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Abstract

Purpose This meta-analysis aimed to evaluate the performance of the Injury Severity Score (ISS), Trauma and Injury Sever-
ity Score (TRISS), and the Geriatric Trauma Outcome Score (GTOS) in predicting mortality in geriatric trauma patients.
Methods The MEDLINE, Web of Science, and EMBASE databases were searched for studies published from January 2008
to October 2023. Studies assessing the performance of the ISS, TRISS, or GTOS in predicting mortality in geriatric trauma
patients (over 60 years old) and reporting data for the analysis of the pooled area under the receiver operating characteristic
curve (AUROC) and the hierarchical summary receiver operating characteristic curve (HSROC) were included. Studies that
were not conducted in a group of geriatric patients, did not consider mortality as the outcome variable, or had incomplete
data were excluded. The Critical Appraisal Skills Programme (CASP) Clinical Prediction Rule Checklist was utilized to
assess the risk of bias in included studies. STATA 16.0. was used for the AUROC analysis and HSROC analysis.

Results Nineteen studies involving 118,761 geriatric trauma patients were included. The pooled AUROC of the TRISS
(AUC=0.82, 95% CI: 0.77-0.87) was higher than ISS (AUC=0.74, 95% CI: 0.71-0.79) and GTOS (AUC=0.80, 95%CI:
0.77-0.83). The diagnostic odds ratio (DOR) calculated from HSROC curves also suggested that the TRISS (DOR =21.5) had
a better performance in predicting mortality in geriatric trauma patients than the ISS (DOR =6.27) and GTOS (DOR =4.76).
Conclusion This meta-analysis suggested that the TRISS showed better accuracy and performance in predicting mortality
in geriatric trauma patients than the ISS and GTOS.
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Background

Traumatic injuries have become the fourth leading cause
of mortality and disability around the world [1], result-
ing in more than 5 million deaths annually [2]. With the
acceleration of global population aging, trauma injuries in
geriatric patients have become a worldwide concern [3].
It has been reported that the risk of mortality in geriat-
ric patients is greater than that among young people with
similar injury severities [4]. The mechanisms of injury and
physiological responses in geriatric trauma patients are
different from those in the younger population [5]. Mul-
tiple reasons, including frailty, degraded physiological
status, and comorbidities, contribute to a greater demand
for medical resources but a higher risk of poor prognosis
in the geriatric trauma population [6-9].

Regarding the rational allocation of medical resources
and the maximum reduction in trauma-related mortality
in geriatric trauma patients, an accurate assessment of
geriatric trauma patients seems to be necessary. Multiple
trauma scoring systems have been developed to describe
the severity of injuries and evaluate the clinical out-
comes and prognosis of trauma patients [10]. The Injury
Severity Score (ISS), considering the three most serious
injuries of the body according to the Abbreviated Injury
Scale (AIS), was the most widely used trauma scoring
system [11-13]. Although the performance of the ISS
in prognosis prediction in trauma patients has been well
validated in some studies [13, 14], evidence on the ability
to predict mortality in the geriatric trauma population is
still conflicting [15]. The results of Tamim et al. showed
that the AUROC of the ISS in predicting mortality in all-
age trauma patients was 0.881 (0.816-0.945), while the
AUROC of the ISS in predicting mortality in patients aged
over 65 years was only 0.584 (0.401-0.767) [16]. In recent
years, some studies reported the use of other scoring sys-
tems in the elderly trauma population [5, 12, 17]. Trauma
and Injury Severity Score (TRISS), including age, the ISS,
and the Revised Trauma Score (RTS), was also a widely
used trauma scoring system in the past 30 years [18].
Previous studies have suggested that the TRISS has good
performance in predicting mortality in geriatric trauma
patients [5, 12, 19-21]. The Geriatric Trauma Outcome
Score (GTOS) was specifically developed for prognosis
prediction in older patients [22]. Some studies reported
good performance of the GTOS in predicting mortality in
geriatric trauma patients [5, 12, 23-25], while the research
conducted by Meagher et al. showed low accuracy of the
GTOS in predicting 30-day mortality in trauma patients
over 65 years old [26]. Another clinical study showed that
the performance of the GTOS in predicting mortality in
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geriatric trauma patients with an ISS > 15 was not better
than age [27].

Given the potential limitations of the application of ISS
in geriatric trauma patients, the present study expected to
find a scoring tool that is more applicable to geriatric trauma
patients. Therefore, the present meta-analysis was conducted
to assess the performance of ISS, TRISS, and GTOS in mor-
tality prediction in geriatric trauma patients.

Material and methods

The present meta-analysis followed the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA)
statement (shown in Additional file 1: Table S1) [28].

Inclusion and exclusion criteria

Studies were eligible if they (1) included a separate group
of geriatric trauma patients (aged 60 years or older) and (2)
reported the area under the receiver operating characteristic
curve (AUROC) of the ISS, TRISS, or GTOS to evaluate
the performance in mortality prediction, or the exact num-
ber of true-positive (TP), true-negative (TN), false-positive
(FP), and false-negative (FN) results could be extracted
indirectly. Studies were excluded if they met the following
criteria: (a) were not conducted in a separate group of geri-
atric trauma patients; (b) had no clear definition of age in
geriatric patients; (c) did not consider mortality as the out-
come variable; (d) lacked the data required for the present
meta-analysis.

Search strategy

Two investigators (Liu and Qin) carried out a systematic
search in the MEDLINE, Web of Science, and EMBASE
databases. The MEDLINE database was searched through
PubMed. Studies were published from January 2008 to
October 2023—there were no language restrictions for the
search. Furthermore, the bibliographies of all included stud-
ies were searched manually to identify potentially eligible
articles.

Study selection and data extraction

Relevant studies in each database were merged, and dupli-
cate records were removed. Two investigators (Liu and Qin)
independently reviewed the titles and abstracts of all articles
in the initial search to identify potentially relevant studies.
They retrieved the full texts of potentially eligible studies.
Two investigators (Liu and Tian) independently extracted the
following data from the included studies: the first author’s
surname, year of publication, location of study, number of
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participants, age, sex (proportion of male subjects), defini-
tion of geriatric, outcomes for prediction, AUROC and its
95% confidence interval (CI), cut-off value, sensitivity, and
specificity. Discrepancies between the two investigators were
resolved by reaching a consensus with a third investigator
(Wei-Ming Xie). A consensus on all items was reached by
all investigators through discussion and examination.

Assessment of the risk of bias

Two investigators (Liu and Qin) used the Critical Appraisal
Skills Programme (CASP) Clinical Prediction Rule Check-
list to assess the risk of bias [29]. The CASP Clinical Pre-
diction Rule Checklist consists of 3 parts and 11 questions.
The first two questions of the first part are screening ques-
tions, and the remaining questions are detailed questions.
The first two questions could be answered quickly. If the
two answers were “yes,” it was worth proceeding with the
remaining questions; otherwise, the assessment was termi-
nated. Discrepancies between the two investigators were
resolved by reaching a consensus with the third investigator
(Wei-Ming Xie).

The funnel plot was used to evaluate the publication bias,
of which the symmetry was tested by Egger’s linear regres-
sion test [30].

Assessment of the quality of recommendations

Two investigators (Liu and Qin) used the Grading of Rec-
ommendations Assessment, Development and Evaluation
(GRADE) approach to assess the quality of evidence for
each outcome [31]. Discrepancies between the two investi-
gators were resolved by reaching a consensus with the third
investigator (Wei-Ming Xie).

Data synthesis and analysis

All data extracted were analyzed by STATA 16.0. The
results are shown in the form of forest plot figures. The
pooled AUROC and its 95% CI of each involved trauma
scoring system were calculated from the combined stud-
ies. The AUROC ranged from 0 to 1, with an AUROC=1
representing perfect predictive ability and an AUROC=0.5
representing no predictive ability. A fixed-effects model
was applied when there was no statistically significant het-
erogeneity; a random-effects model was applied when the
heterogeneity between combined studies was statistically
significant. The heterogeneity among the combined studies
was evaluated by Cochran Q statistics (P <0.10 indicated
statistically significant heterogeneity) [32]. As a supple-
ment to the evaluation of heterogeneity, the /> statistic is a
quantitative measure of heterogeneity, which is divided into
low, moderate, and high thresholds of 25%, 50%, and 75%,

respectively [33, 34]. If the heterogeneity was too high, a
sensitivity analysis was conducted to identify the potential
source of the heterogeneity. Moreover, a hierarchical sum-
mary receiver operating characteristics curve (HSROC) was
established by combining the information about TP, TN, FP,
and FN results reported in studies, from which the summary
sensitivity, specificity, and diagnostic odds ratio (DOR) with
its 95% CI for each involved trauma scoring system could
be calculated [35].

Results
Search results

The present meta-analysis identified 12,049 records by the
search strategy, of which 6951 duplicates were removed. A
total of 606 studies were found by reading titles and abstracts
that used the ISS, TRISS, or GTOS as a prognostic method
for clinical outcome prediction, of which 4 full texts were
not available. Among these 602 studies, twenty studies
were excluded due to the lack of a clear definition of elderly
patients. A total of 378 studies were excluded due to not
evaluating the performance of the ISS, TRISS, or GTOS in a
group of elderly patients. Ninety-eight studies were excluded
due to the lack of mortality outcomes. Eighty-seven studies
were excluded due to the AUROC, or the exact number of
TP, TN, FP, and FN test results could not be obtained. Ulti-
mately, 19 studies evaluating the performance of the ISS,
TRISS, and GTOS in the prediction of mortality in geriatric
trauma patients were included in this meta-analysis [5, 12,
16, 17, 19-21, 23-27, 36-42]. The flowchart of the search
process is presented in Fig. 1. The characteristics of the
included studies are shown in Table 1. The baseline charac-
teristics of the patients are shown in Table 2 and 3.

Assessment of the risk of bias

The assessment of the risk of bias in the included studies is
shown in Table 4. The quality of the included studies was
moderate-high. The publication bias of the included studies
reporting data about the ISS, TRISS, and GTOS was evalu-
ated by funnel plots as respectively shown in Additional
file 1: Figure S1, and Figure S3. Egger’s linear regression
tests for the symmetry of the funnel plot of ISS (P=0.712),
TRISS (P=0.091), and GTOS (P =0.624) all indicated no
obvious publication bias.

Study characteristics and results
The present meta-analysis included 19 studies conducted in 12

different countries, including the USA, Germany, Australia,
Britain, Iran, India, Canada, Singapore, Korea, Spain, China,
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Fig. 1 Flowchart of literature . i . .
search and study selection [ Identification of studies via databases and registers }
)
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] Web Of Science (n = 4851)
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\ 4
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(n =5098) —| titles and abstracts
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\ 4
Reports sought for retrieval Reports not retrieved
=2 (n =606) (n=4)
S
o
<
a \4
Reports assessed for eligibility Reports excluded: n = 583
(n=602) | No clear definition of elderly
patients (n = 20)
No separate grouping of elderly
patients (n = 378)
No mortality outcome (n = 98)
No reports of AUROC or cut-off
— values of ISS, TRISS, and GTOS
y (n=87)
3 Studies included in review
] (n=19)
° Reports of included studies
s (n=19)

and Sweden. A total of 118,761 participants were evalu-
ated. The majority of participants were male. Nine of the 19
studies (47.4%) assessed the ISS, 9 studies (47.4%) assessed
the TRISS, and 11 studies (57.9%) assessed the GTOS. The
included studies were retrospective cohort reviews. The end-
points of mortality prediction were different. Two studies
(10.5%) used 30-day mortality as the clinical outcome, 9 stud-
ies (47.4%) used in-hospital mortality as the clinical outcome,
and 8 studies (42.1%) used all-cause mortality as the clinical
outcome.
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Synthesis of results

Pooled AUROC for predicting mortality in geriatric trauma
patients

Among the 19 included studies, 18 studies reported data
about the AUROC and its 95% CI. One study did not report
the 95% CI of the AUROC [36]. Eight studies [12, 16, 20,
21,27, 37-39] reported the AUROC and 95% CI of the ISS,
eight studies [5, 12, 17, 19-21, 40, 41] reported the AUROC
and 95% CI of the TRISS, and 11 studies [5, 12, 17, 23-27,
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Table 1 Characteristics of the included studies involved in the pooled AUROC analysis

Trauma scoring systems Definition of geriatric Outcomes

Author (year) Country  Study type

Tamim H (2008) [16] Canada Retrospective cohort study
Brooks SE (2014) [19] usS Retrospective cohort study
Cook AC (2016) [25] (SN Retrospective cohort study
Yousefzadeh-Chabok S (2016)  Iran Retrospective cohort study

[20]

Wilson MS (2016) [41] US Retrospective cohort study
Madni TD (2017) [12] usS Retrospective cohort study
Ahl R (2017) [24] Sweden  Retrospective cohort study
Barea-Mendoza JA (2018) [17] Spain Retrospective cohort study
Meagher AD (2019) [26] UsS Retrospective cohort study
Javali RH (2019) [36] India Retrospective cohort study
Jiang L (2020) [1] Germany Retrospective cohort study
Morris RS (2020) [42] UsS Retrospective cohort study
Egglestone R (2020) [37] Britain Retrospective cohort study
Ravindranath S (2021) [27] Australia  Retrospective cohort study
Stopenski S (2021) [40] usS Retrospective cohort study
Scherer J (2021) [38] Germany Retrospective cohort study
Zhuang Y (2022) [23] China Retrospective cohort study
Park J (2022) [5] Korea Retrospective cohort study

Chua MT (2023) [39]

Singapore Retrospective cohort study

ISS

TRISS
GTOS

ISS, TRISS

TRISS
TRISS, GTOS
GTOS
TRISS, GTOS
ISS, GTOS
ISS, TRISS
ISS, TRISS
GTOS

> 65 years-old
> 65 years-old
> 65 years-old
> 60 years-old

> 65 years-old
> 65 years-old
> 65 years-old
> 65 years-old
> 65 years-old
> 60 years-old
> 65 years-old
> 65 years-old

Mortality
In-hospital mortality
In-hospital mortality
Mortality

In-hospital mortality
In-hospital mortality
In-hospital mortality
In-hospital mortality
30-days mortality
Mortality
In-hospital mortality
In-hospital mortality

ISS, GTOS > 65 years-old 30-days mortality
1SS, GTOS > 65 years-old Mortality
TRISS > 65 years-old Mortality
ISS, GTOS > 65 years-old Mortality

GTOS
GTOS, TRISS
ISS

> 65 years-old
> 65 years-old
> 65 years-old

All-cause mortality
In-hospital mortality
Mortality

ISS, Injury Severity Score; TRISS, Trauma and Injury Severity Score; GTOS, Geriatric Trauma Outcome Score; US, the United States

37, 38, 42] reported the AUROC and 95% CI of the GTOS.
Details of the included studies are shown in Table 1.

The pooled AUROC for the 8 studies that reported ISS
data was 0.74 (95% CI: 0.71-0.79; shown in Fig. 2). The
heterogeneity among the combined 8 studies was statisti-
cally significant (Cochran Q statistic’s P <0.001; P=92.8%;
shown in Fig. 2); thus, the pooled AUROC of the ISS was
determined by a random-effects model. Sensitivity analy-
sis was also conducted (shown in the Additional file 1:
Figure S4). When studies were removed one by one, the
pooled AUROC and 95% CI of the remaining studies did not
change, and the heterogeneity among the remaining studies
was still high. The sensitivity analysis did not determine the
potential source of heterogeneity.

The pooled AUROC of the TRISS indicated better per-
formance in predicting mortality in geriatric trauma patients
(AUROC=0.82,95% CI: 0.77-0.87; shown in Fig. 3). The
result was determined by a random-effect model due to the
significant heterogeneity (Cochran Q statistic’s P <0.001;
I?=97.0%; shown in Fig. 3). However, sensitivity analysis
did not find a potential source of heterogeneity among the
combined studies (shown in Additional file 1: Figure S5).

The result of the pooled AUROC of the GTOS indicated
a performance between the TRISS and ISS to predict mor-
tality in geriatric trauma patients (AUROC =0.80, 95%
CI: 0.77-0.83; shown in Fig. 4). The heterogeneity among
the combined 11 studies was also statistically significant

(Cochran Q statistic’s P <0.001; I>=98.5%; shown in
Fig. 4), and the result of the pooled AUROC was calcu-
lated from a random-effect model. Sensitivity analysis of the
combined 11 studies did not identify a potential source of
heterogeneity (shown in Additional file 1: Figure S6). The
certainty of evidence evaluated by the GRADE approach
was low. Details are shown in Additional file 1: Table S3.

HSROC analysis for predicting mortality in geriatric trauma
patients

Seven included studies [17, 20, 30, 32, 34, 38, 39] reported
information on sensitivity and specificity that could be
applied in HSROC analysis, and detailed information about
the studies included in the HSROC analysis is displayed in
Table 3. HSROC curves of the ISS, TRISS, and GTOS for
predicting mortality in geriatric trauma patients are illus-
trated in Fig. 5. Figure 5A shows the HSROC curve of the
ISS, and the pooled sensitivity and specificity of the ISS
score extracted from HSROC analysis were 0.59 (95% CI:
0.16-0.92) and 0.81 (95% CI: 0.59-0.93), respectively.
Figure 5B shows the HSROC curve of the TRISS, and the
pooled sensitivity and specificity of the TRISS extracted
from the HSROC analysis were 0.91 (95% CI: 0.75-0.97)
and 0.68 (95% CI: 0.49-0.82), respectively. Figure 5C shows
the HSROC curve of the GTOS. The pooled sensitivity
and specificity of the GTOS extracted from the HSROC

@ Springer
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Table 2 Baseline characteristics of patients

Author (year) Sample size Age* Gender (male%) AUROC (95% CI)

Studies reported ISS
Scherer J (2021) [38] 58,055 77.2+7.6 33,483 (57.8%) 0.75 (0.75-0.76)
Ravindranath S (2021) [27] 15,034 80 (72.0-87.0) 6466 (43.0%) 0.80 (0.78-0.82)
Jiang L (2020) [1] 311 NR 183 (59.0%) 0.81 (0.74-0.8)
Egglestone R (2020) [37] 255 74 (69.0-80.0) 171 (67.1%) 0.66 (0.59-0.74)
Meagher AD (2019) [26] 4849 81.7* 1583 (32.6%) 0.63 (0.59-0.67)
Yousefzadeh-Chabok S (2016) [20] 352 71.55+8.07 188 (53.4%) 0.76 (0.68-0.85)
Tamim H (2008) [16] 199 NR NR 0.58 (0.40-0.77)
Javali RH (2019) [36] 200 66.35+6.865 148 (74%) 0.96
Chua MT (2023) [39] 2750 78 (72-84) 1190 (43.3%) 0.83 (0.80-0.86)

Studies reported TRISS
Park J (2022) [5] 2586 75 (70.0-81.0) 1132 (44.0%) 0.80 (0.78-0.82)
Stopenski S (2021) [40] 122 75.6+8.2 63 (52.0%) 0.90 (0.84-0.97)
Jiang L (2020) [1] 311 NR 183 (59.0%) 0.83 (0.77-0.88)
Barea-Mendoza JA (2018) [17] 1417 75.5 (70.5-80.5) 1003 (68.2%) 0.69 (0.66-0.73)
Madni TD (2017) [26] 10,894 78.3+8.1 NR 0.89 (0.88-0.89)
Yousefzadeh-Chabok S (2016) [20] 352 71.6+8.07 188 (53.4%) 0.94 (0.90-0.98)
Wilson MS (2016) [41] 147 NR 83 (56.5%) 0.67 (0.58-0.76)
Brooks SE (2014) [19] 1743 74.3 (69.1-81.1) NR 0.81 (0.78-0.84)
Javali RH (2019) [36] 200 66.35+6.865 148 (74%) 0.972%

Studies reported GTOS
Zhuang Y (2022) [23] 485 68 (66.0-71.0) 361 (74.4%) 0.84 (0.79-0.89)
Park J (2022) [5] 2586 75 (70.0-81.0) 1132 (44.0%) 0.83 (0.82-0.85)
Scherer J (2021) [38] 58,055 77.2+7.6 33,483 (57.8%) 0.78 (0.77-0.79)
Ravindranath S (2021) [27] 15,034 80 (72.0-87.0) 6466 (43.0%) 0.84 (0.82-0.86)
Egglestone R (2020) [37] 255 74 (69.0-80.0) 171 (67.1%) 0.68 (0.61-0.76)
Morris RS (2020) [41] NR NR NR 0.83 (0.82-0.84)
Meagher AD (2019) [26] 4849 81.7% 1583 (32.6%) 0.67 (0.64-0.71)
Barea-Mendoza JA (2018) [17] 1417 75.5 (70.5-80.5) 1003 (68.2%) 0.66 (0.62-0.70)
Madni TD (2017) [12] 10,894 78.3+8.1 NR 0.84 (0.83-0.85)
Ahl R (2017) [24] 1080 75.0 (69.0-83.0) 648 (60.0%) 0.87 (0.84-0.90)
Cook AC (2016) [25] 18,282 76.0 (69.5-82.5) NR 0.86 (0.85-0.87)

“Data of age were presented as mean =+ SD or median (IQR) without specific notation

#The study conducted by Meagher et al. only reported mean age rather than mean age along with SD of participants
& The study conducted by Javali RH et al. only reported the value of AUROC
AUROC, area under the receiver operating characteristic curves; CI, confidence interval; IQR, inter-quartile range; NR, not reported; SD, stand-

ard deviation

analysis were 0.85 (95% CI: 0.79-0.89) and 0.46 (95%
CI: 0.29-0.64), respectively. The pooled DORs of the ISS,
TRISS, and GTOS from the respective HSROC curves were
6.27 (95% CI: 1.23-31.8), 21.5 (95% CI: 3.56-129.5), and
4.76 (95% CI: 2.81-8.06), respectively.

Information about the sensitivity, specificity, and DOR
from the HSROC analysis is listed in Table 5. In summary,
the sensitivity for the prediction of mortality in geriatric
trauma patients was the best for the TRISS, and the speci-
ficity for the prediction of mortality among geriatric trauma
patients was the best for the ISS. For the DOR, a combined
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index to evaluate the performance of prediction, the TRISS
obtained the highest value among the three involved trauma
scoring systems.

Discussion

Typically, trauma scoring systems can be divided into ana-
tomical injury scores, physiological scores, and combined
scores with both anatomical and physiological factors [43].
The ISS is the most widely used anatomic injury score and is
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Table 3 Characteristics of the included studies involved in HSROC analysis

Author (year) Country Sample size Age* Gender Definition of Endpoint for Deaths (n) Sensitivity Specificity (%)
(male%) the geriatric  prediction (%)
Studies reported ISS
Eggle- Britain 255 74 (69.0— 171 (67.1%) >65 years-  30-days 62 61.3 62.5
stone R 80.0) old mortality
(2020)
[37]
Javali RH India 200 66.35+6.865 148 (74.0%) >60 years-  Mortality 34 91.0 89.0
(2019) old
[36]
Meagher US 4849 81.7* 1583 (32.6%) >65 years-  30-days 234 92.3 7.5
AD old mortality
(2019)
[26]
Yousefza- Iran 352 71.55+8.07 188 (53.4%) >60years-  Mortality 49 86.0 58.0
deh- old
Chabok
S (2016)
[20]
Studies reported TRISS
Javali RH India 200 66.35+6.865 148 (74.0%) >60 years-  Mortality 34 97.0 87.0
(2019) old
[36]
Barea- Spain 1417 75.5(70.5- 1003 (68.2%) >65 years-  In-hospital 258 88.1 45.8
Men- 80.5) old mortality
doza JA
(2018)
[17]
Yousefza- Iran 352 71.55+8.07 188 (53.4%) >60 years-  Mortality 49 95.0 72.0
deh- old
Chabok
S (2016)
[20]
Wilson [N 147 NR 83 (56.5%) >65 years-  In-hospital 84 74.0 54.0
MS old mortality
(2016)
[41]
Studies reported GTOS
Zhuang Y China 485 68 (66.0— 361 (74.4%) >65 years-  All-cause 38 94.7 63.1
(2022) 71.0) old mortality
[23]
Eggle- Britain 255 74 (69.0— 171 (67.1%) >65 years-  30-days 62 74.2 54.9
stone R 80.0) old mortality
(2020)
[37]
Meagher US 4849 81.7% 1583 (32.6%) >65 years-  30-days 234 90.4 19.0
AD old mortality
(2019)
[26]
Barea- Spain 1417 75.5(70.5- 1003 (68.2%) >65 years-  In-hospital 258 83.4 51.7
Men- 80.5) old mortality
doza JA
(2018)

[17]

“Data of age were presented as mean =+ SD or median (IQR) without specific notation
#The study conducted by Meagher et al. only reported mean age rather than mean age along with SD of participants

GTOS, Geriatric Trauma Outcome Score; IQR, inter-quartile range; ISS, Injury Severity Score; NR, not reported; SD, standard deviation; TRISS,
Trauma and Injury Severity Score; US, the United States

@ Springer
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Table 4. Detailed CASP checklist of the quality assessment for included studies

Validity of Research Results

Performance of Research L .
Significance of Research Results to Practice

Results
Is the Did the Was the  Were the Were the Are the Can the How Wouldthe  Istherule =~ Would the results
result population rule predictor predictor statistical performance  precise prediction acceptable  of the rule modify
clearly  from which  validated variables variables and  methods of the rule was the rule be in your your decision
Author defined therulewas ina and the the outcome used to be estimate reliable and  case? about the
? derived different  outcome evaluates in construct calculated? of the the results management of
include an group of  evaluated  the whole and validate treatment interpretabl the patient, or the
appropriate patients? ina sample the rule effect? e if used for information you
spectrum of blinded selected clearly your can give to
patients? fashion? initially? described? patient? him/her?
Zhuang Y [23] [ ] [ ] [ ] [ ] [ ] [ ] (] [ ] [ ] ([ ] [ ]
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considered the “gold standard” for assessing the severity of
anatomical injuries [44], while the TRISS is the most widely
used combined score based on anatomical and physiological
variables [18]. However, most of the general trauma scoring
systems were designed for all-age populations, the perfor-
mances of which are uncertain among the elderly population

@ Springer

[15]. In a study published in 2015, Zhao et al. established the
GTOS, a combined score that aimed to evaluate the progno-
sis of geriatric trauma patients specifically [22]. However,
the performance of the GTOS in predicting the prognosis of
geriatric trauma patients is still controversial due to the short
application period [12, 25, 26]. The present meta-analysis
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aimed to evaluate the performance of the ISS, TRISS, and
GTOS in predicting mortality in geriatric trauma patients.
The results of the present meta-analysis showed better per-
formance of the TRISS in predicting mortality in geriatric
trauma patients than the ISS and GTOS following the pooled
AUROC and HSROC analyses.

Previous studies have suggested that the TRISS has good
performance in predicting mortality in geriatric trauma
patients [5, 12, 19-21, 40]. The results of this meta-analysis
also showed that the AUROC, DOR, and sensitivity of the
TRISS were higher than those of the ISS and GTOS. The
DOR combines the TP, TN, FP, and FN values to indicate
test accuracy [45]. Higher DOR values indicate better accu-
racy of a test [45]. In this meta-analysis, although the speci-
ficity of the TRISS was lower than that of the ISS, the DOR
of the TRISS was much higher than that of the ISS and

1 1.64

GTOS, which suggested better performance of the TRISS in
predicting mortality in geriatric trauma patients.

The comprehensive composition of scoring indica-
tors of TRISS may contribute to the good performance
of TRISS [36]. ISS only evaluates the injury severity
from the anatomy. However, physiological indicators may
also have an enormous impact on prognosis in geriat-
ric trauma patients [14, 46—48]. Systolic blood pressure
(SBP) and respiratory rate (RR) are the physiological
indices included in the TRISS. Multiple studies have sug-
gested that the risk of mortality increases 3 to 5 times
with a systolic blood pressure of less than 90 mmHg [49].
Hranjec et al. suggested that a systolic blood pressure of
less than 130 mmHg may increase the risk of mortality in
elderly patients [50]. The study of Wilson et al. to identify
early predictors of mortality in geriatric trauma patients
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Table 5 Summary of detailed Trauma scoring Sensitivity (95% CI) Specificity (95% CI) DOR (95% CI)

information based on HSROC

; systems
analysis

ISS
TRISS
GTOS

0.59 (0.16-0.92)
0.91 (0.75-0.97)
0.85 (0.79-0.89)

0.81 (0.59-0.93)
0.68 (0.49-0.82)
0.46 (0.29-0.64)

6.27 (1.23-31.8)
21.5 (3.56-129.5)
4.76 (2.81-8.06)

ClI, confidence interval; DOR, diagnostic odds ratio; GTOS, Geriatric Trauma Outcome Score; 1SS, Injury
Severity Score; TRISS, Trauma and Injury Severity Score

reported no significant difference in SBP between the two
groups [41]. However, the sample size of 147 may affect
the results of Wilson et al. [41]. Many elderly patients
have poorer physiological function reserves, and they may
have several coexisting medical conditions, which cause a
higher risk of death [48, 51]. The results of Tamim et al.
showed a large gap between the performance of ISS in the
geriatric trauma group (AUROC =0.584) and the perfor-
mance of ISS in all-age groups (AUROC =0.881) [16].
What is more, Yousefzadeh-Chabok et al. reported that
the AUCs of the ISS and TRISS in predicting mortality in
geriatric trauma patients were 0.76 and 0.94, respectively
[20].
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The GTOS was specifically designed to assess the prog-
nosis of geriatric trauma patients based on age, ISS, and
history of packed red blood cell (PRBC) transfusion in the
first 24 h after trauma [22]. Although the performance of the
GTOS in geriatric trauma patients is still controversial [5,
12, 24, 25], most studies comparing the GTOS and ISS in
geriatric patients suggested that the GTOS performed better
than the ISS in predicting mortality, which is consistent with
the results of this meta-analysis [26, 27, 37, 38]. Compared
with ISS, the improved performance of GTOS in predicting
mortality in geriatric patients with trauma may be also from
the inclusion of physiological parameters. Age and blood
transfusion after trauma were shown to be associated with
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morbidity and mortality during hospitalization in geriatric
patients with trauma [23], aiding GTOS in evaluating patient
condition more comprehensively. Park et al. concluded that
the GTOS was superior to the TRISS in predicting mortality
for predicting mortality in Korean patients with trauma who
were older than 65 years of age [5]. In contrast, studies con-
ducted by Barea-Mendoza et al. and Madni et al. indicated
that the performance of GTOS was not as good as that of
the TRISS for predicting mortality in geriatric patients with
trauma [12, 17]. In addition to the controversy regarding the
GTOS, the requirement of a history of PRBC transfusion in
the first 24 h may delay an accurate prognostic calculation
[12]. The TRISS can evaluate the risk of mortality earlier
than the GTOS, which may be critical for patients with early
hospital admission and a high death risk. On the other hand,
the GTOS also has the advantage of being a single and sim-
ple measurement. The GTOS can be calculated easily and
rapidly with the free calculator available at www.palliateco
nsortium.com. Hence, as a “young” trauma scoring system,
more studies are needed to validate the value of the GTOS
in the field of geriatric trauma.

Durability is the primary advantage of the TRISS, which
has been well-validated in the past 30 years [12]. The TRISS
was developed from the Major Trauma Outcome Study
(MTOS) database [52]. The TRISS utilizes logistic regres-
sion to develop the g coefficients based on both elderly and
non-elderly patients that determine the weight of its vari-
ables. Madni et al. showed that the TRISS still performed
well in predicting mortality in a geriatric-specific cohort
even with previous beta coefficients, with AUCs ranging
from 0.8895 to 0.8869 [12]. The superior performance of the
TRISS in the study of Madni et al. indicated that the predic-
tive performance of the TRISS in geriatric patients did not
seem to be impaired, even though non-elderly patients were
included in the generation of the age coefficients. The study
conducted by Yousefzadeh-Chabok et al. even reported an
AUROC as large as 0.94 for the TRISS in predicting mortal-
ity in geriatric patients [20].

There are some limitations in the utilization of the TRISS.
The first recorded physiological data may vary for out-of-
hospital interventions [53]. The GCS may be difficult to cal-
culate for patients with prehospital intubation and patients in
a state of sedation [54]. The first acquisition of physiological
data relies on the records of field and emergency workers,
especially for patients with the worst injuries. Therefore,
although the results of this meta-analysis suggested supe-
rior performance of the TRISS in predicting mortality in
geriatric trauma patients, prospective assessment is needed
to clarify the ability of the TRISS to predict mortality in
patients with critically serious trauma.

There were several limitations in interpreting the results:
(a) The present meta-analysis was based on observational
studies, which ranked low in the GRADE evidence quality

assessment. Clinical studies with multiple centers and larger
sample sizes are necessary to provide higher-quality evi-
dence for evaluating the accuracy of trauma scoring sys-
tems in predicting mortality in geriatric trauma patients. (b)
The present meta-analysis only compared two representa-
tive trauma scores, ISS and TRISS, and the GTOS trauma
scoring system designed for elderly patients. In addition,
some trauma scoring tools such as RTS and NISS were not
included in our study, which may limit the generalizability
of the results in this study. Comprehensive meta-analyses
are needed in the future to analyze the performance of more
trauma scoring tools in predicting outcomes in elderly
trauma patients. (c) The populations of the included stud-
ies were mostly from Western countries, and the data from
specific trauma centers in Asia and Africa were lacking. (d)
The heterogeneity of the combined studies was high, but the
potential source of heterogeneity was not determined.

Conclusions

The TRISS showed better accuracy and performance in pre-
dicting mortality in geriatric trauma patients than the ISS
and GTOS. Further studies need to be conducted prospec-
tively to specify the appropriate choice of variable trauma
scoring systems in patients with different conditions.
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