PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Benhamed A, Batomen B, Boucher V,
Yadav K, Mercier E, Isaac CJ, et al. (2023)
Epidemiology, injury pattern and outcome of older
trauma patients: A 15-year study of level-l trauma
centers. PLoS ONE 18(1): €0280345. https://doi.
org/10.1371/journal.pone.0280345

Editor: Yusuke Tsutsumi, Kyoto University /
National Hospital Organization Mito Medical Center,
JAPAN

Received: August 5, 2022
Accepted: December 26, 2022
Published: January 30, 2023

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0280345

Copyright: © 2023 Benhamed et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: This study analyzed
anonymous data from a provincial trauma registry
(Registre des traumatismes du Québec). By

RESEARCH ARTICLE

Epidemiology, injury pattern and outcome of
older trauma patients: A 15-year study of
level-l trauma centers

Axel Benhamed® ">%*®, Brice Batomen'*®, Valérie Boucher'#, Krishan Yadav®,
Eric Mercier'-2, Chartelin Jean Isaac'*¥, Mélanie Bérubé'-’, Francis Bernard®, Jean-
Marc Chauny®, Lynne Moore'®, Marie Josée Sirois®’, Karim Tazarourte®»®*,
Amaury Gossiome'®, Marcel Emond 2% *

1 Centre de recherche du CHU de Québec-Université Laval, Québec, QC, Canada, 2 Département de
meédecine d’urgence, CHU de Québec-Université Laval, Québec, QC, Canada, 3 Hospices Civils de Lyon,
Service d’Accueil des Urgences—SAMU 69, Centre Hospitalier Universitaire Edouard Herriot, Lyon, France,

4 Research On Healthcare Performance (RESHAPE), INSERM U1290, Université Claude Bernard Lyon 1,
Lyon, France, 5 Dalla Lana school of public health, University of Toronto, Toronto, Ontario, Canada,

6 Department of Emergency Medicine, University of Ottawa, Ottawa, Ontario, Canada, 7 Faculty of Nursing,
Université Laval, Québec, QC, Canada, 8 Section of Critical Care, Department of Medicine, University of
Montreal, Montreal, Canada, 9 Department of Emergency Medicine, Research Center, CIUSSS-Nord-de-Ile
de-Montréal, Hopital Sacré-Cceur de Montréal, Montréal, QC, Canada, 10 Department of Social and
Preventative Medicine, Université Laval, Québec City, QC, Canada

® These authors contributed equally to this work.
F VB and CJI also contributed equally to this work.
* marcel.emond @fmed.ulaval.ca

Abstract
Background

Older adults have become a significant portion of the trauma population. Exploring their
specificities is crucial to better meet their specific needs. The primary objective was to evalu-
ate the temporal changes in the incidence, demographic and trauma characteristics, injury
pattern, in-hospital admission, complications, and outcome of older trauma patients.

Methods

A multicenter retrospective cohort study was conducted using the Quebec Trauma Registry.
Patients aged >16 years admitted to one of the three adult level-I trauma centers between
2003 and 2017 were included. Descriptive analyses and trend-tests were performed to
describe temporal changes.

Results

A total of 53,324 patients were included, and 24,822 were aged >65 years. The median
[IQR] age increased from 57[36—77] to 67[46—82] years, and the proportion of older adults
rose from 41.8% in 2003 to 54.1% in 2017. Among those, falls remain the main mechanism
(84.7%-88.3%), and the proportion of severe thorax (+8.9%), head (+8.7%), and spine
(+5%) injuries significantly increased over time. The proportion of severely injured older
patients almost doubled (17.6%-32.3%), yet their mortality decreased (-1.0%). Their aver-
age annual bed-days consumption also increased (+15,004 and +1,437 in non-intensive
care wards and ICU, respectively).
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Conclusions

Since 2014, older adults have represented the majority of admissions in Level-I trauma cen-
ters in Québec. Their bed-days consumption has greatly increased, and their injury pattern
and severity have deeply evolved, while we showed a decrease in mortality.

Introduction

Trauma is the leading cause of death among patients aged under 40 years and is, therefore, a
significant concern in young adults [1]. However, the increased life expectancy contributes to
a worldwide phenomenon: an important shift in the demographics of trauma patients. For
instance, patients aged 65 years and over in Australia accounted for a third of all major trauma
admissions [2]. In the United Kingdom, the second most represented age group for major
trauma patients was 75 years and older [3]. The proportion of older trauma patients in the
National Trauma Database (USA) increased from 18% (2005) to 30% (2015), and the mean
age of trauma patients rose from 39 (1993) to 51 years (2013) in a German Trauma Register
[4]. Canada is no exception; Statistics Canada reported that in 2016, older adults aged 65 years
and over (>5.9 million) outnumbered children aged 0-14 years (5.8 million) in the general
population [5]. Yet, no data have been published regarding the evolution of Canadian trauma
patients’ characteristics.

Advanced age has been widely associated with undertriage [6-8], longer in-hospital length
of stay (LOS) [9] and poor outcomes such as higher mortality, morbidity and long-term func-
tional deficits [9-11]. Furthermore, this population’s physiological changes and pre-existing
comorbidities may lead to a loss of reserve capacities to adapt to physiological stressors. Pro-
viding dedicated care to older patients who sustained trauma is widely recognized as a signifi-
cant challenge for clinicians. A better understanding of the characteristics and specificities of
these older trauma patients, including their evolution over time, may provide helpful informa-
tion to adapt healthcare resources to better meet the needs of this growing population. How-
ever, the literature on older trauma patients is still scarce.

The primary objective of this study was to evaluate the temporal changes in the incidence,
demographics, injury pattern, in-hospital admission, complications, and outcome of older
trauma patients (>65 years). Secondary objective was to compare these changes to those
observed in younger patients.

Methods
Study design and setting

We conducted a multicenter retrospective cohort study using data from the Quebec Trauma
Registry (RTQ). This registry is managed by Quebec’s Ministry of Health and Social Services
and serves a population of 8.5 million in a geographic area of approximately 1.7 million km*
[12]. It contains information on all trauma patients (International Classification of Diseases
codes 800-959) treated at one of the 59 designated trauma centers of the province’s inclusive
trauma system. All patients admitted to the hospital after a visit to an ED following trauma are
included. Trauma level designations are based on the American College of Surgeons’ criteria
and are periodically revised [13, 14]. Data from this provincial registry is prospectively
extracted and coded by trained medical archivists using patient charts [15]. The RTQ is subject
to systematic validation to identify and rectify aberrant data values and to verify date and time
chronology.
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This project was approved by the CHU de Québec-Université Laval Research ethics board
and the Commission d’Accés a U'information; therefore, patient consent was not required. Data
were all anonymous before analysis. Results are reported as per the STROBE guidelines [16].

Study population

We included patients aged >16 years, admitted or transported (from the prehospital setting or
interfacility transfer) to one of the three adult level-I trauma centers between March 1°* 2003
and December 31°" 2017. Because no data regarding the trauma mechanism and injury pattern
of patients deceased before or upon ED arrival are collected in the RTQ, these patients were
excluded from our analyses.

Measurements and outcomes

The independent variables included age, sex, mechanism of injury, comorbidities, Abbreviated
Injury Scale (AIS), hospital length of stay (LOS), defined as the period from ED arrival to hos-
pital discharge, ICU admission, discharge destination and mortality. Mortality was defined as
any death occurring between ED arrival and hospital discharge. The Injury Severity Score
(ISS) was calculated after anatomic assessments based on the AIS98 version for patients
included before 2013 and the AISO8 version for those included between 2013 and 2017. We
used the AIS98 to AIS08 conversion to ensure comparability throughout the years [17].
Patients with an ISS>12 were considered severely injured [18]. We also described bed-day
consumption, defined as a day during which a patient is confined to a hospital bed where they
stay overnight. The sum of each patient’s bed-days consumption was calculated each year to
estimate the hospital burden in the two age groups. Based on published expert consensus [19],
the following conditions were considered as complications: acute respiratory distress syn-
drome, aspiration pneumonia, acute respiratory failure, nosocomial pneumonia, pulmonary
embolism, cardiac arrest, postoperative haemorrhagic shock, myocardial infarction, abdomi-
nal compartment syndrome, anastomotic leak, C.difficile colitis, evisceration/dehiscence, coa-
gulopathy, catheter-related bloodstream infection, sepsis/severe sepsis/shock, wound
infection, acute kidney failure, decubitus ulcers, extremity compartment syndrome, nonunion
fracture, osteomyelitis, stroke, deep vein thrombosis and delirium.

Statistical analysis

We calculated frequencies and percentages for categorical variables. Continuous non-normally
distributed data were reported as median and interquartile range [IQR]. Continuous normally
distributed data were reported as means and standard deviations. Patients were stratified into
two age groups: 16-64 years and 65 years and older [20]. Categorical variables were compared
using Pearson’s Chi-square test. We specifically evaluated the proportion of older adults pre-
senting one of those three common injuries: hip fracture, rib fracture, and traumatic brain
injury (TBI). We also performed a temporal trend analysis using Cochran-Armitage trend test
(“p-trend”). Missing data were not imputed and are reported. Statistical analyses were con-
ducted using SAS (Statistical Analysis System v9.4, SAS Institute Inc., Cary, NC, USA).

Results
Characteristics of study subjects

A total of 53,324 patients were included, and those aged >65 years accounted for 46.5% of the
cohort (n = 24,822). This group included fewer males than those aged 16-64 years (39.9% vs
72.9%, p<0.001), more falls (86.5% vs 38.2%), fewer motor vehicle collisions (MVC) (9.1% vs
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37.8%), and the severity of their injuries was lower (ISS 9 [6-14] vs 10 [5-20], p<0.001). A
total of 35.1% of older adults were admitted to a level-I trauma center after an inter-facility
transfer compared to 51.7% of patients aged 16-64 years. The two body regions that most fre-
quently sustained severe injuries (AIS>3) were lower extremities (35.8% and 21.5%) and head
(24.5% and 27.9%) for older and younger patients, respectively. In-hospital mortality was
higher in older patients (10% vs 3.9%, p<0.001).

Demographic characteristics

The overall median age increased from 57 [36-77] years in 2003 to 67 [46-82] years in 2017,
and a 12.3% increase was observed in the proportion of injured older patients (41.8%-54.1%).
Starting in 2014, older patients represent the majority of trauma-related admissions (Fig 1).
Furthermore, we noted a significant increase of the proportion of older men over the years (p-
trend <0.001) which rose by 9.9% (32.6%-42.5%), while a non-statistically significant increase
(p-trend = 0.15) was observed in younger patients (71.2%-74.5%, Table 1).

Mechanism of injury

Falls remained the main trauma mechanism among older adults over our study period (between
84.7% and 88.3%). The proportions of MVC slightly decreased in both groups (from 9.9% to
7.8% and from 41.6% to 37.8% among older and younger adults, respectively). Gunshot injuries
(1.7% and 0.1%) and stab wounds (4.3% and 0.3%) were rare in both groups (Fig 2).

Injury pattern

Tables 2 and 3 show the proportion of patients who sustained AIS>1 and AIS>3 injuries by
body region. Both older and younger adult groups showed a significant increased proportion
of patients with severe thorax (+8.9% and +15.8%, p-trend<0.001), and spine injuries (+5.0%,
p-trend = 0.003 and +5.1%, p-trend = 0.03), while the proportion of upper (-2.8% and -3.7%,

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

> 65 years =—16-64 years

Fig 1. Annual trauma admissions over the years.

https://doi.org/10.1371/journal.pone.0280345.g001
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Fig 2. Evolution of injury mechanisms by age group. Falls include: fall from own height and fall from higher that own
height, MVC: Motor Vehicule Collision.

https://doi.org/10.1371/journal.pone.0280345.g002

p-trend<0.001) and lower extremities injuries significantly decreased (-24.2% and -5.7%, p-
trend<0.001) over the years. The proportion of severe head trauma significantly increased by
8.7% between 2003 and 2017 (p-trend = 0.01) in older adults but remained stable among youn-
ger adults (p-trend = 0.08). While a 5.6% increase in severe abdominal injuries was observed
among younger adults (p-trend<0.001), no significant change was found in older adults (p-
trend = 0.9).
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Fig 3. Proportion of older patients presenting with hip fracture, rib(s) fracture or traumatic brain injury. TBI: traumatic brain injury.

https://doi.org/10.1371/journal.pone.0280345.9003

Regarding more specific injuries, we found that the proportion of older adults with hip frac-

tures decreased by 15.9% over time, but rib fracture(s) and TBI increased by 11.4% and 8.9%,
respectively (Fig 3).

Injury severity and mortality

The proportion of severely injured (ISS>12) older adults significantly increased over the years
(p-trend <0.001), and almost doubled from 17.6% (n = 187) in 2003 to 32.3% (n = 675) in
2017. Nonetheless, a 1.0% decrease in mortality was observed in this population between 2003
and 2017, but this was not associated with a significant change in mortality over the years (p-
trend = 0.335). A significant increase was also observed in the proportion of very severely
injured (ISS>25) older adults admitted between 2003 and 2017: from 7% (n = 75) to 15.7%

(n =328, p-trend <0.001). Mortality in this group significantly decreased over the years (p-
trend <0.001).

Similarly, the proportion of patients aged 16-64 years with an ISS>12 increased by 12.1%
between 2003 and 2017 (p-trend <0.001) while mortality significantly decreased along this
period (p-trend<0.001). The proportion of younger patients with an ISS>25 also significantly
increased by 5.1% between 2003 and 2017 (p-trend = 0.0055), while mortality significantly
decreased over the year (p-trend = 0.005; Fig 4).

In-hospital LOS, complications, and discharge destinations

The mean hospital LOS ranged from 15.7 to 19.3 days in older adults and was higher than
their younger counterparts (from 12 to 14.2 days). The absolute number of annual bed-days in
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Fig 4. Evolution of severe trauma patients and their mortality by age group. ISS: Injury Severity Score.

https://doi.org/10.1371/journal.pone.0280345.9004

older adults increased in non-ICU and ICU (+15,004 and +1,437, respectively). Since 2008, the
bed-days consumption of older adults has been higher in the non-ICU ward than younger
patients (Fig 5).

Older adults more frequently experienced in-hospital complications compared to their
younger counterparts and this increased over time in both groups (17.4% to 22.7% and 9.8%
to 15.3%, respectively, p-trend <0.001, Fig 6). Further details on the evolution of the type of
complications are presented in S1 Table.

Discharge destinations are reported in Fig 7. The proportion of older adults discharged
home slightly increased from 32.8% to 36.4%. Transfer to another health care facility increased
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Fig 5. Absolute number of bed-days over the years.
https://doi.org/10.1371/journal.pone.0280345.g005

from 8.9% to 17.3%. Conversely, the proportion of patients admitted to a rehabilitation center
(from 37.3% to 27.2%), or long-term facility care (from 13.2% to 10%) decreased.

Discussion

Our study showed that the median age of Canadian patients admitted to Québec province
level-I trauma centers constantly increased and that their injury pattern has mutated over the
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Fig 6. Evolution of in-hospital complications.
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years. The severity of older patients’ injuries increased, but we showed a decrease in mortality
in both age groups, even in the most severe trauma patients.

Older trauma patients are now more numerous than younger adults, which is consistent
with reported international information [2, 3, 21-27]. Our results not only confirm previous
findings that fall are the most common injury mechanism among older adults [28, 29] but also
show that they are very prevalent in younger adults as they have interchangeably been the lead-
ing cause of trauma with MVC in that population. The proportion of older patients who sus-
tained severe head, thorax, and spine injuries increased considerably over time. An Australian
study similarly reported a significant increase in the population-adjusted incidence of thoracic
injury (8%/year), with the most significant increase being in patients aged >85 years (14%/
year) [30]. An increasing number of older adults with spine injuries has been described else-
where as well [29]. A possible explanation for this phenomenon is the increased sensitivity and
specificity of computed tomography (CT) for spine injuries over conventional radiography
[31-33]. Conversely, we observed a decrease in the proportion of older adults with an upper or
lower extremities injury. This was also noted by Kalbas et al. However, their results were possi-
bly related to the decreasing incidence of high-energy traumas (i.e. road traffic accidents),
which was not the case in our population [31]. The decreasing incidence of hip fractures, one
of the most frequent lower extremity injuries in older adults [34], may partially explain our
findings. Other authors recently supported this and could be attributed to improved osteopo-
rosis treatment and healthier lifestyle choices [35]. The evolution of injury patterns may also
be attributed to improvements in diagnostic radiology [26] combined with the recent democ-
ratization of whole-body computed tomography (WBCT), which became standard practice in
many centers in the last two decades [29, 36].

The proportion of severe trauma patients considerably increased, especially among older
adults. This has also been observed in the English Trauma Audit Research Network database
[37] and another large US cohort study [22]. Despite the increased severity and comorbidity
burden, we noted a slight decrease in mortality in both age groups. Dinh et al. reported a 2.2%
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Fig 7. Hospital discharge destinations over the years.
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standardized mortality drop per year in older adults. The authors explained this was related to
a decline in pedestrian injuries, who commonly sustain more severe injuries and have higher
mortality rates but also to improved prehospital and acute care [2]. We also found that older
trauma patients experienced longer in-hospital LOS, which is in line with the results reported
by other authors [38-40]. This could be related to the higher incidence of complications in this
population [41-44]. However, we cannot rule out that these complications may also be the
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consequence of longer LOS. In addition, we noted a significant increase in bed-day consump-
tion per year among older adults. Older patients were more frequently admitted to rehabilita-
tion centers or short/long-term care facilities than younger adults. All these are essential
drivers of increased healthcare costs.

Our large multicenter cohort includes consecutive trauma patients who consulted or were
transferred to any of the province’s three Level-I trauma centers between 2003 and 2017,
which is a non-negligible strength. Furthermore, the little missing data mainly pertained to
comorbidities (S2 Table). This epidemiological study is a reliable overview of the Canadian
trauma population as a whole, as other studies have focussed on specific trauma mechanism
[45], or population [25, 28, 46]. In addition, studies exploring temporal changes in injury pat-
tern and severity are sparse [26, 28, 29]. At last, because advanced age has been associated with
undertriage [6-8] (inaccurate triage that results in a patient who requires higher-level care not
being directly transported to a Level-I or Level-II trauma center), we also included secondarily
transferred patients.

Health policymakers and trauma care providers should consider these results to offer high-
quality trauma care, a more dedicated care pathway, and senior-friendly triage tools. Concur-
rently, interventions shown to reduce falls must be actively deployed.

The changing characteristics of Canadian trauma patients and the economic impact of
these changes need to be further studied. The differences between the old (65-74 years), older
(75-84 years), and oldest (> 85 years) patients may also need further investigation, as some
differences have previously been highlighted [47, 48] but have yet to be investigated in a Cana-
dian population.

Limitations

This study has limitations. First, only patients admitted or transferred to a level-I trauma cen-
ter were included, which may have overestimated trauma severity and mortality. Nevertheless,
we focused on patients with significant trauma since minor injuries are often discharged home
and do not generate the same burden in terms of mortality and healthcare costs. Some of the
increases in injuries to specific body regions may be explained by the increased use of CT/
WBCT. However, this may impact older and younger adults alike. The incidence of some spe-
cific injuries may have been underestimated in the early 2000s, and this was a factor we could
not account for. Finally, because of our study’s retrospective design, some variables, such as
complications, may have been underestimated in cases where they were not reported in the
patients’ charts.

Conclusion

Since 2014, older adults have represented the majority of admissions in Level-I trauma centers
in the province of Québec, Canada. Meanwhile, the injury pattern of these patients has deeply
evolved, and the ageing trauma population is now more severely injured. Yet, we showed a
decrease in mortality, even in the most severe trauma patients. Bed-day consumption has
greatly increased in this population, and a medico-economic evaluation is needed to assess the
burden related to these findings. In addition, offering high-level trauma care, a dedicated path-
way of care, and senior-friendly triage tools are a clear priority.

Supporting information

S1 Table. Evolution of complications over the years. Respiratory complications include
acute respiratory distress syndrome; aspiration pneumonia; acute respiratory failure. Cardio-
vascular complications include cardiac arrest; myocardial infarction; pulmonary embolism;
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deep vein thrombosis; stroke. Surgery-related complications include postoperative haemorrha-
gic shock; abdominal compartment syndrome; anastomotic leak; evisceration/dehiscence.
Infectious complications include: C.difficile colitis; catheter-related bloodstream infection;
sepsis/severe sepsis/shock; wound infection; nosocomial pneumonia; osteomyelitis. Other
complications include: acute kidney failure; decubitus ulcers; nonunion fracture; delirium;
coagulopathy.

(DOCX)

S2 Table. Missing data over the years.
(DOCX)
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