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the relation to time from injury, ISS, age and PMCs.

years and > 65 years).

increased if a PMC exists (OR 5.5, p = 0.004).

Background: Increasing age and significant pre-existing medical conditions (PMCs) are independent risk factors
associated with increased mortality after trauma. Our aim was to review all trauma deaths, identifying the cause and

Methods: A retrospective analysis of trauma deaths over a 6-year period at the study centre was conducted.
Information was obtained from the Trauma Audit and Research Network (TARN) dataset, hospital records, death
certificates and post-mortem reports. The time and cause of death, ISS, PMCs were analysed for two age groups (<65

Results: Patients > 65 years old were at an increased risk of death (OR 6.4, 95% Cl 5.2-7.8, p < 0.001). Thirty-two patients
with an 1SS of >15 and died within the first 24 hours of admission, irrespective of age, from causes directly related to
their injuries. Twelve patients with an ISS of <16, died after 13 days of medical conditions not directly related to their
injuries (p = 0.01). Thirty four patients had significant PMCs, of which 11 were <65 years (34.4% of that age group) and
23 were > 65 years (95.8% of that age group) (p = 0.02). The risk of dying late after sustaining minor trauma (1SS <16) is

Conclusion: Elderly patients with minor injuries and PMCs have an increased risk of death relative to their younger
counterparts and are more likely to die of medical complications late in their hospital admission.

Introduction
The elderly population within the United Kingdom con-
tinues to grow [1] and hence we are encountering more
elderly patients who have suffered trauma. Despite this
growing number of elderly patients they form a small per-
centage of trauma patients overall, but they do consume a
disproportionate amount of medical resources [2] and are
more likely to require admission to hospital [3]. However,
aggressive early management of such patients results in
an increased survival rate, and of those who survive the
majority return home [4]. Mortality due to trauma con-
tinues to fall, but the highest rates are seen in those
patients older than 65 years of age, for which the majority
are secondary to falls [5].

Elderly patients and in particular those with pre-exist-
ing medical conditions (PMC) have been demonstrated
to be at an increased risk of mortality after incurring inju-
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ries of minor to moderate severity [6]. A suggested expla-
nation for this is the physiological changes associated
with aging e.g. diminished respiratory and cardiovascular
reserve/function, PMC and medications [7]. This dimin-
ished physiological reserve is thought to result in elderly
patients being less able to respond to a traumatic insult
and hence their worse prognosis. Not only are elderly
patients at an increased risk of mortality, but they die
later in their admission [8]. It is also known that the rate
of medical complications is higher in non-survivors [8].

To date, the association between the cause and time of
death after trauma and the relation to age, injury severity
and the association of PMC are not known. We reviewed
all trauma deaths for a defined period, identifying the
exact cause of death and its relation to injury severity, the
affect of age and PMCs.

Patients and Methods

A retrospective review of trauma deaths over a 6 year
period (2000 to 2006) at the study institute was con-
ducted. The study institute is a district general hospital
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with a patient population of 300,000 [9] and is the only
hospital for the catchment area receiving all trauma
patients. Our unit has prospectively submitted trauma
data to the Trauma Audit and Research Network (TARN)
group since 2000, employing a trained data analyst to
compile and submit all information, of which completion
is of high quality [10]. Trauma deaths were identified
using the TARN dataset and their hospital records were
reviewed. Information was obtained from the TARN
dataset, with regard to national, other district general
hospitals and neurosurgical centers, allowing a compari-
son to be made with the study institute.

TARN was founded in 1989 and is an on going trauma
epidemiology study [11]. Approximately half of all
trauma-receiving hospitals in England and Wales cur-
rently submit information regarding the trauma patients
they manage. Criteria for submission to this data set are:
1. Length of hospital stay of 72 hours or more, 2. Transfer
to specialist centre for extended trauma care, 3. Admis-
sion to intensive care, or 4. Death occurring in hospital
irrespective of cause. Patients with an isolated simple
injury, including fracture neck of femur in those greater
than 65 years, are excluded from the database. Each
patient has an injury severity score (ISS), assigned
according to their anatomic injury and a predicted sur-
vival score assigned by trained coders at the network cen-
tre [10]. TARN has ethical approval for research on
anonymised data through the patient information access
group (PIAG3-04(E)2006).

Previous authors have defined their elderly population
as those patients aged at least 65 years of age [4,8]. Gian-
noudis et al demonstrated a variation in time of death
after injury between the younger and older age groups
[8]. The deaths were segregated into two groups <65
years and > 65 years and was further divided into three
subgroups relating to time of death after admission (Fig-
ure 1): <2 days, 2-13 days and >13 days. ISS were strati-
fied into three range groups (ISS: 1-15, 16-24, >24) for
each age group and analysed according to the time of
death. The cause of death that was given on the death cer-
tificate was recorded, and confirmed or refuted with a
postmortem report, if carried out.

PMCs were identified from the TARN dataset and con-
firmed and amended as appropriate on review of the
medical notes. PMC(s) are recorded as free text and
coded by the TARN office using a list of common condi-
tions, which has previously been described [6]. Those
patients with no PMCs were identified as "none".

SPSS 16 software was used for statistical analysis [12].
Mann-Whitney U tests were used to compare those with
and without PMCs for age and ISS. Dichotomous vari-
ables were assessed using Fishers exact test. Multiple
logistic regression analysis was used to predict mortality
adjusting for ISS, age and hospital type. Statistical signifi-
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cance was assumed at the p < 0.05 level. Primary outcome
was time and cause of death according to age, ISS and
PMC.

Results

Comparability of data

Analysis of the demographic data and ISS for both
national and the study centre revealed no statistical sig-
nificant difference. However, a difference was observed in
the > 65 years group (Table 1), the study centre cohort
had a greater proportion of patients suffering an ISS of 16
to 24 and a female preponderance. A significant differ-
ence was observed for the ISS and predicted survival
scores between the <65 year olds and those > 65 years old,
with a mean score of 30.7 versus 20.5 and 41% versus 47%
respectively (p < 0.001).

Using all other district general hospitals submitting
data to TARN as a baseline the odds of death within the
study centre adjusting for age and ISS were significantly
reduced (OR 0.7, 95% CI 0.52-0.97 p = 0.03).

Study cohort

One thousand nine hundred and twenty patients were
submitted from the study centre to the TARN dataset
during the study period. There was no significant differ-
ence observed for admission and inter-hospital transfer
between the study centre and other district general hospi-
tals, but the readmission figures are significantly lower
for our centre (p = 0.03).

Mortality

There were 56 deaths, of which 24/462 (5.2%) were > 65
years and 32/1458 (2.2%) were <65 years (p = 0.01). The
average annual mortality rate for all units submitting data
to TARN (excluding the study centre) was 5.8% (5316/
92084) and for the study centre was 2.9%. Three patients,
all of which were aged <65 years old, sustained penetrat-
ing injuries and all of died within 24 hours of admission.
Table 2 illustrates the unadjusted mortality according to
age group for both national units and the study centre.

Age, time of death and ISS

Thirty-two patients (57.1% of all patients) with an
assigned ISS of >15 died within the first 24 hours of
admission to our unit (Figure 1). The cause of death was
directly related to the trauma insult. Twelve patients
(21.4% of all patients) with an assigned ISS of <16, died
after 13 days from admission, of which all died of medical
conditions not directly related to their injuries (Table 3).
The pattern of death in relation to age and time from
admission is summarised in Figure 2, from which two
peaks are observed: early (<2 days) and late (>13 days).
The early peak mainly consists of those patients <65
years, but this is reversed in the late peak with the major-
ity of patients being > 65 years (p = 0.01).
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All Trauma Deaths
/ n=56 \'
<65 Years > 65 Years
n=32 n=24
<2 days 2-13days >13days <2days 2-13days >13 days
n=25 n=3 n=4 n=8 n=6 n=10
ISS 1-15 ISS 1-15 ISS 1-15 ISS 1-15 ISS 1-15 ISS 1-15
n=0 n=1 3.1 n=4 (12.5) n=1 4.2 n=4 (16.7) n=8 (33.3)
ISS 16-24 ISS 16-24 ISS 16-24 ISS 16-24 ISS 16-24 ISS 16-24
n=3 (9.4 n=1 3.1 n=0 n=1 42 n=0 n=1 42
ISS >24 ISS >24 ISS >24 ISS >24 ISS >24 ISS >24
n=22 (68.7) n=1 3.1 n=0 n=6 (25.0) n=2 (8.4) n=1 42
Figure 1 Flow diagram for the 56 deaths divided according to age, time from injury and ISS (% for age group).

Table 1: Case mix comparison of patients = 65 years for both the TARN dataset and the study centre (SC).

sC TARN p-value
Median Age 76.4Yrs 77.6 Yrs 0.9
25th Percentile 714 Yrs 70.6 Yrs 0.8
75th Percentile 83.7 Yrs 82.3Yrs 0.7
Females 76.7% 70.5% 0.05
1SS 1-8 18.6% 20.1% 0.9
1SS 9-15 67.5% 74.3% 0.5
ISS 16-24 9.3% 3.0% 0.05
ISS 25-40 3.6% 1.9% 0.2
1SS >40 0.9% 0.6% 0.3
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Table 2: Unadjusted mortality according to age for TARN and study centre (SC).
TARN TARN SC
265 =65 <65 <65
Survivors 18845 59333 1458
Dead 2408 12362 33
Mortality Rate % 1.3 7.2 23

Twenty two patients <65 years (68.7% of that age group)
died within 24 hours of admission after suffering an ISS
of >24, with only 4 (12%) patients dying beyond 13 days
after suffering an ISS <16 (Figure 3). In contrast for
patients > 65 years only 6 (25% of that age group) died
within 24 hrs of admission after suffering an ISS of >24,
but 8 (33.3%) patients died beyond 13 days after suffering
an ISS <16 (Figure 3). This difference was statistically sig-
nificant (p = 0.01). Figure 1 summarises the time of death
after admission and ISS stratification for each age group.

Using the entire TARN dataset the risk of death was
found to relate to the ISS, with a score of 1 to 8 taken as a
baseline, using multivariate analysis (age, gender, PMC).
The odds of death increased with worsening ISS:

+9to 15 OR 1.2,95% CI 0.85-1.6, p = 0.333
+ 16 to 24 OR 7.4, 95% CI1 5.2-10.6, p < 0.001
+ >24 OR 52.4, 95% CI 37.4-7.8, p < 0.001

Mortality was associated with age, those patients = 65
years old were at an increased risk of death relative to
those <65 years old (OR 6.4, 95% CI 5.2-7.8, p < 0.001).

PMC

Thirty four patients had significant PMCs, of which 11
were <65 years (34.4% of that age group) and 23 were > 65
years (95.8% of that age group) (p = 0.02). There were 12
patients in total that died beyond 13 days who had sus-
tained relatively minor injuries (ISS<16), all of which had
PMC. The majority (66.6%) of this group consisted of
patients' > 65 years, and three of those <65 years were >50
yrs with multiple PMC. Hence, the risk of dying late after
sustaining minor trauma is increased if a PMC exists (OR
5.5, p = 0.004). Of the twelve that died beyond 13 days
with minor trauma the commonest cause of death was
pneumonia (6/12, 50%). Each patient received a physician
review during his or her admission. All but one had dete-
rioration of physiological observations 72 hours prior to
death, however death was not averted despite medical
intervention.

Discussion
We have shown that patients with minor injuries (ISS
<16) and PMC are at an increased risk of late death from

medical complications that are not directly related to
their original injury.

The transfer of patients out with the study centre may
be the reason for the overall low mortality observed in
our unit. However, many district general hospitals have
the same transfer arrangement and had a higher mortality
rate during the study period [10]. We believe our units
care is equal to that of any district general hospital and
our case-mix is similar to that experienced across the UK
and Europe.

Those patients with a high ISS died early during their
admission (<48 hours) and those with a low ISS died late
in their admission (>13 days). Patients that died early did
so because of their trauma insult which is reflected by a
high ISS, but those dying late do so because of medical
complications. These medical complications in our
cohort occurred in patients with significant PMC's, of
which the majority were > 65 years old. It is already
known that mortality is predicted by ISS and medical
complications in older patients [13], of which infections
and chest complications are twice as common and dys-
rhythmias five times more frequent [14]. Age alone has
been illustrated as an independent risk factor for mortal-
ity [15]. Also, the presence of PMC increases the odds of
experiencing a complication to over threefold [16]. The

25

W <65 years

20

[ 65 years or more

15

10

Number of Deaths

<2 Days

2-13 Days
Time from Admission

>13 Days

Figure 2 Pattern of mortality in relation to age and time from ad-
mission.
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Table 3: Patients who died beyond 13 days with an ISS of <16.
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Patient Age Yrs ISS Predicted Survival Stay Cause of Death as per Death
Certificate*

38 4 99% 22 days 1a Bilateral PE 1b Antemortem
thrombosis of popliteal vein

53 9 98% 21 days 1a Bronchopneumonia
2 Femur fracture, Korsakoffs disease

56 9 97% 34 days 1a Pneumonia 1b Fractured neck
fracture
2 Alcohol excess, Epilepsy

62 9 99% 29 days 1a Acute Myocardial infarction 1b
Arteriosclerosis 1c Coronary Heart
Disease

69 9 98% 15 days 1a Left basal pneumonia 1b COPD

71 9 98% 24 days 1a COPD 1b Bronchopneumonia 1c
Pneumothorax 2 Fractured neck of
humerus and metatarsal bilaterally

77 9 92% 24 days 1a Bronchopneumonia

78 9 94% 40 days 1a Non Hodgkin's lymphoma

79 9 95% 26 days 1a Left ventricular failure 1b
Ischaemic heart disease 2 Sigmoid
cancer 2b COPD

84 8 93% 55 days 1a Respiratory failure 1b Pneumonia

87 9 92% 15 days 1a Congestive cardiac failure 1b
Bronchopneumonia 1c¢ COPD

920 9 94% 33 days 1a Left ventricular failure

2 Fractured left shaft of femur

*A death certificate in the UK is completed by a medical doctor and has two parts: part 1 being the cause of death which is splitinto a (1a),
being the exact cause, b (1b) the disease that lead to a, and c (1¢) the disease that lead to b, part 2 is contributing, but not directly causing

death.
COPD = Chronic Obstructive Pulmonary Disease

combination of age and PMC is additive, with worsening
mortality risk [6].

Hollis et al have demonstrated that PMCs and increas-
ing age are independent risk factors of mortality after
trauma [6]. However, this increased risk diminishes with
escalating ISS and is no longer statistically significant at
with scores >24, which may suggest the trauma insult
causes death before medical complications ensue. This
trend could be due to these risk factors predisposing

them to medical complications, which are not directly
related to their trauma insult, after sustaining minor to
moderate injuries. Our study supports this theory, dem-
onstrating irrespective of age after sustaining a severe
trauma insult the majority who die do so within 48 hours,
but elderly patients with PMC die of medical complica-
tions not directly related to the initial trauma insult late
in their admission after suffering injuries that they may
be expect to survive with low ISS and high predicted sur-
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vival scores. It may be that early medical/physician inter-
vention may avert these late deaths due to medical
complications, and patients older than 65 years with
PMC could be targeted with early physician input.

Early intensive monitoring, evaluation and resuscita-
tion of elderly patients improve survival after trauma [17].
This costly medical support is justified with few requiring
nursing home care on discharge and the majority return-
ing home [18]. It was first suggested by Richmond et al
that a care of the elderly consultation service could be an
important addition to the trauma team, optimising PMC
and managing medical complications that arise [16]. This
was confirmed by Fallon et al who demonstrated
improved medical care in elderly patients after review by
a physician, addressing new and existing medical issues
and reducing hospital acquired complications, such as
functional decline, falls, delirium and death [19].

A recent study comparing the differences between
severely (ISS >15) injured patients older that 65 years old
and those less than 65 years old found that in contrast to
younger patients despite normal physiological parame-
ters on admission the older age group was at an increased
risk of inpatient mortality [8]. Due to this phenomenon
the authors suggest it may be difficult to predict which
older patients would benefit from aggressive monitoring
and management. The authors hypothesise the observed
discrepancy may relate to PMC, which were not analysed
in their study. Our study supports this theory identifying
those patients with PMC being at an increase risk of inpa-
tient mortality that is independent of age, and so would
need to be accounted for in statistical analysis of physio-
logical parameters. They also observed that older patients
tended to die later in their admission, a trend that we
have also demonstrated.

25 <65 years 1SS 1-15
20 o ISS 16-24
mISS >24
15
[2)
< 10
3
5
()]
S 8
1 >
!6 7] >65 years
Ko}
E &
S5 5
Z 4
3,
2,
1 4
0,
<2 Days 2-13 Days >13 Days
Time from Admission
Figure 3 Deaths of patients <65 and > 65 years of age in relation
to time from admission.
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The question remains of how we can identify those
patients with an increased risk of death late in their
admission after sustaining minor to moderate trauma?
Skaga et al described using the American Society of
Anesthesiologists (ASA) Physical Status classification to
predict mortality, finding it to be an independent predic-
tor [20]. We retrospectively assigned a pre-injury ASA
score [21] to the 12 individuals that died beyond 13 days
after injury with an ISS of <16. All except one had an ASA
score of 3, which is associated with an increased risk of
mortality (adjusted OR 2.25) [20]. More specifically for
patients with an ISS of <16, mortality increases from <1%
in those with an ASA grade of one to approximately 8% in
those with as ASA grade of 3 or 4.20 In conjunction with
other risk factors for morality, the ASA grade could be
used to identify those individuals most at risk and early
intervention may avert later death.

Conclusion

Elderly patients with minor injuries and PMCs have an
increased risk of death relative to their younger counter-
parts and are more likely to die of medical complications
late in their hospital admission.
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