 28 [18–38] 30 [24–45]* 29 [22–38]
Blunt trauma 170 (89) 95 (93) 169 (93) 94 (92)

Trauma mechanism
MVC 102 (54) 57 (56) 86 (47) 55 (54)
Pedestrian 14 (7) 8 (8) 23 (13) 8 (8)
Fall from a Height 44 (23) 24 (24) 48 (26) 28 (27)
Other 10 (5) 6 (6) 12 (7) 3 (3)
GSSW 12 (6) 4 (4) 11 (6) 6 (6)
Other penetrating 8 (4) 3 (3) 2 (1) 2 (2)

Outcome
ICU LOS (days) 3 [1–9] 4 [1–17] 3 [1–13] 3 [1–12]
Survival at 24 hours 161 (85) 90 (88) 141 (77) 85 (83)
Survival at day 28 130 (68) 68 (50) 115 (63) 69 (50)

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:
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.
unmatched patients in Period 2.
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administration and Damage Control Resuscitation. As well, we
observed an improvement in survival at day-28 but not at 24-
hours, and a decrease to the overall cost of blood products and CFC
after matching.

For over a decade, thromboelastometry has been used to guide
haemostatic treatment in a wide range of clinical situations such as
liver transplantation, cardiac surgery, post-partum haemorrhage
and trauma [16,17]. It has been advocated, in trauma patients, as a
method of early and accurate diagnosis of the coagulopathy and
has been associated with a decrease in BP administration, as
reported herein. A decrease of BP use was previously reported [6–
8]. However, in these studies, the authors reported the effect of the
association of ROTEM1 analysis and CFC versus FFP and
conventional coagulation test. In our study, in both group, CFC
were used and we observed that the use of the ROTEM1 in Period
2 leaded to an increase of fibrinogen concentrates administration
and then to the FIB:RBC ratio. Fibrinogen concentrates is currently
used as the first-line haemostatic agent in our trauma centre for
TIC management, which is in agreement with what has been
recently reported by Innerhofer et al. [8,18]. It is suggested that
increasing clot firmness by administering fibrinogen concentrates
may help to decrease bleeding, reduce blood product consumption
and the rate of MT. A significant reduction of MT was recently
reported in a randomised study and in a before and after study
[8,19]. In both studies, factor XIII has been used but contrary to
what has been reported in these studies, we observed a similar or
even greater reduction in MT without its administration and with
the use of FFP, even though the administration of FFP was
dramatically reduced [8,19,20]. However, the reduction of blood
products use cannot be solely attributed to TGHT and is probably
also in relation with implementation of TXA administration and
DCR, including massive transfusion protocols (MTP). For example,

it has been shown that following implementation of MTP, a
decrease of BP use can be observed [21]. As well, Cotton BA et al.
have shown that DCR is associated with a reduction in BP use in
Damage Control laparotomy patients [22].

The second finding of this study was the improvement of
survival at day-28. The interpretation of this result is complex
because an improvement of prognosis has been shown for each
components of the bundle of care implemented in this study
[9,10,22,23]. Damage control resuscitation that includes permis-
sive hypotension, low volume resuscitation and Damage Control
Surgery is currently recommended as standard of care in bleeding
trauma patients and by itself improve the outcome [4,24]. As well,
a survival advantage has been demonstrated for TXA use and its
administration in the first three hours after an injury is currently
recommended [4,10]. Moreover, the safety and effectiveness of
TXA has been recently confirmed in a meta-analysis [25]. As
recommended, a vast majority of patients in Period 2 received TXA.
Therefore, we cannot exclude that the large administration of TXA
in Period 2 may have contributed to our results, as in the RETIC
study [8]. Recently, an improvement in survival has been reported
with TGHT, as compared to CCT guided haemostatic treatment, in a
population of injured patients meeting criteria for MTP activation
[9]. In this trial, where the authors did not show any difference in
blood products administration, it was suggested that TGHT
allowed for more judicious use of blood products that were given
earlier in patients in the TEG group than in the CCT group. It should
nevertheless be note that patients in this study had received only a
very low amount of fibrinogen (cryoprecipitate), which is quite
different than European practices and findings from the present
study. We observed an improvement of survival at day 28 and not
at 24-hours. This result is difficult to explain, but it is conceivable
that the decrease in the number of blood products administered

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) 6.2 [3.7–11.7] 6.6 [3.9–12.1] 8.0 [4.9–13.4] 7.4 [5.2–11.7]
Lactate (mmol/L-1) 3.1 [2.1–6.6] 3.3 [2.1–6.8] 3.3 [2.1–5.9] 3.2 [2.0–5.0]
PTratio 1.3 [1.1–1.7] 1.3 [1.1–1.7] 1.4 [1.2–1.6] 1.3 [1.2–1.6]
Fibrinogen (g/L-1) 1.6 [0.9–2.2] 1.6 [0.9–2.2] 1.5 [0.9–1.8]* 1.6 [1.1–2.0]
Hemoglobin (g/dL-1) 10.6 [8.6–12.3] 10.6 [8.5–12.3] 10.1 [8.7–12.3] 11.0 [9.1–12.6]
Platelet (109/L-1) 176 [123-233] 169 [130-225] 188 [146-227] 197 [151-241]z

Blood products administered
RBC (U) 6 [3–12] 6 [2–12] 2 [1–5]b 2 [0–4]a

n (%) 181 (95) 96 (94) 137 (75)b 72 (71)a

FFP (U) 4 [2–9] 5 [2–9] 0 [0–2]b 0 [0–2]a

n (%) 163 (86) 84 (82) 60 (33)b 28 (27)a

Platelets (U) 0 [0–4] 0 [0–4] 0 [0–0]b 0 [0–0]a

n (%) 76 (40) 39 (38) 33 (18)b 17 (17)a

FibCon (g) 0 [0–3] 0 [0–3] 3 [2–5]b 3 [2–5]a

n (%) 76 (40) 46 (45) 153 (84)b 85 (83)a

Total Fibrinogen (g) 2.4 [1.2–5.7] 2.9 [1.2–6.5] 3.0 [1.5–6.0] 3.0 [1.5–4.5]
n (%) 168 (88) 86 (84) 158 (87) 88 (86)
PCCs (UI) 1000 [900–1500] 1000 [875–1125] 2000 [1500–2000]b 2000 [1500–2000]a

n (%) 10 (5) 6 (6) 37 (20)b 16 (16)a

FFP:RBC ratio 0.8 [0.5–1.0] 0.9 [0.6–1.0] 0.7 [0.5–1.0] 0.8 [0.6–1.0]
n (%) 155 (82) 78 (76) 55 (30)b 26 (25)a

FIB:RBC ratio 0.3 [0.2–0.5] 0.3 [0.2–0.5] 1.1 [0.8–1.5]b 1.1 [0.8–1.5]a

n (%) 74 (39) 45 (44) 109 (60)b 55 (54)
Total FIB:RBC ratio 0.4 [0.3–0.7] 0.5 [0.4–0.8] 1.3 [0.9–1.6]b 1.4 [0.9–1.5]a

n (%) 159 (84) 80 (78) 113 (62) 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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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
2 were more severely injured. It should also be observed that these
results did not take into account the cost of consumables material
for conventional coagulation tests or ROTEM1 analysis. However,
as compared to the costs of blood products or factor concentrates,
the cost of biological testing is probably negligible and would
probably not have change the results. For example, the cost of CCT
is actually 14 euros as compared to 19 euros for VET analysis.

4.1. Limitations

Our study had several limitations. First, the present study was
not randomised and reporting bias may have been induced
because data from the first period were collected retrospectively
from the patient’s charts, whereas data from the second period
were collected via standardised forms. Second, between the
2 study periods, multiple changes were introduced into clinical
practice and it is not possible to determine the individual impact of
each one. Only a randomised study would allow this to be done or,
more pragmatically, a study comparing contemporary periods.
Third, fibrinogen concentrates are not available everywhere which
limits the extrapolation of the results. It is also important to note
that in the first period of the study, the lower threshold (1.0–1.5 g/
L-1) for the correction of fibrinogen deficit may have explained at
least in part of the lower rate of fibrinogen concentrates
administration. As well, fibrinogen concentrates were not imme-
diately available in the trauma resuscitation unit contrary to the
second period of time. This may have contributed to the results

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].

5. Conclusion

In this study, 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 and need for MT as well as
survival improvement. These results will nevertheless have to be
confirmed by prospective studies.
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Stepwise regression analysis for massive transfusion.

OR 95% CI AUC P OR 95% CI P

Univariate analysis Multivariate analysis

Period 1 (yes) 5.39 2.93-9.92 0.686 < 0.001 Period 1 (yes) 25.92 9.66–69.51 < 0.001
Injury severity score 1.06 1.04-1.08 0.723 < 0.001 Injury severity Score 1.06 1.03–1.10 < 0.001
Base deficit 0.88 0.84-0.92 0.732 < 0.001 Base deficit 0.88 0.83–0.94 < 0.001
Hemoglobin 0.98 0.97-0.99 0.662 < 0.001 Hemoglobin 0.97 0.96–0.99 < 0.001
SBP < 90 mmHg (yes) 3.27 1.94-5.51 0.634 < 0.001 –
PTratio > 1.2 (yes) 4.17 2.16-8.07 0.641 < 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 P OR 95% CI P

Univariate Analysis Multivariate analysis

Period 1 (yes) 0.79 0.52-1.22 0.529 0.196 Period 1 (yes) 2.12 1.06-4.24 0.033
Age 1.02 1.00-1.03 0.574 0.004 Age 1.04 1.02-1.08 < 0.001
GCS < 9 12.67 7.50-21.39 0.775 < 0.001 GCS < 9 (yes) 14.48 6.92-30.30 < 0.001
Injury severity score 1.10 1.07-1.12 0.806 < 0.001 Injury severity Score 1.05 1.02-1.08 0.002
Base deficit 0.85 0.82-0.89 0.741 < 0.001 Base deficit 0.86 0.81-0.91 < 0.001
SBP < 90 mmHg (yes) 2.63 1.65-4.18 0.604 < 0.001 -

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.
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Après appariement, cout période 2 < période 1 : 2370 ± 2126 euro vs. 3284 ± 3812 euro, P: 0.036

Etude randomisée à construire : Mortalité / Morbidité !

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 time (PT), 
platelet counts and Clauss fibrinogen level] 
and/or point-of-care (POC) PT/international 
normalised ratio (INR) and/or a viscoelastic
method (VEM) (Grade 1C) 
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Abstract

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.

Results: Advances in our understanding of the pathophysiology of post-traumatic coagulopathy have supported
improved management strategies, including evidence that early, individualised goal-directed treatment improves
the outcome of severely injured patients. The overall organisation of the current guideline has been designed to
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
rather than related to 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 improvement can be achieved through education and the establishment of and adherence to local
clinical management algorithms.

Conclusions: A multidisciplinary approach and adherence to evidence-based guidance are key to improving patient
outcomes. If incorporated into local practice, these clinical practice guidelines have the potential to ensure a uniform
standard of care across Europe and beyond and better outcomes for the severely bleeding trauma patient.
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Gaëtane Roquet
Guillaume Marcotte
Jean-Stephane David

Surgical fixation of rib fractures in chest wall
trauma

Received: 21 January 2015
Accepted: 26 January 2015
Published online: 6 February 2015
! Springer-Verlag Berlin Heidelberg and ESICM 2015

J.-M. Maury ()) ! G. Roquet
Departement of Thoracic Surgery, Lung and Heart-Lung
Transplantation, Hospices Civils de Lyon, Lyon, France
e-mail: jean-michel.maury@chu-lyon.fr

G. Marcotte
Trauma and Emergency Surgery Unit, Department of Anesthesia
and Critical Care, Edouard Herriot Hospital, Hospices Civils de
Lyon, Lyon, France

J.-S. David
Trauma and Emergency Surgery Unit, Department of Anesthesia
and Critical Care, Lyon Sud Hospital, Hospices Civils de Lyon,
69495 Pierre Benite Cedex, France

A 42-year-old male pedestrian was admitted to our trauma
center after being hit by a car. His medical history re-
ported chronic alcohol intoxication and a 30-pack-year
tobacco use with COPD II and emphysema.

Clinical findings were a Glasgow Coma Scale (GCS)
score of 15, sinus tachycardia with 85 % oxygen
saturation on air and bilateral disappearance of breath
sound. A body CT scan with 3D reconstruction revealed
facial fracture, right pneumothorax with multiples rib
fractures [from 2 to 8 on the right side with flail chest
(Fig. 1a) and chest wall deformation (Fig. 1b)]. An in-
traoperative view showed the chest wall deformation
(Fig. 1c). Right chest wall stabilization was performed
using plates from MatrixRIBTM (DePuy Synthes) from
rib 2 to 8 without chest wall opening (Fig. 2a), in as-
sociation; video thoracoscopy was performed to allow
pleural toilet and clot removal. The postoperative chest

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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Observing pneumothoraces: The 35-millimeter rule is safe
for both blunt and penetrating chest trauma

Savo Bou Zein Eddine, MD, Kelly A. Boyle, MD, Christopher M. Dodgion, MD, MSPH, MBA,
Christopher S. Davis, MD, MPH, Travis P. Webb, MD, MHPE, Jeremy S. Juern, MD, David J. Milia, MD,

Thomas W. Carver, MD, Marshall A. Beckman, MD, Panna A. Codner, MD,
Colleen Trevino, PhD, and Marc A. de Moya, MD, Milwaukee, Wisconsin

BACKGROUND: As more pneumothoraxes (PTX) are being identified on chest computed tomography (CT), the empiric trigger for tube thoracostomy
(TT) versus observation remains unclear. We hypothesized that PTXmeasuring 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 patients diagnosed with PTX by chest CT between January 2011 and December 2016.
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,
a cutoff of 35mmon the initial CTwas used to dichotomize the groups. Failure of observationwas defined as the need for a delayed
TT during the first week. A univariate analysis was performed to identify predictors of failure in both groups, andmultivariate analysis
was constructed to assess the independent impact of PTX measurement on the failure of observation while controlling for demo-
graphics and chest injuries.

RESULTS: Of the 1,767 chest trauma patients screened, 832 (47%) had PTX, and of those meeting inclusion criteria, 257 (89.0%) were suc-
cessfully observed until discharge. Of those successfully observed, 247 (96%) patients had a measurement of 35 mm or less. The
positive predictive value for 35mm as a cutoff was 90.8% to predict successful observation. In the univariant analyses, rib fractures
(p = 0.048), Glasgow Coma Scale (p = 0.012), and size of the PTX (≤35mm or >35mm) (P < 0.0001) were associated with failed
observation. In multivariate analysis, PTXmeasuring 35 mm or less was an independent predictor of successful observation (odds
ratio, 0.142; 95% confidence interval, 0.047–0.428)] for the combined blunt and penetrating trauma patients.

CONCLUSION: A 35-mm cutoff is safe as a general guide with only 9% of stable patients failing initial observation regardless of mechanism.
(J Trauma Acute Care Surg. 2019;86: 557–564. Copyright © 2019 American Association for the Surgery of Trauma. All
rights reserved.)

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

T he incidence of pneumothoraxes (PTX) among injured pa-
tients 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

Computed tomography scanning is routine in the evaluation
of both blunt and penetrating traumas. Although this imaging may
have strengthened physicians' decisions and subsequent man-
agement, 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 op-
tion of observing hemodynamically patients with PTX.1,12–19

With few trials in the literature,1,18,19 routine TT remains a contro-
versial topic. Using the deMoya scoring system,20 Cropano et al21

conducted a study in 2015 on 165 patients concluding that the di-
chotomization of PTXmeasurement 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
operating characteristic curve of 0.090 in predicting successful
observation with a negative predictive value of 95.7%.

Tube thoracostomy comes with its own morbidities and
complications,22,23 sometimes reaching rates as high as 22%
5,8,24 even when performed by experienced clinicians. They
range from pain, wrong placement, exacerbating empyema for-
mation, retained hemothorax/PTX, to longer hospital and intensive
care unit (ICU) stays, and, finally, post removal complications.
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BACKGROUND: As more pneumothoraxes (PTX) are being identified on chest computed tomography (CT), the empiric trigger for tube thoracostomy
(TT) versus observation remains unclear. We hypothesized that PTXmeasuring 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 patients diagnosed with PTX by chest CT between January 2011 and December 2016.
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,
a cutoff of 35mmon the initial CTwas used to dichotomize the groups. Failure of observationwas defined as the need for a delayed
TT during the first week. A univariate analysis was performed to identify predictors of failure in both groups, andmultivariate analysis
was constructed to assess the independent impact of PTX measurement on the failure of observation while controlling for demo-
graphics and chest injuries.

RESULTS: Of the 1,767 chest trauma patients screened, 832 (47%) had PTX, and of those meeting inclusion criteria, 257 (89.0%) were suc-
cessfully observed until discharge. Of those successfully observed, 247 (96%) patients had a measurement of 35 mm or less. The
positive predictive value for 35mm as a cutoff was 90.8% to predict successful observation. In the univariant analyses, rib fractures
(p = 0.048), Glasgow Coma Scale (p = 0.012), and size of the PTX (≤35mm or >35mm) (P < 0.0001) were associated with failed
observation. In multivariate analysis, PTXmeasuring 35 mm or less was an independent predictor of successful observation (odds
ratio, 0.142; 95% confidence interval, 0.047–0.428)] for the combined blunt and penetrating trauma patients.

CONCLUSION: A 35-mm cutoff is safe as a general guide with only 9% of stable patients failing initial observation regardless of mechanism.
(J Trauma Acute Care Surg. 2019;86: 557–564. Copyright © 2019 American Association for the Surgery of Trauma. All
rights reserved.)

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

T he incidence of pneumothoraxes (PTX) among injured pa-
tients 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

Computed tomography scanning is routine in the evaluation
of both blunt and penetrating traumas. Although this imaging may
have strengthened physicians' decisions and subsequent man-
agement, 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 op-
tion of observing hemodynamically patients with PTX.1,12–19

With few trials in the literature,1,18,19 routine TT remains a contro-
versial topic. Using the deMoya scoring system,20 Cropano et al21

conducted a study in 2015 on 165 patients concluding that the di-
chotomization of PTXmeasurement 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
operating characteristic curve of 0.090 in predicting successful
observation with a negative predictive value of 95.7%.

Tube thoracostomy comes with its own morbidities and
complications,22,23 sometimes reaching rates as high as 22%
5,8,24 even when performed by experienced clinicians. They
range from pain, wrong placement, exacerbating empyema for-
mation, retained hemothorax/PTX, to longer hospital and intensive
care unit (ICU) stays, and, finally, post removal complications.
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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. 

Therefore, there is a need to minimize the use of TT as routine
management of all traumatic PTX, limiting it to patients with an-
ticipated deterioration.

Based on our previous work, the purpose of this study is to
determine whether the 35-mm rule is valid for observation man-
agement in both blunt and penetrating trauma.

MATERIALS AND METHODS

This is a single-center retrospective chart review of trauma
patients admitted to a Level I trauma center over the period of
5 years (January 2011 to December 2016). The trauma registry
was reviewed to identify patients.We included all patients 18 years
and older who had a chest CT at the time of admission. We ex-
cluded patients who had no CT performed at the time of admis-
sion, had an ipsilateral hemothorax or hemopneumothorax, had
a TT inserted before doing a chest CT. Patients whowere mechan-
ically ventilated during their index admission were also excluded.
Chest CT was reviewed for all included patients to identify and
measure the size of the PTX. The measurement was performed
by taking the radial distance—in millimeter—between the parietal
and visceral pleura/mediastinum in a line perpendicular to the
chest wall on axial imaging of the largest air pocket. Measure-
ments were then categorized into those 35 mm or less and those
greater than 35 mm (Fig. 1).

The management of each case was categorized into those
who were observed and those who underwent immediate TT.
Observation was determined to be no interventionwithin 4 hours
of presentation to the emergency department (ED). The primary
outcome was the successful observation of PTX. Failure of ob-
servation was defined as a need for delayed TT or the need for
secondary inventions like video-assisted thoracoscopic surgery,
intrapleural tissue plasminogen activator, or thoracotomy. De-
layed TTwas either due to expansion of the PTX detected on im-
aging, developing pleural effusion, hemothorax, or tension PTX,

Figure 1. An example on PTX size measurement (performed by
taking the radial distance—in millimeters—between the parietal
and visceral pleura/mediastinum).

Figure 2. Flow diagram of included patients with 4-hour cutoff for observation consideration.
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who were put on mechanical ventilation during their index ad-
mission. The remaining 336 patients were included in this study.

Themean agewas 41.5 years (± SD 18.9 years), and 94.3%
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.
Three hundred twenty-two (95.8%) of the patients had a Glasgow
Coma Scale (GCS) score of 13 to 15. The median measurement
of the PTX is 10.4 mm (interquartile range [IQR], 5.4–21.1) with
293 (87.2%) PTX measuring 35 mm or less. The median length
of stay was 4 days (IQR, 2.0–7.0 days) (Table 1).

A total of 47 patients received immediate TT (within
4 hours of presentation). Two hundred fifty-seven (89%) patients
were successfully observed for more than 4 hours. Two hundred
seventy-two (94%) patients had a measurement of 35 mm or less,
of which 25 (9%) patients failed observation. Of the 17 patients
who had a measurement greater than 35mm, 41% failed observa-
tion. Reasons for failing observation in 37.5% of the patients were
due to progression detected on radiologic imaging and in 12.5%
of the patients due to developing pleural effusion, hemothorax,
or tension PTX. Five (15.6%) patients had reported physiological
deterioration before TT. The reason for delayed TTwas unclear in
11 (34.4%) patients. Of the 336 patients, 8 (2.4%) patients re-
quired a secondary intervention (Table 2).

The positive predictive value of predicting successful
observation for those 35 mm or less was 90.8%. The negative
predictive value was 41.2% (Fig. 2 and Table 1).

On the univariate logistic regression, PTX measurement
category (≤35 mm vs. >35 mm) (P < 0.0001), GCS (p = 0.012),
and number of rib fractures (p = 0.048) were significant predic-
tors for failing observation (Table 1). However, when controlling
for other variables, multivariate logistic regression analysis re-
vealed that only PTXmeasurement of 35 mm or less was signif-
icant (odds ratio, 0.142; 95% confidence interval, 0.047–0.428)
in predicting successful observation (Table 3).

DISCUSSION

The optimal management of PTX incidentally found on
CT remains debatable. Advanced Trauma Life Support guidelines

recommend placing a TT for all traumatic pneumothoraces to
avoid the possibility of developing a tension PTX.25 However,
with the absence of unified guidelines, a balance of the benefits
and risks of placing a TT should be the key in directing clinicians'
management in an attempt of sparing avoidable morbidities and
even mortality.

Case reports of successful observation of PTX in stable
patients are reported in the literature. Ryan et al.26 reported the
spontaneous resolution of a “large” right-sided traumatic PTX
treated atypically without placing a TT. Claiming to be the sec-
ond case report in the literature, Idris and Hefny27 reported, in
2016, a spontaneous resolution of a PTX estimated to be around
600 mL of air on CT imaging after a conservative management.
Both case reports askedwhether current traumatic pneumothoraces
management guidelines and recommendations for TT should be
revisited.

A prospective American Association for the Surgery of
Trauma multicenter study was conducted by Moore et al. in
201116 to address the factor that might predict failing observation
in blunt trauma patients. After analyzing the data of 569 blunt
trauma patients recruited from 16 centers, the study concluded
that progression and respiratory distress are independent predic-
tors of failing observation and added that most blunt trauma pa-
tients with occult PTX can be observed. However, there was no
standard approach in the institutions involved in this study and
therefore may have weakened the association with size.

Our cumulative work devises an objective clinician-friendly
tool help guide management of traumatic PTX. This study adds
evidence of validity of the effectiveness of the 35-mm rule in ob-
serving hemodynamically stable patients with a low failure rate
of 9%. Stratifying patients based on a clear cutoff into thosewho
can be observed and those who are more likely to decompensate
implies better utilization of resources and avoidance of unneces-
sary procedures.

Compared with our previous study,20 this study includes a
bigger cohort with 336 patients compared with 165 patients.
Moreover, it validates the 35-mm rule at a different institution
with a different practice group. Concerning the study design,
the PTX size measurements were validated with two reviewers
to enhance internal validity. We included a homogenous patient
population with adding mechanical ventilation as an exclusion
criterion. Thus, we excluded a potential clinician bias that might
increase the tendency of placing a TT at a lower threshold. The
hospital length of stay as significantly different (p < 0.0001)
between the group that was successfully observed and the
group that failed observation. This might reflect the morbidities
accompanied with TT.

Given that the proposed algorithm in this study for PTX
management is not implemented at our institution and given
the retrospective nature of the study, there was large variability

TABLE 2. Management and Hospital Course, N = 336

Variables All Comers

Tube Thoracostomy (TT)
No 257 (76.5%)
Yes 79 (23.5%)

Time of TT after trauma median (IQR), h 3.0 (1.0–13.0)
Management

Initially observed (at most 4 h) 289 (86.0%)
Failed observation (n = 289) 32 (11.1%)
TTwithin 4 h 47 (14.0%)

Reason for TT after observation failure (n = 32)
Progression on imaging (CXR or CT scan) 12 (37.5%)
Physiologic deterioration 5 (15.6%)
Developing pleural effusion/hemothorax/tension PTX 4 (12.5%)
Unclear 11 (34.4%)

Need for 2° intervention after TT (n = 336)
No 328 (97.6%)
Yes 8 (2.4%)

TABLE 3. Multivariant Logistic Regression With Failure of
Observation as an Outcome, N = 289

Variable p OR [95% CI]

PTX measurement (≤35 mm as reference) 0.001 0.142 (0.047–0.428]
GCS 0.065 6.632 (0.889–49.483)
No. rib fractures 0.098 1.300 (0.953–1.774)
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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 re-
ported chronic alcohol intoxication and a 30-pack-year
tobacco use with COPD II and emphysema.

Clinical findings were a Glasgow Coma Scale (GCS)
score of 15, sinus tachycardia with 85 % oxygen
saturation on air and bilateral disappearance of breath
sound. A body CT scan with 3D reconstruction revealed
facial fracture, right pneumothorax with multiples rib
fractures [from 2 to 8 on the right side with flail chest
(Fig. 1a) and chest wall deformation (Fig. 1b)]. An in-
traoperative view showed the chest wall deformation
(Fig. 1c). Right chest wall stabilization was performed
using plates from MatrixRIBTM (DePuy Synthes) from
rib 2 to 8 without chest wall opening (Fig. 2a), in as-
sociation; video thoracoscopy was performed to allow
pleural toilet and clot removal. The postoperative chest

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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X-ray showed the restoration of the chest wall (Fig. 2b).
The patient was discharged from mechanical ventilation
at day 1 and admitted to a rehabilitation center at

day 18. At 6 months, clinical evaluation, respiratory
test, and CT scan (Fig. 2c) showed no residual pain, a
71 % FEV1, and no pseudoarthrosis.

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
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RIB FRACTURE FIXATION ?

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 in-
terest 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 fix-
ation 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 signif-
icantly 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.
KEYWORDS: Surgical rib fixation; traumatic rib fracture; mortality; propensity score matching.

R ib fracture is a common injury accounting for up to 10% of
trauma-related hospital admissions and the mortality rate of

patients who have fractured ribs reaches 33.3%.1 It often results
in severe acute respiratory failure, chronic pain, and chest defor-
mity or disability.2,3 Conservative treatments that include ade-
quate pain control, respiratory assistance, decreasing progressive
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 fixa-
tion aims to achieve early immobilization of fractured ribs to re-
duce pain and facilitate rapid return to prior functional state.
Previous studies have demonstrated that SRF is associated with
improved outcomes including lower mortality, lower complica-
tion 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

adjustment for confounders; thus, convincing results regarding
the efficacy of SRF for rib fracture are lacking. Surgical rib
fixation is not yet considered a form of standard management
nor is widely practiced.7 The aim of this study was to investigate
the effectiveness of SRF for rib fracture using a nationwide
trauma registry.

METHODS

Data Collection and Study Population
Data for this retrospective cohort study were obtained

from the Japan Trauma Data Bank (JTDB), which was estab-
lished in 2003 by the Japanese Association for the Surgery of
Trauma (Trauma Registry Committee) and the Japanese Associ-
ation for Acute Medicine (Committee for Clinical Care Evalua-
tions). The JTDB collects nationwide data on Japanese trauma
patients, including patient characteristics, emergency medical
service information, vital signs of patients at hospital arrival, in-
spection and treatment information, diagnostic codes using the
Abbreviated Injury Scale (AIS) and Injury Severity Score (ISS),8

and information regarding hospital discharge.
Between 2004 and 2015, 260 emergency hospitals, in-

cluding greater than 95% of tertiary emergency medical centers
in Japan, participated in the JTDB. Among all the patients re-
corded in the JTDB from2004 to 2015, adult patients (≥18years)
with an AIS code indicating rib fractures (450210.2, 450211.3,
450212.1, 450214.3, 450220.2, 450222.3, 450230.3, 450232.4,
450240.4, 450242.5, 450250.3, 450252.4, 450260.3, 450262.3,
450264.4, and 450266.5) after blunt injury were included in this
study. A total of 236,698 patients were registered in the JTDB
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- Japan Trauma Data Bank
- Critère jugement 1 : Mortalité Hospitalière

- Score de Propension 1:4

- 147 synthèse costale vs. 588 contrôles

- Mortalité Intra-Hospitalière : 
- 4,8 (synthèse) vs. 16,2% (contrôle) 

- Différence : -11,4 (95% CI : -14,8 to -8,0%)

- ARF : 1,4 vs. 3,5%*

- PNP : 7,5 vs. 7,1%, NS

- Atélectasie : 12,2 vs. 5,4%*

score matching. Significant interactions were observed among
patients dichotomized by sex, AIS score for the head, AIS score
for the abdomen, and presence of hemothorax and/or pneumo-
thorax. Therewere no significant interactions among patients di-
chotomized by age, presence of sternum fracture, and presence
of flail chest.

DISCUSSION

The results of this retrospective study suggest that SRF is
associated with a lower rate of in-hospital mortality for patients
with rib fracture.

Indications for performing SRF are controversial; there-
fore, many factors, including patient age, vital signs, the pres-
ence of preexisting diseases, cardiopulmonary status, severity
of trauma, the presence of concomitant injuries, and details of
rib fractures are considered when choosing the appropriate
patients for SRF.5,18,19 In this study, the goodness-of-fit
model to estimate propensity score for SRF was excellent,
with a c-statistic of 0.89, indicating that the patient selection
for SRF was accurately estimated by the propensity score.
Successful match balance between the two groups was achieved
and sensitivity analysis confirmed the robustness of the treat-
ment effect; therefore, we believe that our results are reliable.
To the best of our knowledge, the present study is one of the
largest studies of its type, with rigorous adjustment for con-
founding variables, to evaluate the effectiveness of SRF for
rib fracture.

In previous studies, the mortality rate of patients with rib
fracture ranged from 0.0% to 33.3%, while it ranged from
0.0% to 30% and 0.0% to 57.9% in patients who underwent
SRF and nonoperative therapy, respectively.4,5 In the present
study, the mortality rate was 13.8% in the overall matched pa-
tients with rib fracture while it was 4.8% and 13.8% in the

surgical and control groups, respectively. These values align
with those from previous studies.

Many studies, including three randomized controlled tri-
als, have reported the effect of SRF on in-hospital mortality. A
meta-analysis of only randomized controlled trials found no dif-
ference in mortality rates between the two groups; however, the
analysis was underpowered due to the small sample size.20 Con-
versely, several observational cohort studies have reported that
SRF was associated with a lower mortality rate.4,6 Aligning with
our results, a meta-analysis of all principal previous studies of
SRF reported reduced mortality in patients who underwent
SRF for rib fractures compared with nonoperative treatments.5

Many of the previous studies have focused on patients
with flail chest. As a result, they are limited in their generaliz-
ability, with the outcome of SRF for multiple rib fractures with-
out flail chest remaining unclear.5 In the present study, we
observed significant reduction of mortality in both groups, re-
gardless of whether flail chest was prevalent. Meanwhile, there
was no interaction in this subgroup. These results indicate that
SRF is effective for rib fracture even if the patients do not have
symptoms of flail chest.

In contrast, significant interactions were observed among
patients with severe head injury, severe abdomen injury, and he-
mothorax and/or pneumothorax. These findings suggest that
SRF had additional benefits for patients without severe injuries.
The relatively limited benefit of SRF in patients with severe in-
juries in the head and torso regions may be explained by the fact
that the severe injuries in head and torso are a determining factor
of mortality themselves, irrespective of the treatment that is im-
plemented for rib fractures. Nevertheless, it should be noted that
SRF still seemed to be beneficial for patients with severe con-
comitant injuries.

The observation of reduced mortality in patients who
underwent SRF raises speculation regarding the mechanism
contributing to this finding. The most likely causes of lower

Figure 2. Subgroup analysis of the mean differences in in-hospital mortality associated with SRF.
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score matching. Significant interactions were observed among
patients dichotomized by sex, AIS score for the head, AIS score
for the abdomen, and presence of hemothorax and/or pneumo-
thorax. Therewere no significant interactions among patients di-
chotomized by age, presence of sternum fracture, and presence
of flail chest.

DISCUSSION

The results of this retrospective study suggest that SRF is
associated with a lower rate of in-hospital mortality for patients
with rib fracture.

Indications for performing SRF are controversial; there-
fore, many factors, including patient age, vital signs, the pres-
ence of preexisting diseases, cardiopulmonary status, severity
of trauma, the presence of concomitant injuries, and details of
rib fractures are considered when choosing the appropriate
patients for SRF.5,18,19 In this study, the goodness-of-fit
model to estimate propensity score for SRF was excellent,
with a c-statistic of 0.89, indicating that the patient selection
for SRF was accurately estimated by the propensity score.
Successful match balance between the two groups was achieved
and sensitivity analysis confirmed the robustness of the treat-
ment effect; therefore, we believe that our results are reliable.
To the best of our knowledge, the present study is one of the
largest studies of its type, with rigorous adjustment for con-
founding variables, to evaluate the effectiveness of SRF for
rib fracture.

In previous studies, the mortality rate of patients with rib
fracture ranged from 0.0% to 33.3%, while it ranged from
0.0% to 30% and 0.0% to 57.9% in patients who underwent
SRF and nonoperative therapy, respectively.4,5 In the present
study, the mortality rate was 13.8% in the overall matched pa-
tients with rib fracture while it was 4.8% and 13.8% in the

surgical and control groups, respectively. These values align
with those from previous studies.

Many studies, including three randomized controlled tri-
als, have reported the effect of SRF on in-hospital mortality. A
meta-analysis of only randomized controlled trials found no dif-
ference in mortality rates between the two groups; however, the
analysis was underpowered due to the small sample size.20 Con-
versely, several observational cohort studies have reported that
SRF was associated with a lower mortality rate.4,6 Aligning with
our results, a meta-analysis of all principal previous studies of
SRF reported reduced mortality in patients who underwent
SRF for rib fractures compared with nonoperative treatments.5

Many of the previous studies have focused on patients
with flail chest. As a result, they are limited in their generaliz-
ability, with the outcome of SRF for multiple rib fractures with-
out flail chest remaining unclear.5 In the present study, we
observed significant reduction of mortality in both groups, re-
gardless of whether flail chest was prevalent. Meanwhile, there
was no interaction in this subgroup. These results indicate that
SRF is effective for rib fracture even if the patients do not have
symptoms of flail chest.

In contrast, significant interactions were observed among
patients with severe head injury, severe abdomen injury, and he-
mothorax and/or pneumothorax. These findings suggest that
SRF had additional benefits for patients without severe injuries.
The relatively limited benefit of SRF in patients with severe in-
juries in the head and torso regions may be explained by the fact
that the severe injuries in head and torso are a determining factor
of mortality themselves, irrespective of the treatment that is im-
plemented for rib fractures. Nevertheless, it should be noted that
SRF still seemed to be beneficial for patients with severe con-
comitant injuries.

The observation of reduced mortality in patients who
underwent SRF raises speculation regarding the mechanism
contributing to this finding. The most likely causes of lower

Figure 2. Subgroup analysis of the mean differences in in-hospital mortality associated with SRF.
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AORTIC BALLOON OCCLUSION

TECHNICAL NOTES

Temporary Percutaneous Aortic Balloon Occlusion to Enhance
Fluid Resuscitation Prior to Definitive Embolization of Post-
Traumatic Liver Hemorrhage

Shin Matsuoka, Katsuhiro Uchiyama, Hideki Shima, Sonomi Ohishi, Yoko Nojiri, Hitoshi Ogata

Department of Radiology, Teikyo University School of Medicine, Ichihara Hospital, 3426-3 Anesaki, Ichihara, Chiba 299-0111, Japan

Abstract
We successfully stabilized severe hemorrhagic shock following
traumatic liver injury by percutaneous transcarotid supraceliac aor-
tic 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
of the bleeding source.

Key words: Balloon occlusion—Hemorrhagic shock—Aorta—
Embolization

Balloon occlusion of the aorta has been employed to control mas-
sive bleeding from ruptured aortic aneurysms or other arterial
injuries. Previous studies have documented the feasibility of per-
forming aortic balloon occlusion using a Foley balloon catheter [1]
and Percluder occlusion catheter [2–4]. However, some problems
are associated with insertion of these balloon catheters due to their
large diameters [3, 4].
In the present study, we used a 5 Fr aortic occlusion balloon

catheter that was percutaneously inserted through a 9 Fr introducer
to treat severe hemorrhagic shock resulting from hepatic arterial
bleeding. Selective transarterial embolization therapy was then
successfully performed after the patient had been stabilized.

Case Report
A 47-year-old man was brought to our institution after suffering a blunt
trauma. On admission, his systolic blood pressure was 80 mmHg, and blood
transfusion was immediately started. A contrast-enhanced CT scan was
indicative of bleeding in the left lobe of the liver (Fig. 1). Embolization
therapy was immediately attempted to achieve hemostasis. We failed to
enter the right common femoral artery and the patient’s systolic blood
pressure dropped to 36 mmHg. Despite prompt blood transfusion, the blood
pressure did not recover. Therefore, we inserted a 5 Fr aortic occlusion
balloon catheter (Moiyan balloon catheter; Goodtec, Tokyo, Japan) through
a 9 Fr percutaneously inserted introducer via the left common carotid artery.
The balloon catheter had a 30-mm-diameter occlusion balloon, and tracked
over a 0.035-inch guidewire. The balloon was positioned immediately

above the celiac artery and inflated with 18 ml of air to occlude the aortic
lumen (Fig. 2). The time required for this procedure was 5 min, and no
complications occurred during balloon insertion. Ten minutes after balloon
inflation, the systolic blood pressure had risen to 90 mmHg. The balloon
was deflated after the patient’s blood pressure had stabilized and the femoral
artery pulse became palpable.

We immediately inserted an introducer sheath into the right femoral
artery, and transfemoral celiac arteriography was performed using a 5 Fr
shepherd’s hook catheter. The celiac arteriogram demonstrated marked
extravasation from the left hepatic artery (Fig. 3). Next, the left hepatic
artery was selected coaxially using a 3 Fr catheter (MicroFerret, Cook,
Bloomington, IN, USA). Using gelatin sponge particles, we successfully
performed embolization of nearly the entire left hepatic artery (Fig. 4). A
systolic blood pressure of 110 mmHg was maintained. Furthermore, there
were no late complications due to aortic balloon occlusion.

Discussion
For severe hemorrhagic shock, after aortic rupture, proximal con-
trol of the aortic hemorrhage is the first step in effective manage-
ment. Thoracotomy with aortic cross-clamping has proven to beCorrespondence to: S. Matsuoka, M.D.; e-mail: shinma@d9.dion.ne.jp

Fig. 1. Contrast-enhanced CT scan demonstrates a high-density
area in the left lobe of the liver, suggesting bleeding.
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A clinical series of resuscitative endovascular balloon occlusion
of the aorta for hemorrhage control and resuscitation

Megan L. Brenner, MD, Laura J. Moore, MD, Joseph J. DuBose, MD, George H. Tyson, MD,
Michelle K. McNutt, MD, Rondel P. Albarado, MD, John B. Holcomb, MD, Thomas M. Scalea, MD,

and Todd E. Rasmussen, MD

BACKGROUND: A requirement for improved methods of hemorrhage control and resuscitation along with the translation of endovascular
specialty skills has resulted in reappraisal of resuscitative endovascular balloon occlusion of the aorta (REBOA) for end-stage
shock. The objective of this report was to describe implementation of REBOA in civilian trauma centers.

METHODS: Descriptive case series of REBOA (December 2012 to March 2013) used in scenarios of end-stage hemorrhagic shock at the
University of Maryland, R. Adams Cowley Shock Trauma Center, Baltimore, Maryland, and Herman Memorial Hospital, The
Texas Trauma Institute, Houston, Texas.

RESULTS: REBOAwas performed by trauma and acute care surgeons for blunt (n = 4) and penetrating (n = 2) mechanisms. Three cases
were REBOA in the descending thoracic aorta (Zone I) and three in the infrarenal aorta (Zone III). Mean (SD) systolic blood
pressure at the time of REBOAwas 59 (27) mm Hg, and mean (SD) base deficit was 13 (5). Arterial access was accomplished
using both direct cutdown (n = 3) and percutaneous (n = 3) access to the common femoral artery. REBOA resulted in a mean
(SD) increase in blood pressure of 55 (20) mmHg, and themean (SD) aortic occlusion timewas 18 (34) minutes. Therewere no
REBOA-related complications, and there was no hemorrhage-related mortality.

CONCLUSION: REBOA is a feasible and effective means of proactive aortic control for patients in end-stage shock from blunt and penetrating
mechanisms. With available technology, this method of resuscitation can be performed by trauma and acute care surgeons who
have benefited from instruction on a limited endovascular skill set. Future work should be aimed at devices that allow easy,
fluoroscopy-free access and studies to define patients most likely to benefit from this procedure. (J Trauma Acute Care Surg.
2013;75: 506Y511. Copyright * 2013 by Lippincott Williams & Wilkins)

LEVEL OF EVIDENCE: Therapeutic study, level V.
KEY WORDS: Trauma; hemorrhagic shock; endovascular surgery; resuscitation; balloon aortic occlusion.

The use of endovascular technology in the management of
trauma has increased over two decades.1Y5 Improved out-

comes using these techniques is not surprising, as a favorable
trend has occurred with endovascular approaches to vascular
disease.6Y8 Outcomes following ruptured abdominal aortic an-
eurysm have improved, in part, because of the use of resuscita-
tive endovascular balloonocclusion of the aorta (REBOA).9Y11 In
the setting of ruptured aneurysm, this technique may be initi-
ated in the emergency department or operating room providing
proactive aortic control. Similar to thoracotomy with aortic
clamping for traumatic arrest, REBOA supports proximal aortic
pressure and minimizes hemorrhage until anesthesia can be in-
duced and hemostasis obtained.12Y14

Concurrent with the expansion of endovascular tech-
niques to manage vascular trauma have been observations from

combat casualty care in Afghanistan and Iraq. Reports from the
war have shown that the leading cause of death in casualties
with otherwise survivable injuries has been hemorrhage.15Y18

A recent study from Eastridge et al.18 suggests that a quarter of
otherwise survivable deaths in the battlefield could have been
prevented with improved methods of resuscitation and hem-
orrhage control. This burden of morbidity and mortality has
laid bare an imperative to develop better methods and devices
to manage vascular disruption and hemorrhagic shock.19

These proceedings have spurred a series of initiatives
aimed at translating endovascular techniques and skills from the
realm of age-related disease to trauma including hemorrhagic
shock. Translational studies have demonstrated the efficacy of
REBOA in models of shock, and a new fluoroscopy-free device
has been proposed.20Y23 A technical description for REBOA
now exists, and the Endovascular Skills for Trauma and Resus-
citative Surgery (ESTARS) curriculum has been developed.24,25

Despite momentum in these areas, modern descriptions of the
use ofREBOA in the clinical setting are lacking. The objective of
this report was to demonstrate preliminary clinical application of
REBOA in two US civilian trauma centers.

PATIENTS AND METHODS

A clinical series of REBOA for trauma performed at
the University of Maryland, R. Adams Cowley Shock Trauma
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Current opinion on catheter-based hemorrhage control in
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Surgery has undergone several fundamental paradigm changes
during the last 25 years. Laparoscopic and catheter-based

interventions have become common, ultrasound is ubiquitous,
and robotics and damage-control surgery are commonplace.
When combined with ever-advancing imaging technology, all
these tools will continue to change the face of trauma surgery.
Accordingly, the University of Texas Health Science at Houston,
the Memorial Hermann Texas Trauma Institute, and the Meth-
odist Institute for Technology, Innovation, and Education
held a 2-day meeting on February 26 to 27, 2013, to discuss

developing new techniques and potential paradigm shifts for
catheter-basedhemorrhage control including the trauma hybrid
operating room (THOR) concept. At this meeting, 60 North
American physicians frommore than 25 institutions including
leaders from the American College of Surgeons and repre-
sentatives from six specialties (trauma, vascular surgery, ortho-
pedic surgery, critical care, general surgery) involved in caring
for traumatically injured patients met and discussed relevant
clinical problems, the technology needed to improve patient
care, patient-centric flow patterns, new treatments, training,
credentialing, and competency issues and participated in a
catheter-based hemorrhage control skills laboratory for acute
care surgeons. The following is a summary of the proceedings.

DEFINING THE CLINICAL PROBLEM

In trauma patients, early deaths occur at much higher
rates than late deaths. For example, from 1999 to 2008 at Me-
morial Hermann Hospital in Houston, 58% of trauma mortality
occurred in the first 24 hours after hospital admission, 14%
during Day 2, 20% between Days 3 and 6, 5% between Days
6 and 30, and 3% from Day 31 onward (Fig. 1). Most early in-
hospital deaths are caused by hemorrhage, and hemorrhagic
deaths among patients occur at a median of 2.6 hours after
admission.1 Mortality rates of injured patients presenting with
hemodynamic instability exceed 50% in several military and
civilian studies, and hemorrhage is the leading cause of death
in the ongoing war.2Y5 Additional research suggests that in-
hospital mortality caused by chest or abdominal trauma peaks
between 1 hour and 6 hours after injury.6 For these reasons, rapid
and effective methods for the treatment of traumatic hemorrhage
are needed to achieve hemostasis. Currently, the following ‘‘fast’’
methods are used to control bleeding: external compression
on extremity and junctional injuries, surgical interventions
for noncompressible torso hemorrhage (NCTH), and blood
products and procoagulant medications as adjuncts to rapid
surgical intervention. While angiographic embolization and
aortic occlusion balloons have been routinely used for the last
20 years, in most current instances, they are slower at achieving
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First Fixed-Distance Model for Balloon Placement During
Fluoroscopy-Free Resuscitative Endovascular Balloon
Occlusion of the Aorta in a Civilian Population
Pierre Pezy, MS; Alexandros N. Flaris, MD, MSc; Nicolas J. Prat, MD, PhD; François Cotton, MD, PhD;
Peter W. Lundberg, MD; Jean-Louis Caillot, MD, PhD; Jean-Stéphane David, MD, PhD; Eric J. Voiglio, MD, PhD

IMPORTANCE Resuscitative endovascular balloon occlusion of the aorta (REBOA) is an
innovative procedure in the treatment of noncompressible truncal hemorrhage. However,
readily available fluoroscopy remains a limiting factor in its widespread implementation.
Several methods have been proposed to perform REBOA without fluoroscopic guidance, and
these methods were adapted predominantly from the military theater.

OBJECTIVE To develop a method for performing REBOA in a civilian population using a
standardized distance from a set point of entry.

DESIGN, SETTING, AND PARTICIPANTS A retrospective study of whole-body computed
tomographic (CT) scans from a cohort of 280 consecutive civilian trauma patients (mean [SD]
height, 170.7 [8.7] cm; mean [SD] age, 38.8 [16.5] years; 140 men and 140 women) from
University Hospitals of Lyon, France, was used to calculate the endovascular distances from
both femoral arteries at the level of the upper border of the symphysis pubis to aortic zone I
(descending thoracic aorta) and zone III (infrarenal aorta). These whole-body CT scans were
performed between 2013 and 2015. Data were analyzed from July 16 to December 7, 2015.

MAIN OUTCOMES AND MEASURES Two segments (1 per zone) common to all CT scans were
isolated, and their location, length, prevalence in the cohort, and predicted prevalence in the
general population were calculated by inverting 99% certainty tolerance limits.

RESULTS The common segment in zone I (414-474 mm) existed in all CT scans. The common
segment in zone III (236-256 mm) existed in 99.6% and 97.9% of CT scans from the right and
left femoral arteries, respectively. These segments are expected to exist in 98.7% (zone I) and
94.9% (zone III) of the general population.

CONCLUSIONS AND RELEVANCE Target distances for blind placement of REBOA exist with
more than 94% prevalence in a civilian population. These findings support the expanded use
of REBOA in emergency department and prehospital settings. Validation for safety and
efficacy on cadaveric and clinical models is necessary.
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Pre-hospital Resuscitative Endovascular
Balloon Occlusion of the Aorta (REBOA) for
exsanguinating pelvic haemorrhage
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Abstract
Aim: To report the initial experience and outcomes of Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) as an adjunct to pre-hospital

resuscitation of patients with exsanguinating pelvic haemorrhage.

Methods: Descriptive case series of consecutive adult patients, treated with pre-hospital Zone III REBOA by a physician-led pre-hospital trauma

service, between January 2014 and July 2018.

Results: REBOA was attempted in 19 trauma patients (13 successful, six failed attempts) and two non-trauma patients (both successful) with

exsanguinating pelvic haemorrhage. Trauma patients were severely injured (median ISS 34, IQR: 27–43) and profoundly hypotensive (median systolic

bloodpressure [SBP]57, IQR: 40–68 mmHg). REBOA significantly improvedbloodpressure (Pre-REBOAmedianSBP57, IQR:35–67 mmHg versus Post-

REBOA SBP 114, IQR: 86–132 mmHg; Median of differences 66, 95% CI: 25–74 mmHg; P < 0.001). REBOA was associated with significantly lower risk of

pre-hospital cardiac arrest (REBOA 0/13 [0%] versus no REBOA 3/6 [50%], P = 0.021) and death from exsanguination (REBOA 0/13 [0%] versus no

REBOA 4/6 [67%], P = 0.004), when compared to patients with a failed attempt. Successful REBOA was associated with improved survival (REBOA 8/13

[62%] versus no REBOA 2/6 [33%]; P = 0.350). Distal arterial thrombus requiring thrombectomy was common in the REBOA group (10/13, 77%).

Conclusion: REBOA is a feasible pre-hospital resuscitation strategy for patients with exsanguinating pelvic haemorrhage. REBOA significantly

improves blood pressure and may reduce the risk of pre-hospital hypovolaemic cardiac arrest and early death due to exsanguination. Distal arterial

thrombus formation is common, and should be actively managed.

Keywords: Trauma haemorrhage, Non-compressible torso haemorrhage, Pelvic haemorrhage, Junctional haemorrhage, Exsanguinating

haemorrhage, Exsanguination, Hypovolaemic cardiac arrest, Trauma resuscitation, Resuscitative Endovascular Balloon Occlusion of the Aorta,

REBOA
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ABSTRACT
This is a joint statement from the American College of 
Surgeons Committee on Trauma, the American College 
of Emergency Physicians, the National Association of 
Emergency Medical Services Physicians and the National 
Association of Emergency Medical Technicians regarding 
the clinical use of resuscitative endovascular balloon 
occlusion of the aorta (REBOA) in civilian trauma systems 
in the USA. This statement addresses the system of care 
needed to manage trauma patients requiring the use 
of REBOA, in light of the current evidence available in 
this patient population. This statement was developed 
by an expert panel following a comprehensive review 
of the literature with representation from all sponsoring 
organizations and the US Military. This is an update to 
the previous statement published in 2018. It has been 
formally endorsed by the four sponsoring organizations.

INTRODUCTION
Resuscitative endovascular balloon occlusion of 
the aorta (REBOA) was developed to address the 
challenge of managing non-compressible torso 
hemorrhage, a major cause of potentially prevent-
able death after traumatic injury.1 Although balloon 
occlusion of the aorta has been used extensively 
in vascular surgery, its use in trauma was first 
described by a military surgeon as an attempt for 
hemorrhage control in three injured patients during 
the Korean War.2 Resurgence of the concept of 
REBOA along with recent evolution of the tech-
nology, which enhances the feasibility of REBOA, 
has led to increased interest in this approach as a 
bridge to hemorrhage control for critically injured 
patients. REBOA is also being explored for other 
indications, such as management of postpartum 
hemorrhage and use in medical cardiac arrest.

REBOA is not without significant risk. Occlusion 
of the aorta results in tissue ischemia followed by 
reperfusion injury, predisposing to organ dysfunc-
tion and cardiovascular collapse. In addition, 
several technical complications have been reported 
which impact lower limb perfusion. As a result, 
appropriate patient selection is critical to balancing 
the potential risks and benefits of REBOA use. 
Given the time-sensitive nature of this intervention, 
the system of care that surrounds this procedure 
is vital to minimizing delays to definitive hemor-
rhage control as well as the ischemic insult of aortic 
occlusion.

In 2018, the American College of Surgeons 
Committee on Trauma (ACS COT) and the Amer-
ican College of Emergency Physicians (ACEP) issued 
a joint statement on the clinical use of REBOA to 
address patient safety with the swift adoption of 
this technology.3 Due to the rapid evolution of this 
field and emerging clinical data, we committed to 
periodic re-evaluation and update of this statement. 
Consistent with this goal, a multidisciplinary, expert 
panel was convened to review the current literature 
and make recommendations in this regard. In addi-
tion to the original organizations, representatives 
from the National Association of EMS Physicians 
(NAEMSP) and the National Association of Emer-
gency Medical Technicians (NAEMT) were invited 
to help address issues related to the proposed use 
of REBOA in the prehospital and interfacility trans-
port environments.

This document focuses on the use of REBOA 
in civilian trauma patients and integration within 
civilian trauma systems in the USA. Our emphasis 
is on patient safety as the most important principle 
while recognizing the variability in trauma systems, 
trauma centers, and provider training across the 
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AORTIC BALLOON OCCLUSION

Nationwide Analysis of Resuscitative Endovascular Balloon
Occlusion of the Aorta in Civilian Trauma
Bellal Joseph, MD; Muhammad Zeeshan, MD; Joseph V. Sakran, MD, MPH; Mohammad Hamidi, MD; Narong Kulvatunyou, MD; Muhammad Khan, MD;
Terence O’Keeffe, MD; Peter Rhee, MD

IMPORTANCE The need for improved methods of hemorrhage control and resuscitation has
resulted in a reappraisal of resuscitative endovascular balloon occlusion of the aorta (REBOA).
However, there is a paucity of data regarding the use of REBOA on a multi-institutional level
in the United States.

OBJECTIVE To evaluate the outcomes in trauma patients after REBOA placement.

DESIGN, SETTING, AND PARTICIPANTS A case-control retrospective analysis was performed
of the 2015-2016 American College of Surgeons Trauma Quality Improvement Program data
set, a national multi-institutional database of trauma patients in the United States. A total of
593 818 adult trauma patients (aged !18 years) were analyzed and 420 patients were
matched and included in the study; patients who were dead on arrival or were transferred
from other facilities were excluded. Trauma patients who underwent REBOA placement in
the ED were identified and matched with a similar cohort of patients (the no-REBOA group).
Both groups were matched in a 1:2 ratio using propensity score matching for demographics,
vital signs, mechanism of injury, injury severity score, head abbreviated injury scale score,
each body region abbreviated injury scale score, pelvic fractures, lower extremity vascular
injuries and fractures, and number and grades of intra-abdominal solid organ injuries.

MAIN OUTCOMES AND MEASURES Outcome measures were the rates of complications
and mortality.

RESULTS Of 593 818 trauma patients, 420 patients (the REBOA group, 140 patients;
36 women and 104 men; mean [SD] 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,
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
red blood cells, 7 U [IQR, 3-9 U]; platelets, 4 U [IQR, 3-8 U], and plasma, 3 U [IQR, 2-6 U]) or
24-hour blood transfusion (REBOA: packed red blood cells, 9 U [IQR, 5-20 U]; platelets, 7 U [IQR,
3-13 U], and plasma, 9 U [IQR, 6-20 U]; and no-REBOA: packed red blood cells, 10 U [IQR, 4-21
U]; platelets, 8 U [IQR, 3-12 U], and plasma, 10 U [IQR, 7-20 U]), median hospital length of stay
(REBOA, 8 days [IQR, 1-20 days]; and no-REBOA, 10 days [IQR, 5-22 days]), or median intensive
care unit length of stay (REBOA, 5 days [IQR, 2-14 days]; and no-REBOA, 6 days [IQR, 3-15 days]).
The mortality rate was higher in the REBOA group as compared with the no-REBOA group (50
[35.7%] vs 53 [18.9%]; P = .01). Patients who underwent REBOA placement were also more
likely to develop acute kidney injury (15 [10.7%] vs 9 [3.2%]; P = .02) and more likely to undergo
lower extremity amputation (5 [3.6%] vs 2 [0.7%]; P = .04).

CONCLUSIONS AND RELEVANCE Placement of REBOA in severely injured trauma patients was
associated with a higher mortality rate compared with a similar cohort of patients with no
placement of REBOA. Patients in the REBOA group also had higher rates of acute kidney
injury and lower leg amputations. There is a need for a concerted effort to clearly define
when and in which patient population REBOA has benefit.
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T rauma remains one of the leading causes of morbidity
and mortality in the United States.1 More than 20% to
40% of trauma deaths occurring after hospital admis-

sion are caused by massive hemorrhage that is potentially
preventable.2 Hemostatic resuscitation ensures normal he-
mostatic competence and resuscitation to improve prognosis
in such patients.3 Temporary hemostatic measures such as aor-
tic occlusion have been used for more than 50 years.4 Endo-
luminal occlusion of the aorta with a balloon has been de-
scribed to occlude the blood flow distal to the diaphragm.5

Resuscitative endovascular balloon occlusion of the aorta
(REBOA) in trauma was first used more than 50 years ago dur-
ing resuscitative efforts for injured soldiers in the Korean War4;
however, it was not mentioned in the emergency medicine lit-
erature until 1986.6 The use of REBOA declined in the 1990s
and early 2000s. During the past decade, however, REBOA has
gained the attention of trauma surgeons5,7-9 in both military
and civilian settings.

Trauma with a noncompressible torso hemorrhage re-
quires urgent hemorrhage control. Use of REBOA has been
shown to provide circulatory support in such patients with hy-
povolemia. In animal model studies, the use of REBOA could
temporize exsanguinating hemorrhage and was able to re-
store perfusion.9 Such therapy could be critical to definitive
hemorrhage control. A national, multi-institutional study from
Japan10 has shown that REBOA is associated with a higher mor-
tality, while others7,8 have demonstrated its usefulness in clini-
cal settings to avoid life-threating hemorrhage. However, in the
United States, extensive use of REBOA is limited because of
the lack of clinical and research evidence of its outcomes. Nu-
merous small single-center studies have analyzed the use of
REBOA in trauma patients. However, there is a paucity of multi-
institutional data at a national level regarding the efficacy and
safety of REBOA in the United States. Therefore, the aim of our
study was to evaluate the outcomes in trauma patients after
REBOA placement by using the national American College of
Surgeons Trauma Quality Improvement Program data set
(ACS-TQIP). We hypothesized that REBOA placement would
be associated with improved survival.

Methods
Study Design and Population
We performed a retrospective analysis of the 2015-2016
ACS-TQIP database and identified all patients who received
REBOA within 1 hour of admission. The ACS-TQIP is one of the
largest databases of trauma patients in the United States: as
of 2016, more than 740 hospitals were participating in the
ACS-TQIP. Trained personnel abstract more than 100 patient
and institutional variables. The University of Arizona Institu-
tional Review Board granted this study exemption from ap-
proval because the ACS-TQIP contains only deidentified data.

Inclusion and Exclusion Criteria
We included all adult patients (≥18 years of age) who received
REBOA within 1 hour of presentation to the emergency depart-
ment (ED). We excluded patients who were dead on arrival, were

transferred, had missing physiological parameters, or who
underwent resuscitative thoracotomy. The following Interna-
tional Statistical Classification of Diseases and Related Health
Problems, Tenth Revision procedure codes were used to identify
patientswhounderwentREBOAplacement:04L03DZ,04L03DJ,
04L04DZ, and 02LW3DJ.

Data Points
We abstracted the following data points: demographics (age,
sex, race, and ethnicity), injury parameters (mechanism of in-
jury, injury severity score [ISS], and each body region abbre-
viated injury scale score [AIS]), prehospital and ED vital signs
(systolic blood pressure [SBP], heart rate [HR], temperature,
and Glasgow Coma Scale [GCS] score), transfusion para-
meters (packed red blood cells [PRBCs], platelets, and fresh fro-
zen plasma), hospital length of stay (LOS), in-hospital com-
plications, and mortality.

Patient Stratification
Patients were stratified into 2 cohorts based on whether they
received the intervention: those who received REBOA (the
REBOA group) and those who did not receive REBOA (the no-
REBOA group).

Outcomes
Our primary outcome measures were ED mortality, 24-hour
mortality, and mortality after 24 hours in both groups. Sec-
ondary outcome measures were transfusion requirements at
4 hours and 24 hours after injury, in-hospital complications
(deep venous thrombosis, pulmonary embolism, stroke, myo-
cardial infarction, extremity compartment syndrome, un-
planned return to the operating room, and lower limb ampu-
tation), hospital LOS, and intensive care unit LOS.

Missing Data Analysis
Missing data were treated as missing completely at random.
We performed multiple imputations using a missing value
analysis technique to account for the missing values. For mul-
tiple imputations, the original data set was analyzed for ran-
dom missing data points using the Little missing completely

Key Points
Question Is there a benefit of placement of resuscitative
endovascular balloon occlusion of the aorta for resuscitation of
severely injured trauma patients?

Findings In this case-control study that included 420 patients
(resuscitative endovascular balloon occlusion of the aorta, 140;
no resuscitative endovascular balloon occlusion of the aorta, 280),
the patients who received resuscitative endovascular balloon
occlusion of the aorta had significantly higher rates of acute kidney
injury and lower-limb amputation and higher mortality compared
with similarly injured patients who did not receive resuscitative
endovascular balloon occlusion of the aorta.

Meaning The use of resuscitative endovascular balloon occlusion
of the aorta in severely injured trauma patients may increase the
risk of complications and mortality.
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ceived REBOA were more likely than those who did not re-
ceive REBOA to be younger (mean [SD] age, 44 [20] vs 53 [21]
years) nonwhite (51 [36.4%] vs 157 325 of 593 678 [26.5%];
P = .003), and male (104 [74.3%] vs 379 954 of 593 678 [64.0%];
P = .01). Patients who received REBOA were more likely than
those who did not receive REBOA to have a lower mean (SD)
SBP (108.8 [32.7] vs 138.0 [27.0] mm Hg; P < .001), a higher
mean (SD) HR (102.0 [30.0] vs 88.8 [20.0] beats per minute;
P < .001), and a lower median GCS score (14 [IQR, 3-15] vs 15
[IQR, 15-15]; P < .001) on admission. Furthermore, patients who
received REBOA had a higher median ISS (29 [IQR, 18-38] vs
15 [IQR, 9-17]; P < .001) and a median higher head-AIS (0 [IQR,
0-3] vs 0 [IQR, 0-2]; P < .001) than those who did not receive
REBOA. Regarding injuries, patients who received REBOA were
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

of 593 678 [6.7%]; P < .001); and vascular injuries (41 [29.3%]
vs 6530 of 593 678 [1.1%]; P < .001).

Of the 593 818 trauma patients, 420 patients (the no-
REBOA group, 280 patients; the REBOA group, 140 patients)
were matched. Among the REBOA group, there were 36 women
and 104 men, the mean (SD) age was 44 (20) years, the me-
dian ISS was 29 (IQR, 18-38), and the mechanism of injury was
blunt injury in 129 patients (92.1%). The demographics and in-
jury parameters of the matched cohort of trauma patients are
demonstrated in Table 2. There was no difference between the
REBOA and no-REBOA groups regarding mean (SD) age (44 [20]
vs 43 [19] years; P = .88), sex (104 men [74.3%] vs 203 men
[72.5%]; P = .76), race (89 white patients [63.6%] vs 180 white
patients [64.3%]; P = .37), mean (SD) SBP (108.8 [32.7] vs 106.5
[28.7] mm Hg; P = .65), mean (SD) HR (102 [30] vs 104 [27] beats
per minute; P = .74), median GCS score (14 [IQR, 3-15] vs 13 [IQR,
3-15]; P = .88), mechanism of injury (blunt injury, 129 [92.1%]
vs 257 [91.8%]; P = .87), median ISS score (29 [IQR, 18-38] vs
28 [IQR, 17-35]; P = .91), median head AIS (0 [IQR, 0-3] vs 0 [IQR,

Table 2. Postmatch Demographics and Injury Parameters of the 2 Groups

Variables

Patients, No. (%)

P ValueNo-REBOA Group (n = 280) REBOA Group (n = 140)
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

Injury parameters

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

Pelvic fractures, total 144 (51.4) 74 (52.9)

.65
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)

Liver injuries, total 89 (31.8) 43 (30.7)

.79Grades 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)

.81Grades 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)

.82Grades 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)

.69
Femur 48 (17.1) 27 (19.3)

Tibia 45 (16.1) 20 (14.3)

Fibula 32 (11.4) 21 (15.0)

Vascular injuries, total 76 (27.1) 41 (29.3)

.11
Iliac 53 (18.9) 29 (20.7)

Lower extremity 20 (7.1) 11 (7.9)

Other 11 (3.9) 38 (27.1)

Abbreviations: ED, emergency
department; GCS, Glasgow Coma
Scale; h-AIS, head Abbreviated Injury
Scale; HR, heart rate;
IQR, interquartile range; ISS, Injury
Severity Score; MOI, mechanism of
injury; REBOA, resuscitative
endovascular balloon occlusion of the
aorta; SBP, systolic blood pressure.
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dian time from ED presentation to angioembolization (59
minutes [IQR, 39-78 minutes] vs 46 minutes [31-69 minutes];
P = .04) or exploratory laparotomy (45 minutes [IQR, 35-69
minutes] vs 33 minutes [IQR, 26-62 minutes]; P = .04) was
higher among patients who underwent REBOA placement than
those who did not undergo REBOA placement. The Figure dem-
onstrates the survival functions for patients who underwent
REBOA placement vs those who did not undergo REBOA place-
ment.

The demographics and injury parameters of patients who
underwent REBOA who survived (n = 90) vs those who died
(n = 50) are demonstrated in Table 4. Patients who survived
REBOA placement were more likely to have a higher mean (SD)
SBP (114 [32] vs 98 [31] mm Hg; P = .006) and median GCS score
(15 [IQR, 13-15] vs 3 [IQR, 3-13]; P = .04), but a lower mean (SD)
HR (99.0 [27.0] vs 109.4 [25.0] beats per minute; P = .02), me-
dian ISS (27 [IQR, 17-34] vs 38 [26-50]; P = .043), and median
head AIS (0 [IQR, 0-2] vs 2 [IQR, 0-4]; P = .002). Moreover,
those who died were more likely to sustain liver injuries (21
[42.0%] vs 22 [24.4%]; P = .04). Regarding blood product re-
quirements, patients who received REBOA and died were more
likely to receive PRBCs, platelets, and plasma at 4 hours and
24 hours after injury.

We performed a subanalysis of patients based on SBP. In
a subset of patients with an SBP greater than 80 mm Hg, REBOA
placement was associated higher odds of mortality (odds ra-
tio, 4.67; 95% CI, 1.35-8.42; P = .03). Similarly, in the subset
of patients with an SBP less than 80 mm Hg, REBOA place-
ment was independently associated with higher odds of mor-
tality (odds ratio, 2.51; 95% CI, 1.16-6.41; P = .03) on multivar-
iate regression analysis. Another subanalysis was performed
for patients who underwent exploratory laparotomy (n = 286:

REBOA group, 96; no-REBOA group, 190); on regression analy-
sis REBOA placement was associated with higher mortality
(odds ratio, 2.12; 95% CI, 1.67-3.84; P = .01).

Discussion
In our propensity-matched analysis from the ACS-TQIP data
bank, REBOA placement was associated with a higher mortal-
ity rate in severely injured trauma patients compared with
those who did not receive REBOA. Moreover, patients who un-
derwent REBOA placement had higher rates of acute kidney
injury and lower limb amputation. On the contrary, there was
no difference between groups in requirements for blood prod-
ucts at 4 hours and 24 hours after the injury.

Resuscitative endovascular balloon occlusion of the aorta
has emerged as a promising technique for hemostasis in se-
verely injured trauma patients.11 In animal models, REBOA has
been demonstrated as a potential hemostatic measure in ex-
sanguinating animals that improves survival, increases blood
pressure, and improves brain oxygenation and carotid arte-
rial blood flow.12,13 This finding was followed up by a case se-
ries by Brenner et al14 in which 6 trauma patients underwent
REBOA placement. They concluded that REBOA is feasible and
effective in preventing hemorrhage in patients with end-
stage shock. These findings were then followed by a prospec-
tive observational study by DuBose et al,7 who analyzed 114
patients, of which 46 underwent REBOA placement. They con-
cluded that REBOA has emerged as a viable option to open aor-
tic occlusion in centers that have the capability of performing
REBOA placement.

We found that REBOA placement was associated with
higher mortality and poorer outcomes in trauma patients. Our
results are contrary to 2 previously published prospective ob-
servational studies in the United States.7,15 These differences
can be explained by several limitations in those 2 studies.
First, both of those studies compared REBOA with open aor-
tic occlusion or resuscitative thoracotomy and the indica-
tions for resuscitative thoracotomy are different than those for
REBOA. Thoracotomy in the emergency department is per-
formed in patients who are experiencing cardiac arrest, while
REBOA is indicated for trauma patients who are hypotensive
and have a pelvic fracture or abdominal fluid detected on ini-
tial ultrasonographic scan in the trauma bay. Moreover, those
studies did not have a true control group (ie, patients who
did not undergo REBOA placement and/or resuscitative
thoracotomy). We have overcome this limitation by exclud-
ing the patients who underwent thoracotomy in the ED and
comparing patients who underwent REBOA with similarly in-
jured trauma patients who did not undergo REBOA. Second,
both studies had small patient cohorts (Brenner et al,15 83
patients; and DuBose et al,7 46 patients), which may be an in-
adequate sample size with low power to draw a conclusion re-
garding the effectiveness of REBOA. On the other hand, we in-
cluded 140 patients in the REBOA group matched with 280
patients in the no-REBOA group, which is the largest patient
cohort to our knowledge for REBOA in the United States. Third,
there were significant differences regarding vital signs in the

Figure. Survival Curve Analysis
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The probability of survival over time in the group that received resuscitative
endovascular balloon occlusion of the aorta (REBOA) vs the no-REBOA group
(P < .01).
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0-3]; P = .98), pelvic fractures and type of pelvic fractures (total
pelvic fractures, 74 [52.9%] vs 144 [51.4%]; P = .65), liver in-
jury or severity of liver injury (total liver injuries, 43 [30.7%]
vs 89 [31.8%]; P = .79), splenic injury or severity of splenic in-
jury (total splenic injuries, 47 [33.6%] vs 90 [32.1%]; P = .81),
kidney injury or severity of kidney injury (total kidney inju-
ries, 22 [15.7%] vs 39 [13.9%]; P = .82), lower limb fractures
(total fractures, 41 [29.3%] vs 78 [27.9%]; P = .69) (including
femur, tibia or fibula fractures), or vascular injuries (total in-
juries, 41 [29.3%] vs 76 [27.1%]; P = .11).

The overall ED mortality rate among all 420 patients was
2.1% (n = 9) (Table 3). The 24-hour mortality rate was 16.7%
(n = 70), and the in-hospital mortality rate was 24.5% (n = 103).
The median 4-hour requirements among all 420 patients for
PRBCs were 7 U (IQR, 3-8 U), for platelets were 4 U (IQR, 3-8
U), and for plasma was 3 U (IQR, 2-5 U), while the median 24-
hour requirements among all 420 patients for PRBCs were 10
U (IQR, 4-20 U), for platelets were 8 U (IQR, 3-12 U), and for
plasma was 10 U (IQR, 6-20 U). The median hospital LOS among
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 me-
dian time from ED presentation to the placement of REBOA was
19 minutes (IQR, 14-29 minutes).

The primary and secondary outcome measures of the
analysis are presented in Table 3. Compared with patients in
the no-REBOA group, patients in the REBOA group had a higher
24-hour mortality rate (37 [26.4%] vs 33 [11.8%]; P = .01), as
well as higher rates of acute kidney injury (15 [10.7%] vs 9
[3.2%]; P = .02) and amputation of a lower limb (5 [3.6%] vs 2
[0.7%]; P = .04). However, there was no significant differ-
ence in ED mortality (4 [2.9%] vs 5 [1.8%]; P = .35), mortality
after 24 hours (9 [6.4%] vs 15 [5.4%]; P = .21), rate of deep ve-
nous thrombosis (6 [4.3%] vs 14 [5.0%]; P = .42), pulmonary
embolism (2 [1.4%] vs 5 [1.8%]; P = .28), myocardial infarc-
tion (0 vs 1 [0.4%]; P = .51), stroke (2 [1.4%] vs 3 [1.1%]; P = .37),
and extremity compartment syndrome (1 [0.7%] vs 2 [0.7%];
P = .39) between the REBOA and no-REBOA groups. More-
over, there was no difference between groups in 4-hour or 24-
hour blood transfusion requirements for PRBCs, platelets, or
plasma, and no difference in hospital or intensive care unit LOS.
All the patients who survived the ED underwent hemorrhage
control intervention with either angioembolization or explor-
atory laparotomy. However, there was no difference between
the REBOA and no-REBOA groups regarding the rate of angio-
embolization (40 [28.6%] vs 85 [30.4%]; P = .18) or explor-
atory laparotomy (96 [68.6%] vs 190 [67.9%]; P = .33). The me-

Table 3. Outcomes of Patients

Variable

Patients, No. (%)

P ValueNo-REBOA Group (n = 280) REBOA Group (n = 140)
4-h Transfusion, median (IQR), U

PRBCs 7 (3-9) 6 (3-8) .14

Platelets 4 (3-8) 4 (3-9) .13

Plasma 3 (2-6) 3 (2-5) .17

24-h Transfusion, median (IQR), U

PRBCs 10 (4-21) 9 (5-20) .21

Platelets 8 (3-12) 7 (3-13) .12

Plasma 10 (7-20) 9 (6-20) .11

Hemorrhage control intervention

Angioembolization 85 (30.4) 40 (28.6) .18

Time to angioembolization, median (IQR), min 46 (31-69) 59 (39-78) .04

Laparotomy 190 (67.9) 96 (68.6) .33

Time to laparotomy, median (IQR), min 33 (26-62) 45 (35-69) .04

LOS, median (IQR), d

Hospital 10 (5-22) 8 (1-20) .21

ICU 6 (3-15) 5 (2-14) .19

Complications

Acute kidney injury 9 (3.2) 15 (10.7) .02

Amputation of lower limb 2 (0.7) 5 (3.6) .04

Deep venous thrombosis 14 (5.0) 6 (4.3) .42

Pulmonary embolism 5 (1.8) 2 (1.4) .28

Stroke 3 (1.1) 2 (1.4) .37

Myocardial infarction 1 (0.4) 0 .51

Extremity compartment syndrome 2 (0.7) 1 (0.7) .39

Overall mortality 53 (18.9) 50 (35.7) .01

Mortality in the ED 5 (1.8) 4 (2.9) .35

24-h Mortality 33 (11.8) 37 (26.4) .01

In-hospital mortality after 24 h 15 (5.4) 9 (6.4) .21

Abbreviations: ED, emergency
department; ICU, intensive care unit;
IQR, interquartile range; LOS, length
of stay; PRBCs, packed red blood
cells; REBOA, resuscitative
endovascular balloon occlusion of the
aorta.
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T rauma remains one of the leading causes of morbidity
and mortality in the United States.1 More than 20% to
40% of trauma deaths occurring after hospital admis-

sion are caused by massive hemorrhage that is potentially
preventable.2 Hemostatic resuscitation ensures normal he-
mostatic competence and resuscitation to improve prognosis
in such patients.3 Temporary hemostatic measures such as aor-
tic occlusion have been used for more than 50 years.4 Endo-
luminal occlusion of the aorta with a balloon has been de-
scribed to occlude the blood flow distal to the diaphragm.5

Resuscitative endovascular balloon occlusion of the aorta
(REBOA) in trauma was first used more than 50 years ago dur-
ing resuscitative efforts for injured soldiers in the Korean War4;
however, it was not mentioned in the emergency medicine lit-
erature until 1986.6 The use of REBOA declined in the 1990s
and early 2000s. During the past decade, however, REBOA has
gained the attention of trauma surgeons5,7-9 in both military
and civilian settings.

Trauma with a noncompressible torso hemorrhage re-
quires urgent hemorrhage control. Use of REBOA has been
shown to provide circulatory support in such patients with hy-
povolemia. In animal model studies, the use of REBOA could
temporize exsanguinating hemorrhage and was able to re-
store perfusion.9 Such therapy could be critical to definitive
hemorrhage control. A national, multi-institutional study from
Japan10 has shown that REBOA is associated with a higher mor-
tality, while others7,8 have demonstrated its usefulness in clini-
cal settings to avoid life-threating hemorrhage. However, in the
United States, extensive use of REBOA is limited because of
the lack of clinical and research evidence of its outcomes. Nu-
merous small single-center studies have analyzed the use of
REBOA in trauma patients. However, there is a paucity of multi-
institutional data at a national level regarding the efficacy and
safety of REBOA in the United States. Therefore, the aim of our
study was to evaluate the outcomes in trauma patients after
REBOA placement by using the national American College of
Surgeons Trauma Quality Improvement Program data set
(ACS-TQIP). We hypothesized that REBOA placement would
be associated with improved survival.

Methods
Study Design and Population
We performed a retrospective analysis of the 2015-2016
ACS-TQIP database and identified all patients who received
REBOA within 1 hour of admission. The ACS-TQIP is one of the
largest databases of trauma patients in the United States: as
of 2016, more than 740 hospitals were participating in the
ACS-TQIP. Trained personnel abstract more than 100 patient
and institutional variables. The University of Arizona Institu-
tional Review Board granted this study exemption from ap-
proval because the ACS-TQIP contains only deidentified data.

Inclusion and Exclusion Criteria
We included all adult patients (≥18 years of age) who received
REBOA within 1 hour of presentation to the emergency depart-
ment (ED). We excluded patients who were dead on arrival, were

transferred, had missing physiological parameters, or who
underwent resuscitative thoracotomy. The following Interna-
tional Statistical Classification of Diseases and Related Health
Problems, Tenth Revision procedure codes were used to identify
patientswhounderwentREBOAplacement:04L03DZ,04L03DJ,
04L04DZ, and 02LW3DJ.

Data Points
We abstracted the following data points: demographics (age,
sex, race, and ethnicity), injury parameters (mechanism of in-
jury, injury severity score [ISS], and each body region abbre-
viated injury scale score [AIS]), prehospital and ED vital signs
(systolic blood pressure [SBP], heart rate [HR], temperature,
and Glasgow Coma Scale [GCS] score), transfusion para-
meters (packed red blood cells [PRBCs], platelets, and fresh fro-
zen plasma), hospital length of stay (LOS), in-hospital com-
plications, and mortality.

Patient Stratification
Patients were stratified into 2 cohorts based on whether they
received the intervention: those who received REBOA (the
REBOA group) and those who did not receive REBOA (the no-
REBOA group).

Outcomes
Our primary outcome measures were ED mortality, 24-hour
mortality, and mortality after 24 hours in both groups. Sec-
ondary outcome measures were transfusion requirements at
4 hours and 24 hours after injury, in-hospital complications
(deep venous thrombosis, pulmonary embolism, stroke, myo-
cardial infarction, extremity compartment syndrome, un-
planned return to the operating room, and lower limb ampu-
tation), hospital LOS, and intensive care unit LOS.

Missing Data Analysis
Missing data were treated as missing completely at random.
We performed multiple imputations using a missing value
analysis technique to account for the missing values. For mul-
tiple imputations, the original data set was analyzed for ran-
dom missing data points using the Little missing completely

Key Points
Question Is there a benefit of placement of resuscitative
endovascular balloon occlusion of the aorta for resuscitation of
severely injured trauma patients?

Findings In this case-control study that included 420 patients
(resuscitative endovascular balloon occlusion of the aorta, 140;
no resuscitative endovascular balloon occlusion of the aorta, 280),
the patients who received resuscitative endovascular balloon
occlusion of the aorta had significantly higher rates of acute kidney
injury and lower-limb amputation and higher mortality compared
with similarly injured patients who did not receive resuscitative
endovascular balloon occlusion of the aorta.

Meaning The use of resuscitative endovascular balloon occlusion
of the aorta in severely injured trauma patients may increase the
risk of complications and mortality.

Research Original Investigation Nationwide Analysis of Resuscitative Endovascular Balloon Occlusion of the Aorta in Civilian Trauma
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implementation of this seemingly straightforward procedure 

will likely lead to worse outcomes.

REBOA UTILIZATION
 Ź There is no high-grade evidence defining the specific indica-

tions for the use of REBOA.

 Ź REBOA may be used for traumatic life-threatening hemor-

rhage below the diaphragm in patients in hemorrhagic shock 

who are refractory to resuscitation.

 Ź REBOA does not confer any long-term survival advan-

tage when used in traumatic cardiac arrest compared with 

standard of care.19–21

 Ź REBOA is contraindicated in the setting of major thoracic 

hemorrhage or pericardial tamponade. Use of REBOA in 

the setting of thoracic great vessel injury is limited to case 

reports where open thoracotomy and/or sternotomy is 

performed in conjunction with REBOA. In these situations, 

open thoracic exposure is performed to obtain immediate 

proximal control of hemorrhage although aortic balloon 

occlusion is utilized for resuscitation.22

 Ź There is insufficient data to make specific recommendations 

about REBOA use in the pediatric or geriatric populations; 

REBOA may have increased risks in these populations. 

Further study is needed in these patient populations.

COMPLICATIONS
 Ź Prolonged aortic occlusion alone may lead to fatal compli-

cations or spinal cord injury due to prolonged ischemia.23

 Ź Significant ischemia reperfusion injury can lead to acute 

kidney injury and multisystem organ failure.7

 Ź Reported femoral access complications include arterial 

disruption, dissection, pseudoaneurysms, hematoma, throm-

boembolic problems, and extremity ischemia. These compli-

cations have resulted in limb loss and/or the need for patch 

angioplasty, complex arterial reconstructions or bypass.16 17

 Ź Reported aortoiliac injuries include intimal tears, dissection, 

thrombosis, and rupture which may be fatal or cause limb 

loss.16

 Ź Balloon rupture and iatrogenic aortic injury can occur with 

overinflation of the balloon relative to the aortic diameter.24

 Ź Unintended inflation of the balloon in the iliac vessels may 

lead to rupture or thrombosis.

 Ź Prolonged attempts to complete the procedure, in particular 

in obtaining vascular access, can delay definitive hemorrhage 

control.

 Ź Prolonged sheath dwell times increase the risk of limb 

complications.

GUIDELINES FOR REBOA USE AND IMPLEMENTATION
 Ź A multidisciplinary team-based approach is required for 

the development of REBOA protocols specific to the envi-

ronment of care. All members of the care team need to be 

familiar with REBOA across the continuum of care from the 

emergency department through to the intensive care unit.12

 Ź REBOA should only be placed by a surgeon or interven-

tionalist responsible for definitive hemorrhage control or 

by a physician trained and qualified in REBOA in direct 

consultation with the physician who will provide defini-

tive hemorrhage control. In all circumstances, these trained 

clinicians should be integrated within an appropriate system 

of care.

 Ź Early common femoral arterial access and continuous blood 

pressure monitoring should be considered in high-risk 

patients assuming it does not delay definitive hemorrhage 

control.25

 Ź The major rate-limiting step to REBOA is the ability to safely 

and efficiently cannulate the common femoral artery (CFA) 

in a hypovolemic patient.26 If feasible, ultrasound-guided 

percutaneous access is the preferred method. If percutaneous 

cannulation is not possible, surgical cutdown is required.

 Ź If the clinical situation permits, rapid confirmation of balloon 

position by imaging or direct palpation is recommended.24

 Ź Smaller diameter sheath devices (<8 French) have been asso-

ciated with fewer limb complications.27 28

 Ź Inflation in the distal thoracic aorta (Zone 1) is used 

for control of severe intra-abdominal or retroperitoneal 

hemorrhage.

 Ź Inflation in the distal abdominal aorta (Zone 3) is used for 

patients with severe isolated pelvic, junctional, or proximal 

lower extremity hemorrhage not amenable to a tourniquet.

 Ź Every effort should be made to limit aortic occlusion time 

when proceeding to definitive hemorrhage control. Occlu-

sion time should be carefully monitored.

 Ź Zone 1 REBOA should not be used if patients cannot proceed 

expeditiously to a definitive hemorrhage control procedure 

within 15 min. Total aortic occlusion times greater than 

30 min are associated with increased ischemic complications 

and risk of mortality.15 23 29 30

 Ź Zone 3 REBOA may be tolerated for longer periods of time 

and may be used as an adjunct to management of pelvic 

fracture bleeding including angioembolization and/or pelvic 

packing, and/or stabilization. Once Zone 3 occlusion has 

been performed, patients should proceed expeditiously to 

definitive hemorrhage control. Although the maximum 

acceptable occlusion time for Zone 3 is unknown, the system 

should target less than 30 min, but no greater than 60 min of 

total occlusion time.

 Ź Partial occlusion or intermittent deflation/inflation of the 

balloon is used at some experienced REBOA centers to mini-

mize complete occlusion time. This is difficult to achieve 

without continuous monitoring of the blood pressure, both 

above and below the balloon, along with clinical assessment 

of the rate of bleeding.31 There is presently insufficient data 

to guide this practice.

 Ź Once aortic occlusion has been performed, urgent operative 

or catheter-based hemostasis should occur and the balloon 

deflated as soon as possible.

 Ź The team caring for the patient must anticipate and be 

prepared to manage the complications of ischemia reperfu-

sion injury at the time of balloon deflation, which can be 

profound and lead to cardiovascular collapse.32

 Ź Vigilant assessment of lower extremity perfusion must 

occur before, during, and after aortic occlusion and sheath 

removal. This monitoring must continue for at least 24 hours 

after sheath removal. As the clinical situation permits, a lower 

extremity angiogram should be performed prior to leaving 

the operating room or endovascular suite. Formal vascular 

evaluation should be performed for any angiographic or 

clinical perfusion abnormality and mitigating intervention 

or repair performed as necessary.

 Ź The sheath should be removed as soon as feasible.

SYSTEMS OF CARE
 Ź Safe and responsible REBOA implementation requires 

constant communication among the entire team especially 

during active resuscitation and transition of the care team. 
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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]).

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).

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 inci-
dence is increasing.1 Intracranial bleeding is a common 

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. 
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Statistical analysis
We published a statistical analysis plan before un- 
blinding.11 The plan gave our reasons for limiting 
recruitment to within 3 h of injury and stated that 
outcomes for patients treated after 3 h of injury would be 
presented separately. All analyses were on an intention-
to-treat basis. For each binary outcome, we calculated 
RRs and 95% CIs. We did a complete case analysis with 
no imputation for missing data. The safety of participants 
was overseen by an independent data monitoring 
committee, which reviewed four unblinded interim 
analyses.

We planned to report the effects of tranexamic acid on 
the primary outcome stratified by three baseline 
characteristics: severity of head injury, time to treatment, 
and age. Severity of head injury was assessed using the 
baseline GCS score—mild to moderate (GCS 9–15) and 
severe (GCS 3–8)—and by pupil reactivity. We also 
assessed the effect of severity in a regression analysis 
that included continuous terms for GCS and its square. 
We expected that any beneficial effect of tranexamic acid 
would vary by time to treatment with earlier treatment 
being most effective. We examined this hypothesis in 
a subgroup analysis of the effect of tranexamic acid 
according to the estimated time interval between injury 
and treatment (≤1, >1 to ≤3, >3 h). We prespecified that 
this analysis would include patients treated within and 
beyond 3 h of injury. Because TBI severity, systolic blood 
pressure, and age could confound the effect of time to 

treatment on treatment effectiveness, we planned to 
control for these variables in a multivariable model. 
Because fibrinolytic activation after TBI might increase 
with age, we examined the effect of tranexamic acid on 
head injury-related death stratified by age: 30 years or 
younger, 31–60 years, older than 60 years. For subgroup 
analyses, we report p values for the test for heterogeneity.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding authors had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between July 20, 2012, and Jan 31, 2019, we recruited 
patients with TBI from 175 hospitals in 29 countries. 
We stopped recruiting when the trial treatment expired. 
We randomly allocated 12 737 patients to receive tranexamic 
acid (6406 [50·3%]) or matching placebo (6331 [49·7%]), of 
whom 12 561 (98·6%) received the first dose of the allocated 
treatment (figure 1). We enrolled 9202 (72·2%) patients 
within 3 h of injury. 40 patients withdrew consent after 
randomisation but 13 of these agreed to outcome data 
collection or had outcome data collected as part of adverse 
event reporting. We did not obtain primary outcome data 
for 75 (0·8%) patients. There were 98 (0·8%) protocol 
violations. 66 (0·5%) patients did not meet the inclusion 
criteria (32 had GCS scores >12 and no bleeding on 
CT scan, 11 had major extracranial bleeding, eight had a 
time since injury >8 h, six were younger than 16 years, 
three had non-traumatic bleeding, five had a combination 
of the above reasons, and one patient received tranexamic 
acid before randomisation). 32 (0·3%) patients were 
recruited during a lapse in the annual renewal of ethics 
committee approval in the UAE. These patients were 
recruited according to the approved procedure and 
approval was reissued after the lapse. 13 patients were 
unmasked to treatment. Baseline characteristics were 
similar between treatment groups for patients treated 
within 3 h of injury (table 1) and for those treated after 3 h 
(appendix 8 p 1). Figure 2 shows the number of deaths due 
to head injury and all other causes by days since injury in 
all patients. 2560 deaths occurred and the median time to 
death was 59 h after injury (IQR 20–151).

Table 2 shows the effect of tranexamic acid on head 
injury-related death in the 9127 patients randomly 
assigned within 3 h of injury with outcome data. Among 
these patients, 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, 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 results were 12·5% in 
the tranexamic acid group versus 14·0% in the placebo 
group (485 vs 525 events, 0·89 [0·80–1·00]).

See Online for appendix 8

Figure 1: Trial profile

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

6406 baseline data collected
4649 randomly assigned within 3h

16 withdrew consent
13 randomly assigned within 3h

9 outcome data unavailable
7 randomly assigned within 3h

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

6314 received loading dose 
4576 randomly assigned within 3h

5984 received maintenance dose 
4308 randomly assigned within 3h

6359 patients with outcome data 
4613 randomly assigned within 3h

6331 allocated to placebo group
4553 randomly assigned within 3 h

12 737 patients randomly assigned

6331 baseline data collected 
4553 randomly assigned within 3h 

24 withdrew consent
19 randomly assigned within 3h

18 outcome data unavailable
14 randomly assigned within 3h

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

6247 received loading dose
4488 randomly assigned within 3h

5882 received maintenance dose
4191 randomly assigned within 3h

6280 patients with outcome data
4514 randomly assigned within 3h

9202 patient randomisés ds les 3 heures (< 10.000)
CJP : Head related death vs. All Cause death
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All cause mortality (Subgroup GCS 9-15) :
- 6.9% in the TXA group vs. 8.3% in the placebo group 
- RR 0.83; 95% CI 0.69-0.99 
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in patients with severe head injury (p=0·73). The 
effectiveness of tranexamic acid by time to treatment 
stratified by severity is further shown in the appendix 8 
(p 3). We found no evidence of heterogeneity in the effect 
of tranexamic acid by patient age (p=0·45).

We examined the effect of tranexamic acid on head 
injury-related death stratified by World Bank income 
group (high-income vs low-income and middle-income 
countries). This analysis was not prespecified. Although 
the reduction in the risk of head injury-related death 
with tranexamic acid was larger in high-income 
countries (RR 0·76 [95% CI 0·55–1·04]) than in low-
income and middle-income countries (0·92 [0·81–1·04]), 
we found no statistical evidence of heterogeneity by 
country income group (p=0·26).

Because early head injury-related deaths are more likely 
to result from intracranial haemorrhage than are late head 
injury-related deaths, we examined the effect of tranexamic 

acid on head injury-related death within 24 h of injury. 
The RR of head injury-related death was 0·81 (95% CI 
0·69–0·95) within 24 h. When patients with a GCS score 
of 3 and those with bilateral unreactive pupils at baseline 
were excluded, the RR was 0·72 (0·56–0·92) within 24 h.

The RR for non-head injury-related deaths was 
1·31 (95% CI 0·93–1·85) and 0·96 (0·89–1·04) for all-
cause mortality. The results for non-head injury-related 
deaths broken down by cause are presented in the 
appendix 8 (p 2).

We assessed the effect of tranexamic acid on disability 
in survivors by comparing the mean Disability Rating 
Scale score (lower score means less disabled) between 
the tranexamic acid and placebo groups. The mean 
scores were similar between groups for patients treated 
within 3 h of injury (4·99 [SD 7·6] in the tranexamic acid 
group vs 5·03 [7·6] in the placebo group) and for those 
treated after 3 h (4·52 [7·0] in the tranexamic acid group 
vs 5·00 [7·4] in the placebo group). We also examined the 
effect of tranexamic acid on disability (table 3) using an 
outcome measure designed by patient representatives by 
estimating the RR of being in the most extreme category 
for six areas of functioning (walking, washing, pain and 
discomfort, anxiety or depression, agitation or aggres-
sion, and fatigue). The prevalence of disability among 
survivors was similar between groups.

The risk of vascular occlusive events and other 
complications was similar in the tranexamic acid and 
placebo groups (table 3). We found no evidence that 
tranexamic acid increased fatal or non-fatal stroke 
(RR 1·08 [95% CI 0·71–1·64]). The risk of seizures was 
similar between groups (1·09 [95% CI 0·90–1·33]). The 
numbers of other adverse events were similar between 
groups (appendix 8 p 4).

Discussion
This trial provides evidence that the administration 
of tranexamic acid to patients with TBI within 3 h 
of injury reduces head injury-related death, with no 
evidence of adverse effects or complications. We found 
a substantial reduction in head injury-related deaths 
with tranexamic acid in patients with mild and 
moderate head injuries but no apparent reduction in 
those with severe head injury. We found no increase in 
disability among survivors.

Our trial had several strengths but also some 
limitations. The method of randomisation ensured that 
partici pating clinicians had no foreknowledge of the 
treatment allo cation and the use of placebo control 
ensured that outcome assessments were blind to the 
intervention. Although the eligibility criteria required 
the recruiting clinician to be uncertain as to the 
appropriateness of tranexamic acid treatment, because 
tranexamic acid is not a recommended treatment for 
patients with isolated TBI, almost all patients with TBI 
who met the inclusion criteria were recruited. Baseline 
prognostic factors were well balanced and because 

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.

Figure 4: Effect of tranexamic acid on head injury-related death by severity and time to treatment in all patients
The models were adjusted for GCS score, age, and systolic blood pressure. 537 patients with mild and moderate 
GCS scores (9–15) and 918 patients with severe GCS scores (4–8), excluding those with a GCS score of 3 and those 
with no reactive pupils, died because of head injury. GCS=Glasgow Coma Scale.
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in patients with severe head injury (p=0·73). The 
effectiveness of tranexamic acid by time to treatment 
stratified by severity is further shown in the appendix 8 
(p 3). We found no evidence of heterogeneity in the effect 
of tranexamic acid by patient age (p=0·45).

We examined the effect of tranexamic acid on head 
injury-related death stratified by World Bank income 
group (high-income vs low-income and middle-income 
countries). This analysis was not prespecified. Although 
the reduction in the risk of head injury-related death 
with tranexamic acid was larger in high-income 
countries (RR 0·76 [95% CI 0·55–1·04]) than in low-
income and middle-income countries (0·92 [0·81–1·04]), 
we found no statistical evidence of heterogeneity by 
country income group (p=0·26).

Because early head injury-related deaths are more likely 
to result from intracranial haemorrhage than are late head 
injury-related deaths, we examined the effect of tranexamic 

acid on head injury-related death within 24 h of injury. 
The RR of head injury-related death was 0·81 (95% CI 
0·69–0·95) within 24 h. When patients with a GCS score 
of 3 and those with bilateral unreactive pupils at baseline 
were excluded, the RR was 0·72 (0·56–0·92) within 24 h.

The RR for non-head injury-related deaths was 
1·31 (95% CI 0·93–1·85) and 0·96 (0·89–1·04) for all-
cause mortality. The results for non-head injury-related 
deaths broken down by cause are presented in the 
appendix 8 (p 2).

We assessed the effect of tranexamic acid on disability 
in survivors by comparing the mean Disability Rating 
Scale score (lower score means less disabled) between 
the tranexamic acid and placebo groups. The mean 
scores were similar between groups for patients treated 
within 3 h of injury (4·99 [SD 7·6] in the tranexamic acid 
group vs 5·03 [7·6] in the placebo group) and for those 
treated after 3 h (4·52 [7·0] in the tranexamic acid group 
vs 5·00 [7·4] in the placebo group). We also examined the 
effect of tranexamic acid on disability (table 3) using an 
outcome measure designed by patient representatives by 
estimating the RR of being in the most extreme category 
for six areas of functioning (walking, washing, pain and 
discomfort, anxiety or depression, agitation or aggres-
sion, and fatigue). The prevalence of disability among 
survivors was similar between groups.

The risk of vascular occlusive events and other 
complications was similar in the tranexamic acid and 
placebo groups (table 3). We found no evidence that 
tranexamic acid increased fatal or non-fatal stroke 
(RR 1·08 [95% CI 0·71–1·64]). The risk of seizures was 
similar between groups (1·09 [95% CI 0·90–1·33]). The 
numbers of other adverse events were similar between 
groups (appendix 8 p 4).

Discussion
This trial provides evidence that the administration 
of tranexamic acid to patients with TBI within 3 h 
of injury reduces head injury-related death, with no 
evidence of adverse effects or complications. We found 
a substantial reduction in head injury-related deaths 
with tranexamic acid in patients with mild and 
moderate head injuries but no apparent reduction in 
those with severe head injury. We found no increase in 
disability among survivors.

Our trial had several strengths but also some 
limitations. The method of randomisation ensured that 
partici pating clinicians had no foreknowledge of the 
treatment allo cation and the use of placebo control 
ensured that outcome assessments were blind to the 
intervention. Although the eligibility criteria required 
the recruiting clinician to be uncertain as to the 
appropriateness of tranexamic acid treatment, because 
tranexamic acid is not a recommended treatment for 
patients with isolated TBI, almost all patients with TBI 
who met the inclusion criteria were recruited. Baseline 
prognostic factors were well balanced and because 

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.

Figure 4: Effect of tranexamic acid on head injury-related death by severity and time to treatment in all patients
The models were adjusted for GCS score, age, and systolic blood pressure. 537 patients with mild and moderate 
GCS scores (9–15) and 918 patients with severe GCS scores (4–8), excluding those with a GCS score of 3 and those 
with no reactive pupils, died because of head injury. GCS=Glasgow Coma Scale.
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