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Background: Trauma is a leading contributor to the burden of disease in Canada,
accounting for more than 15 000 deaths annually. Although caring for injured
patients at designated trauma centres (T'Cs) is consistently associated with survival
benefits, it is unclear how travel time to definitive care influences outcomes. Using
a population-based sample of trauma patients, we studied the association between
predicted travel time (PTT) to TCs and mortality for patients assigned to ground
transport.

Methods: Victims of penetrating trauma or motor vehicle collisions (MVCs) in
Nova Scotia between 2005 and 2014 were identified from a provincial trauma regis-
try. We conducted cost distance analyses to quantify PTT for each injury location to
the nearest TC. Adjusted associations between TC access and injury-related mortality
were then estimated using logistic regression.

Results: Greater than 30 minutes of PTT to a TC was associated with a 66%
increased risk of death for MVC victims (p = 0.045). This association was lost when
scene deaths were excluded from the analysis. Sustaining a penetrating trauma greater
than 30 minutes from a T'C was associated with a 3.4-fold increase in risk of death.
Following the exclusion of scene deaths, this association remained and approached
significance (odds ratio 3.48, 95% confidence interval 0.98-14.5, p = 0.053).

Conclusion: Predicted travel times greater than 30 minutes were associated with
worse outcomes for victims of MVCs and penetrating injuries. Improving communi-
cation across the trauma system and reducing prehospital times may help optimize
outcomes for rural trauma patients.

Contexte : Les traumatismes contribuent pour une bonne part au fardeau de la mala-
die au Canada; on leur attribue plus de 15 000 déces annuellement. Méme si les soins
prodigués aux patients victimes de traumatismes dans les centres de traumatologie
désignés (CTD) sont toujours associés a des gains au plan de la survie, on ignore
quelle est influence du temps de transfert vers le CTD sur l'issue. A partir d’un
échantillon de patients polytraumatisés basé dans la population, nous avons analysé le
lien entre le temps de transfert prévu (T'TP) vers le CTD et la mortalité des patients
transportés par voie terrestre.

Méthodes : On a identifié les victimes de traumatismes pénétrants ou d’accidents de
la route en Nouvelle-Ecosse entre 2005 et 2014 a partir d’un registre provincial de
traumatologie. Nous avons analysé la distance de colit pour quantifier le TTP a partir
de chaque scéne vers le CTD le plus proche. Les liens ajustés entre 'acces au CTD et
la mortalité liée au traumatisme ont ensuite été estimés par régression logistique.

Résultats : Un délai de TTP de plus de 30 minutes pour arriver au CTD a été asso-
cié a un accroissement de 66 % du risque de déces chez les patients polytraumatisés
(p = 0,045). Ce lien s’annulait si on excluait de I'analyse les décés survenus sur la scéne
de I'accident. Subir un traumatisme ouvert a plus de 30 minutes de distance d’un
CTD a été associé a une augmentation par un facteur de 3,4 du risque de déces. Une
fois les déces sur la scéne de 'accident exclus, ce lien a persisté et s’est rapproché du
seuil de signification (rapport des cotes 3,48, intervalle de confiance de 95 % 0,98—
14,5, p = 0,053).

Conclusion : Des temps de transfert prévus supérieurs a 30 minutes ont été associés
une issue plus défavorable pour les victimes d’accidents de la route et de traumatismes
pénétrants. L’amélioration de la communication entre les divers éléments du systéme
de traumatologie et la réduction du temps préhospitalier pourrait optimiser l'issue
pour les patients victimes de traumatismes en région rurale.
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njury is one of the largest public health concerns in Can-

ada, accounting for 15 000 deaths and more than $20 bil-

lion in direct and indirect costs annually.! In response to
this substantial disease burden, trauma systems have been
established to match patient needs with appropriate health
facility resources.” Preferentially triaging severely injured
patients directly to specialized trauma centres (T'Cs) has
been shown to reduce mortality.* Although regionalization
of trauma care services reduces trauma-related mortality,* it
has significant access implications because of the concentra-
tion of specialized resources in few discrete geographic loca-
tions. Distance to a TC correlates with time to definitive
care, and there is evidence that shorter prehospital times are
associated with increased survival.>

Health care access, defined as the degree of fit between
patient needs and the health care system, is a relevant con-
cept to policy-makers, as poor access may negatively impact
health care utilization.!® Access has classically been distilled
into 5 dimensions: availability, accessibility, accommodation,
affordability and acceptability.!'>!? Furthermore, access can
be categorized by spatial (accessibility, availability) and non-
spatial factors (affordability, acceptability, accommoda-
tion).”* The importance of the spatial relationship between
patients and health care services becomes clear when access
is framed, in part, as a geographic construct. Although
patient transport time can be used to analyze access to care,
these times may be biased by various factors, including
transport urgency and local triage practices. An alternative
approach to determine the influence of geography on
trauma patient outcomes is to estimate transport time from
injury location to a TC using geospatial analysis.

Predicted travel ime (P'T'T) is a measure of spatial access
to definitive trauma care. Given that significant resources
are invested to maintain T'C readiness, understanding how
PTTs influence patient outcomes may help improve the
equity and efficiency of trauma care delivery by informing
changes to trauma system organization.!* One Canadian
study has previously shown that greater PTT's to trauma
care result in lower TC utilization rates following major
injury.” Variability in PTT's to Canadian T'Cs has also been
reported.'®” However, the relationship between PTTs to
T'Cs and mortality following major trauma remains unclear.
The objective of our study was to evaluate the association
between mortality and PTT to TCs for patients assigned to
ground transport by the Emergency Health Services (EHS)
system using a population-based sample of trauma patients
in Nova Scotia and linking injury location with data from a
provincial trauma registry.

MEeTHODS
Setting

Nova Scotia is the second most densely populated prov-
ince in Canada with an average population density of
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18 persons/km?.'®1? Notably, most of the population
resides outside the only census metropolitan area; thus,
rural traumas are commonly seen across the province.
Trauma care in Nova Scotia is available at 8 level-III TCs,
1 adult level-I TC, and 1 pediatric level-I TC.'7 All level-
III TCs in Nova Scotia are capable of performing emer-
gency, life-saving surgical services (e.g., trauma laparot-
omy). Emergency Health Services provide ground-based
prehospital transport using a comprehensive network of
ground ambulances. Although aeromedical transport is
also available, these assets are used in fewer than 5% of
scene responses and are therefore not the focus of this
study. If paramedics are within 30 minutes of a level-I or
level-III 'T'C (including estimated extrication time), the
patient is taken to the highest-level TC. In cases where
paramedics are not within 30 minutes of a level-I or level-
III 'TC, the destination and launch decision is made on a
case-by-case basis by paramedics and air medical transport
(AMT) personnel based on patient condition, response
time of AMT (i.e., EHS LifeFlight), transport time by
ground ambulance to the nearest emergency department
(ED) compared with the nearest T'C, capability of the
nearest ED, and the level of care available by paramedics
(present and from a possible intercepting crew).?

Study design and data collection

"This observational geospatial analysis used data obtained from
the Nova Scotia Trauma Registry (NSTR). The NSTR is a
provincial population-based trauma registry under the Nova
Scotia Department of Health & Wellness that captures
demographic and clinical data on all major traumas occurring
in the province.?! Emergency Health Services (or the police in
cases of scene deaths) record the coordinates of the pickup
location of all victims using global positioning systems (GPS).
"These data are abstracted into the NSTR.

We limited our study to trauma patients who were injured
in a motor vehicle collision (MVC) or by a penetrating
mechanism, as these are known to be time-sensitive cases
requiring rapid transport to the nearest TC. All traumas with
an Injury Severity Score (ISS) greater than 11 related to
MVCs (ICD-10 V01 to V99) or penetrating mechanisms
ICD-10 W25, W26, W32-34, W45, X72-74, X78, X93-
95, X99, Y22-24) between Jan. 1, 2005, and Dec. 31, 2013,
were eligible for inclusion. Individuals who were missing
GPS coordinates or whose pickup location was inconsistent
with the injury location were excluded. We excluded any
trauma cases that were solely air transport cases or that
involved a combination of ground and air transport. All
duplicate entries were removed before analysis.

The locations of TCs and the provincial road network
used in the spatial analyses were obtained from a commer-
cially available data set (CanMap, DMTT Spatial). We used
commercially available geographic information system (GIS)
software (ArcMap, Esri) for all geospatial analyses.
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Cost distance analysis

Cost distance analyses were performed to model travel
times from all points in Nova Scotia to the nearest TC.
This validated method calculates the accumulated travel
cost in minutes associated with travelling across a surface
from any point in the study area to specified destinations
(i.e., TCs). For use in these analyses, we constructed a
100 m? gridded cost surface using the provincial road net-
work and each road segment’s corresponding speed limit.
Cells without a road were assigned a value corresponding
to a travel speed of 5 km/h™! (i.e., the average speed of
walking). As prehospital transport is expected to use estab-
lished road networks predominantly, other barriers, such
as hydrologic features, were not incorporated into the cost
surface. The final output was a continuous surface where
each pixel corresponded to the time required to travel
from that geographic location to the nearest T'C. Further
details on the model development and validation for emer-
gency transport in Nova Scotia are discussed elsewhere.??

Predicted travel time to trauma care

Overlaying the point locations of major traumas related to
MVC:s or penetrating mechanisms over the cost distance out-
puts allowed us to estimate PTT to trauma care for a cohort
of patients from the NSTR. The PTT corresponding to the
point location of each injury was extracted from the cost dis-
tance outputs and incorporated into the statistical models.

RESEARCH

Statistical model building

Logistic regression models of mortality risk among pene-
trating trauma victims and MVC-related trauma victims
were estimated using time to T'C care (< 10 minutes [refer-
ence], 10-20 minutes, 20-30 minutes, > 30 minutes), age
(continuous), sex (female [reference], male), socioeconomic
status (SES; high SES [reference], low SES), and ISS (con-
tinuous) as covariates. All covariates were defined a priori
based on previously identified associations. We defined
SES using the Vancouver Area Neighbourhood Derivation
Index (VANDIX) of the patient’s residential location.* For
cases where residential postal codes were unavailable, injury
location was used as a proxy for place of residence. The
most deprived quintile was defined as low SES. The out-
come of interest was death, either in-hospital or before
arrival. Bivariate comparisons were performed using the
Student 7 test or %* test, where appropriate. Adjusted analy-
ses were performed, including and excluding scene deaths,
to better delineate potential impacts of postinjury care on
observed associations. Scene deaths included patients who
died from their injuries before the arrival of police or EHS
as well as patients who died at the scene while being cared
for by EHS. Spatial autocorrelation of model residuals was
excluded using the Global Moran’s I statistic. We per-
formed a sensitivity analysis of P'T'Ts only to level-I TCs in
Nova Scotia (i.e., excluding level-III TCs) to evaluate the
consistency of observed results. Statistical analyses were
performed using Stata software version 14 (StataCorp).

Traumas with relevant mechanisms
of injury in the NSTR, 2005-2014

n=1811
Mechanism: Mechanism:
MVC penetrating injury
n= 1568 n=243

REsuLTS

Selection and characteristics of
the study population

Between Jan. 1, 2005, and Dec. 13,
2013, a total of 1568 MVC-related
traumas and 243 penetrating traumas
were eligible for inclusion. Excluded
from this study were 1675 major
traumas from all other mechanisms.

264 cases excluded:

e Inconsistent injury
location n=110

e Missing injury
location n =67

* Duplicate entry n = 87

—

12 cases excluded:

e Inconsistent injury
location n=0

e Missing injury
location n=5

* Duplicate entry n=7

Following the exclusion of duplicates
and entries with missing or inconsis-
tent injury locations, 1304 cases of
MVC-related trauma and 231 cases
of penetrating trauma remained for
spatial analysis (Fig. 1). All TCs were

A A

successfully geolocated. Most MVC-
related traumas (64.0%) and pene-

MVC-related traumas
suitable for spatial analysis
n=1304

Penetrating traumas
suitable for spatial analysis
n=231

trating injury cases (57.0%) occurred
in locations outside of Halifax
Regional Municipality, which is the

sole urban area in the province.

Fig. 1. Selection of study participants. MVC = motor vehicle collision; NSTR = Nova Scotia

Trauma Registry.
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The general characteristics of
the study population are described
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Table 1. Characteristics of patients with MVC-related or penetrating traumas

MVC-related traumas

Penetrating traumas

All patients Patients who died All patients Patients who died
Characteristic n=1304 n=2326 n=231 n=130
Age, yr, mean + SD 39.4 +20.7 433 +22.7 446 +20.3 543+ 175
Male sex, no. (%) 896 (68.7) 241 (73.9) 217 (93.9) 126 (96.9)
Incident location < 30 min from TC* care, no. (%)

Yes 917 (70.3) 209 (64.1) 169 (73.2) 83 (63.9)
No 387 (29.7) 117 (35.9) 62 (26.8) 47 (36.2)
ISS, mean = SD 274 £143 40.2 £ 18.6 289+ 17.8 35.0 £19.6
Low SES, no. (%) 329 (21.9) 96 (26.0) 78 (33.8) 41 (62.3)
LOS, d, mean + SD 156.7 + 25.6 4.0+ 10.7 146 +19.4 3.0+5.1
Surgical procedure, no. (%) 524 (40.2) 30(9.2) 81 (356.1) 9(6.9)

*Includes both level-l and level-Ill TCs

ISS = Injury Severity Score; LOS = length of hospital stay; MVC = motor vehicle collision; SD = standard deviation; SES = socioeconomic status; TC = trauma centre.

in Table 1. Victims of both injury mechanisms were
predominantly young and male. Among victims of
penetrating injuries, 67.0% of trauma cases were
related to firearms, while the rest were caused by
sharp objects, most commonly knives. Mortality
among patients injured in MVCs was 25.0%, com-
pared with 56.3% in patients with penetrating
trauma. In both groups, patients who died had a
higher mean ISS, and a greater proportion of these
patients had low SES.

Predicted travel time to trauma care in Nova Scotia
via ground transport

The cost distance analysis of ground-based travel time to
trauma care in the province of Nova Scotia is illustrated
in Figure 2. This analysis showed regional variation in
TC accessibility, but most points in the province were
found to have access to a TC within 30 minutes of driv-
ing time. Overall, 29.7% of MVC-related traumas were
located more than 30 minutes away from a TC (median

Potential spatial access
to trauma centres

. Level-lll trauma centres

O Level-l trauma centres

Travel time

120 mins

15 mins

Fig. 2. Results of cost distance analysis showing predicted travel times to trauma care in Nova Scotia.
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time to TC 19.3 minutes), and 26.8% of penetrating
traumas were located more than 30 minutes away from a
TC (median time to T'C 15.3 minutes).

Comparison of trauma cases by predicted driving
time from a trauma centre

Using bivariate analyses, we compared the characteristics
of patients with MVC-related and penetrating traumas
who were located 30 minutes or less of PTT from a TC
with those of patients located more than 30 minutes
away (Table 2). For MVC-related traumas, the unad-
justed mortality was higher for individuals injured more
than 30 minutes away from a TC (30.2/100 persons v.
22.8/100 persons, p = 0.005). Pre-, post- and on-scene
intervals were all higher in the group injured more than
30 minutes away from a T'C (all p < 0.001). The prob-
ability of scene death was also higher for individuals
injured more than 30 minutes away from a TC (20.9% v.
12.2%, p < 0.001). Finally, individuals injured more than
30 minutes away from a TC were 52% more likely to be
ejected from the vehicle (p < 0.001).

For penetrating traumas, the unadjusted mortality was
significantly higher for individuals injured more than
30 minutes away from a TC (75.8/100 persons v.
49.1/100 persons, p < 0.001). Individuals injured more
than 30 minutes away from TCs were also more likely to
be older, to experience longer prehospital intervals, and
to have low SES (all p < 0.01).

Influence of predicted travel time to trauma care on
mortality

We conducted logistic regression analyses to determine the
influence of PTT to trauma care on mortality (Table 3).

RESEARCH

Among patients with MVC-related traumas, lack of PTT
to TC care within 30 minutes was found to be associated
with a 66% increased risk of death after adjustment for the
confounding variables of age, sex, ISS and SES identified a
priori (odds ratio [OR] 1.66, 95% confidence interval [CI]
1.09-2.52, p = 0.018). Importantly, this association was lost
when scene deaths were excluded from the analysis (OR
0.93, 95% CI 0.58-1.46, p = 0.78,). In addition, the likeli-
hood of death in these patients was associated with male sex
(OR 145, p = 0.034), increasing age (OR 1.02, p < 0.001),
and increasing ISS (OR 1.11, p < 0.001).

In cases of penetrating trauma, a PTT greater than 30
minutes from a T'C was associated with increased likeli-
hood of death (OR 3.43, 95% CI 1.37-8.59, p = 0.039).
Notably, after scene deaths were excluded from the analy-
sis, this association remained and approached significance
(OR 3.48,95% CI 0.98-14.5, p = 0.053). Risk of death was
also associated with increasing age (OR 1.06, p < 0.001)
and increasing ISS (OR 1.07, p < 0.001) in these patients.
Results were similar following a sensitivity analysis of
PTTs only to level-I TCs in the province. There was no
difference in the likelihood of death between patients taken
to a level-I1 TC and those transported to a level-II1 TC.

Discussion

Owing to the high prevalence of rural trauma in Canada,
it is important to understand the impact of trauma care
accessibility on the outcomes of injured patients. By com-
bining spatial analyses with more traditional statistical
models, our study shows that trauma patients injured in
areas with higher PTTs to T'Cs have increased risk of
death. The magnitude of this association and the poten-
tial explanations underlying it are modified by the mech-
anism of injury. Greater likelihood of ejection following

Table 2. Patient characteristics and predicted travel time to a trauma centre

MVC-related traumas Penetrating traumas
TC > 30 min TC <30 min TC > 30 min TC <30 min

Characteristic n=387 n=917 p value n=62 n=169 p value
Unadjusted mortality* 30.2 22.8 0.0051 75.8 49.1 < 0.001
Age, yr, mean + SD 39.3+2038 39.4 +20.6 0.90 52.0 £ 20.5 41.9+19.6 < 0.001
Male sex, no. (%) 281 (72.6) 615 (67.1) 0.047 60 (96.8) 157 (92.9) 0.24
ISS, mean + SD 27.7 +14.0 272 +14.4 0.60 30.9+17.8 282 +17.8 0.32
Prehospital time, min, mean + SD

Prescene time 18.6 +12.8 12.7 + 8.6 < 0.001 259 +18.8 134 £355 0.0037

Scene time 35.5+224 28.8+19.3 < 0.001 34.3 +23.8 186 +21.3 < 0.001

Postscene time 35.4 £ 255 26.8 +31.3 < 0.001 447 +31.3 13.8+8.7 < 0.001

Extrication time 35.8 +20.9 33.6 +20.5 0.60 — — —
On-scene death, no. (%)t 81 (20.9) 112(12.2) < 0.001 39 (62.9) 74 (43.8) < 0.001
Ejection, no. (%) 122 (31.5) 189 (20.6) < 0.001 — — —
Low SES, no. (%) 117 (30.3) 164 (17.1) < 0.001 32 (51.6) 48 (28.4) 0.004
EHS = Emergency Health Services; ISS = Injury Severity Score; MVC = motor vehicle collision; SD = standard deviation; SES = socioeconomic status; TC = trauma centre.
*Per 100 persons.
tIncluded deaths at the scene before arrival of police/EHS or while being cared for by EHS.

© 2019 Joule Inc. or its licensors
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Table 3. Logistic regression analysis on influence of predicted travel time on mortality

MVC-related traumas Penetrating traumas

Variable Adjusted OR (95% Cl) p value Adjusted OR (95% Cl) pvalue
Time to TC care — 0.045 — 0.039

<10 min Reference — Reference —

10-20 min 1.02 (0.65-1.60) — 1.63 (0.65-3.62) —

20-30 min 1.13(0.70-1.82) — 2.96 (0.86-10.21) —

> 30 min 1.66 (1.09-2.52) — 3.43 (1.37-8.59) —
Male sex 1.45(1.03-2.04) 0.034 1.47 (0.36-6.08) 0.59
Age 1.02 (1.02-1.03) < 0.001 1.06 (1.04-1.08) < 0.001
ISS 1.11(1.09-1.12) < 0.001 1.07 (1.03-1.10) < 0.001
Low SES 1.19(0.83-1.71) 0.35 0.88 (0.41-1.87) 0.74
Cl = confidence interval; ISS = Injury Severity Score; MVC = motor vehicle collision; OR = odds ratio; SES = socioeconomic status; TC = trauma centre.

MVCs in more remote areas suggests that behavioural
patterns, such as seatbelt use, may be at least partly
responsible for this association. In cases of penetrating
trauma, higher PT'Ts to trauma care also increased the
risk of death, and this association remained following
exclusion of scene deaths, suggesting that differences in
postinjury care or prolonged postscene transport times
may explain this result. Patients injured in areas with
poorer access to trauma care were more likely to experi-
ence longer prehospital intervals; thus, reducing prehos-
pital times for patients injured in remote locations may
improve their outcomes.

In Nova Scotia, prehospital time depends on triage
practices as well as transport urgency and is therefore an
inherently biased variable. In our data set there was an
inverse relationship between recorded prehospital time
and probability of survival for MVC victims, providing
evidence that analyzing prehospital time alone is inade-
quate for complex trauma systems. Access is an independ-
ent variable determined exclusively by injury location and
the location of TCs. As such, geospatial analysis is a
superior way to study the influence of geography on
patient outcomes than using actual transport times. To
serve system decision-makers better, our method of analy-
sis could be adapted to focus on subpopulations with spe-
cific needs and timelines to care, such as patients with
traumatic brain injuries.**

It has been demonstrated consistently that caring for
injured patients in a designated TC is associated with
higher survival rates.’? Accordingly, field triage guide-
lines have been developed that stipulate that an injured
patient should be transported directly to a designated TC
irrespective of its proximity to the injury location.’s Sev-
eral studies have identified significant survival benefits in
trauma patients with shorter prehospital times.” Longer
prehospital times are typical for rural trauma patients,”’*’
suggesting a potential disadvantage for those injured in
remote areas, which is consistent with our results. In con-
trast to our findings, however, some have found that pre-
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hospital time has no effect on patient mortality,*® while
others report decreased overall mortality as the prehospi-
tal time interval increased.’! In their comparison of rural
and urban trauma patients in Oregon and Washington,
Newgard and colleagues®* found that mortality was not
significantly different for rural and urban patients; how-
ever, a greater proportion of rural deaths occurred
shortly after injury. Prehospital time may be more impor-
tant for certain subgroups of trauma patients. In a sys-
tematic review of 20 studies, Harmsen and colleagues’
found that shorter prehospital intervals conferred survival
benefits only for patients with central nervous system
injuries and hemodynamically unstable patients injured
by penetrating mechanisms, presumably because of the
high prevalence of life-threatening surgical lesions in
these populations. Importantly, Brown and colleagues®
showed that not all prehospital time is equal. The authors
reported increased risk of death in patients with pro-
longed scene time, while prolonged response time and
transport time were not associated with mortality. Fur-
thermore, Roisilen and colleagues®* showed that the esti-
mated effect of transport time to hospital care varies
depending on the choice of statistical model.

Few Canadian studies have examined the impact of
PTTs to trauma care on patient outcomes. Lawson and
colleagues!’ reported increased unadjusted mortality for
patients injured more than 60 minutes of driving time
from level-I or level-II trauma care. Although the
authors used residential postal codes as a surrogate for
injury location, this surrogate could be inaccurate in
trauma systems dominated by blunt mechanisms.*® In
addition, the unadjusted nature of the statistical analysis
limited their ability to elucidate any potential explana-
tory or confounding factors underlying their findings.
This is important, given the potential for individuals
injured in rural locations to have additional risk factors,
such as lower SES or more severe injuries, for adverse
outcomes.”*¢ Some of the first trauma-related spatial
analyses that incorporated multivariable statistical models

© 2019 Joule Inc. or its licensors



were conducted by Crandall and colleagues® in urban
Chicago. After adjusting for several relevant confound-
ing variables, the authors reported that victims of
firearm-related penetrating trauma had 23% increased
odds of death if they were injured farther than 5 minutes
of PTT from a T'C. However, the urban setting and spe-
cific population of this study provides little generalizabil-
ity to a rural trauma system.

Minimizing the time interval between injury and pro-
vision of definitive care, a concept popularized as the
“golden hour,” has been a central tenet of postinjury care
for decades.’® Several studies have reported improved sur-
vival for rural trauma patients transported by air com-
pared with ground transport,*** including 2 previous
studies performed in Nova Scotia.*** While EHS Life-
Flight is able to land at or near the scene of an emer-
gency, this occurs relatively infrequently, which is why
we limited our analysis to ground transport. At the time
of the study, EHS LifeFlight did not autolaunch; these
services had to be requested by ground paramedics. As
early activation of EHS LifeFlight is critical to getting
the patient to definitive care, better communication
across the trauma system may improve patient outcomes.
Outcomes could also be improved by having advanced
paramedics on rural EHS services. Finally, increased edu-
cational efforts may improve outcomes in rural trauma
cases. The Rural Trauma Team Development Course
(RTTDC) is based on the concept that in most situations,
rural facilities can form a trauma team consisting of at
least 3 core members,” and there is evidence that partici-
pation in RTTDC can significantly improve prehospital
times.*** In Nova Scotia, the provincial trauma program
(Trauma Nova Scotia) began offering RTTDC in 2012.
Further research is warranted to determine whether
implementation of RT'TDC training in Nova Scotia has
had an effect on outcomes in rural trauma patients.

Limitations

Our study has several limitations. First, it is subject to
the known limitations of retrospective data collection.
The accuracy of injury location data collected by EHS
has not been externally validated and relies on personnel
manually indicating when they arrive on scene. There is,
however, an available field that denotes the reliability of
the coordinates, which helped to avoid the inclusion of
inaccurate data in the analysis. Second, the analysis was
limited to data from a single provincial trauma system.
Although the epidemiology of injuries in Nova Scotia is
comparable to that in other provinces, systemic differ-
ences in postinjury care remain possible; thus, our results
will need to be replicated in a geographically and polit-
ically distinct region. Third, patients who required trans-
port from the scene by EHS LifeFlight were excluded
from the analysis. These patients tend to be more

© 2019 Joule Inc. or its licensors
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severely injured and would likely benefit the most from
rapid transport times. It should be noted that the TC-
level designations did not change over the study period,
but it is likely that there were a number of major trauma
care advances (both pre-hospital and in-hospital) during
this time. Finally, residual confounding by unidentified
factors is possible, though unlikely, as there was no spa-
tial autocorrelation of the model residuals.

CONCLUSION

In our study of cases of MVC and penetrating injury
assigned to ground transport by the EHS system, we
found that injury in a location with a P'T'T greater than
30 minutes to a TC was associated with poor patient
outcomes. Efforts to improve communication within the
trauma system and reduce prehospital time may improve
outcomes for patients injured in remote locations.
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