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Abstract: Caring for older people is an important part of prehospital practice, including 
appropriate triage and transportation decisions. However, prehospital triage criteria are 
designed to predominantly assess injury severity or high-energy mechanism which is not 
the case for older people who often have injuries compounded by multimorbidity and frailty. 
This has led to high rates of under-triage in this population. This narrative review aimed to 
assess aspects other than triage criteria to better understand and improve prehospital triage 
decisions for older trauma patients. This includes integrating frailty assessment in prehospital 
trauma triage, which was shown to predict adverse outcomes for older trauma patients. 
Furthermore, determining appropriate outcome measures and the benefits of Major Trauma 
Centers (MTCs) for older trauma patients should be considered in order to direct accurate 
and more beneficial prehospital trauma triage decisions. It is still not clear what are the 
appropriate outcome measures that should be applied when caring for older trauma patients. 
There is also no strong consensus about the benefits of MTC access for older trauma patients 
with regards to survival, in-hospital length of stay, discharge disposition, and complications. 
Moreover, looking into factors other than triage criteria such as distance to MTCs, patient or 
relative choice, training, unfamiliarity with protocols, and possible ageism, which were 
shown to impact prehospital triage decisions but their impact on outcomes has not been 
investigated yet, should be more actively assessed and investigated for this population. 
Therefore, this paper aimed to discuss the available evidence around frailty assessment in 
prehospital care, appropriate outcome measures for older trauma patients, the benefits of 
MTC access for older patients, and factors other than triage criteria that could adversely 
impact accurate prehospital triage decisions for older trauma patients. It also provided 
several suggestions for the future. 
Keywords: undertriage, geriatrics, injury, emergency, paramedics, frailty

Introduction
The population of older adults has increased worldwide over the last years. More 
people in the world currently live into or beyond 60 years of age.1 The number of 
older adults aged 60 years and over has projected by 48% from 607 million in 2000 
to 901 million in 2015.1 The number of this population (60 years and over) is 
expected to reach a total of 2.1 billion by 2050.1 This means the rates of older 
adults requiring health care including trauma care will increase. Therefore, high- 
quality trauma care for this population is needed including that of prehospital 
trauma care.
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Prehospital care represents an essential and important 
part of the patient’s journey and plays a significant role in 
determining outcomes. One of the main principles of pre-
hospital care is to get the right patient, to the right place, at 
the right time.2 This means prehospital assessment should 
accurately identify complaint(s), nature, and severity 
enabling appropriate triage decisions. This article aims to 
highlight and investigate the issues around prehospital 
trauma triage of older patients, discuss the current evi-
dence, and provide recommendations for future improve-
ment of prehospital care for older people.

Scope of the Problem
Many triage tools have been developed to aid prehospital 
care providers to make appropriate and accurate triage 
decisions for patients. However, this is far from true 
when it comes to the prehospital triage of people aged 
≥55 years, especially for trauma. The literature from the 
United States of America (USA) and Australia show 
increased rates of under-triage among this population.3–15 

Under-triage is simply defined as the transportation of 
severely injured patients to lower-level Trauma Centers 
(TCs) or other Acute Care (AC) facilitates, as opposed to 
Major Trauma Centers (MTCs) (equivalent to major 
trauma service or Level I or II TCs).16 A number of recent 
studies in the USA developed trauma triage tools specific 
for older adults in order to improve early identification and 
appropriate triage and transportation decisions.8,12–14,17 

Although most of these tools had better sensitivity than 
the current adult trauma triage tools, they had sub-optimal 
specificity.12–14 Only one recently developed triage tool 
has a better sensitivity with an acceptable reduction in 
the specificity when compared to current triage tool for 
adult trauma patients in predicting the need of MTC care 
(sensitivity: 93% vs 61%, and specificity: 49% vs 61%).8 

Furthermore, the performance of this tool among older 
trauma patients is similar to the performance of the current 
triage tool in younger trauma patients (sensitivity: 93% vs 
87%, and specificity: 49% vs 44%, respectively).8 

However, using the cut-off point of ≥70 years in this 
study represents a major limitation as a previous study 
from the USA has shown that the issue of under-triage 
can begin as early as the age of 50 years.4

Current triage tools predominantly assess injury sever-
ity or high-energy mechanism. However, older people 
usually have injuries compounded by multimorbidity and 
frailty. They also exhibit age-related anatomical and phy-
siological changes,18–24 which could adversely affect the 

accuracy of the triage tool. This in turn risks inappropriate 
prehospital identification and transportation decisions. 
Therefore, applying traditional trauma triage criteria only, 
for the assessment of older adults, may not be effective. 
However, integrating additional assessment tools such as 
frailty assessment into prehospital trauma tirage may 
improve early identification of older patients who are at 
high risk of adverse outcomes.

Frailty assessment has been embedded in routine care 
for patients requiring emergency care in the United 
Kingdom (UK). Applying simple frailty assessment tools 
using, for example, the Clinical Frailty Scale (CFS) was 
shown recently to independently predict 30-day mortality, 
inpatient delirium, and increased care level at discharge in 
trauma patients aged ≥65 years.25 The application of the 
CFS in emergency care was determined to be feasible, 
reliable, and accurate.26 However, compliance to frailty 
attuned scores in prehospital care may impact their effec-
tiveness in such setting as previous evidence showed that 
paramedics’ compliance with trauma triage tools varied 
from a rate of 21% to 93%.27

Whilst there is reasonable evidence that care in MTCs 
benefits younger patients with severe injuries, it is uncer-
tain whether or not the same benefits will accrue to injured 
older adults. This could be partially due to the lack of 
trauma-specific outcome measures for older people,28 

thereby limiting the determination of benefits of MTC 
access. It also results from differences in aetiology - 
whereby high energy transfer (road traffic collisions, 
sport, assault) is usually required to injure a young adult. 
However, from the seventh decade of life onwards, major 
injury is most likely to result from fall from a standing 
height.29 Older people are more likely to have low-level 
falls (ie, <2 meters) and when they occur, major injury is 
more likely to result compared to younger adults.29 The 
less robust injured structures may not respond to aggres-
sive treatments (organ surgery and critical care) employed 
in MTCs. Hence, there is a need to clarify the optimal 
level of care that should be provided to older people to 
support Emergency Medical Service (EMS) personnel 
decision-making.

Little is known about factors other than triage criteria 
that could affect the triage decisions of older trauma 
patients including patient (or relative) choice, paramedics’ 
training and familiarity with protocols, and their impact on 
outcomes.

The aim of this article is to provide an overview on 
prehospital frailty assessment, appropriate outcome 
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measures for older trauma patients, the benefits of MTC 
access for older patients, and factors other than triage 
criteria that could impact accurate triage decisions for 
older trauma patients, discuss the evidence base surround-
ing these issues, and recommend possible solutions that 
require further scrutiny from prehospital care providers 
and policymakers within the healthcare system.

Frailty Assessment in Prehospital 
Care
Frailty is known to be an independent predictor of mortal-
ity, morbidity, and hospitalizations among older adults 
from studies including older trauma patients.30,31 The 
“frailty index” has been shown to be an independent pre-
dictor of poor health outcomes, in-hospital complications, 
and adverse discharge disposition among older trauma 
patients.32–34 Hitherto, no frailty assessment tool has 
been used for older trauma patients as a method 
of prehospital triage.

With respect to applying frailty assessment in prehos-
pital care, there is a limited evidence on the feasibility of 
assessing frailty and the validation of frailty assessment 
tools (Table 1).35–37 Two studies from Canada investigated 
the feasibility of the Care Partner – Comprehensive 
Geriatric Assessment (CP-CGA) and validity of the Care 
Partner-derived Frailty Index based upon Comprehensive 
Geriatric Assessment (CP-FI-CGA) to measure frailty in 
the prehospital phase by paramedics and in busy clinical 
practice (Table 1).35,36 One recent study from Australia 
assessed the perceptions of paramedic students about the 
application of the Edmonton Frail Scale (EFS) and the 
Groningen Frailty Index (GFI) for assessing and screening 
older adults in the prehospital phase (Table 1).37 Overall, 
frailty assessment and screening in the prehospital phase 
was recognised to be important and feasible.

Furthermore, two studies have investigated the applica-
tion of clinical decision rules by paramedics to determine 
which older person should stay at home or be transported 
to the Emergency Department (ED).38,39 Although neither 
of these studies explicitly assessed frailty among older 
adults, the outcomes of these studies were relevant to 
frail patients.38,39 One study from Canada assessed the 
performance of the Paramedic assessing Elders at Risk of 
Independence Loss (PERIL) rule which is a checklist of 43 
yes/no questions for all older patients and not specific to 
trauma or fall mechanisms38 (Table 1). The study showed 
that the four-item PERIL prediction rule performed better 

than a proxy measure of paramedic clinical judgement and 
has more advantages over it as it has better prediction 
performance and has the ability to set different thresholds 
that meet the needs of the EMS service38 (Table 1). The 
Identifying Seniors at Risk (ISAR) tool, which is 
a screening tool that was developed to identify high-risk 
older patients in the ED, was applied by trained parame-
dics and showed to be a good alternative to the four-item 
PERIL tool as it had similar performance (AUC 0.57 vs 
0.61, respectively, p = 0.28), however, the four-item 
PERIL tool is simpler and had better adherence.38 The 
other study from the UK evaluated the effectiveness, 
safety, and cost-effectiveness of the Computerized 
Clinical Decision Support (CCDS) for paramedics attend-
ing older people who fall.39 The study showed that the use 
of CCDS is safe, effective in referring older people who 
fall to community falls services and potentially cost- 
effective39 (Table 1).

Overall, frailty assessment in prehospital care was 
shown to be important, feasible, and maybe cost- 
effective. This suggests that Integrating frailty assessment 
in prehospital triage could improve the accuracy of appro-
priate triage decisions and be more beneficial in terms of 
outcomes.

Determining Appropriate Outcome 
Measures
An outcome measure is referred to any measure that is 
chosen to assess the impact of interventions.40 It is 
a supposition that is the end point of an intervention.40 

Therefore, it is important to measure the impact of inter-
ventions on outcomes. Mortality is an important Clinician 
Reported Outcome Measure (CROM) to improve trauma 
care for patients. It should be the primary focus when 
assessing trauma outcomes. For example, changing the 
trauma care system in the UK was shown to improve 
survival rates.41 However, reliance mostly on mortality 
as the primary outcome measure and not looking for 
other important secondary outcomes especially for older 
people seems to be inappropriate and could lead away 
from a focus on patient-centred care. A global health 
standard set of outcome measures in older persons which 
was relevant for people in the last 10 years of life was 
developed.42 It showed that older adults and their carers 
perceived survival to be less crucial than other outcome 
measures.42 In fact, they consider mortality as an 
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Table 1 The Use of Frailty Assessment Tools in Prehospital Care

Study Frailty Assessment Tool Objective

Frailty assessment tools in Prehospital Care.

Harris et al, 

(2018)37

Edmonton Frail Scale (EFS) and the Groningen Frailty 

Index (GFI)

● To assess the perceptions of paramedic students about the application of the 

EFS and GFI for assessing and screening older adults in the prehospital phase

● Main Findings:
● In regard to the comprehensiveness, the GFI was considered to many of the participants to be superior over the EFS as it has great number of questions 

and include questions about daily living and activities.
● However, the EFS was considered by the participants to be more suitable for paramedics to assess frailty in the prehospital phase.
● The EFS was reported by the participants to be concise and its wording was reported as “relaxed and conversational, prompting, rather than intrusive” and 

“wording is better and can be easily worked into a normal history taking”.
● Overall, the paramedic students in this study showed that there is a need to assess frailty in the prehospital phase and such assessment is applicable to be 

performed by paramedics.

Goldstein 

et al, (2015)35

Care Partner-derived Frailty Index based up on 

Comprehensive Geriatric Assessment (CP-FI-CGA)

To assess the validity of CP-FI-CGA for use in the EMS and Geriatric 

Ambulatory Care (GAC).

● Main findings:
● It was shown to have good content, construct, and criterion validity.
● The mean CP-FI-CGA was 0.41± 0.15. It was higher in the EMS group (0.45 ± 0.15) than in GAC (0.37 ± 0.14) (P <0.001).
● The CP-FI-CGA correlated well with the specialist completed FI-CGA (0.7; P <0.05).
● People who died had a higher CP-FI-CGA than survivors (0.48 ± 0.13 versus 0.38 ± 0.15).
● Higher CP-FI-CGA was reported in patients who died than those who survived (0.48 ± 0.13 versus 0.38 ± 0.15).
● With an increase in the frailty index by 0.01, there was a higher risk of death [HR (95% CI), 1.04 (1.02–1.06)].
● However, the main limitation of this tool is that it was entirely dependent on the information from the care partner; older people who live independently 

without a care partner could not benefit from such assessment.

Goldstein 

et al, (2014)36

Care Partner- Comprehensive Geriatric Assessment 

(CP-CGA)

● To assess the feasibility of care partners completing CGA and assess paramedics 

comfort and perceived usefulness for using it in the prehospital phase.

● Main Findings:
● The study showed that applying this tool is feasible to assess and quantify frailty using the deficit accumulation method, based on the knowledge of the care partners.
● 92% of the care partners reported that they strongly agreed or agreed that the questions were clear and easy to understand.
● 87% of the care partners reported that the length of the survey was appropriate.
● 20% of them mentioned that some important aspects of health were not covered in the survey.
● All participating paramedics reported that frailty assessment and screening is valuable. 71% of them stated that using the CP-CGA could be effective in 

frailty screening.
● The reported barriers by the paramedics to enrol patients were the lack of a care partner present [n (%),15 (71%)], transport to a non-study hospital [n 

(%),11 (52%)], and lack of awareness [n (%), 8 (38%)].

Other tools related to frailty assessment in prehospital care.

Lee et al, 

(2016)38

Paramedic assessing Elders at Risk of Independence Loss 

(PERIL) rule and Identifying Seniors at Risk (ISAR) tool.

● To derive and test the reliability and comparative effectiveness of PERIL rule.

● Main Findings:
● The PERIL rule is a checklist of 43 yes/no questions. Forty of the 43 items were shown to have good or excellent Inter-observer reliability.
● A four-item decision rule was derived: 1) “Problems in the home contributing to adverse outcomes?” (Odds Ratio [OR] 1.43); 2) “Called 911 in the last 30 

days?” (OR 1.72); 3) “male” (OR 1.38) and 4) “lacks social support” (OR 1.4).
● The four-item PERIL prediction rule performed better than a proxy measure of paramedic clinical judgement (Area Under the Curve (AUC) 0.62 vs 0.57, p = 0.02) 

and has advantages over it as it has better prediction performance and has the ability to set different thresholds that meet the needs of the EMS service.
● The Identifying Seniors at Risk (ISAR) tool, which a predictive tool that was developed to identify high-risk older patients in the ED, was applied by trained 

paramedics and showed to be a good alternative to the four-item PERIL tool as it had similar performance (AUC 0.57 vs 0.61, respectively, p = 0.28), 

however, the four-item PERIL tool is simpler and had better adherence.

Snooks et al, 

(2014)39

Computerized Clinical Decision Support (CCDS). ● To evaluate the effectiveness, safety and cost-effectiveness of CCDS for 

paramedics attending older people who fall.

(Continued)
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inevitable and expected outcome.42 Outcomes that were 
considered important by older persons and their carers 
included:

(A) independence and living at own home,
(B) participation in social and community activities,
(C) quality of life and wellbeing,
(D) the avoidance of inappropriate discharge and 

readmission,
(E) isolation,
(F) loneliness and friendship,
(G) physical disabilities,
(H) hobbies and activities,
(I) access to 24 hours healthcare and social services,
(J) avoiding falls,

(K) delaying frailty,
(L) care and respite for the carer,

(M) malnutrition,
(N) physical symptom burden,
(O) pain,
(P) and sleep quality.42

In terms of outcomes following major trauma, an expert 
panel, which determined research priorities for older 
trauma patients, highlighted the need to determine appro-
priate outcome measures specifically for older people.28 

They mentioned, for example, that the identification of 
polytrauma in older people living with frailty does not 
always change their outcomes, so in young trauma 
patients, we usually expect them to walk out of hospital 
and regain their full functional ability, while in these 
patients, we may rather look at their comfort and 
palliation.28

Previous reviews showed that many outcome measure-
ment tools are used in trauma registries to assess patient 
outcomes following trauma.43–46 For example, a recent scop-
ing review showed that more than 100 unique measurement 
tools were used to assess Patient-Reported Outcome 

Measures (PROMs) for hospitalized trauma patients.45 

However, no study, to date, has investigated and validated 
the use of already existing outcome measure or developed an 
outcome measure specifically for older trauma patients. In 
the UK, a consensus study made recommendations on appro-
priate outcome measures for adults in general and pediatrics 
following major trauma, but no consensus has been made 
specifically for older adults.47

Therefore, it is important to assess CROMs and 
PROMs for older trauma patients as we need to look at 
both outcome measures in order to strike an ethical bal-
ance between paternalism (in healthcare provision) and 
autonomy (of the patient in what they expect and seek) 
when caring for this population.

Outcomes Beyond Mortality for Older 
Trauma Patients
For the assessment of outcomes beyond mortality for older 
trauma patients, outcomes including frailty, mental health, 
quality of life, overall health status, complications, use of 
healthcare services, in-hospital Length of Stay (LOS), 
readmission, functional status, and level of independence 
are all reported to be important (Table 2).

Frailty and Overall Health Status
Only one study from the UK assessed frailty during follow- 
up period and showed that patients aged >75 years with 
major trauma (Injury Severity Score [ISS] >15) had signifi-
cant worsening of frailty at one-year after injury compared to 
pre-injury (8% of the study group were frail at pre-injury 
phase compared to 46% at one-year post injury).48 It also 
reported that 57% had positive comments on their mental 
health, quality of life, and functional status whereas 29% of 
the participants have negative comments on the same aspects 
at one-year following major trauma.48 Inaba et al49 showed 
a significant decline in seven of eight health domains using 
the 36-item Short Form survey (SF-36) at 2.8 years after 

Table 1 (Continued). 

● Main Findings:
● The findings of the study showed that the paramedics who applied the CCDS referred twice as many participants to falls services compared to the control 

paramedics (9.6% vs 5.0%) (OR 2.04, 95% CI 1.12 to 3.72).
● No adverse events were related to the group who had the CCDS assessment.
● The ambulance job cycle time was 8.9 minutes longer for patients who were assessed using the CCDS (95% CI 2.3 to 15.3).
● The average net cost saved by implementing the CCDS application was £208 per patient with existing electronic data capture, and £308 without.
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Table 2 Outcomes Beyond Mortality for Older Trauma Patients

Study Population No. of Patients Follow-Up Period Data 
Collection 
Period

Koizia et al, 

(2019)48

>75 years with an ISS >15 (ISS mean =24) (ISS range, 

16–54).

79 One year after admission 2013

● Findings:
● At one year after admission, 34 of 79 patients (43%) died, 17 were lost to connect or declined to participate. The remaining 28 patients were reviewed and followed up.
● A significant worsening of frailty – 46% at one year versus 8% prior to the major trauma.
● 57% of the patients in this study had positive comments on their current conditions including being alive and surviving their injuries, thankful for their care 

especially with their discharge to their own homes, and return to work which indicates maintaining independence.
● On the other hand, 29% of the participants had negative comments on their current status following injury including ongoing anxiety and frustration, loss of 

independence and inability to perform previous tasks and hobbies, inability to return to work, feeling of isolation, low mood, and depression.

Alavi et al, 

(2014)60

>60 years with limb trauma, no dementia, and 

independent prior to injury.

200 Three months post injury. 2013

● Findings:
● According to the Independency Scale of Activities of Daily Living (ISADL), 161 (81%) of the patients were completely independents, 34 (17%) were 

relatively independents, 5 (3%) were relatively dependents, and none was completely dependent prior to injury.
● The level of independency decreased at one-month post injury as 27 (14%) of the patients were completely independents. Fifty (25%) patients were 

relatively independents, 116 (58%) were relatively dependents, and 7 (4%) were completely dependents.
● At 3 months follow-up post injury, the ISADL slightly improved as 45 (22.5%) patients were completely independents, 91 (46%) were relatively 

independents, 53 (27%) were relatively dependents, and 11 (6%) were completely dependents.

Kelley- 

Quon et al, 

(2010)59

≥65 years trauma patients who had a completed Short 

Functional Status questionnaire (SFS) at 3, 6, and 12 

months post injury (Longitudinal (L) group) (ISS mean 

=12) and ≥ 65 years trauma patients who reported their 

preinjury functional status using the SFS at hospital 

admission (Control (C) group) (ISS mean =14)

78 trauma patients from 

(L) group and 92 trauma 

patients from (C) group.

3, 6, and 12 months post injury. From December 

2006 to 

November 2007

● Findings:
● Of the 78 patients from L group, 8 (10%) died during their hospitalization and 10 (13%) died post discharge and before being interviewed.
● Of the remaining 60 patients from L group, 47 (79%) were successfully contacted by phone for follow-up, of which 37 agreed to participate for at least one 

interview (response rate, 62%).
● For the C group, 64 interviews were conducted and completed over 12 months post injury. 63 of 92 (69%) eligible trauma patients completed a preinjury 

functional survey.
● According to the demographics and clinical characteristics between the two groups, there were no differences in the baseline variables like age, ethnicity, 

ISS, Charlson Comorbidity Index (CCI), and living status prior to injury (P >0.05). The difference was found only in gender [C group (69% male 

participants) vs L group (46% male participants), P =0.02).
● At time of discharge, 23 (62%) patients from L group were discharged home, 5 (14%) were discharged to an acute rehabilitation centre, 6 (16%) were 

discharged to a nursing home, and 3 (8%) were transferred to another hospital.
● Of the 37 trauma patients from L group, 35 (95%) were contacted at 12 months, of which 34 (97%) were living at home. The remaining one patient was 

transferred to a hospital at one-year post injury from a nursing home. The two patients who did not respond to the survey at 12 months, one changed the 

place of residence out of the country (USA) and the other declined to complete the survey at 6 and 12 months.
● The SFS questionnaire was applied in this study. It is a self-reported measurement tool of the individual’s ability to perform five Activities of Daily Living 

(ADL) (shopping, bathing, walking, light housework, and managing finances). The tool gives results from 0 to 5 (5 means independent in all 5 activities).
● In the C group, the average ADL was 4.6 (SD=0.9) with 50 of 63 (79%) trauma patients scoring 5 out of 5 possible points.
● In the L group, the average ADL was 4.2, 4.2, and 4.3 (SD=0.9) for each interviewed group at 3, 6, and 12 months.
● The study examined the decline in the number of ADLs by calculating the difference between C group and L group scores. This revealed that a total of one 

ADL was lost at 12-month follow-up post injury.
● The study also showed that the magnitude of this decline at 12-month follow-up was twice the decline at 3-month follow-up (1 ADL vs 0.5 ADL).

Inaba et al, 

(2003)49

≥65 years injured patients. (ISS mean =21.4 ± 10.5) 171 The mean follow-up period was 

2.8 years (range, 1.5–4.5 years).

From April 1, 

1996, to March 

31, 1999.

(Continued)
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Table 2 (Continued). 

● Findings:
● Following trauma, 82% of the patients in the study had physiotherapy and occupational therapy during their initial hospitalization. Eighty-one percent of 

these continued to had rehabilitation post discharge.
● Older patients aged ≥65 years had a LOS in-hospital of 22 ± 33 days compared to those aged <65 years (15 ± 20 days) (P <0.001).
● 14% of the patients were still having rehabilitation at long-term follow-up.
● 36% of the study patients were discharged home at various levels of care, 32% were discharged to a specialized rehabilitation unit, 24% were discharged to 

a local acute care hospital, and 9% were discharged to a chronic care institution.
● Prior to trauma, 125 (98%) of the study patients lived independently at home, only one patient had home care, and two patients were dependents on 

a spouse due to at least one of the following reasons: meal preparation, household cleaning and maintenance, personal care, and medication administration.
● By using these exact criteria, only 80 (63%) (P < 0.001) of the study patients at the long-term follow-up post trauma were independent at home. The 

remaining patients were dependents at various level, with 26 (20%) relying on home care, 5 (4%) relying on a spouse, 9 (7%) relying on a family member, and 

8 (6%) relying on nursing care at an institution.
● For the SF-36:

- A statistically significant decline was found in seven of eight health domains when injured patients were surveyed at 2.8 years post trauma in comparison 

to non-injured Canadian residents of the same age [(Physical Functioning, Role-Physical, General Health, Vitality, Social Functioning, and Mental Health; 

P < 0.05), (Role-Emotional; P < 0.001)].

- No difference was noted in regard to the level of bodily pain between injured patients 2.8 years post trauma in comparison to non-injured Canadian 

residents of the same age.

- As age increased in the injured patients’ group, the levels of mental and physical health measures in all domains except for bodily pain decreased. 

A statistical significance was only seen between age groups in the domain of physical functioning (P <0.05).
● Men had higher scores than women in all domains, but the difference was not statistically significant.

McKevitt 

et al, 

(2003)51

Geriatric patients (≥65 years) and adult patients (age 

20–30 years) with an ISS >15 (ISS mean for geriatrics 

=27.3, ISS mean for adults =26.3).

40 geriatric patients and 

44 adult patients.

Two years follow-up post 

discharge.

Between 

July 1997 and 

March 1998

● Findings:
● 39 out of 40 (98%) of the geriatric patients were living independently at time of admission compared to 44 of 44 (100%) of adult patients.
● Thirty-seven complications were reported in 20 older trauma patients whereas only 13 complications were reported in 12 younger adults (P <0.001)
● 20 (50%) geriatric patients experienced complications following trauma compared to 12 (27%) adult patients. 17 geriatric patients had serious complica-

tions which included respiratory failure, cardiac dysfunction, pneumonia, renal failure, delirium and alcohol withdrawal in comparison to only 6 younger 

adults (P < 0.001).
● Functional status at time of admission and discharge of both groups were measured as the following:

- Three geriatric patients (8%) died compared to two adult patients (5%) (P =0.29).

- 14 (35%) geriatric patients were discharged home compared to 22 (50%) adult patients (P =0.056).

- 11 (28%) geriatric patients were transferred to a rehabilitation facility compared to 15 (34%) adult patients (P = 0.30)

- Seven (18%) geriatric patients were transferred to an acute care hospital closer to home compared to five (11%) adult patients (P = 0.19).

- Five (13%) of geriatric patients were transferred to a nursing home and no adult patients were transferred (P = 0.007).
● When patients’ family physicians were contacted two years post discharge, information was available for only 12 of 25 (48%) patients who were either 

discharged home or rehabilitation facilities.
● Most of the 12 patients had positive functional outcomes as 9 (75%) were still living independently compared to 2 (17%) who died, and only 1 (8%) was 

living in a nursing home.
● Older trauma patients had lengthier in-hospital stay than younger patients [34.5 days (95% CI: 24–44) vs 21.6 days (95% CI: 15–28) (P =0.05)].
● Seven (18%) of older trauma patients required admission to ICU compared to 11 (25%) of younger patients (P =0.22).
● The mean LOS in the ICU was 1.65 for older trauma patients and 2.79 for younger patients (P = 0.70).

Ferrera 

et al, 

(1999)52

≥65 years injured patients who were treated and 

discharged from the Emergency Department (ED).

105 Follow-up ranged from 30 to 

147 days, with a mean of 49 

days post discharge.

From 

September 15, 

1996, until 

August 31, 1997

(Continued)
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Table 2 (Continued). 

● Findings:
● Based on ADL testing, the study defined good outcomes as no or minor discomfort and resuming normal activities were reported, fair outcomes as 

continued moderate pain that limited ADL was reported, and poor outcomes as very limited abilities to perform ADL was reported or if a deterioration in 

the health status of the patient was experienced.
● 105 patients were included in the study of which 5 patients were lost to follow-up. In the remaining 100 patients who were followed-up, 88 (88%) had good 

outcomes, 9 (9%) had fair outcomes, and only 3 (3%) had poor outcomes.
● Poor outcomes among the 3 (3%) patients were not related to their injuries; one patient with diabetes mellitus, dementia, and Parkinson’s disease was admitted 5 

weeks following trauma for pneumonia; a second patient with coronary artery disease and glaucoma had a stroke and paralysis within 1 month of injury; and 

a third patient with atrial fibrillation and cerebrovascular disease was admitted with pneumonia 5 weeks following trauma and died within 5 days.
● The study reported complications of the patients following trauma which revealed two extremity infections and one poorly healing wound.
● Eleven (11%) of the patients who were followed-up were admitted in the ED at the first 30 days following trauma, of which 6 (55%) of them had problems 

related to their initial injury or its management.

Battistella 

et al, 

(1998)57

≥75 years injured patients (ISS mean = 9.4 ± 7.7). 279 Minimum of 4 years (5.4 ± 1.1 

years)

Between June 

1988 and July 

1992

● Findings:
● Of the 93 patients who were contacted following injury, most of them described their health as excellent (16%) or good (42%). Others reported their 

health as fair (28%) and only a small percentage of these patients described their health as poor (14%).
● 29% of these patients required hospitalization at least once or more in the year prior to the survey and only 16% reported more than six physician visits in 

the past year.
● Of the 93 patients in the study who were contacted, 33 (≈ 35%) reported no difficulties in the performance of 14 activities in the assessment of ADL and 

57% reported no difficulties in the performance of 12 or more of the 14 activities of ADL testing.
● The most common activities where difficulties were reported include transportation (52%), shopping (45%), housekeeping (39%), and food preparation (38%).
● The mean LOS in-hospital was 13 ± 26 days (range, 0–249 days).
● The overall mean LOS in the ICU was 5 ± 14 days (range, 0–146 days), with a mean LOS in the ICU of 13 ± 21 days for patients who were admitted to the 

ICU at some point during their hospitalization.

van der 

Sluis et al, 

(1996)55

Adult patients with major trauma (ISS >15). older trauma 

patient (≥60 years) (ISS mean, survivors = 23.9 and non- 

survivors = 34.3) and younger trauma patients (20 to 29 

years) (ISS mean, survivors =29.6 and non-survivors = 37.7)

121 older trauma 

patients and 167 younger 

adult trauma patients.

2 years post trauma. From January 

1985 to January 

1990

● Findings:
● At time of discharge:

- 38% younger patients discharged home compared 34% older patients.

- 44% younger patients were discharged to a rehabilitation centre compared to only 14% older patients (P <0.05).

- A large group of older patients were discharged to a nursing home (34%) in comparison to only 3% younger patients (P <0.05).

- The remaining patients were discharged to another hospital (18% younger patients vs 11% older patients) or to a psychiatric care centre (1% younger 

patients vs 4% older patients).
● At two-year follow-up post trauma, there was no significant difference between the two patient groups in regard to the proportion of the patients who 

recovered completely or had minimal disability (ie, Glasgow Outcome Scale [GOS] score 5) (65% of the younger patients vs 74% of the older patients).
● 15% of older patient had fewer moderate disabilities (GOS score 4) than 24% of the younger patients (P < 0.05).
● No signinifcant difference in severe disabilities (GOS score 3) between older patients (2%) and younger patients (7%).
● At two years post discharge from hospital, 7 patients died; they were all from the older patient group. Four of them died as a result of their injuries and the 

remaining 3 died of natural causes.
● At two years post trauma, none of the patients was still in a persistent vegetative state.
● The younger group had shorter LOS in ICU (mean, survivors =9.1 days, non-survivors =3.4 days) than older adults (mean, survivors =13.5 days, non- 

survivors =14.6 days) and also in-hospital (mean, survivors =28.6 days, non-survivors =2.6 days) versus older adults (mean, survivors =32.2 days, non- 

survivors =14.4 days) (P < 0.05).
● For older trauma patients, the duration of staying ventilated and hospitalized increased with age.

Day et al, 

(1994)58

>60 years injured patients with an ISS >15 (ISS mean 

=25).

118 Minimum of 2-year follow-up 

(Average of 3 years after 

admission).

Between 

May 1988 and 

July 1990

(Continued)
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Table 2 (Continued). 

● Findings:
● Of the 118 patients, 36 (31%) died in hospital. 81 of the 82 patients who survived were followed-up.
● Additional 25 patients died during the follow-up period of the study; three aged 61–70 years and 22 aged >70 years (P <0.0001).
● The study showed that 43/53 (81%) patients who survived at long term following major trauma returned to continue their lives independently.
● Based on ADL testing, 41/54 (76%) patients achieved the maximum score in the test.

Zietlow 

et al, 

(1994)54

≥65 years with an ISS ≥10 and admitted with 

multisystem trauma (ISS mean =18) (ISS range, 10–57).

94 Mean of follow-up was 12 

months (range, 6–18 months).

From January 

1991 through 

December 1991

● Findings:
● The study included 94 patients, of which 66 (70%) were independents, 14 (15%) were dependents, and 14 were (15%) partially dependents prior to injury.
● At the time of discharge, 72 patients survived their injuries. Of these patients, 38 (53%) were discharged home (25 [35%] were independents). The 

remaining 13 patients were discharged home with a requirement of temporary nursing care at home in addition to five patients who were partially 

dependents (a total of 18 [25%] were partially dependents). Of these five patients, three were discharged to a transitional care unit, one to a rehabilitation 

unit, and one to an intermediate care facility. At last, the remaining 29 (40%) of the 72 patients were dependents at time of discharge (26 patients required 

nursing home care and three required transfer to other hospitals).
● At time of follow-up, 56 of the 72 patients responded to the questionnaire (seven patients died, two lost to follow-up, and seven rejected to participate). Of 

these, 38 (69%) were living at home as independents, 14 (26%) remained in a nursing home as dependents, and 3 (5%) were partially dependents at 

transitional facilities.
● Sixty-eight percent of the patient rated their health status as good to excellent.
● Ninety-four percent of the patients reported that they were able to return back to their normal level of activity.
● The admission to surgical ICU was required for 35 (37%) patients for the following interventions: mechanical ventilation, 24; antiarrhythmic drugs, 16; and 

inotropic support, 12.
● The mean LOS at surgical ICU was 7.7 days (range 1–54 days).
● The mean LOS in-hospital for all patients was 10 days (range 0–95 days)
● 36 of 94 (38%) patients required surgical treatment; 10 procedures were emergency, 10 were urgent, and 16 were elective.
● The most common procedure performed for these patients was fracture management via open reduction and internal fixation in 19 cases, followed by 

evacuation of subdural hematomas in eight cases.

Carrillo 

et al, 

(1993)53

≥65 years with blunt trauma. Excluded burns, 

penetrating, isolated orthopedic injury, and patients with 

minimal injuries

94 1 to 3 years post discharge. From July 1986 

to December 

1988

● Findings:
● Of the 94 included patients in the study, 56 (60%) required ICU admission.
● An average of 3.4 operations per patient was identified.
● Of the 94 patients, 12 died; 6 within the first 48 hours of hospital admission.
● Among the survivors, more than 70% were able to be independent post discharge from the hospital.
● Of the 22 patients who required institutional care post discharge, 12 (56%) were able to return home.
● The study showed high survival rate (87%) and rate of patients living at home post discharge (87%) (70% rate of independence after discharge).

van Aalst 

et al, 

(1991)61

≥65 years with blunt trauma and an ISS >15. 105 (7 lost to follow-up). 

98 patients were 

included in the study.

At least one year up to 6 years 

follow-up post discharge (mean 

follow-up time =2.82 years).

From 

August 1984 to 

June 1989

● Findings:
● Of the 98 patients included in the study, 44 died in-hospital and 54 survived at discharge.
● Of the 54 survived patients, 48 were interviewed as 6 patients died post discharge (all 6 patients died within 2 years post discharge).
● At the time of interviewing the 48 survived patients, 32 (67%) were independents and 16 (33%) were dependents.
● The study further classified these patients as follows:

- 8 (17%) were independents with maintained function.

- 24 (50%) were independents with declined function.

- 10 (21%) were moderately dependents with declined function.

- 6 (13%) were custodial (patients who were bedridden, incapable of feeding or toileting themselves, or in a nursing home).

(Continued)
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trauma for trauma patients aged ≥65 years compared to non- 
injured residents of the same age (Table 2).

Complications
Few studies reported serious complications of older 
patients following trauma including pulmonary complica-
tions, cardiac complications, systematic sepsis, renal fail-
ure, delirium, and alcohol withdrawal (Table 2).50,51 When 
compared to younger adults, older trauma patients who 
survived following trauma had significantly higher serious 

complication rates.51 Lower rates of complications related 
to injury were reported for older patients discharged from 
the ED including extremity infection and poorly healing 
wounds (Table 2).52

Use of Healthcare Services
With regard to the use of healthcare services, more than 80% 
of the older trauma patients required rehabilitation (phy-
siotherapy or occupational therapy) extending beyond dis-
charge from the hospital.49 An average of 3.4 operations 

Table 2 (Continued). 

DeMaria 

et al, 

(1987)50

>65 years with blunt trauma. Excluded burns, 

penetrating, and isolated orthopedic injury. (ISS mean 

=15.8 ±1.1)

63 Between 9- and 38-months post 

trauma (mean 19.6 ± 1.2 

months).

Between 

September 1982 

and December 

1984

● Findings:
● One-third of the patients who survived following injury suffered some complications including:

- Pulmonary complications which were the most common complications (33%) including pneumonia (19%), and endotracheal intubation >5 days (14%). 11% 

of the patients required prolonged assisted ventilation and developed pneumonia.

- Cardiac complications (16%) including congestive heart failure, myocardial infarction, and arrhythmia with hypotension.

- Systemic sepsis (3%).

- 15% of the patients had more than one class of the complications and the mean number of complications for each survivor was 0.6 ± 0.1.
● The mean LOS in-hospital was 25.2 ± 2.5 days.
● Of the 63 patients who survived, preinjury functional status information was available for 60 (95%) patients. Of these 60 patients, 58 (97%) lived 

independently at home, one was dependent at home, and one lived at a nursing home prior to injury.
● Post discharge, 21 of 63 (33%) patients were discharged home as independents, 23 (37%) were dependents at home, and 19 (30%) were transferred to 

a nursing home.
● Of the 19 patients who were discharged to a nursing home, 12 (63%) were able to return home; 10 (83%) were still dependents at home and two (17%) 

were independents.
● Thirteen of the 23 (57%) patients who were dependents at discharge were able to become independents.
● The group of patients aged 80 years or older was at greater risk of poor outcomes as 50% of them were discharged to a nursing home and 33% required 

permanent home care compared to 26% of patients aged 65–79 years who were discharged to a nursing home and only 6% of them required permanent 

home care.
● Nine (14%) patients did not maintain their best postinjury function during follow-up, of which 8 (13%) died post hospital discharge (period: 3 to 12 months, 

mean: 6 months).
● Twenty-five (40%) patients had improvements in their functional level post hospital discharge.
● Fifty-six (89%) survived patients were able to return home following trauma.

Oreskovich 

et al, 

(1984)56

>70 years with “severe” injuries. (ISS mean =19) (ISS 

range, 4–61).

100 one year post injury. From 1979 to 

1981

● Findings:
● One hundred patients were included in the study, of which ninety-six (96%) patients were independents prior to injury. This means that they did not 

require professional assistance with performing their daily activities. Four (4%) patients required nursing visits for assistance or meals preparation. No 

patients were living at a nursing home or required full nursing care prior to injury.
● At one-year follow-up, 85 patients survived post injury, of which only seven patients (8%) were independents, 17 (20%) required nursing visits for assistance 

or meals preparation, and 61 (72%) required full nursing care.
● The survivors stayed at hospital for 23 days compared to non-survivors (19 days).
● The major note is that survivors spent an average of two days in the ICU compared to 16 days for non-survivors.
● 90% of the non-survivors’ hospitalization time was spent in the ICU.
● As non-survivors spent most of their hospitalization period in the ICU, that reflected on the cost of their treatment as the mean cost per patient was 

$23,003 compared to $13,158 for the survivors.
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were performed per patient for trauma patients aged ≥65 
years.53 Thirty-eight percent of trauma patients with ISS ≥10 
required surgical treatment (Table 2).54 The most common 
performed procedure for these patients was fracture manage-
ment via open reduction and internal fixation (Table 2).54

Sixty percent of trauma patients aged ≥65 years 
required Intensive Care Unit (ICU) admission.53 

Previous evidence showed no significant change in ICU 
admission between older and younger trauma patients51,55 

(Table 2). Older adults with major trauma (ie, ISS >15) 
stayed ventilated in the ICU for longer periods than 
younger patients and the duration of staying ventilated 
increased with age55 (Table 2). For the use of surgical 
ICU, 37% of trauma patients aged ≥65 years with an ISS 
≥10 were admitted for the following interventions: 
mechanical ventilation, antiarrhythmic drugs, and inotro-
pic support.54

An earlier study showed that 90% of hospitalization 
time for non-survivor older trauma patients aged >70 years 
was spent in the ICU.56 This reflected on the cost of their 
treatment as the mean cost per patient was $23,003 com-
pared to $13,158 for the survivors.56

Length of Stay
Variation in hospital LOS for older trauma patients 
ranges from a mean of 10 days to 35 days (Table 
2).49–51,54–57 Older trauma patients significantly stayed 
for longer period in-hospital than younger patients even 
after major trauma (ie, ISS >15) (Table 2).49,51,55 

Furthermore, older patients with an ISS >15 who sur-
vived had lengthier in-hospital stay than younger adults 
and also the same is true for those who did not survive55 

(Table 2). For patients aged >70 years, those who sur-
vived had a mean LOS of 23 days compared to 19 days 
for non-survivors.56

Differences in ICU LOS were identified in the litera-
ture ranging from a mean of 2 days to 16 days51,54–57 

(Table 2). One study showed that patients aged ≥65 years 
with an ISS >15 had shorter LOS in ICU than younger 
patients aged 20–30 years old (P =0.70).51 However, 
another study showed significantly increased LOS in 
ICU for older patients who survived and who did not 
survive compared to younger patients after major trauma 
(ie, ISS >15) (P <0.05)55 (Table 2). Older trauma patients 
aged >70 years who survived spent an average of two 
days in the ICU compared to 16 days for those who did 
not survive.56

Readmission and Hospitalization
A previous study, which followed-up older trauma patients 
for a mean length of 5.4 (SD ± 1.1) years, found that 29% 
of trauma patients aged ≥75 years required hospitalization 
at least once in the year preceding the survey.57 It also 
showed that 16% of the patients reported more than six 
physician visits in the previous year.57 Of injured patients 
aged ≥65 years and discharged from the ED, 11% were 
admitted to the ED at the first 30 days following trauma, of 
which 55% had problems related to their initial injury or 
its management (Table 2).52

Functional Status and Level of Independence
For the assessment of functional status, Oreskovich et al56 

showed that more than 90% of trauma patients aged >70 
years with “severe” injuries (ISS mean =19) required nur-
sing care at home or in a nursing care facility. The studies 
published after that, however, showed more promising 
results, with 70% or more of older patients with different 
ISS means returning to live independently at home (Table 
2).50,51,55,58,59 Others also reported much higher rates of 
independence and living at home than the earlier study by 
Oreskovich et al56 (Table 2).48,49,52–54,57,60,61 Although 
improvements in the level of independence and living at 
home were reported at different follow-up periods, it did 
not reach the pre-injury level (Table 2).49–51,54,60 

Progressive deterioration in functional ability for older 
trauma patients at one-year follow-up was reported59 

(Table 2). However, comparing the results of functional 
status for older trauma patients is difficult due to the 
recruitment of different patient populations (age group, 
pattern of injury, and injury severity), applying different 
follow-up periods (ranging from a mean of 49 days up to 5 
years), not using standardized measures, variable defini-
tions of “independence”, and many studies were published 
more than a decade ago (Table 2).

Overall, the findings of these studies indicate the 
importance of measuring outcomes other than mortality 
for older trauma patients. These could include outcome 
measures looking into independence and living at own 
home, frailty, cognition and mood, social networking and 
support, complications, and use of healthcare services, 
LOS, and readmissions.

Prehospital Triage and Outcomes
The impact of prehospital triage decisions on outcomes of 
older trauma patients is still uncertain.3,5,10,15 Most of 
current prehospital triage tools were assessed for their 
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accuracy in identifying major trauma among older 
people4,6,8,9,11,12,14,17,62 and only few were assessed for 
their effects on the outcomes, with mortality used as the 
main outcome measure.3,5,7,10,13,15,63,64 Other outcomes 
including disability, complications, costs, LOS, and dis-
charge to home were rarely captured in the assessment of 
triage tools.7,10,15,63 No standardized patient outcome mea-
sures regarding functional status, quality of life, and well- 
being for older trauma patients were reported in these 
studies.

Determining the Benefits of Major 
Trauma Centres Access
There is still no strong consensus if triaging older trauma 
patients to MTCs is beneficial (Table 3). In terms of 
mortality, a recent evidence showed that older trauma 
patients were under-triaged, ie, had lower odds of MTC 
transport (adjusted OR 0.52, 95% CI 0.35–0.78) than 
younger adults and this was associated with 1.7 times 
increase in their in-hospital mortality (95% CI 
1.04–2.7).3 Furthermore, a previous study showed that 
under-triaged older trauma patients had higher mortality 
than under-triaged younger patients (21% vs 6.0%, 
respectively).10 However, Staudenmayer et al15 investi-
gated the unadjusted 60-day mortality rate for older trauma 
patients with an ISS >15 and found no significant differ-
ence between patients who were transported to non-MTCs 
compared to those transported to MTCs (16% vs 17%, 
p=0.87). They also showed that the transportation of this 
population to MTCs is associated with higher costs [Total 
costs, $, median (Interquartile Range [IQR]): 35,069 (19,-
321–88,357) vs 14,332 (5112–29,321)] and prolonged in- 
hospital LOS [LOS, days, median (IQR): 6.0 (3.0–14.0) vs 
5.0 (1.5–8.0)].15 The study, however, did not adjust for 
comorbidities and there was no consideration of specific 
patterns of injury such as head injury.15 The study also 
performed mortality analysis based on only 41 deaths 
which may have impacted the precision of the estimated 
effect.15

A recent study, which assessed the impact of specific 
geriatric trauma triage criteria on outcomes found no sig-
nificant difference in mortality rate before its application 
(7.1%) (95% CI, 6.6–7.4%) compared to post application 
(6.6%) (95% CI, 5.9–6.6%) despite identifying more older 
trauma patients who required MTC transport (improved 
sensitivity from 61% to 93% after applying the criteria).63 

It also showed minimal increase in the rate of older trauma 

patients discharged home from 34% (95% CI 33–35%) to 
35% (95% CI, 35–35%) (difference 1.2%, 95% CI of the 
difference 0.2–2.2%).63 However, the results of this study 
may have been influenced by destination compliance as 
initial transportation to MTCs improved by only 1% after 
the application of the developed triage tool (45% vs 
44%).63 “Destination compliance” is simply defined as 
access to the highest level of trauma services for patients 
who meet the prehospital trauma triage criteria. Another 
study showed higher disability rates (22% vs 6.0%) and 
complication rates (39% vs 23%) in older trauma patients 
triaged to lower MTCs in comparison with their younger 
counterparts.10

As previous literature looking into the benefits of pre-
hospital triage of older trauma patients to MTCs showed 
conflicting findings, these findings echo the broader litera-
ture, which showed no strong consensus about the impact 
of conveyance to MTCs for older people with trauma 
(Table 3). The literature review showed that most of the 
previous evidence investigated the benefits of older trauma 
patients’ access to MTCs with regards to their survival or 
mortality. Other outcomes that were rarely measured 
regarding the benefits of MTC access for older trauma 
patients included LOS, complications, and discharge to 
home. No patient outcomes were measured in the previous 
literature to assess the benefits of MTC access including 
outcomes related to mental health, functional ability, and 
quality of life. Such outcomes were shown in the previous 
section to be important to measure when caring for older 
trauma patients.

Previous evidence showed survival benefit for the 
treatment of older trauma patients of different age groups 
at MTCs compared to non-MTCs (Table 3).65–67 However, 
some other studies showed no significant advantage of 
such access for older trauma patients68 and that the treat-
ment at non-MTC was associated with more than 4-fold 
increase in the likelihood of survival (Table 3).69 It was 
shown that the admission of older trauma patients to 
MTCs was associated with lengthier in-hospital stay than 
non-MTCs (Table 3).69 Smith et al70 showed that the 
treatment of patients aged >55 years at MTCs was asso-
ciated with lower rates of complications than those treated 
at non-MTCs (Table 3). The level of care, however, was 
not associated with discharge to home rates (Table 3).69

Although most of these studies showed some benefit of 
MTC access for older adults, generalizing these results may 
not be appropriate as these studies had variations in the 
datasets that were used for analysis, included different patient 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Open Access Emergency Medicine 2021:13 128

Alshibani et al                                                                                                                                                        Dovepress
O

pe
n 

A
cc

es
s 

E
m

er
ge

nc
y 

M
ed

ic
in

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

19
3.

60
.2

38
.9

9 
on

 1
0-

A
ug

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Table 3 Benefits of MTC Access for Older Trauma Patients

Study Population No. of 
Patients

Measured Outcomes Data Collection 
Period

Garwe 

et al, 

(2020)65

≥55 years trauma patients with at least an ISS of 9. 25,288 30-day in-hospital mortality. Between 2005 and 2014.

● Findings:
● Patients treated at MTCs had longer length of in-hospital stay (mean [±SD], 7.6 [7.2] vs 5.8 [5.6], P <0.0001) and higher proportion of overall unadjusted 

mortality compared to patients treated at non-TCs (number [%], 1118 [10.2%] vs 1081 [7.5%], P <0.0001).
● The majority of deaths in both groups occurred within 7 days of hospital admission (805 [72%] deaths at MTCs and 817 [75.6%] at non-TCs).
● The analysis of 7-day survival, after the adjustment for potential confounders, showed that the treatment of patients at MTCs was significantly associated 

with lower rates of death and was more significantly stronger for patients aged <65 years (HR [95% CI], 0.45 [0.36–0.56]) compared to patients aged ≥65 

years (HR [95% CI], 0.65 [0.58–0.73]).
● Beyond 7 days, the survival benefit of the treatment at MTCs was observed (HR [95% CI], 0.68 [0.56–0.83]). The treatment at non-MTCs was associated 

with constantly higher 30-day cumulative risk of death.
● Of the study population, 18,643 were initially transported to non-MTCs. 4305 (23%) were then transferred to MTCs within 24 hours. The estimated crude 

mortality was significantly higher among patients who were transferred (9.2% vs 7.5%, P = 0.0005). The adjusted 30-day cumulative death risk was 

consistently higher in patient treated at non-MTCs compared to patients those transferred to MTCs.
● The restricted analysis for trauma patients with an ISS >15 marginally strengthened the protective effect of treatment at MTCs (the results were not 

shown).
● The propensity-adjusted survival analysis showed that transferring patients to MTCs was associated with significantly lower 30-day mortality for patients 

aged <65 years (HR [95% CI], 0.36 [0.27–0.49]) and also for patients aged ≥65 years (HR [95% CI], 0.55 [0.48–0.64]) (After the adjustment for the 

propensity to be transferred, ISS, presence of a serious head injury, and presence of a penetrating injury).
*NOTE: The study did not track deaths after hospital discharge. So, patients who were discharged to intermediate care and died within 30 days were not 

included.

Pracht 

et al, 

(2011)67

≥65 years who had International Classification of Diseases, 

Ninth Revision, Clinical Modification 

ICD-9CM codes, designated for hospitalization as emergent, 

and had at least one injury associated with a severe risk of 

mortality (International Classification of Diseases Injury 

Severity Scale [ICISS], <0.85).

28,988 Survival of patients admitted and 

discharged from a designated trauma 

centre.

Between 2003 and 2007.

● Findings:
● The rates of MTC treatment decreased with age as 50% of patients aged 65 to 74 years were treated at MTCs compared to 36% among patients aged 75 

years to 84 years and 27% among patients aged ≥85 years.
● The overall ICISS mean for all older trauma patients was 0.70; ranging from 0.66 (more severe) to 0.73 (less severe) in the age groups 65-74 years and ≥85 

years, respectively.
● The ICISS mean in the MTC was significantly lower (0.624) compared to non-MTCs (0.744) which indicated greater severity of patients treated at MTCs.
● A greater variability was also reported in the severity level of patients treated in MTCs (SD, 0.23) compared with 0.14.
● The results of this study showed that patients treated at MTCs were more severely injured (for example, <1% of patients treated at non-MTCs had an 

ICISS <0.10 compared to 4.59% for all older trauma patients).
● The treatment of older trauma patients at MTCs is associated with a significant positive change in the probability of survival (marginal effect of 3.9% at the 

5% level)
● However, when patients were stratified by age, the effect of MTC access on the probability of survival at the 5% level was not statistically significant for 

those who aged ≥85 years (marginal effect of 3.6%) compared to patients aged 65 to 74 years (marginal effect of 7%) and patients aged 75 to 84 years 

(marginal effect of 4%).
*NOTE: The study did not adjust for mechanism of injury, anatomical injury and physiological factors. The study also excluded transferred patients.

Mackenzie 

et al, 

(2006)68

18–84 years trauma patients who arrived alive at 

a participating hospital and had moderate to severe 

trauma (at least one injury with an Abbreviated Injury 

Scale (AIS) of at least 3).

15,009 

(4331 aged 

≥55 years)

Death at hospital and 30, 90, and 365 

days after injury.

Between July 2001 and 

November 2002.

(Continued)
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Table 3 (Continued). 

● Findings:
● Although older trauma patients aged ≥55 years who had access to MTCs experienced decreased risk of death than those treated at non-MTCs (Relative 

Risk [RR] ranged from 0.88 to 0.94), the differences were not large when compared to those among younger adults (RR ranged from 0.61 to 0.68) and the 

RRs of death were not significantly different from 1.0.
● The main limitation of this study, which was also mentioned by the authors, was the inclusion of small number of older adults with severe injuries in the 

analysis which resulted in wide confidence intervals for this cohort.
● The results of this study for older trauma patients (≥55 years) who were treated at MTCs vs non-MTCs showed the following:

- In-hospital death: 12.3% vs 13.1% (RR [95% CI], 0.94 [0.56–1.61]).

- Death within 30 Days after Injury: 12.4% vs 13.8% (RR [95% CI], 0.90 [0.56–1.44]).

- Death within 90 Days after Injury: 15.6% vs 17.8 (RR [95% CI], 0.88 [0.60–1.27]).

- Death within 365 Days after Injury: 20.7% vs 22.5% (RR [95% CI], 0.92 [0.67–1.28]).
● These results were compared to the results of younger adults aged <55 years old who were treated at MTCs vs non-MTCs which showed the following:

- In-hospital death: 5.9% vs 9.0% (RR [95% CI], 0.66 [0.48–0.89]).

- Death within 30 Days after Injury: 5.9% vs 8.7% (RR [95% CI], 0.68 [0.48–0.95]).

- Death within 90 Days after Injury: 6.3% vs 9.2% (RR [95% CI], 0.68 [0.50–0.94]).

- Death within 365 Days after Injury: 6.6% vs 10.8% (RR [95% CI], 0.61 [0.46–0.81]).
*NOTE: The study included small number of older adults with severe injuries in the analysis which resulted in wide confidence intervals for this cohort.

Scheetz 

(2005)69

≥65 years trauma patients who were admitted to an acute 

care hospital (MTC or non-MTC) for the treatment of 

motor vehicle trauma (ISS mean [SD], 8.76 [7.49]).

1418 Survival, length of stay, and discharge 

position to home.

2000.

● Findings:
● The treatment at non-MTCs was associated with more than 4-fold increase in the likelihood of survival after adjusting for age and ISS (OR [95% CI], 4.07 

[2.39–6.94], P <0.001).
● The admission to MTCs was associated with increased length of stay than non-MTCs by slightly more than 2.5 days (β=2.64, P <0.001)
● Of admitted patients to MTCs, 43.5% were discharged to home compared to 56.5% of the admitted patients to non-MTCs. The level of care was not 

related to discharge disposition to home (OR [95% CI], 1.22 [0.95–1.56]) while younger age (OR [95% CI], 0.96 [0.95–0.98]), lower injury severity (OR 

[95% CI], 0.93 [0.92–0.95]), and shorter length of stay (OR [95% CI], 0.91 [0.89–0.93]) explained discharge disposition to home (P <0.001).
*NOTE: This study adjusted for age and ISS, However, it was limited by potential residual confounding resulting from not adjusting for potential confounders 

such as physiological factors, comorbidities, and prehospital care.

Meldon 

et al, 

(2002)66

>80 years old trauma patients who were transported to 

AC hospitals or MTCs

455 Mortality outcomes between 

patients treated at MTCs and 

a similar cohort treated at AC 

hospitals.

1996.

● Findings:
● The overall mortality for older trauma patients aged >80 years was 9.9% (n, 45/455).
● Patients treated at level I TCs had significantly higher ISS (median [IQR], 13 [4–25]) and more severe head injuries based on lower Glasgow Coma Scale 

(GCS) (median [IQR], 15 [3–15]) compared to patients treated at level II TCs (ISS median [IQR], 5 [4–9]) and (GCS median [IQR], 15 [15–15]) and also 

patients treated at AC hospitals (ISS median [IQR], 4 [4–9]) and (GCS median [IQR], 15 [14–15]) (P <0.001).
● This obviously resulted in higher mortality rates at level I TCs compared to level II TCs and AC hospitals as:

- 9 of 38 (24%) patients treated at level I TC died (P <0.001).

- 10 of 191 (5.2%) patients treated at level II TC died.

- 22 of 222 (9.9%) patients treated at AC hospitals died.
● Lower mortality rates at level II TCs (5.2%) were reported compared to AC hospitals (9.9%) despite similar patients age, ISS, and GCS.
● The majority of deaths occurred in patients who had an ISS of 21 to 45 (n [%], 20/41 [49%]).
● The survival rate of older trauma patients who had a high ISS (21–45) was statistically significant between TCs and AC hospitals (56% vs 8% survival, P < 0.01).
*NOTE: The study did not adjust for potential confounders such as mechanism of injury, comorbidities, shock, and other factors.

Smith et al, 

(1990)70

All trauma patients (pediatrics, adults, and older adults) 

who had femoral shaft fracture with operation (the group 

of older adults was identified as those aged >55 years) and 

treated at MTCs or non-MTCs.

1332 (447 

older 

trauma 

patients).

Complications and death during 

hospitalization.

1985 in western 

Pennsylvania and 

1986–1987 in the state of 

Maryland.

(Continued)

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Open Access Emergency Medicine 2021:13 130

Alshibani et al                                                                                                                                                        Dovepress
O

pe
n 

A
cc

es
s 

E
m

er
ge

nc
y 

M
ed

ic
in

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

19
3.

60
.2

38
.9

9 
on

 1
0-

A
ug

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


populations in different trauma systems, and assessed differ-
ent outcome measures. Furthermore, some of these studies 
did not adjust for some important confounders such as phy-
siological factors, comorbidities, and mechanism of 
injury,66,67,69,70 included small number of patients,68 

excluded transfers,67 focused on single pattern of injury,70 

and did not track deaths post hospital discharge within 
a defined period65 - all of which make comparisons difficult.

Factors Affecting Appropriate 
Triage Decisions
There are several unique factors that could adversely affect 
accurate prehospital trauma triage decisions for older 
patients. Some of which could directly affect meeting the 
thresholds of the existing triage criteria for direct transpor-
tation to an MTC including anatomical and physiological 
changes with age, comorbidities, and medication use.71 

The efforts in recent research tried to overcome these 
challenges by developing geriatric-specific trauma triage 
criteria that are accurate enough to capture severely 
injured older patients.71 However, no geriatric-specific 
trauma triage criteria have achieved acceptable sensitivity 
and/or specificity71 and some were not applied to all older 
trauma patients.8

Despite these factors, there are other important factors 
that are not related to triage criteria and could significantly 
affect prehospital trauma triage decisions for older 
patients. Previous studies have consistently shown 
decreased rates of destination compliance among injured 
patients with increasing age.5,12,62 For instance, a study 
from Australia showed that nearly 67% of the older trauma 
patients who met the triage criteria were transported to 
MTCs in contrast to almost 88% of the injured younger 
patients.5 This finding is consistent with other studies from 

the USA even when a specific triage tool for older adults 
was developed.4,14,62,63 In this regard, there is limited 
evidence that factors other than the triage criteria have 
been assessed in relation to their effect on prehospital 
triage decisions for older trauma patients (Table 4). No 
study has assessed the impact of such factors on outcomes. 
These initial findings showed that such factors could 
impact prehospital triage decisions for these patients and 
may, consequently, affect their outcomes.

The Future
● There is a paucity of information, worldwide, on the use 

of frailty assessment tools by paramedics and trauma 
outcomes in older people. Therefore, further efforts in 
future research are required to assess the feasibility and 
validity of frailty assessment for use in the prehospital 
environment.

● More studies are also required to assess the benefits 
of access to MTCs for older trauma patients.

● Appropriate patient- and clinician-reported, short- 
term and long-term outcome measures would also 
need to be determined for older trauma patients.

● It seems that there are other factors such as distance 
to MTCs, patient or relative choice, training, unfami-
liarity with protocols, and possible ageism that affect 
prehospital triage of older trauma patients which 
require further investigation and assessment.

● More focus is also needed to ensure that EMS per-
sonnel have adequate education and training to assess 
and treat older trauma patients and be more familiar 
with their protocols.

● Overall, future research in this field could signifi-
cantly improve prehospital triage decisions and the 
transition of care from prehospital to in-hospital 

Table 3 (Continued). 

● Findings:
● The treatment of older trauma patients (age >55) with solitary femoral fracture at MTCs was associated with lower complication rates than at non-MTCs 

(35% vs 46%, respectively) and also for those with femoral fracture and other significant injuries (multiple trauma) (33% vs 50%, respectively).
● Of all 1332 trauma patients, only 22 died during hospitalization (mortality rate, 1.6%). Non-MTCs had higher mortality rate (2.2%) compared to almost 1% 

at MTCs.
● Of the 16 trauma patients who died in non-MTCs, 14 (88%) had solitary femoral fractures and were aged >70 years.
● For the six patients who died in MTCs, four (67%) had multiple trauma compared to non-MTCs (P <0.05). Four (67%) of them were aged less than 30 and 

only two (33%) were aged >55 years.
● Older trauma patients who died during hospitalization had significantly prolonged LOS (>23 days).
*NOTE: The study did not adjust for potential confounders such as comorbidities and severity of concomitant injuries. The study focused on a single pattern 

of injury (femoral fracture) which limited the generalizability of its results.
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setting which could, consequently, reduce patients’ 
complications and improve their quality of life and 
healthcare use and experience.

Conclusion
Prehospital care of older trauma patients represents 
a major part of the EMS service. This includes accurate 
identification and triage of this population followed by 
appropriate transportation to a designated facility. 
Prehospital triage criteria were found to be inaccurate 
in identifying high-risk older trauma patients. Applying 
other assessment tools, such as frailty identification, 
could be helpful. Furthermore, determining the appro-
priate outcome measures for older trauma patients and 
the benefits that they can get from their access to 
MTCs could improve triage and appropriate prehospital 
transportation which, consequently, could be positively 
reflected on their outcomes. Moreover, investigating 
factors other than triage criteria that could impact pre-
hospital destination compliance will enhance high- 
quality prehospital care for this population.
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Table 4 Assessment of Other Factors Not Related to Prehospital Trauma Triage Criteria

Study Measured Factors Findings

Garwe et al, 
(2017)7

Distance to MTCs. ● Older trauma patients were slightly injured in regions slightly away from MTCs com-
pared to younger adults (47 vs 44 miles, P < 0.001).

● The study showed that even when older persons were injured in places close to MTCs, 

they were less likely to be transported to these centres.

Newgard 

et al, (2016)13

Patient or Relative Choice. ● >72% of hospital selections in the prehospital phase were made by patient or relative choice.
● The study explored the role of patient or relative choice and found inconsistent results.
● It was highlighted that including this factor as a measure in the triage criteria is difficult 

due to its subjectivity and the variations between the patients.

Chang et al, 
(2008)4

Training, Unfamiliarity with 
protocols, and Possible Ageism.

● Surveys of EMS personnel looking into the reasons of destination non-compliance for positively 

triaged older trauma patients showed that insufficient training to manage older trauma patients 
could be the major contributor for this issue (20%) followed by unfamiliarity with protocols 

(10%) ageism (such as feeling older people are not worth the extra expenditure [5%] and poor 

prognoses [2%]), and feeling unwelcomed when bringing patients to an MTC (2%) respectively.
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