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Aim: Against the background of conflicting data on the topic, this study aimed to determine the
differences in longer-term patient outcomes following major trauma with regard to age.
Materials and methods: A prospective trauma center survey of survivors of trauma
(=16 years) was carried out employing a New Injury Severity Score (NISS) =8 to investigate
the influence of age on working capacity and several outcome scores, such as the trauma medical
outcomes study Short Form-36 (physical component [PCS] and mental component [MCS]), the
Euro Quality of Life (EuroQoL), or the Trauma Outcome Profile (TOP) at least 1 year following
injury. Chi square tests, t-tests, and Pearson correlations were used as univariate; stepwise
regression as multivariate analysis. Significance was set at p<<0.05.

Results: In all, 718 major trauma patients (53.4%19.4 years; NISS 18.449.2) participated in the
study. Multivariate analysis showed only low associations of patient or trauma characteristics
with longer-term outcome scores, highest for the Injury Severity Score of the extremities with
the PCS (R*=0.08) or the working capacity of employed patients (n=383; R?>=0.04). For age,
overall associations were even lower (best with the PCS, R?>=0.04) or could not be revealed
at all (TOP or MCS). Subgroup analysis with regard to decennia revealed the age effect to
be mainly attributable to patients aged =80, who presented with a significantly worse out-
come compared to younger people in all overall and physical component scores (p<<0.001).
In patients under 80 years an association of age was only found for EuroQoL (R>=0.01) and
the PCS (R?=0.03).

Conclusion: Given the small impact of age on the longer-term outcomes of major trauma
patients, at least up to the age of 80 years, resuscitation as well as rehabilitation strategies
should be adapted accordingly.

Keywords: major trauma, longer term, outcome, quality of life, working capacity, age

Introduction

In the discussion about avoiding unnecessary efforts and expenditures following major
trauma, for example, with regard to triage in the field'- or specific rehabilitation efforts,
the argument of a limited outcome in the elderly is often heard. However, most studies
cited only reports on parameters of short-term outcome, such as morbidity and mor-
tality.® In contrast, specific challenges of any treatment in older age, such as increasing
frailty and loss of independence, become more and more evident in the literature.* In
addition, with regard to longer-term aspects, patient-centered, health-related outcomes
are increasingly recognized as an important benchmark.”® As no formally agreed
definition of quality of life (QoL) exists,’ various measures used in the context of
QoL, health status, functional status, or health-related quality of life (HRQoL) may
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reflect different aspects of an individual’s well-being!®!
and may result in seemingly inconsistent findings in the
literature.

Only a few studies report on the differences in the
longer-term outcomes of the elderly vs younger survivors
of major trauma, presenting conflicting results ranging from
decreasing longer-term outcomes with increasing age or in
the elderly to no association of outcome scoring with age.!>"'¢
In addition, the definition of elderly in the literature varies
widely, most of them using an age of at least 55 or 65 years
as the cutoff.>!”

Against this background, we were interested in the
longer-term outcomes of adult patients following treatment
for major trauma in a Swiss trauma center, asking the specific
question of to what extent HRQoL and functional outcome
as measured on validated scores as well as working capacity
are actually associated with age. To focus on the hypothesis
that longer-term outcome is reduced in elderly patients we
particularly investigated different aspects of outcome across
different age groups. Multiple well-accepted and newly
developed measures of outcome were used simultaneously
in this investigation to look specifically at the broad spec-
trum of longer-term outcome and, more generally, to evalu-
ate comparatively the possibly divergent findings between
individual instruments.

n=2,022 major trauma patients (NISS =8)

Materials and methods

The survey was conducted at a Swiss trauma center with a
catchment population of about 750,000 inhabitants. Within
this prospective quality controlled study (NCT02165137),
approved by the regional ethics committee (Cantonal Ethical
Commission Aargau), all consecutive major trauma patients
(New Injury Severity Score [NISS]* =8) who arrived and
were treated at the emergency department from January 1,
2010 to December 31, 2015 within 24 hours of the accident
were recruited for longer-term follow-up. Hospital procedural
guidelines followed international standards.'** The investiga-
tion included all survivors of trauma aged >15 years at the time
of the accident who had participated in at least one of the two
follow-up time points after injury. All participants provided
written informed consent. Exclusion criteria for this survey
were patients under the age of 16, those with an NISS <8,
deceased, or those presenting with a Glasgow Outcome Scale
(GOS)* value of 2 (persistent vegetative state) at follow-up.
For the analysis of working capacity, only patients aged
under 64 at the time of the accident were included. Figure 1
demonstrates the follow-up flow chart of the investigation.

Data management
Data management was executed by specifically trained
study nurses who were not involved in the treatment

n=383 excluded
e n=91 age <16 years

n=1,639 survivors 2 years after trauma

e n=188 dead after arrival/hospital mortality
e n=104 non-survivors at 2 years follow-up

n=1,631 included

n=8 with GOS 2

v

n=718 respondents

Figure | Flow chart of selection of eligible patients.
Abbreviations: NISS, New Injury Severity Score; GOS, Glasgow Outcome Scale.

n=913 nonrespondents
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of single cases. Injury severity was determined based
on the maximum information available at the end of
hospitalization. Demographic characteristics included
age at the time of injury (years), gender (male/female),
and nationality (Swiss yes/no). Injury-related variables
were trauma energy graded as high (traffic accident, fall
from >3 m or a shot) or low (all other cases), mono- vs
multiple injury (Abbreviated Injury Scale [AIS] >0 in
at least two body regions'®), the Glasgow Coma Scale
(GCS; first available value),” the Mechanism, GCS, Age,
and Arterial score,” and the Simplified Acute Physiology
Score Il predicted mortality;> the AIS,? the Injury Severity
Score (ISS),? and NISS following the version 2005, update
2008 of the Trauma Register of the German Trauma Society
(DGU®; http://www.traumaregister-dgu.de), with maximum
information at the end of hospitalization and with special
combinations for subgroup analysis such as the total NISS
value minus the AIS head for the trauma severity of single
patients without traumatic brain injury; and expected risk-
adjusted mortality measured with the Revised Injury Sever-
ity Classification 2 (RISC 2).?” Treatment-related variables
included need for emergency intubation (yes/no), emergency
operation (within 4 hours after hospital admittance following
the TraumaRegister DGU® criteria, yes/no), admittance to
the intensive care unit (ICU, yes/no) and length of ICU stay,
length of hospital stay, and transfer to a rehabilitation clinic
following initial hospital stay (yes/no).

The survival status of nonrespondents at the time of
follow-up was obtained by contacting next of kin, family
practitioners, and local registry offices. Patient longer-term
outcomes were assessed 1 and 2 years following trauma by a
postal survey, complemented by phone interviews for missing
or dubious answers undertaken by study nurses not involved
in the initial treatment of patients. If patients answered at both
follow-up time points, the 1-year information was used for
this evaluation. Standardized self-report questionnaires com-
prised a combination of validated QoL and functional scoring
instruments with respect to outcome measurements. The fol-
low-up questionnaires included the following standard instru-
ments: GOS,* Euro Quality of Life (EuroQoL) Group (http://
www.eurogol.org) HRQoL on five dimensions (EQ-5D),*
medical outcomes study Short Form-36 (SF-36, single
dimensions and physical component [PCS] and mental com-
ponent [MCS]),” the Trauma Outcome Profile (TOP, single
dimensions and physical and mental component),'**° and the
Quality of Life after Brain Injury (QOLIBRI).*"** In addition,
patients were asked about several socioeconomic factors
such as working capacity before injury and at the time of
follow-up, educational level (1, only compulsory education;

2, professional qualification; 3, university degree), and living
status (living in a partnership yes/no). Official working
capacity (0%—-100%, as referred to a responsible doctor or
insurance company) was given only for employed patients
under the age of 64 years on the day of accident.

Statistics

Data are displayed as mean £ SD for numeric variables or
mean * CIs in figures. Numbers and percentages are given
for nominal variables if not stated otherwise. All statistical
tests were two-tailed and p<<0.05 was considered significant.
Differences of mean values were calculated with the Students
t-test for independent samples, nominal variables were
compared with chi square statistics. For univariate statistics,
missing cases were excluded variable-wise. Documented
variables suspected or known from the literature to be pos-
sible factors associated with outcome were first analyzed by
univariate correlation testing to obtain Pearson’s 7. For mul-
tivariate regression analysis, age, gender, educational level,
and living in a partnership as sociodemographics as well as
AIS 1-AIS 6 and RISC 2 as injury-associated variables were
entered stepwise with an entry criterion set at p<<0.05. Data
are given as beta, total R?, and R? change; missing values
were replaced by the mean of the whole cohort. Data were
analyzed using IBM SPSS Statistics for Windows 24.0 (IBM
Corporation, Armonk, NY, USA).

Results

In all, 718 survivors of major trauma participated in this
longer-term survey. In 556 cases the 1-year and in 162 cases
the 2-year follow-up questionnaire information were used
for analysis (see follow-up chart, Figure 1). With regard to
sociodemographics, trauma and treatment characteristics
respondents did not differ from nonrespondents in major
criteria such as mean age, gender, and overall trauma severity.
On the other hand, respondents were more often Swiss,
sustained high-energy trauma, and on average presented
with less severe head and neck trauma (Table 1). Table 2
depicts the longer-term outcomes of major trauma patients
as measured in single scores. The mean working capacity
of employed patients under the age of 64 years (n=383) was
96.2%=*15.9% before injury and 76.3%+35.8% at longer-
term follow-up (p<<0.001).

Table 3 gives univariate correlations of patient, trauma,
and treatment characteristics with investigated outcome
scores. Only low associations were found, highest for
the trauma severity of injuries of the extremities with the
bodily function in the SF-36 (»=—0.31). With regard to age,
for example, no correlations were revealed with either the
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Table | Sociodemographics, trauma, and treatment characteristics
of respondents vs nonrespondents of longer-term follow-up

Variable Nonrespondents Respondents p-value

(N=913) (N=718)

Mean (SD) Mean (SD)
Age at time of injury 54.05 (22.17) 53.44 (19.35) 0.560
(years)
GCS 13.77 (2.65) 13.57 (3.06) 0.151
MGAP 25.12 (3.77) 25.09 (3.92) 0.883
ISS 13.60 (7.47) 13.80 (7.49) 0.580
NISS 18.11 (9.28) 18.38 (9.21) 0.564
RISC 2 5.38 (10.68) 3.59 (6.93) <0.001
SAPS I 26.71 (12.79) 2699 (11.22) 0767
AIS | head and neck 1.87 (1.55) 1.69 (1.53) 0.023
AlS 2 face 0.35 (0.79) 0.40 (0.85) 0.270
AlS 3 chest 0.94 (1.38) 1.07 (1.43) 0.060
AlS 4 abdomen 0.43 (0.96) 0.48 (1.02) 0.312
AIS 5 extremities 111 (1.27) 1.23 (1.29) 0.067
AlS 6 external 0.36 (0.57) 0.38 (0.56) 0.475
Length of hospital 10.21 (9.39) 12.98 (11.87)  <0.001
stay (days)
GOS (at hospital 4.8 (0.46) 4.85 (0.40) 0.013
discharge)

n (%) n (%) p-value
Gender, female 272 (29.9) 239 (33.3) 0.139
Swiss 650 (76.5) 596 (85.1) <0.001
High-energy trauma 400 (44.4) 391 (54.5) <0.001
Patients aged >63 years 351 (38.5) 258 (35.9) 0.283
Need for emergency 56 (6.1) 53 (74) 0.322
operation
ICU stay 427 (46.9) 385 (53.6) 0.007
ISS >15 295 (32.4) 250 (34.8) 0.301
Multiply injured 613 (67.3) 496 (69.1) 0.441
Rehabilitation clinic 209 (23.2) 223 (31.1) <0.001

following initial
hospital stay

Abbreviations: GCS, Glasgow Coma Scale; MGAP, Mechanism, Glasgow Coma
Scale, Age, and Arterial score; ISS, Injury Severity Score; NISS, New Injury Severity
Score; RISC 2, Revised Injury Severity Classification 2; SAPS II, Simplified Acute
Physiology Score Il; AlS, Abbreviated Injury Scale (eg, AIS |: head and neck etc);
GOS, Glasgow Outcome Score; ICU, intensive care unit, multiply injured.

physical or the mental component of TOP, and the highest
association was found with the PCS (=-0.29).

To further examine the possible impact of age on the
longer-term outcome following major trauma, patients were
stratified in single decennia groups. Figure 2 illustrates the
poorer outcome of octogenarians and older patients vs all
other age groups under investigation. Compared to younger
people, outcome in those aged =80 years was significantly
worse (p<<0.001) in all overall (GOS, EuroQoL, QOLIBRI)
and in physical component scores (SF-36, TOP), but not in
mental components or social dimensions of scores (Table 2).
For example, on the PCS patients aged =80 years rated only
61% of function compared to younger patients. When 70- to
79-year-old patients were compared with the younger ones,

no statistically significant difference was found (data
not shown).

Table 4 reveals the sociodemographics, trauma, and
treatment characteristics of patients aged =80 years vs
younger patients. The group of at least octogenarians did
not differ from younger patients in major criteria such as
injury severity (both, overall and in single body regions),
rate of admissions from another hospital, or length of
hospital stay. Significant differences between groups were
found for all age-dependent scores. In addition, the group
of at least octogenarians included a higher percentage of
Swiss and female patients, lower educational level, a lower
percentage of high-energy trauma cases, a lower mean
initial GCS following injury, and a higher percentage of
patients transferred to a rehabilitation clinic following
initial hospital stay.

When univariate data for age with longer-term outcome
scores were compared across the group of all patients and
only those under the age of 80 years (first vs second column
in Table 3), maximum low correlations in both groups for
all overall and physical component scores were found to be
even lower in patients <80 years of age.

Multivariate analysis (Table 5) confirmed this finding:
in the group of all patients the majority of outcome scores
correlated best with the injury severity of the extremities (AIS
5), for example in the PCS (R?=0.08), or the EuroQoL (R?=0.06;
both p<<0.001). The same was valid for the working capacity
of employed patients only (n=383; R?>=0.05, p<<0.001). The
mental components of the SF-36 and the TOP and the total
QOLIBRI demonstrated best correlations with the education
level of patients. No or lower associations with longer-term
outcome were revealed for age than for injury severity
and education level, at best in the PCS (R? change =0.06).
In patients aged <<80 years, a significant association of age
was only found in the EuroQoL (R? change =0.01) and the
PCS (R? change =0.03), but not for any of the other outcome
scores investigated.

Discussion

To the best of our knowledge, this prospective study is the first
to evaluate in a comparative manner several health-related
and functional outcome scores as well as working capacity
of adult patients 1 or 2 years following injury. A definitive
impact of age on the longer-term outcome of survivors of
major trauma was only found in at least octogenarians. For
example, patients aged =80 years in the PCS rated <2/3
of the function compared to younger patients. In contrast,
multivariate analysis of patients <80 years revealed no
significant association of age with longer-term outcome as
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Table 2 Longer-term outcome of major trauma patients in single scores

Variable Total (N=718) <80 years (N=659) =80 years (N=59) Difference
Mean (SD) Mean (SD) Mean (SD) p-value
SF-36 physical functioning 72.36 (29.10) 74.73 (27.90) 46.02 (29.37) <0.001
SF-36 role physical 57.38 (43.08) 59.82 (42.73) 30.51 (37.73) <0.001
SF-36 bodily pain 66.83 (27.50) 67.41 (27.31) 60.34 (28.96) 0.059
SF-36 general health 65.66 (21.04) 66.17 (21.15) 59.93 (19.02) 0.032
SF-36 vitality 56.65 (21.26) 57.31 (21.36) 49.14 (18.66) 0.005
SF-36 social functioning 78.51 (25.95) 79.25 (25.60) 70.34 (28.51) 0.011
SF-36 role emotional 70.60 (41.50) 71.57 (41.32) 59.89 (42.34) 0.038
SF-36 mental health 71.49 (20.11) 71.62 (20.26) 70.00 (18.36) 0.557
SF-36 PCS 45.90 (10.38) 46.56 (10.18) 3831 (9.73) <0.001
SF-36 MCS 47.34 (12.94) 47.40 (12.99) 46.63 (12.45) 0.673
TOP depression 82.62 (22.41) 82.83 (22.52) 80.26 (21.20) 0.402
TOP anxiousness 85.19 (20.01) 85.07 (20.35) 86.49 (15.78) 0.606
TOP PTSD 79.11 (22.82) 79.06 (23.18) 79.68 (18.31) 0.843
TOP social interaction 80.14 (25.09) 79.97 (25.38) 82.08 (21.55) 0.539
TOP daily activities 86.09 (21.60) 87.89 (19.97) 66.14 (28.25) <0.001
TOP mental functioning 70.05 (26.83) 71.11 (26.76) 58.19 (24.79) <0.001
TOP body image 89.90 (22.49) 89.54 (23.23) 93.81 (10.84) 0.162
TOP satisfaction 87.22 (25.98) 87.11 (26.27) 88.43 (22.72) 0.708
TOP pain before injury 90.67 (15.53) 91.47 (14.92) 81.81 (19.10) <0.001
TOP function before injury 93.13 (13.92) 93.94 (13.23) 84.19 (17.90) <0.001
TOP pain longer term 82.42 (20.69) 82.96 (20.60) 76.50 (21.01) 0.022
TOP function longer term 83.94 (21.08) 84.60 (21.12) 76.68 (19.41) 0.006
TOP development pain —8.26 (19.59) —8.53 (19.79) =531 (17.07) 0.227
(neg = worse at longer term)
TOP development function —9.20 (19.88) —9.36 (20.18) —7.52 (16.23) 0.496
(neg = worse at longer term)
TOP number of conspicuous dimensions 2.99 (2.78) 2.89 (2.80) 4.12 (2.37) 0.001
TOP physical component 85.62 (16.27) 86.27 (16.18) 78.44 (15.74) <0.001
TOP mental component 80.63 (18.63) 80.76 (18.93) 79.15 (14.89) 0.530
QOLIBRI cognition 75.76 (23.49) 76.64 (23.04) 66.04 (26.25) 0.001
QOLIBRI self 73.89 (20.77) 74.08 (20.87) 71.90 (19.76) 0.441
QOLIBRI daily life and autonomy 78.26 (23.25) 79.58 (22.37) 63.75 (27.61) <0.001
QOLIBRI social relationships 78.58 (20.24) 78.44 (20.50) 80.10 (17.04) 0.550
QOLIBRI emotions 84.87 (20.37) 84.99 (20.30) 83.48 (21.30) 0.588
QOLIBRI physical problems 76.10 (22.65) 77.61 (21.73) 59.15 (25.89) <0.001
QOLIBRI total 77.35 (18.66) 78.07 (18.47) 69.45 (19.02) <0.001
EuroQol 0.73 (0.21) 0.74 (0.21) 0.61 (0.21) <0.001
GOsS 4.77 (0.49) 4.79 (0.46) 4.53 (0.73) <0.001

Abbreviations: SF-36, trauma medical outcomes study Short Form-36; PCS, physical sum component score; MCS, mental sum component score, and single SF-36 domains;
TOP, Trauma Outcome Profile, physical and mental component, and single dimensions; PTSD, posttraumatic stress disorder; QOLIBRI, Quality of Life after Brain Injury total
score and single dimensions; EuroQol, Euro Quality of Life Group HRQoL on five dimensions; GOS, Glasgow Outcome Scale.

measured on the GOS, the TOP, the QOLIBRI, or the MCS.
The associations with age found in patients <80 years on the
EuroQoL and the PCS were small and even lower than the
already low associations of longer-term outcome found with
injury severity or education level.

Holbrook et al were one of the first authors to describe a
reduced outcome with increasing age 12 and 18 months after
major trauma (mean ISS 18), using the quality of well-being
scale only."? Other authors reported on at least partly lower
outcomes, mostly with regard to physical dimensions, for
example, after the age of 55 years at mean 2.8 years following
severe trauma (ISS >15) on the World Health Organization

Quality of Life assessment instrument-BREF'3 or even in the
age category of 31-55 years compared to younger people
following major trauma (mean ISS 14) in several dimensions
of the SF-36.1* A recent study by Gunning et al on the long-
term outcome of a trauma level I center cohort (mean ISS 13)
5-10 years after injury, using the SF-36 and the EQ-5D,
found in comparison to two younger age groups a lower
HRQoL according to physical function in the group of eldest
patients (>70 years).? A retrospective long-term follow-up in
147 patients at a mean of 6 years after polytrauma (mean ISS
28) reported a univariate correlation of age with the EuroQoL,
both the PCS and the MCS, and the mental but not the physical
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Table 3 Univariate correlations of patient, trauma, and treatment characteristics with investigated outcome data (N=718, working

capacity N=383)
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TOP development function 0.07 0.07 -0.01 0.01 0.09%* —0.13%FE 0.1 I 0.4 0.02 0.01
(neg = worse at longer term)
TOP physical component 0.05 —-0.01 0.06 —-0.02 —0.2 ] 0.07 0.05 0.07 —-0.01 -0.01
TOP mental component —0.05 0.02 -0.02 0.05 0.19%  —0.08* —0.05 —0.12%* 0.09* 0.08*
TOP depression 0.02 0.04 -0.05 0.02 0.21%  —0.10%  —0.10% -0.05 —0.08* -0.08*
Q cognition —0.15%F  —0.10%* 0.01 0.00 0.20%  —0.06 -0.08* 0.02 —0. |48k 0, | 4%
Q self -0.01 0.01 -0.07 0.00 0.13%  —0.06 -0.07 —0.05 —-0.02 —-0.04
Q daily life and autonomy —0.15%#  —0.07 -0.02 0.02 0.19%  —0.09% -0.10%  —0.10% 0.0l —-0.02
Q social relationships —0.02 —-0.03 0.01 0.09%* 0.12%  —0.05 —0.05 —0.04 —-0.02 -0.03
Q emotions 0.04 0.06 -0.03 0.06 0.18%  —-0.07 —-0.06 —0.04 —0.04 —0.05
Q physical problems —0.21%  —0.12%  —0.06 0.03 O.14% 0.1 1% —0.09* —0. | 3% 0.02 0.01
QOLIBRI total —0.12%  —0.06 -0.03 0.02 0.20%%  —0.08* -0.08* -0.04 -0.06 -0.07
EuroQol —0.15%F  —0.08* -0.03 0.03 0.17%  —0.07 —0.04 —0.1 2% 0.10%* 0.10%
GOS longer term —0.14%F  —0.08* 0.00 —-0.02 0.09%* —0.12%F 0.3k Q.| 5FF* 0.00 0.00
Working capacity —0.13* —0.13* 0.00 -0.01 0.14%  —0.17%  —0.11* -0.10 —-0.07 -0.07

Notes: ¥p<<0.05; *p<<0.01; ***p<0.001.
Abbreviations: SF-36, trauma medical outcomes study Short Form-36; PCS, physical sum component score; MCS, mental sum component score, and single domains;
TOP, Trauma Outcome Profile, physical and mental component and single dimensions; PTSD, posttraumatic stress disorder; Q, QOLIBRI, Quality of Life after Brain
Injury total score and single dimensions; EuroQolL, Euro Quality of Life Group HRQoL on five dimension; GOS longer term, Glasgow Outcome Score at longer-term

follow-up.
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Figure 2 Longer-term outcomes in single scores for different age groups.

Abbreviations: SF-36, trauma medical outcomes study Short Form-36 (physical and mental sum component); EQ-5D, Euro Quality of Life Group health-related
quality of life on five dimensions; GOS, Glasgow Outcome Scale; TOP, Trauma Outcome Profile (physical and mental component); QOLIBRI, Quality of Life after Brain

Injury.

component of the TOP.3* The only other study analyzing a
possible correlation of age with the longer-term outcome
(at mean 2.7 years) as measured in the TOP for polytrauma
patients (mean ISS 27) found a maximum marginal effect
in single dimensions, largest for social interaction (Pearson
r=0.25)." In a longer-term outcome study on 355 patients
1-5 years following severe trauma (mean ISS 24) and using
the SF-36 only, Harris et al** reported a correlation with the
PCS and a trend for the MCS in univariate analysis, but in
the subsequent multivariate analysis the PCS was no longer
significant and a lower MCS was associated with decreasing
age. In a longitudinal 2-year follow-up study of severe trauma
(ISS >15) in adult patients up to the age of 67 years, using the
SF-36, the World Health Organization Disability Schedule
11, and cognitive function questions, Soberg et al'® found that
age was not a significant predictor of outcome in multivariate
analysis. Kiely et al came to the same conclusion following a
multivariate analysis in a longitudinal study up to 6 months
following major trauma (ISS >8) using the SF-36."° With
regard to return to work, a longitudinal study on the 2-year
follow-up of 97 trauma patients (NISS >15; 18—67 years old)
revealed no correlation with age in a univariate analysis.?
In addition, in 115 adult polytrauma patients (mean ISS 27,
median 2.5 years after injury), no association of age with
working capacity was found in a multivariate analysis.*
Comparing younger major trauma (ISS >15) patients
aged 20-30 years with those aged =60 years, no differences
with regard to the 2-year outcome as measured with the

GOS were found in a study in the Netherlands.’” A Canadian
trauma center phone survey compared the outcome of the
injured (mean ISS 21) aged =65 years with age-adjusted
norm values in the SF-36 and revealed significantly lower
values of the injured in seven of eight domains at a mean
of 2.8 years following trauma. No difference was observed
between the elderly injured and non-injured of compa-
rable age with regard to their level of bodily pain or daily
activities.® A German national health survey in persons
between 18 and 80 years demonstrated a decrease with
increasing age in a person’s self-assessment of physical
activity, but not in social or psychological dimensions of the
SF-36.% With regard to the EuroQoL, Szende and Williams
reported a continuous decrease in the mean EuroQoL visual
analog scale (EQ-VAS) with increasing age for single decen-
nia from 18 years up to 80+ years.?® The rate of self-reported
problems on the five dimensions of EQ-5D was shown to be
highly variable between countries with the resulting mean
EQ-VAS values varying between 67 and 83 (scale 0—100).
As such, any comparison of bare values in the literature has
to be undertaken very carefully, given the presumably cross-
cultural impact of differences observed. To our knowledge,
for the TOP and the QOLIBRI no detailed normative data
with regard to differences between age groups are currently
available.

At present, these conflicting results appear difficult to
explain. But as discussed, most of the studies reporting on
an important (negative) correlation of age with longer-term

Clinical Interventions in Aging 2018:13

submit your manuscript

781

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Gross et al

Dove

Table 4 Sociodemographics, trauma, and treatment characteristics
of major trauma patients aged =80 years vs younger patients

Variable <80 years of age =80 years p-value

(N=659) (N=59)

Mean (SD) Mean (SD)
Age at time of injury 50.67 (17.69) 84.44 (3.97) <0.001
(years)
GCs 13.5 (3.16) 14.39 (1.2) 0.031
MGAP 25.26 (4.03) 23.22 (1.48) <0.001
ISS 13.86 (7.52) 13.14 (7.19) 0.475
NISS 18.48 (9.28) 17.24 (8.34) 0.320
RISC 2 2.7 (5.27) 13.55(13.04) <0.001
SAPS Il 26.35 (11) 37.21 (10.01) <o0.00I
AIS | head and neck 1.71 (1.52) 1.54 (1.69) 0.425
AlS 2 face 0.41 (0.86) 0.32 (0.73) 0.473
AlS 3 chest 1.07 (1.44) 1.07 (1.38) 0.979
AIS 4 abdomen 0.49 (1.04) 0.41 (0.87) 0.542
AIS 5 extremities 1.22 (1.28) 1.24 (1.41) 0.942
AlS 6 external 0.38 (0.56) 0.36 (0.52) 0.726
Length of hospital 12.77 (12) 15.39 (10.04) 0.104
stay (days)
GOS (at hospital 4.85 (0.4) 4.83 (0.38) 0.639
discharge)

n (n%) n (n%) p-value
Gender, female 212 (32.2) 27 (45.8) 0.034
Swiss 538 (83.8) 58 (100) 0.001
Compulsory 106 (16.3) 18 (30.5)
education 430 (66.3) 36 (61.0) 0.004
Professional 113 (17.4) 5(8.5)
qualification
University degree
Living in a partnership 356 (54.4) 30 (50.8) 0.898
High-energy trauma 369 (56.1) 22 (37.3) 0.005
Need for emergency 50 (7.6) 3(5.1) 0.482
operation
ICU stay 357 (54.2) 28 (47.5) 0.322
ISS >16 231 (35.1) 19 (32.2) 0.660
Multiply injured 460 (69.8) 36 (61) 0.162
Rehabilitation clinic 196 (29.7) 27 (45.8) 0.011

following initial
hospital stay

Abbreviations: GCS, Glasgow Coma Scale; MGAP, Mechanism, Glasgow Coma
Scale, Age, and Arterial score; ISS, Injury Severity Score; NISS, New Injury Severity
Score; RISC 2, Revised Injury Severity Classification 2; SAPS I, Simplified Acute
Physiology Score II; AIS, Abbreviated Injury Scale (eg, AlS |: head and neck etc);
GOS, Glasgow Outcome Scale; ICU, intensive care unit, multiply injured.

outcome only undertook nonadjusted univariate analyses.
None of the evaluations additionally using multivariate analy-
sis found such an association or at maximum only a discrete
effect. Our prospective investigation, the first evaluating this
topic in a meticulous manner by using a well-defined study
cohort of trauma patients and comparing various measures
of longer-term outcome, even within separated decennia and
including multivariate analysis, may describe the missing cor-
nerstone in the context: the group of ““at least octogenarians”

apparently explain what was earlier interpreted as a general
effect of age on outcome.

Limitations

Until confirmed in further studies the presented results are
restricted to the limited number of patients in this monocenter
cohort and the definition of major trauma used. Given the
comparable outcomes for patients at 1- and 2-year follow-ups
found in earlier evaluations of our own data and the literature, '
longer-term outcome was defined for this investigation as
at least a 1-year outcome. Even though differences in the
characteristics of age groups analyzed in more detail were
only minor and multivariate analysis was used to exclude
possible interactions, all conclusions are confined to the vari-
ables tested. Although this investigation included various
measures of outcome, given the objective to compare QoL
across all adult age groups, scores specifically developed for
the elderly>* were not implemented. The complexity of the
questionnaire used was already on the upper reasonable limit.
Similarly, specific subtopics regarding the interpretation of
QoL depending on the perspectives of differing age groups or
the particularly inclusion of frailty>®*' in the context of major
trauma await further clarification in subsequent studies. In the
literature, the definition of the elderly varies widely, partly
starting at an age of 55'7 or at least 65 years.’ By evaluating
single decennia in addition to unstratified analysis we were
able to substantiate the group of at least octogenarians in this
context. From a statistical point of view, the way to handle
single missing data can be discussed. The imputation method,
that is, replacing missing values by the mean of the sample, as
used in this investigation for multivariate regression analysis
is standardly used in the literature instead of listwise exclu-
sion of whole cases,* thereby accepting the corresponding
risk of inaccuracy of data* as a minor risk. In this investiga-
tion, the maximum number of missing values was 28 (<4%)
for the SF-36. As with many outcome studies in trauma, our
response rate of 44% is low, though within the range of the
literature,”!1>163344 egpecially if seen in the light of the fact that
respondents for this investigation had to answer an extensive
postal questionnaire in contrast to studies using only one or two
outcome measures or telephone interviews. It is well known
that response rates tend to decrease with the extent of ques-
tionnaires and with the time after injury.'? For example, phone
interviews may result in higher response rates, especially if
few questions and short scores are used, but this procedure
has its own limitations and other selection biases.* 7 As was
pointed out by Zelle et al,*® we clearly stated the loss of
follow-up and did not artificially exclude several subgroups of
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Table 5 Multivariate analysis (stepwise regression analysis) of demographics, trauma, and treatment characteristics of longer-term

outcomes based on scores and capacity to work for all major trauma patients vs those under the age of 80 years

Variables All patients (N=718) Patients <80 years of age (N=659)
Beta p-value Total R? R?change pchange Beta p-value TotalR> R?change p change
Dependent: SF-36 physical
AIS 5 extremities -0.24  <0.001 0.08 0.08 <0.001 -0.27  <0.001 0.08 0.08 <0.001
Age at time of injury -0.20 <0.001 0.13 0.06 <0.001 -0.17  <0.001 0.10 0.03 <0.001
AIS 4 abdomen —0.07 0.041 0.14 0.0l 0.005 —0.11 0.003 0.12 0.01 0.004
Educational level 0.09 0.010 0.15 0.0l 0.009 0.09 0.011 0.12 0.0l 0.011
RISC 2 —0.12 0.003 0.16 0.01 0.021
AIS | head and neck 0.10 0.022 0.17 0.0l 0.022
Dependent: SF-36 mental
Educational level 0.18 <0.001 0.03 0.03 <0.001 0.18 <0.00l 0.04 0.04 <0.001
AIS | head and neck —0.12 0.001 0.05 0.0l 0.001 —0.11 0.005 0.05 0.01 0.005
Dependent: TOP physical
AlIS 5 extremities -0.19  <o0.001 0.04 0.04 <0.001
Educational level 0.18 <0.001 0.07 0.03 <0.001 0.20  <0.00l 0.04 0.04 <0.001
Dependent: TOP mental
Educational level 0.20 0.000 0.05 0.05 <0.001 022  <0.00! 0.05 0.05 <0.001
AlIS 5 extremities —-0.12 0.002 0.05 0.0l 0.038
AIS | head and neck —0.12 0.003 0.06 0.0l 0.003
Dependent: QOLIBRI total
Educational level 0.19  <0.001 0.04 0.04 <0.001 0.19  <0.001 0.04 0.04 <0.001
Age at time of injury —0.12 0.001 0.05 0.01 0.001
AIS 5 extremities —0.12 0.002 0.06 0.0l 0.026 —-0.13 0.001 0.05 0.01 0.025
AIS | head and neck —0.11 0.006 0.07 0.0l 0.006 —0.12 0.006 0.06 0.0l 0.006
Dependent: GOS at longer term*
RISC 2/AIS 5 extremities —0.17  <0.001 0.04 0.04 <0.001 -0.16 <0.001 0.03 0.03 <0.001
AIS 5 extremities/RISC2  —0.18  <0.001 0.07 0.03 <0.001 -0.15  <0.001 0.05 0.02 <0.001
Age at time of injury —-0.08 0.044 0.08 0.01 0.044
Dependent: EuroQoL
AlIS 5 extremities -0.24  <0.001 0.06 0.06 <0.001 -0.24  <0.001 0.06 0.06 <0.001
Educational level 0.16 <0.001 0.09 0.03 <0.001 0.16  <0.001 0.08 0.02 <0.001
Age at time of injury -0.16  <0.001 0.11 0.02 <0.001 -0.10 0.007 0.09 0.01 0.007
Employed patients <64 years (N=383)
Dependent: working capacity at longer term
AIS 5 extremities -0.28 <0.001 0.05 0.05 <0.001
AIS | head and neck -0.17 0.002 0.07 0.03 0.001
Age at time of injury —-0.18  <0.001 0.10 0.02 0.002
Educational level 0.14 0.004 0.12 0.02 0.004

Note: *Order of entry differed for the study group of all patients: step | = RISC, step 2 = AIS 5 vs for patients <80 years of age only: step | = AlS 5, step 2 = RISC.
Abbreviations: AlS, Abbreviated Injury Scale (eg, AIS I: head and neck etc); RISC 2, Revised Injury Severity Classification 2; SF-36, trauma medical outcomes study Short
Form-36, physical and mental sum component score; TOP, Trauma Outcome Profile, physical and mental component; QOLIBRI, Quality of Life after Brain Injury total score;

GOS, Glasgow Outcome Scale; EuroQol, Euro Quality of Life.

patients whose responses were difficult to obtain. In addition,
respondents did not differ from nonrespondents in major crite-
ria such as mean age, gender, or overall trauma severity.

Conclusion

This pilot study for the first time demonstrated that, if at all,
the small impact of age on the longer-term outcomes of major
trauma patients overall appears only to be relevant “after
fourscore,” that is, in at least octogenarians. If affirmed by

other study groups, this finding has to be taken into account
for all resuscitation efforts as well as rehabilitation strategies.
It is proposed that more work should be done to develop
accordant clinical pathways and guidelines.
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