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Background: Trauma care in Nunavik, Quebec, is highly challenging. Geographic
distances and delays in transport can translate into precarious patient transfers to ter-
tiary trauma care centres. The objective of this study was to identify predictors of
clinical deterioration during transport and eventual intensive care unit (ICU) admis-
sion for trauma patients transferred from Nunavik to a tertiary trauma care centre.

Methods: This is a retrospective cohort study using the Montreal General Hospital
(MGH) trauma registry. All adult trauma patients transferred from Nunavik and
admitted to the MGH from 2010 to 2019 were included. Main outcomes of interest
were hemodynamic and neurologic deterioration during transport and ICU
admission.

Results: In total, 704 patients were transferred from Nunavik and admitted to the
MGH during the study period. The median age was 33 (interquartile range [IQR]
23-47) years and the median Injury Severity Score was 10 (IQR 5-17). On multiple
regression analysis, transport time from site of injury to the MGH (odds ratio [OR]
1.04, 95% confidence interval [CI] 1.01-1.06), thoracic injuries (OR 1.75, 95% CI
1.03-2.99), and head and neck injuries (OR 3.76, 95% CI 2.10-6.76) predicted clin-
ical deterioration during transfer. Injury Severity Score (OR 1.04, 95% CI 1.01-1.08),
abnormal local Glasgow Coma Scale score (OR 2.57, 95% CI 1.34-4.95), clinical
deterioration during transfer (OR 4.22, 95% CI 1.99-8.93), traumatic brain injury
(OR 2.44, 95% CI 1.05-5.68), and transfusion requirement at the MGH (OR 4.63,
95% CI 2.35-9.09) were independent predictors of ICU admission.

Conclusion: Our study identified several predictors of clinical deterioration during
transfer and eventual ICU admission for trauma patients transferred from Nunavik.
These factors could be used to refine triage criteria in Nunavik for more timely
evacuation and higher level care during transport.

Contexte : Au Nunavik, au Québec, la traumatologie est confrontée a un énorme
défi. Les distances et les temps de transport peuvent donner lieu a des transferts de cas
précaires vers les centres de traumatologie tertiaires. L’objectif de cette étude était de
dégager les prédicteurs d’'une détérioration de I’état clinique durant le transport et
d’une éventuelle admission a I'unité des soins intensifs (USI) pour les cas de trauma-
tologie transférés du Nunavik vers un centre de traumatologie tertiaire.

Méthodes : Il s’agit d’une étude de cohorte rétrospective menée a partir du registre
de traumatologie de ’'Hopital général de Montréal (HGM). Tous les cas de trauma-
tologie touchant des adultes transférés du Nunavik et admis 8 FTHGM de 2010 a 2019
ont été inclus. Les principaux parameétres d’intérét concernaient la détérioration des
variables hémodynamiques et neurologiques durant le transport et I'admission a I"'USIL.

Résultats : En tout, 704 cas ont été transférés du Nunavik et admis 3 'THGM durant
la période de I'étude. L’dge moyen était de 33 (écart interquartile [EI] 23-47) ans et
I'indice de gravité des blessures (IGB) médian était de 10 (EI 5-17). A Panalyse de
régression multiple, le temps de transport entre le lieu ou la blessure est survenue et
'arrivée a THGM (rapport des cotes [RC] 1,04, intervalle de confiance [IC] de 95 %
1,01-1,006), les blessures thoraciques (RC 1,75, 95 % IC 1,03-2,99), et les blessures a
la téte et au cou (RC 3,76, IC de 95 % 2,10-6,76) ont été des prédicteurs de la
détérioration de I’état clinique durant le transfert. L’IGB (RC 1,04, IC de 95 % 1,01-
1,08), le score de Glasgow selon ’échelle locale (RC 2,57, IC de 95 % 1,34-4,95), la
détérioration de Iétat clinique durant le transfert (RC 4,22, IC de 95 % 1,99-8,93), un
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traumatisme cranien (RC 2,44, IC de 95 % 1,05-5,68), et le recours a des transfusions
une fois 2 FTHGM (RC 4,63, IC de 95 % 2,35-9,09) ont été des prédicteurs indépen-

dants d’admission a I"'USI.

Conclusion : Notre étude a permis de dégager plusieurs prédicteurs de la détériora-
tion de P’état clinique lors du transfert et de I’éventuelle admission a "'USI des cas de
traumatologie transférés du Nunavik. Ces facteurs pourraient étre utilisés pour affiner
les critéres de triage au Nunavik, et ainsi accélérer I’évacuation et prodiguer un niveau

de soins plus avancés durant le transport.

rauma care in Nunavik involves unique chal-

lenges related to the vast and isolated geographic

location, in addition to unpredictable meteoro-
logic conditions that create substantial difficulty in trans-
ferring injured patients in a safe and timely manner.
Nunavik comprises the northern third of the province of
Quebec and lies in both the arctic and subarctic climate
zones. Approximately 11000 Inuit people reside in the
Nunavik region, making up most of the population of
northern Quebec.!

Compared with the rest of the Canadian population,
Indigenous Peoples of Canada have a lower life expectancy
and experience a higher incidence of chronic diseases and
higher rates of substance abuse, addiction, and suicide,
which collectively contribute to the trauma epidemiology
in this patient population.? Known health disparities in the
Indigenous population of Canada result from major histor-
ical, economic, and governance inequities that have
oppressed, and continue to oppress, this population.
Examples of such inequities that have a detrimental impact
on Indigenous population health include a history of
assimilationist education and child welfare policies in Can-
ada, as well as internal colonial politics that systemically
marginalize Indigenous people from mainstream health
care.”” Several studies have demonstrated that Indigenous
Peoples of Canada experience more severe trauma and
higher injury mortality rates than the non-Indigenous
population.®” A recent retrospective study from our
research group demonstrated that incidence rates of major
traumatic injuries in Kuujjuaq and Puvirnituq were
approximately 4-fold higher than those for the Quebec
general population, with an even greater disparity in
trauma mortality rate.?

In Nunavik, 2 regional hospitals, 1 in Kuujjuaq and
another in Puvirnituq, provide secondary and limited ter-
tiary care to the resident populations of those villages and
surrounding smaller communities (Figure 1). The Mont-
real General Hospital (MGH) is the level 1 trauma centre
designated to receive all trauma transfers from the region.
Currently, the request for transfer of a patient from a local
hospital in Nunavik to the MGH is made by the local
physician who performed the primary assessment, and the
decision to accept the transfer is made by a trained trauma
team leader (T'T'L) physician on call at the MGH. The
level of expertise of the transport team is variable, and it is

determined by the local physician and the TTL, taking
into account the patient’s clinical status and potential need
for intervention during transport. Given the inherent risks
associated with the transport of critically ill patients across
large geographic areas, we postulated that this process is a
key target for quality improvement initiatives. Therefore,
the objective of this study was to identify predictors of
clinical deterioration during transport and eventual inten-
sive care unit (ICU) admission for trauma patients trans-
ferred from Nunavik to a tertiary trauma care centre to
guide future transport and triage criteria.

METHODS
Data collection

This is a retrospective cohort study using the MGH
trauma registry. The MGH trauma registry is a prospect-
ively maintained institutional database of all patients who
are transferred and admitted to the MGH following trau-
matic injury. The database contains detailed information
on patient, injury, transport, and treatment characteristics
as well as patient outcomes. It is updated and maintained
according to a detailed data dictionary by an experienced
medical archivist team. The MGH trauma registry was
queried from 2010 to 2019 to identify all adult
(age = 18 yr) trauma patients transferred from Nunavik
and admitted to the MGH.

Ethics approval was obtained from the McGill University
Institutional Review Board. The study was initiated with
input from Indigenous leadership into the research ques-
tions and design, and the final product was reviewed with
community leaders before presentation. In addition, all
study findings were presented to the physicians in Nunavik’s
largest regional hospital (Centre de santé Tulattavik de
I'Ungava), and their feedback was incorporated.

Variables and outcomes

The following variables of interest were extracted from
the trauma registry: patient characteristics (age, sex, village
of origin), injury characteristics (Injury Severity Score
[ISS], mechanism of injury, type of injury), transport time
(transport time from site of injury [upon paramedic arrival]
to local institution, transport time from local institution to
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Village: primary care clinic

Transfer by prop plane

Kuujjuaq or Puvirnitug: regional
secondary care hospital

Transfer by jet plane

Montreal: MGH, tertiary care hospital

Challenges to medical evacuation:

e Limited aircraft availability

e No roads connecting villages (all transport by air)
e Extreme weather conditions

Prop plane used for intervillage transfer

Fig. 1. Trauma transport trajectory from Nunavik to Montréal. MGH

MGH emergency department [ED]), treatment character-
istics (blood product transfusion [type of product and
quantity], chest tube insertion, type of surgical interven-
tion, ICU length of stay [LOS], duration of mechanical
ventilation, total LOS), in-hospital mortality, and dispos-
ition at discharge.

The primary outcomes of interest were clinical (either
hemodynamic or neurologic) deterioration during trans-
port and ICU admission. Hemodynamic deterioration was
defined as a change from normal hemodynamics at the site
of injury to abnormal hemodynamics upon assessment on
arrival at the MGH ED. Abnormal hemodynamics was
defined as a systolic blood pressure of less than 90 mmHg
or heart rate greater than 120 beats/min. Neurologic
deterioration was defined as a change from normal
Glasgow Coma Scale (GCS) score at the site of injury to
abnormal GCS score upon assessment on arrival at the
MGH ED. Abnormal GCS score was defined as any GCS
score less than 15. Secondary outcomes were the require-
ment for transfusion or chest tube insertion or both upon
arrival at the MGH, as a correlate for the need for these
interventions during patient transport.

Statistical analysis

Baseline patient and injury characteristics, transport times,
physiologic status, interventions, and patient outcomes
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= Montreal General Hospital.

were summarized using descriptive statistics. Descriptive
data were reported as means with standard deviations
(SD), medians with interquartile ranges (IQR), or fre-
quencies with proportions. Continuous outcomes were
compared using ¢ tests or Wilcoxon rank-sum tests as
appropriate. Distribution of categorical outcomes was
examined using %’ tests. A multiple logistic regression
analysis was performed to identify predictors of clinical
deterioration during transport and of ICU admission,
controlling for clinically relevant factors selected on the
basis of clinical knowledge to control for confounding.
Complete case analysis was used to handle missing data,
after confirming that there were no significant differences
in important covariates when comparing those with miss-
ing versus complete data sets. Data analysis was performed
using SPSS version 27.0 (IBM Corp.).

REsuLTS

In total, 704 patients were transferred from Nunavik and
admitted to the MGH during the study period. The
median age was 33 (IQR 23-47) years, and the most com-
mon age range was 20-29 years (n = 235, 33.4%). There
were more male than female patients (7 = 444, 63.1%),
and the median ISS was 10 (IQR 5-17). The most com-
mon mechanisms of injury were motor vehicle collision
(n = 244, 34.7%), followed by blunt assault (n = 155,
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Fig. 2. Patient and injury characteristics. MVC = motor vehicle collision; TBI = traumatic brain injury.

22.0%) and fall (n = 148, 21.0%). The most common sites
of injury were extremity (z = 211, 30.0%) and head and
neck (n = 162, 23.0%), followed by traumatic brain injury
(TBI) (n = 120, 17.0%). Patient and injury characteristics
are further described in Figure 2.

The median transport time from the site of injury to
the MGH ED was 9.3 (IQR 5.9-16.5) hours among
448 patients whose transport time was recorded. After we
selected for patients with ISS greater than 15, the median
transport time from the site of injury to the MGH ED
was 8.8 (IQR 6.1-13.8) hours, with a wide range (1.8-
44.6 h). Of the 569 patients whose hemodynamics were
recorded upon initial assessment in Nunavik, 128 (22.5%)
had abnormal hemodynamics. For 567 patients whose
hemodynamics were recorded both in Nunavik and in the
MGH ED, 93 (16.4%) patients experienced deterioration
of their hemodynamics during transport. In 42.3%
(168/397) of patients, the local GCS score (i.e., the GSC
score recorded in Nunavik) was abnormal. For
355 patients whose GCS score was recorded in both
Nunavik and the MGH ED, 101 (28.5%) patients experi-
enced deterioration of their GCS score, by a mean score
of 6.0 (SD 3.7). Transferred patients who experienced
clinical deterioration during transfer (as defined by deteri-
oration in either hemodynamics or GCS), when compared

with those who did not, had a higher ISS score (median 16
v. 11, p < 0.001) and were more likely to have experienced
a'TBI (62.5% v. 50.7%, p < 0.001), a head and neck injury
(71.0% v. 49.3%, p < 0.001), or a thoracic injury (48.9% v.
34.3%, p = 0.004). They were more likely to require blood
product transfusion upon arrival at the MGH ED
(33.5% v. 10.1%, p < 0.001), require ICU admission
(51.1% v. 23.7%, p < 0.001), and have longer total hospital
LOS (median 8 v. 5 d, p < 0.001), and they were more
likely to be discharged to a rehabilitation centre or other
institution (30.8% v. 15.3%, p < 0.001) rather than home.
On multiple regression analysis, transport time from the
site of injury to the MGH (odds ratio [OR] 1.04,
95% confidence interval [CI] 1.01-1.06) and thoracic
(OR 1.75, 95% CI 1.03-2.99) and head and neck
(OR 3.76, 95% CI 2.10-6.76) injuries independently pre-
dicted clinical deterioration during transport, after con-
trolling for relevant clinical variables.

Upon arrival at the MGH, 133 (18.9%) patients
required chest tube insertion and 105 (14.9%) received
blood product transfusions. Of all transferred patients, 174
(24.7%) were admitted to the ICU, and median ICU LOS
was 2.2 (SD 5.9) days. Mechanical ventilation was required
in 151 patients (21.4%), and the average duration of
mechanical ventilation was 118.7 (IQR 41.5-229.1) hours.
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Table 1. Univariate analysis comparing trauma patients

admitted to the intensive care unit with those who were not

Table 2. Multiple logistic regression of variables associated

with clinical deterioration during transfer and intensive care

) unit admission upon transfer
No. (%) of patients;*
ICU status Variable OR (95% Cl) p value
ICU Non-ICU Predictors of clinical deterioration*
Variable n=172 n=532 p value
ISS 0.83 (1.00-1.06) 0.83
ISS, median (IQR) 21 (11-30) 9 (4-14) < 0.001 Age > 65 yr 1.40 (0.35-5.65) 0.63
Age, yr, mean + SD 155+1.2 15.8 +0.7 0.75 Female 0.98 (0.58-1.66) 0.94
Female 55 (32.0) 205 (38.5) 0.12 Transport time (site of injury 1.04 (1.01-1.06) 0.01
Hemodynamic abnormality to MGH)
Nunavik 57 (34.5) 71 (17.6) < 0.001 Injury location
MGH 47 (27.5) 26 (5.1) < 0.001 TBI 0.88 (0.47-1.66) 0.70
Hemodynamic deterioration 29(17.7) 64 (15.9) 0.60 Head and neck 3.76 (2.10-6.76) <0.01
during transport Thorax 1.75 (1.03-2.99) 0.04
Neurologic abnormality Abdomen 0.94 (0.54-1.65) 0.85
Nunavik 97 (67.4) 71 (28.1) < 0.001 Extremity 0.81 (0.48—1 .38) 0.44
Montreal General Hospital 118 (76.6) 52 (13.9) < 0.001 Predictors of ICU admission*
Neurologic deterioration 73 (56.2) 28 (12.4) < 0.001
during transport ISS 1.04 (1.01-1.08) 0.03
Injury location Age > 65 yr 0.78 (0.12-4.90) 0.79
TBI 126(733)  148(27.8)  <0.001 Female 0.95 (0.49-1.85) 088
Head and neck 117 (68.0) 209 (29.3) < 0.001 Abnormal local hemodynamics 0.46 (0.21—1 .05) 0.06
Thorax 79 (45'9) 150 (28.2) < 0.001 Abnormal local GCS score 2.57 (1 .34—4.95) 0.01
Abdomen 58 (33.7) 83 (15.6) <0.001 Transport time (site of injury 0.98 (0.95-1.01) 0.23
to MGH
Extremity 96 (55.8)  382(71.8)  <0.001 cci i~ ; erioration duner 22 (199559 oo
t t . R R A
Operative management 88(512)  331(622) 0.01 | _'”'°a| etenoration dunng transpor <
Transfusion in MGH ED 61(355  44(8.3) <0.001 ”?E?l/ ocation 2401 0568l 00s
Thoracostomy in MGH ED 16 (9.3) 8(1.5) <0.001 Hoad ond nack 0'90 (0‘42_1 '95) 0'80
Total LOS, median (IQR) 14(7-28) 3(2-6) <0.001 ead andnec SO BAsT :
. " Thorax 0.82 (0.36-1.84) 0.63
Dispositon <0001 Abd 0.80 (0.40-1.61) 0.54
Home 93(55.0) 482 (92.3) o omi“ e (0'24_0'91) e
Transfer to rehabiltation centre 76 (45.0) 40 (7.7) xremity - - S :
or another hospital Thoracostomy in MGH ED 1.55 (0.64-3.77) 0.33
Deceased 9(5.2) 1(0.2) Transfusion in MGH ED 4.63 (2.356-9.09) <0.01
ED = emergency department; ICU = intensive care unit; IQR = interquartile range; Cl = confidence interval; ED = emergency department; GCS = Glasgow Coma Scale;
ISS = Injury Severity Score; LOS = length of stay; MGH = Montreal General Hospital; ICU = intensive care unit; ISS = Injury Severity Score; MGH = Montreal General Hospital;
SD = standard deviation; TBI = traumatic brain injury. OR = odds ratio; TBI = traumatic brain injury.
*Unless indicated otherwise. *Regression model was adjusted for all covariates listed for each outcome separately.

"The majority of the patients (z = 419, 59.5%) required oper-
ative intervention, of which orthopedic surgery (z = 220,
52.5%) was the most commonly performed, followed by
head and neck surgery (z = 103, 24.6%) and thoraco-
abdominal surgery (z = 60, 14.3%). The average total LOS
was 9.4 (SD 14.6) days. On discharge, 575 (81.7%) patients
were discharged home, 28 (4.0%) were transferred to
another hospital, and 78 (11.1%) were transferred to a
rehabilitation centre. Ten (1.4%) patients died in hospital.
Patients who required ICU admission, when com-
pared with those who did not, were more likely to have
experienced more severe injury as measured by the ISS,
to have abnormal hemodynamic and neurologic status at
MGH, and to have abnormal neurologic status in
Nunavik and neurologic deterioration during transport.
The 2 groups also differed in their injury location, treat-
ment characteristics and outcomes, as summarized in
Table 1. On multiple logistic regression, ISS (OR 1.04,
95% CI 1.01-1.08), abnormal local GCS score (OR 2.57,
95% CI 1.34-4.95), clinical deterioration during transfer
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(OR 4.22, 95% CI 1.99-8.93), TBI (OR 2.44, 95% CI
1.05-5.68), and transfusion requirement at the MGH
(OR 4.63, 95% CI 2.35-9.09) independently predicted
ICU admission. Patients who experienced an extremity
injury alone were less likely to require ICU admission
(OR 0.47,95% CI 0.24-0.91). A complete list of clinical
variables included in the regression analysis and their
effect measures is presented in Table 2.

Discussion

Our study identified several predictors of clinical deteri-
oration during transport as well as eventual ICU admis-
sion for trauma patients transferred from Nunavik. These
predictors were associated with critical illness (i.e., higher
ISS, abnormal local GCS score), suboptimal transport
conditions (i.e., longer transport time from site of injury
to trauma centre ED, clinical deterioration during trans-
port, transfusion requirement on arrival at the trauma
centre), and specific injury patterns (i.e., TBI, thoracic



injuries, head and neck injuries). These factors could be
used to refine triage criteria in Nunavik to improve the
outcomes of transferred trauma patients.

Patients are transported from Nunavik to the
Montréal airport either on a medevac for urgent cases
or by scheduled Challenger aircraft for nonurgent
cases. They must be accompanied by at least 1 health
care professional (first responder, nurse, or physician)
during transport. The level of expertise of the transport
team varies. The majority of transfers involve 1 first
responder or a nurse or both accompanying the patient,
whereas critically ill patients are accompanied by a
physician.

The “golden hour” principle in trauma is that trauma
patients who reach definitive care within 1 hour of injury
have a greater chance of survival.” Transport times from
Nunavik to a tertiary care hospital are well outside of this
golden hour. Longer transport time was associated with
clinical deterioration during transfer, and we believe that
this is further evidence that reducing time from injury to
definitive care has the potential to improve patient out-
comes. Future efforts should therefore focus on decreas-
ing transport times to the tertiary care setting.

Educational efforts to improve outcomes in rural
trauma patients across North America have been shown to
be effective, as demonstrated by the Rural Trauma Team
Development Course. This course uses a multidisciplinary
team-based approach, with a focus on early initiation of the
transfer process, and its use has resulted in significantly
shortened prehospital times.!®!! Such educational interven-
tions could be strengthened by the addition of systematic
triage and transfer protocols, focusing on specific clinical
factors associated with poorer outcomes in Nunavik
trauma patients. In fact, rural trauma systems with pre-
defined triage and transfer criteria have been associated
with reduced trauma mortality in several rural settings.!"?
The findings of this study will further guide this process.
Our trauma research group is also in the process of dis-
cussing the clinical predictors identified in the current
study with local health authorities to refine and implement
these triage criteria to improve the transfer of trauma
patients from Nunavik.

Our study also demonstrated an important need for
transfusions and thoracostomy upon arrival at the MGH
ED, which is a surrogate of interventions that may have
been required before or during transport had the resources
been available. Currently, there is inconsistent access to
blood products in Nunavik’s regional hospitals and during
transport, and the expertise to perform thoracostomy
varies among local health care professionals and transport
teams.

Early blood product transfusion is a key tenet of
damage control resuscitation, leading to improved out-
comes in trauma patients suffering hemorrhagic shock.!*!3
A recent systematic review showed that prehospital blood

RESEARCH

transfusion reduced the odds of long-term mortality in
multiple observational studies.!® Coordinated, provincial
efforts to make blood products more readily and consist-
ently available in northern Quebec and during patient
transport, with an appropriate stewardship process in place
to ensure that blood products are used in a manner that is
clinically appropriate and minimizes waste, has the poten-
tial to improve the outcomes of transferred patients.!”

Thoracic injury was a predictor of clinical deteriora-
tion during transport; these patients could potentially
benefit from thoracostomy before or during transfer as
needed. Prehospital thoracostomy has been shown to be
safe and effective when performed by aeromedical
personnel with adequate training and with set guidelines
regarding appropriate indications.!®!” Training local
health care professionals, including transport personnel,
through a structured Advanced Trauma Life Support
curriculum, has the potential to improve their comfort in
performing tube thoracostomy before and during trans-
port as needed and to improve safety for the patient.”**!
Alternatively, telemedicine could be used to provide pro-
cedural guidance to local physicians or transport person-
nel for potentially life-saving interventions.?

Limitations

Our study is limited by its retrospective design using a
database registry, as well as missing data on local trauma
mortality and transfers without admission. Data were
missing for several patients on transport times and vital
signs on scene, limiting our analysis. The trauma registry
is also missing important variables, such as baseline
comorbidities, which could represent further predictors
of poor outcomes. Arbitrary cut-offs based on clinical
experience and previous literature were used to define
abnormal values for hemodynamics and GCS; however,
given the administrative nature of the database, the con-
text and cause of these values are unknown and may not
reflect patients’ actual clinical status. Furthermore, the
amount of time patients spent in smaller communities
before being transferred to Kuujjuaq or Puvirnituq was
not captured in our data set; therefore, overall transport
times were probably systematically longer than those
documented. Given that longer transport times were
associated with clinical deterioration during transfer,
future directions for research include obtaining more
granular data regarding transfer times, with details on
how much time is spent at each time point in the transfer
trajectory, to identify where the delays are occurring.
These data will help to determine areas in which the cur-
rent transport system can be improved and guide quality
improvement measures for future practice. Finally, results
of logistic regression analyses of a retrospective data set
should be interpreted with caution and need further
validation in prospective studies.
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CONCLUSION

Our study identified several predictors of clinical deteri-
oration during transport as well as eventual ICU admis-
sion for trauma patients transferred from Nunavik to a
level 1 trauma centre. These factors could be used to
refine triage criteria in Nunavik for more timely and
efficient evacuation and higher levels of care during
transport for trauma patients. Improved access to blood
products and formal procedural training could further
improve patient outcomes.
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