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Introduction

Major trauma has historically been con-
ceived as a disease condition of younger
populations, resulting from high-energy
mechanisms of injury [19] and this think-
ing is reflected in education and train-
ing approaches [5]; however, the propor-
tion of patients with major trauma aged
=65 years has progressively increased in
the last years [7]. In the United King-
dom (UK), the median age of trauma pa-
tientsincreased from 36.1 yearsin 1990 to
53.8 years in 2013 [19]. Therefore, more
age-attuned prehospital triage is needed.

Scope of the problem

Trauma triage tools are developed to as-
sess the severity of a single event (i.e. in-
jury) and determine transportation de-
cisions [38]. This is not the case for
older people who are at greater risk of
‘silver trauma, which is major trauma
consequent upon relatively minor injury
mechanisms. Older trauma patients are
significantly undertriaged in the prehos-
pital care (3, 6, 9, 22, 26-28, 33, 39]. This
might be due to the process of aging, co-
morbidities, and medication use which
could affect the accuracy of prehospital
triage [27]. This paper aimed to describe
the evidence around these factors, their
impact on the accuracy of prehospital
triage, and the efforts in recent research
to develop more accurate triage criteria.
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Age-related anatomical and
physiological changes

Older adults undergo several anatomi-
cal and physiological changes with age.
These changes in different body systems
could affect their response to injury,
which may result in inappropriate as-
sessment of injury severity.

For the cardiovascular system, the
heart is subjected to structural changes,
such as hypertrophy and sigmoid sep-
tum of the left ventricle [10], and also
physiological changes, such as reduced
diastolic filling of the left ventricle [37]
and prolonged contraction period [21].
Blood vessels also undergo structural
changes including increased length of
large vessels, enlarged lumen, and in-
creased walls thickness [45]. This could
impact their compliance and distensibil-
ity, which is the main functional change
of blood vessels with age [43]. The aorta,
for example, has decreased distensibil-
ity with age [43]. Such changes were
shown to result in lower chance of older
adults to present with low blood pres-
sure (hypotension) or increased heart
rate (tachycardia), the principal signs of
shock [12].

Older adults are also at greater risk
of impaired respiratory responses. They
have significantly decreased response to
hypoxia and hypercarbia [20], decreased
pulmonary reserve [13], and decreased
ability to effectively clear secretions and
fluids from the lungs [13]. Therefore,
older adults with chest trauma are at great
risk of adverse events including pneumo-
nia, respiratory failure, and death [24].
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With respect to the nervous system,
brain atrophy was shown to increase with
age and accelerate after the age of 60 years
[15] allowing more space between the
brain and skull, which could accumu-
late a high volume of blood without pre-
senting any sign of increased intracranial
pressure [36]. This, as a result, could de-
lay the diagnosis of intracranial bleeding
among older people [36]. The structure
and function of the blood vessels are also
impaired with ageing including arterial
stifiness and endothelial cells dysfunc-
tion [46]. These cerebrovascular changes
could increase the vulnerability of in-
tracranial hemorrhage for this popula-
tion after injury.

Ageing is associated with progressive
loss of skeletal muscle mass and strength
(sarcopenia), which could negatively
impact mobility and balance [16] and
increase the risk of severe injury from
falls [40]. Osteoporosis increases the risk
of fractures [17] from even low energy
mechanisms (i.e. low-level falls) in older
people [11].

Comorbidities

Comorbidities can significantly change
the physiological responses to trauma for
older people. High blood pressure (hy-
pertension) is a common comorbidity
for older people and is a significant risk
factor of cardiovascular and cerebrovas-
cular diseases [23]. Its presence could
impair the response to shock after trauma
for this population. Older adults are at
great risk of developing chronic obstruc-
tive pulmonary disease [8], which could
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Table 1 Prehospital physiological responses of older people post-injury
Physiological Findings
variables

Systolic blood
pressure (SBP)

Patients aged > 55 years were less likely to present with shock than younger adults (i.e. SBP < 90mmHg) (SBP mean [SD]
144 mmHg [+ 33 mmHg] vs. 131 mmHg [+ 29 mmHg]) [9].

Patients aged > 55 years were less likely to have SBP < 90mmHg after major trauma than younger adults (234/3054, 7.7% vs.
565/4407,12.8%, p=0.001) [6].

There were decreasing rates of trauma patients presenting with hypotension (SBP < 90 mmHg) with age [22].

Heart rate (HR)
[£25] beats per min).

Patients aged > 55 years were less likely to have tachycardia than younger adults (HR mean [SD], 82.7 [+ 20] beats per min vs. 91.7

Patients aged > 55 years were less likely to have HR > 124 beats per min after major trauma than younger adults (163/3054, 5.3%
vs. 609/4407, 13.8%, p=0.001) [6].

There were decreasing rates of trauma patients presenting with tachycardia (HR > 100 beats per min) with age [22].

Respiratory rate
(RR)

Glasgow coma
scale (GCS)

25.5%, p=0.001) [6].

Patients aged > 55 years with major trauma were less likely to have abnormal RR, i.e. <12 per min or > 24 per min than younger
adults (395/3054, 12.9% vs. 904/4407,20.5%, p=0.001) [6].

Patients aged = 55 years, compared to younger adults, had higher GCS (GCS mean [SD], 14.2 [+£2.4] vs. 13.6 [+ 3.5]) [9].
Patients aged > 55 years with major trauma were less likely to have GCS < 13 than younger adults (574/3054, 18.8% vs. 1125/4407,

These findings are consistent with the findings of other studies which showed higher GCS among patients aged > 65 years with
trauma brain injury compared to younger adults [18, 34].

SBP systolic blood pressure, SD standard deviation

adversely affect the response to hypoxia
and hypercarbia after trauma. Chronic
kidney disease is another common co-
morbidity among older people and could
lead to decreased renal function and in-
creased risk of adverse drug reactions
(ADRs) [25].

Medication use

The use of medications is more common
in older people than younger popula-
tions, particularly for those with comor-
bidities. Older people more commonly
use anticoagulants, which could signifi-
cantly increase their risk of intracranial
hemorrhage following head trauma [2].
As hypertension is also common in this
population, they are also more likely to
take antihypertensive drugs to control
their blood pressure. Antihypertensive
drugs were shown to increase the risk of
serious fall injuries in older people [41].
Such important medications and others
that are commonly used in this popula-
tion could impact their response to injury
and lead to inappropriate assessment of
injury severity.

Apart from the medications them-
selves, the term ‘polypharmacy, which
is defined as using multiple medications
and/or administering additional medi-
cations that are not clinically indicated
which represents unnecessary medica-
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tion use, is common among older peo-
ple [14]. This issue continues to increase
in this population and is a well-known
risk factor for death and disability [14].
Polypharmacy is significantly associated
with the incidence of ADRs in older peo-
ple which adds a greater risk of poor out-
comes [1]. Other issues with medication
use for older people include disparity be-
tween the labeled dosage and the dosage
actually used, drug interactions, and un-
deruse of medications [31]. All these is-
sues should be considered when assessing
and managing older trauma patients.

Impact on the accuracy of
prehospital triage

Anatomical and physiological changes
with age, comorbidities, and medication
use were shown to affect physiological
responses in prehospital care (B Table 1).
They also could affect mechanisms of in-
jury, all of which may result in less ac-
curate prehospital triage decisions. Even
when older trauma patients met the phys-
iological criteria, they had low chance
of being transported to a trauma center
(TC); 24% of hypotensive patients (sys-
tolic blood pressure [SBP] <90 mm Hg),
23% of those with abnormal respiratory
rate (RR) <10 per min or >29 per min,
and 26% of those with a Glasgow coma

scale (GCS) < 13 were transportedtoa TC
[26].

These factors were also found to af-
fect the mechanism of injury (i.e. in-
crease the risk of low-level falls) which
is now the most common mechanism
of injury in the UK (falls <2m) [42].
The assessment of triage patterns for in-
jured adults showed increasing rates of
patients who had falls with age (from 12%
of patients aged 16-25 years to 77% of
patients aged > 65 years, p <0.05) and de-
creasing rates of motor vehicle accidents
(from 52% of patients aged 16-25 yearsto
16% of patients aged > 65 years, p <0.05)
[22]. Indeed, most injuries among pa-
tients aged =65 years occurred at home
usually due to falls from standing height
(62%) [3]. An earlier study showed that
trauma triage tools failed to identify ma-
jor trauma resulting from falls (94% un-
dertriaged) [33]. Fallswererelated to70%
of the hospitalizations of these patients
and 45% of those with major trauma had
falls [33]. Most injured patients aged
=55 years due to falls were transported
to non-TC (63.4% vs. 33.9%, p<0.001)
[39].

Adjusting prehospital trauma
triage

Recent literature has investigated modi-
fying and developing specific prehospital
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Abstract

Background. The proportion of older adults
with major trauma is increasing. High-quality
care for this population requires accurate and
effective prehospital trauma triage decisions.
Objective. Anatomical and physiological
changes with age, comorbidities, and
medication use for older adults may affect the
accuracy of prehospital trauma triage.
Material and methods. This narrative review
focusses on age-related anatomical and
physiological changes, comorbidities, and
medication use for older adults with an
emphasis on their impact on the accuracy

of prehospital trauma triage tools. It also
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Towards improving prehospital triage for older trauma patients

addresses the efforts to develop alternative
triage criteria to reduce undertriage.

Results. Age-related anatomical and physiolo-
gical changes, comorbidities, and medication
use were shown to affect physiological
responses to injury and mechanism of injury
for older people. Current triage tools poorly
predicted injury severity. Geriatric-specific
physiological measures and comorbidities
significantly improved sensitivity with much
lower specificity. Assessing anticoagulant

or antiplatelet use in head injury notably
improved sensitivity to identify traumatic

intracranial hemorrhage, neurosurgery or
death with modest decrease in specificity.
Conclusion. Improving prehospital providers’
knowledge about the challenges of assessing
older people with trauma may reduce
undertriage. Assessing frailty could help in
improving prehospital providers’ judgments.
Future research is needed to improve triage
decisions for this population.

Keywords
Injury - Geriatrics - Paramedics - Emergency -
Preclinical

Zusammenfassung

Hintergrund. Der Anteil dlterer Personen mit
schweren traumatischen Verletzungen nimmt
zu. Eine qualitativ hochwertige Versorgung
dieser Population erfordert prazise und
effektive praklinische Triage-Entscheidungen.
Fragestellung/Zielsetzung. Anatomische
und physiologische Altersveranderungen,
Komorbiditaten und die Medikation &lterer
Personen kénnten die Genauigkeit praklini-
scher Triage-Entscheidungen im Fall schwerer
Verletzungen beeinflussen.

Material und Methoden. Diese narrative
Ubersichtsarbeit fokussiert sich auf alters-
assoziierte anatomische und physiologische
Verénderungen, Komorbiditdten und die
Medikation dlterer Menschen in Hinblick

auf deren Einfluss auf die Genauigkeit
praklinisch angewandter Triage-Instrumente
bei Traumapatienten. Zudem wird iiber die
Bemiihungen berichtet, alternative Triage-

Kriterien zu entwickeln, um die Unter-
Triagierung der betroffenen Patienten zu
reduzieren.

Ergebnisse. Altersassoziierte anatomische
und physiologische Veranderungen, Komorbi-
ditaten und die Einnahme von Medikamenten
beeinflussen Traumamechanismen und die
physiologischen Reaktionen auf stattgehabte
Traumata bei alten Menschen. Aktuell
angewandte Triage-Instrumente kdnnen bei
diesen Personen die Schwere einer Verletzung
nur schlecht prognostizieren. Der Einbezug
geriatrischer Messparameter und Komorbidi-
titen verbesserten die Sensitivitat signifikant
bei deutlich verminderter Spezifitét. Die
Erhebung der Einnahme von Antikoagu-
lanzien oder Thrombozyten-hemmenden
Substanzen bei Kopfverletzungen verbesserte
insbesondere die Sensitivitdt hinsichtlich

der Identifizierung traumatisch bedingter

Verbesserung der praklinischen Triage-Entscheidungen bei dlteren Traumapatienten

intrakranieller Blutungen, der Notwendigkeit
einer neurochirurgischen Intervention und
Versterben bei nur moderater Minderung der
Spezifitat.

Schlussfolgerung. Eine Optimierung

des Wissensstands in der prahospitalen
Notfallversorgung hinsichtlich spezifischer
Herausforderungen in der Beurteilung von
alteren Traumapatienten kann eine Unter-
Triagierung vermindern. Die Erhebung von
Frailty kdnnte bei Entscheidungen in der
prahospitalen Versorgung helfen. Allerdings
wird weitere Forschung benétigt, um Triage-
Entscheidungen fiir diese Patientengruppe zu
verbessern.

Schliisselworter
Verletzungen - Geriatrie - Rettungsdienst -
Notfallmedizin - Prahospital

trauma triage criteria for older people.
Applying the criterion SBP <110 mmHg
instead of SBP <90 mmHg for patients
aged > 65 years was shown to reduce the
rate of undertriage by 4% and increase
the rate of overtriage by 4% [4]. The
risk of death for patients who had a SBP
<110mmHg was similar to those with
a SBP <90 mmHg; highlighting the im-
portance of applying this criterion for
direct transport of these patients to TCs

[4].

A recent study developed specific cri-
teria for prehospital trauma triage of pa-
tients aged =55 years [28]. It showed
that HR was not associated with major
trauma (injury severity score, ISS >15)
in adjusted models (p = 0.48) and was ex-
cluded from further analysis [28]. In the
revised triage tool, the study showed that
GCS < 14 was the most predictive variable
of ISS >15 [28]. Replacing the current
criterion (GCS < 13) with GCS < 14 in the
trauma triage tool could decrease the rate
ofundertriage (increased sensitivity from

78.6% to 84.1%) with similar increase in
the rate of overtriage (decreased speci-
ficity from 75.5% to 68.4%) [28]. Adding
RR <10 per min or >24 per min (in-
cluding the need for assisted ventilation)
was the second most predictive physio-
logical measure as it improved sensitivity
from 78.6% to 84.5% but had lower speci-
ficity from 75.5% to 66.9% [28]; however,
the change of undertriage for respiratory
status compared to GCS was small (sen-
sitivity 84.5% and 84.1%, respectively);
indicating that many patients with ab-
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normal RR were already identified with
abnormal GCS [28]. Shock index >1.0
and SBP <110mmHg or >200mmHg
improved sensitivity by a similar change
(from 78.6% to 86.4% and 86.3%, respec-
tively) with also similarly a much lower
decrease in the specificity (from 75.5% to
60.4% and 60.7%, respectively); resulting
in a lower predictive value than GCS and
RR [28].

Adding the count of comorbidities
was assessed in a trauma triage tool
developed for patients aged =65 years
[27]. The predictors were identified in
order: any current criterion in the triage
tool, GCS <14, abnormal geriatric spe-
cific physiological criteria (RR <10 per
min or >24 per min, SBP <110 mmHg
or >200mmHg , and HR <60 or =110
beats per min), and comorbidity count
=2 [27]. 'This triage tool had 90.3%
sensitivity (95% confidence interval, CI
86.8-93.7%) and 17.0% specificity (95%
CI 15.8-18.1%) to identify patients with
ISS > 15 or require major nonorthopedic
surgery compared to the current triage
tool which had 36.6% sensitivity (95%
CI 31.2-42.0%) and 90.1% specificity
(95% CI 89.2-91.0%) [27]. Anticoagu-
lant use was also assessed and found not
to be a primary predictor [27]. Adding
this criterion to the developed triage
tool showed 94.1% sensitivity (95% CI
90.1-98.1%) and 14.0% specificity (95%
CI 12.6-15.4%) [27]. When comorbid-
ity count was replaced by medication
use, the triage tool showed 78.9% sen-
sitivity (95% CI 71.5-86.2%) and 40.8%
specificity (95% CI 38.7-42.9%) [27].

Adding anticoagulant or antiplatelet
use to current prehospital triage for
patients aged =55 years with head
injury was assessed [29].  Applying
physiological, anatomical, and mech-
anism of injury criteria in the triage
tool had poor sensitivity in identify-
ing traumatic intracranial hemorrhage
(26/131, 19.8%, 95% CI 5.5-51.2%)
and inhospital death or neurosurgery
(14/41, 34.1%, 95% CI 21.6-49.5%) [29].
Adding the criterion of anticoagulant
or antiplatelet use in the triage tool
improved its sensitivity to identify trau-
matic intracranial hemorrhage (78/131,
59.5%, 95% CI 51.0-67.6%) and death
or neurosurgery (29/41, 70.7%, 95% CI
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55.5-82.4%) with a modest decrease in
specificity from 1843/1979 (93.1%, 95%
CI 91.2-94.7%) to 1329/1979 (67.2%,
95% CI 61.1-72.7%) [29].

Recommendations for practice
and future research

This review is the first paper to discuss
distinct factors with older people and
how they could affect prehospital trauma
triage; however, the review is narrative
which may introduce a risk of bias and
future systematic reviews assessing each
factor are, therefore, needed when more
studies are available.

The review has significant implica-
tions for practice and future research.
Older adults were shown to have unique
factors that could reduce their chance
to meet current triage criteria. There-
fore, prehospital providers should focus
on improving their knowledge about
the changes in anatomy and physiology
with age, the impact of comorbidities
and medication use on physiological
responses and mechanism of injury in
this population. This will aid prehospital
providers to improve their judgments
and triage decisions. A recent systematic
review showed that prehospital provider
judgment could decrease the rate of un-
dertriage for trauma patients especially
for those who did not meet the triage
criteria [44].

The assessment of frailty could im-
prove prehospital providers’ judgments
as it was shown to be an independent
predictor of adverse outcomes for older
trauma patients [32, 35]. Applying sim-
ple frailty assessment tools, such as the
clinical frailty scale (CFS), which was
determined to be feasible, reliable, and
accurate to apply in emergency care [30],
could be useful in prehospital care. The
CFSwasrecentlyshown toindependently
predict 30-day mortality, inpatient delir-
ium, and increased care level at discharge
in trauma patients aged =65 years [35];
however, the compliance rate of prehospi-
tal providers to trauma triage tools varied
from a rate of 21% to 93% [44], which
may impact the role of frailty attuned
scores in prehospital care.

In Germany, ambulance response
might include doctors with paramedics

or only paramedics. The paramedic
profession is new in Germany as it was
developed in 2014. Paramedics are only
allowed to undertake responsibility if no
doctor is available, if a special task is
delegated or if the emergency call has
not triggered the presence of a doctor es-
pecially in rural areas. Germany also has
different levels of trauma centers where
patients are transported to according to
their physiological criteria and mech-
anism of injury with no assessment of
frailty or anticoagulant use. Developing
more accurate and standardized pre-
hospital triage criteria for older trauma
patients could improve both doctors
and paramedics’ triage decisions for this
population.

Future research is needed to assess: 1)
theaccuracy of several trauma triage tools
from different countries, 2) the develop-
ment and application of more accurate
geriatric-specific trauma triage criteria
and 3) the destination compliance for
positively triaged older trauma patients.

Conclusion

Age-related anatomical and physiologi-
cal changes, comorbidities and medica-
tion use were shown to affect the phys-
iological responses and mechanism of
injury for older people. Current triage
tools had poor sensitivity to detect se-
vere trauma in older patients. Geriatric-
specific physiological measures and co-
morbidity count significantly improved
the sensitivity of prehospital triage with
much lower specificity. Adding antico-
agulant or antiplatelet use for patients
with head injury notably improved the
sensitivity for predicting traumatic in-
tracranial hemorrhage, neurosurgery or
death with a modest decrease in speci-
ficity. Prehospital providers’ knowledge
about the challenges when assessing these
patients could improve their judgments.
Assessing frailty using, for example, the
CFS could improve prehospital providers’
judgments. More research is needed to
improve prehospital triage for this pop-
ulation.
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