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IMPORTANCE The association between total prehospital time andmortality 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 increasedmortality.

DESIGN, SETTING, AND PARTICIPANTS This cohort studywas 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 emergencymedical service.

Consecutive adult trauma patients admitted to either of the regional trauma referral centers

during the study period were included. Data analysis took place fromMarch 2018 to

September 2018.

MAIN OUTCOMES ANDMEASURES The association between death and prehospital timewas

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. Themain outcome of interest

was all-cause in-hospital mortality.

RESULTS A total of 10 216 patients were included (mean [SD] age, 41 [18] years; 7937men

[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 <90mmHg) 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 timewas

associated with increasing in-hospital all-cause mortality in trauma patients at a

physician-staffed emergencymedical 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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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 andpolicy for decades in the inter-
national traumacommunity.Despite this culturalpenetrance,5

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

The concept of trauma as a time-sensitive health condi-
tionwasdevelopedandnurtured inaspecificemergencymedi-
cal system (EMS),mainly a paramedic-based system inNorth
America.The international traumacommunity transposed this
concept todiverse, 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-staffedEMSare thought to addcomplexity to
a complex situationbyperformingmore interventions that re-
sult in longer totalprehospital time(TPT).12,13Ontheotherside,
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-staffedEMS, 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 inFrance (1 urban and 1 rural andmoun-
tainous).Wehypothesized that a longerTPT is associatedwith
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, theTraumaBase, from
theParis area, Île-de-France, andTraumaSystemof theNorth-
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 inHealth Research (Comite

Consultatif Pour le Traitement de l’Information en Matière de

RechercheDans leDomainede laSanté, 11.305bisand15.038bis),
andfromtheNationalDataProtectionAgency (CommissionNa-

tionale de l’Informatique et des Libertés 911461 and 915372),
waiving theneed for informed consent. Both registries use al-

gorithms for consistency, coherence, and professional data
monitoring.Datamonitoring for theTraumaBase is assuredby
theBiostatistics Laboratoryof Paris 7 and for theTRENAUreg-
istry by professional statisticians employed by the network.

Setting

Thestructureandtriage inboth traumasystemshavebeenpre-
viously described.15,16 In summary, physician-staffedmobile
intensive care units provide the prehospital care in both sys-
tems. Amobile intensive care unit team provides the equiva-
lent of advanced trauma life support–basedprehospital inter-
ventions (eg, sedation,prehospitalanesthesia,advancedairway
management, chestdecompression).TheTraumaBase in Île-de
France covers an urban area of 4633.2 mi2 (12000 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
(Brigadede Sapeurs dePompiers), and6designated level I cen-
ters provide the traumacare; no lower-level care centers have
been designated. The TRENAU area covers an area of 6949.8
mi2 (18000 km2) in theNorthern FrenchAlps, 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
managementguidelinesapply, suchas those for shock.18Atany
given time, clinical management was left to the discretion of
theresponsiblephysician (prehospitalor in-hospital).Bothnet-
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 andmortality 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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ted to level I or level II centers (if in TRENAU) were included.
The enhanced care teams in both systems are able to provide
a full spectrum of advanced trauma life support care, includ-
ing airwaymanagementwith rapid sequence induction for in-
tubation, sedation and analgesia, fluid therapy, vasoactive
medication, fracture anddislocation reduction, chest decom-
pression, hemorrhage control (eg, by tourniquets, splinting,
compression), redbloodcell concentrate transfusion,andother
techniques. They currently do not provide thoracotomy or
blood-component therapy other than red blood cell concen-
trates, which occur in less than 3% of cases in both systems.

We defined early critical prehospital trauma interven-
tions as any of the following: prehospital intubation, vaso-
pressoruse, osmotherapy, and fluid resuscitationofmore than
1000mL. Shockwasdefinedas a systolic arterial pressure less
than 90mmHg.

eTable 1 in the Supplement provides the complete list of
epidemiological, clinical (prehospital and in-hospital), physi-
ological, and biological variables that were recorded for each
patient. Inbrief, bothdata collections followed the revisedver-
sion of the Utstein Template for Uniform Reporting of Data
FollowingMajor Trauma.19Calculation of the 2005versionof
Injury Severity Score (ISS) completed this information.

Exposure Variable andOutcome Criteria

Total prehospital time was the primary exposure variable, re-
corded as the time of arrival of the physician-led prehospital
care-team on scene to the time of arrival at the hospital. Ar-
rival on scene, leaving the scene, and arrival at the admitting
hospital are systematically recorded inboth registriesbasedon
prehospital interventionrunsheetsand/ordispatchcenterdata;
the exact timing of injury was not recorded in either registry.

The main outcome of interest was all-cause in-hospital
mortality. Patientswhodiedwithin 24hourswere retained in
the analysis to minimize survivor bias. Cause-specific death,
includingdeath frombleedinganddeath fromhead injury,was
considered the secondary end point. In both registries, the
causes of death were based on a judgment by a physician re-
viewingall evidenceat routinecaseclosure.Thephysicianper-
forming case closure was not part of the working committee
of this study.

Statistical Analysis

Sample Size

Theretrospectivenatureof thestudypredetermines thesample
size. A post hoc power calculation was performed using a
1-sample correlation Fisher z test. We used the regression
coefficient of total prehospital time as an alternative hypoth-
esis and a coefficient of 0 corresponding to the null hypoth-
esis with no association with traumatic death.

Statistical Methods

Continuous variables were presented with means and SDs
or with median and interquartile range when appropriate.
Categorical variables were presented with frequencies and
percentages.

The association between death and prehospital timewas
assessed graphically by plotting the risk of death on prehos-

pital time.Ageneralized linearmixedmodel (GLMM)with ran-
dom effect by registry and EMS system explored the associa-
tionbetweendeath andprehospital timewith a logit function.
We assessed the departure of linearity in the association be-
tween death and time graphically and added the polynomial
terms in the GLMM if needed (eTable 6 in the Supplement).
Homogeneity between categorieswas testedusing the χ2 test.

We fitted the bestmodel according to likelihood ratio test
andAkaike informationcriterion. Inaddition, ageneralizedad-
ditivemodel (GAM) assessed and explored the linearity of the
association between death and time. The GAM is a flexible
model of GLMM with a link function based on smoothing
splines. The amount of smoothing is controlled by the num-
ber of equivalent degrees of freedom. We graphically as-
sessed the smooth function to fix the equivalent degrees of
freedomforprehospital time.Weassessed thedeviancevaria-
tion that occurred depending on the use of the linear term or
the smoothing term in the equation.

Tocontrol forpotentialvariablesassociatedwithcasecom-
plexity, a GLMM and GAM model was applied in multivari-
able analysis to adjust for the confounders age, sex, severity
ofanatomic injurypattern (by ISS), systolicbloodpressure, and
Glasgow Coma Scale (GCS) score in a parsimonious method.
These 5 variables are strongly correlated with prehospital in-
terventions, such as airwaymanagement. Themore severely
a patient is in shock (by systolic blood pressure measure-
ment) or the greater the likelihood of a traumatic brain injury
(TBI) (asmeasured by theGCS), themore severely injured the
patient is (per the ISS). The high injury loadmay triggermore
interventions and longer prehospital times. In consequence,
for the sake of simplicity and to avoid collinearity, themodels
did deliberately not include prehospital interventions.

Two-sided P values <.05 were considered significant. All
statistical analyseswereperformedusingStataSEversion 14.0
(StataCorp).

Missing Data

Multiple imputation of missing values to assess total prehos-
pital time was not feasible. Several variables were not rou-
tinely collected in both registries (eg, distance between scene
of injuryandhospital, dispatchingdecision).Measurementer-
rors in variables that are not routinely collected could lead to
inappropriate assessmentswhen applied tomultiple imputa-
tion.Datawereunlikely tobemissingat random,andthis could
lead to a bias toward the null when applying multiple impu-
tation. For this reason, a complete case analysis was per-
formed. Comparability of patients with and without missing
data on TPT were assessed in terms of demographic charac-
teristics, prehospital condition, injury severity, and in-
hospital death.

Results

In total,6441patientswerescreenedfor inclusion fromJanuary
2011 to December 2016 in the TraumaBase database and 8888
were screened for inclusion from the TRENAU database from
January2009toDecember2016.Themainreasontoexcludepa-
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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
fromTraumaBase)were retained for complete case analysis.

Patientshadamean(SD)ageof41 (18)years, andmostwere
men (7937 [78.3%]) affected by predominantly nonpenetrat-
ing injury (9265 [91.5%]),withamean (SD) ISSof 17 (14)points.
In6737patients (66.5%), at least 1 body regionhadanAIS score
of 3 points ormore. A total of 1259 patients (12.4%) presented
in shock (systolic pressure<90mmHg), and2724 (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
TPTshorter than60minutes. Three-quarters ofpatients (7434
of 10 126 [73.4%])were transportedby land, and9098of 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
4049patients (13.3%) and228of4047patients (5.6%), respec-
tively, whereas a TPT longer than 120minutes involved intu-
bation andvasopressor use in 458of 994patients (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-causemortalitywith TPT (odds ratio [OR],
1.09 [95% CI, 1.07-1.11]; P < .001; Figure 1). Increasing 30-
minute categoriesofTPTwereassociatedwithamarkedly 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 by9% 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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0-29 minutes: 2.5% [95% CI, 1.5%-4.3%]; ≥180 minutes,
12.9% [95% CI, 8.0%-20.0%]; Table 2). This association was
also observed, although less markedly, when considering
death from bleeding (total: 1.8% [95% CI, 1.5%-2.1%]; 0-29
minutes: 1.6% [95% CI, 0.8%-3.1%]; ≥180 minutes, 2.4%
[95% CI, 0.8%-7.2%]; Table 2). Unadjusted odds of death
attributable to head injury increased by 9% for each
10-minute increase in TPT (OR, 1.09 [95% CI, 1.07-1.11]),
while unadjusted OR of death attributable to bleeding
increased by 4% (1.04 [95% CI, 1.01-1.07]; Table 3). When
adjusting for confounders, the association of TPT with
in-hospital death attributable to head and bleeding injury
showed a nonsignificant increase (Table 3).

Discussion

The main finding of this study is that longer TPT is indepen-
dently associated with increasing all-cause in-hospital mor-

tality in a physician-staffed trauma system. To the best of our
knowledge, this is the first study reporting such an associa-
tion in a physician-staffed EMS in Europe.

The increase of mortality with increasing TPT appears
to be common sense. However, existing comparative data
on TPT and mortality in physician-staffed EMSs are limited
and conflicting.20,21 Although time would be considered
an independent exposure variable, it remains invariably
dependent on exposure variables, such as physiology, sever-
ity of injury, and prehospital interventions. Concordantly, it
was justifiable to assume that TPT could only be the result
of multifactorial complexity, thereby challenging its inde-
pendent association with outcome. Nevertheless, by
accounting for complexity (ie, age, ISS, GCS score, and
shock), time remained an independent exposure variable
corroborating studies conducted in North America,22

although other studies suggest that a physician-led team
exerts a positive influence on outcome,12,22 even when TPT
is longer.

Figure 1. UnadjustedModels Representing the Risk of Death FromAll Causes, per Prehospital Time, Truncated at 200Minutes
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A, Generalized additive model: area under the curve, 0.59 (95% CI, 0.57-0.61);
internal overall calibration (expected over observed), 1.00 (95% CI,
0.94-1.06);and calibration slope, 1.03 (95% CI, 0.82-1.23). B, Generalized linear
mixedmodel: area under the curve, 0.59 (95% CI, 0.57-0.61); internal overall

calibration (expected over observed), 1.01 (95% CI, 0.94-1.07); and calibration
slope, 0.99 (95% CI, 0.79-1.19). In both graphs, the shaded area represents the
95% CIs.

Table 2. Primary and Secondary Outcomes According to Prehospital Time

Total Prehospital
Time, mina

Total,
No.

Overall In-Hospital Death Death Attributable to Head Injury Death Attributable to Bleeding

Patients, No. % (95% CI) Patients, No. % (95% CI) Patients, No. % (95% CI)

0-29 514 27 5.3 (3.6-7.6) 13 2.5 (1.5-4.3) 8 1.6 (0.8-3.1)

30-59 3535 244 6.9 (6.1-7.8) 129 3.7 (3.1-4.3) 53 1.5 (1.1-2.0)

60-89 3459 344 9.9 (9.0-11.0) 179 5.2 (4.5-6.0) 63 1.8 (1.4-2.3)

90-119 1624 208 12.8 (11.3-14.5) 109 6.7 (5.6-8.0) 36 2.2 (1.6-3.1)

120-179 870 121 13.9 (11.8-16.4) 55 6.3 (4.9-8.1) 19 2.2 (1.4-3.4)

≥180 124 24 19.4 (13.3-27.3) 16 12.9 (8.0-20.0) 3 2.4 (0.8-7.2)

Total 10 126 968 9.6 (9.0-10.1) 501 5.0 (4.5-5.4) 182 1.8 (1.5-2.1)

P value for
homogeneity test

NA NA <.001 NA <.001 NA .467

Abbreviation: NA, not available.
a Total prehospital time, arrival of the physician-led prehospital care team on scene to arrival at the hospital.
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The association of TPT andmortality implies that time is
an independent exposure that should be a management ob-
jective. Observed TPTwere 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 challengemay 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 andprehospital situ-
ation.Wesuggest tocall this the intervention-to-timeratio. 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 studyof trunk
trauma5 revealed increasedmortality inpatients in shockwith
incompressible trunk trauma, longbefore anydefinitivehem-
orrhagecontrol ispossible;hence theadvocacyof somepeople
in favor of very advanced prehospital resuscitation and hem-
orrhagecontrol, suchas resuscitativeendovascularballoonoc-
clusionof 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-
tionwith command or dispatch and the receiving center, and
transport time.26Thewholeprocessneedsstreamlining tokeep
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 timewith hemorrhage-associatedmortality. The
critical association of time and trauma hemorrhage was re-
cently observed, demonstrating peak mortality from hemor-
rhage at 37minutes.27This circumstancemight have reduced
the size of the association with death by hemorrhage in the
model. Both registries only includepatientswhoarrived alive

at thehospital.Ball etal28 indicatedthatwithshorterTPT,more
patients arrivedalivebut thendied subsequently. Future stud-
ies need to address this question and include all patients de-
ceased on scene.

Inopposition toprevious reports,29 theadjustedmodeldid
not showasignificantassociationofTPTandTBI-inducedmor-
tality. AffirmationofTBI as the causeof 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,
whichmay have biased the true proportion of death attribut-
able to TBI.

This studyhas several strengths.Datawereextracted from
2 established registries with robust datamanagement. These
datawere collected from2geographically andstructurallydis-
tinct regionswithdifferent traumasystems.TheTRENAUsys-
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-
tionsmade. Thus, the presentmodel appears robust and gen-
eralizable.AseFigure2 in theSupplement 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 tomost existing registries, unless

Table 3. Association BetweenOutcome 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).

bOdds ratio for increase of 10minutes in prehospital time.

Figure 2. Adjusted Association Between Death and Prehospital Time
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Multivariable generalized linear mixedmodel representing the risk of death
from all causes according to prehospital time, adjusted for individual
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0.95-0.96); internal overall calibration (expected over observed), 1.00 (95% CI,
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postmortem computed tomographic scans and/or systematic
autopsies become standard. Only patients who arrived alive
in thehospitalwere included in thestudy,a featuresharedwith
most established trauma registries thatmayhave reduced the
sign of the association of hemorrhage-inducedmortality and
time. The choice of adjustment variables may seem arbitrary
and the number of variables limited. However, the adjust-
ment aimed to compensate for case complexity and casemix
in a simple but robust way. Patients with shock (as indicated
by systolic blood pressure <90 mm Hg) and/or TBI (low GCS
scores) andhigh injury load (high ISS) and elderly patients ac-
count for the greater part of this complexity, since they may
require prehospital resuscitation. Hence, the models did not
include any specific prehospital interventions, because they
arewell correlatedandshare ahighcollinearitywithanyof the
4 adjustment variables in the model and are part of the so-
called causal pathway.

Prehospital interventions inFrance focusonadvancedair-
waymanagement, fluidandvasoactive therapy, andsimplehe-
mostatic measures (eTable 4 in the Supplement). At the time
of the study, blood product use was rare, and advanced sur-
gical techniques were exceptional.

We decided to perform complete case analysis instead of
performing multiple imputation. We cannot exclude that ex-
clusion of observations led to selection bias. Multiple impu-
tation is not always superior to complete case analysis; in par-
ticular, ifmissing data are notmissing at random, imputation
may generate a bias toward the null.30 In this study, it seems

inappropriate to imputedataonprehospital timewithoutpre-
cise geographical location, because ambulances in France are
currently not systematically equipped with geographic posi-
tioning systems.

Missing data led to the exclusion of 23% of patients from
both registries. However, apart from a slight difference in the
mechanism of injury, patients whowere excluded shared the
characteristicsandseverityof injurysimilar to thepatientswho
were included. This study included cases from a large urban
and a rural, mountainous area, supporting the generalizabil-
ity of the results tomost of European andmature trauma sys-
tems. A cluster effect cannot be excluded. The use of amixed
model with a random effect should however control for this
bias. These results may less apply to very remote isolated re-
gions and or systems with a higher incidence of penetrating
injury.

Conclusions

This study demonstrates an independent association of
in-hospital, all-cause mortality in trauma with total prehos-
pital time in a physician-staffed EMS in France, even after ad-
justment for case complexity. These results imply that pre-
hospital time management should become a management
objective. Both findings plead for further streamlining of pre-
hospital trauma care and the need to define the optimal
intervention-to-time ratio.
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eTable 1. Complete list of collected variables 

Demographics Prehospital Hospital Outcome and follow-

up 

Age MICU team Hospital name In-hospital death 

Gender Glasgow coma scale Hospital level Cause of death 

Mechanism of injury Blood pressure Glasgow coma scale Length of stay (ICU) 

Circumstances Respiratory rate Blood pressure Length of ventilation 

Place of accident Heart rate Respiratory rate Withdrawal of treatment 

Date of accident Pulse oximetry Heart rate Abbreviated injury scale 

 Pupil size Pulse oximetry Injury severity score 

 Intubation Pupil size  

 Fluid resuscitation Intubation  

 Vasopressor use Fluid resuscitation  

 Osmotherapy Vasopressor use  

 Arrival on scene (time) Osmotherapy  

 Arrival at hospital (time)  Surgery  

 Transportation type Treatment  

 Cardiac arrest Para-clinical tests  
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eTable 2. Characteristics of patients excluded for analysis and missing data 

 Considered for analysis 

 

N=10,126 

Not considered for analysis 

due to missing data on 

prehospital time 

N=3,633 

Age, mean (95%CI) 41 (40-41) 41 (40-41) 

Sex male, N; % (95%CI) 7,937; 78% (78-79) 2,828; 78% (76-79) 

Penetrating injury, N; % (95%CI) 861; 9% (8-9) 351; 10% (9-11) 

Road traffic injury, N; % (95%CI) 5,598; 55%(54-56) 1,551; 43% (41-44) 

Fall, N; % (95%CI) 3,053; 30% (29-31) 1,389; 38% (37-40) 

SBP mean (95%CI) 117 (116-117) 120 (119-121) 

GCS, mean (95%CI) 

N ;% (95%CI) 

13 (13-13) 13 (13-13) 

3-8 1,518; 15% (14-16) 497; 15% (14-17) 

9-13 963; 10% (9-10) 293; 9% (8-10) 

14-15 7,453; 74% (73-74) 2,461; 76% (74-77) 

Prehospital intubation N ;% 

(95%CI) 

2,321; 23% (22-24) 704; 19% (18-21) 

Haemorrhagic shock, N ;% 

(95%CI) 

1,010; 10% (9-11) 287; 8% (7-9) 

AIS Head ≥3, N ;% (95%CI) 2,724; 27% (26-28) 1,053; 29% (28-30) 

Mean ISS 17 (17-18) 17 (16-17) 

ISS >15, N ;% (95%CI) 4,757; 47% (46-48) 1,692; 47% (45-48) 

In-hospital Death, N ;% (95%CI) 968; 10% (9-10) 291; 8% (7-9) 

 

AIS=abbreviated injury scale, GCS=Glasgow Coma Scale, ISS=Injury severity score, SBP=systolic blood pressure 
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eTable 3. Transportation mode and time according to regional database. 

 Total Paris_ Ile de 

France 

(TRAUMABASE) 

Northern French 

Alps (TRENAU) 

 N=10,126 N=5,067 N=5,059 

Ambulance transportation, N (%) 7,434 (76) 4,319 (89) 3,115 (63) 

Helicopter transportation, N (%) 2,367 (24) 516 (11) 1,851 (37) 

Transport to designated trauma 

center, N (%) 

9,098 (90) 5,067 (100) 4,031 (80) 

Median TPT [IQR] 65 [49-90] 73 [54-100] 60 [45-80] 

Total Prehospital timea, N (%)    

0-29 min 514 (5) 247 (5) 267 (5) 

30-59 min 3,535 (35) 1,335 (26) 2,200 (43) 

60-89 min 3,459 (34) 1,762 (35) 1,697 (34) 

90-119 min  1,624 (16) 999 (20) 625 (12) 

120-179min  870 (9) 630 (12) 240 (5) 

180 + min 124 (1) 94 (2) 30 (1) 

 

aTPT = Total Prehospital Time, arrival of the physician-lead prehospital care-team on scene to arrival at the hospital 
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eTable 4. Pre-hospital Interventions and Total Pre-hospital Time 

 Total Oro-tracheal 

intubation 

N (%) 

Resuscitation 

fluid >1000 ml 

N (%) 

Vasopressor 

use 

 

N (%) 

Osmotherapy 

         N (%) 

0-29 min 514 49 (10) 71 (14) 24 (5)          11 (2) 

30-59 min 3,535 488 (14) 578 (16) 203 (6)          131 (4) 

60-89 min 3,459 794 (23) 806 (23) 328 (10)          210 (6) 

90-119 min  1,624 555 (34) 550 (34) 242 (15)          123 (8) 

120-

179min  

870 391 (45) 365 (42) 153 (18)           76 (9) 

180 + min 124 67 (54) 68 (54) 32 (26)            18 (14) 

Total 10,126 2,321 (23) 2,438 (24) 982 (10)            569 (6) 

P value for 

Homogenei

ty test 

 <0.001 <0.001 <0.001            <0.001 

 

aTPT = Total Prehospital Time, arrival of the physician-lead prehospital care-team on scene to arrival at the hospital 
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eTable 5. Generalized Linear Mixed Model with primary outcome all-causes of 
death. 
 

 Estimate Standard 

error 

P-Value Odds ratio 95% CI 

Prehospital time 

(by 10 minutes) 

0.0389 0.0145 0.007 1.040 1.011 – 1.069 

Age -0.0366 0.0131 0.005 0.964 0.940-0.989 

Age^2 0.0090 0.0001 <0.001 1.001 1.001-1.001 

SBP -0.0399 0.0074 <0.001 0.961 0.947-0.975 

SBP^2 3.6 e-5 8.9e-5 0.687 1.00 0.999-1.000 

SBP^3 6.9 e-7 2.9e-7 0.02 1.00 1.00-1.00 

ISS 0.1789 0.0342 <0.001 1.196 1.130 – 1.265 

ISS^2 -0.0032 8.6 e-4 <0.001 0.997 0.995-0.998 

ISS^3 2.5 e-5 7.6 e-6 0.001 1.00 1.00 -1.00 

GCS -0.0260 0.0083 <0.001 0.786 0.770 – 0.803 

 
^2: quadratic term; ^3 cubic term; SBP: Systolic blood pressure; ISS: Injury Severity Score; GCS: Glasgow Coma Scale. 
Random effect by Registry and EMS system 
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eTable 6. Generalized Linear Mixed Model with primary outcome all-causes of 
death. 
 

 OR (95% CI) P value 

TPT by 10 min 1.04 (1.01-1.07) 0.002 

Age 0.96 (0.95-0.99) 0.006 

Age2 1.001 (1.00-1.001) <0.001 

SBP 0.95 (0.94-0.96) <0.001 

SBP2 1.00 (1.00-1.00) <0.001 

GCS 0.56 (0.49-0.65) <0.001 

GCS2 1.02 (1.01-1.02) <0.001 

ISS 1.18 (1.11-1.25) <0.001 

ISS2 0.99 (0.99-0.99) 0.002 

ISS3 1.00 (1.00-1.00) 0.006 

 
TPT : Total Prehospital Time, SBP :Systolic Blood Pressure ; GCS ; Glasgow Coma Scale ; ISS :Injury Severity Scale.2indicates 
quadratic term 3indicates cubic terms. 
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eFigure 1. Flowchart of study 
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eFigure 2. Adjusted Generalized Additive Model for individual confounders as 
logarithmic function (prehospital time, age, systolic blood pressure, Injury 
Severity Score, GCS); the Y-axis represents the functional risk of death 
 

  

 

 


