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Purpose: The Geriatric Trauma Outcome Score (GTOS) has been developed and indicate to be a valid prognostic tool for the
prediction of mortality in geriatric trauma patients (GTPs) during hospitalization. However, the predictive value of the GTOS for
morbidity is still unclear. We aimed to evaluate the association between GTOS, morbidity and mortality in GTPs.
Patients and Methods: We performed a retrospective cohort study between June 1, 2016, and May 31, 2020, and collected data for
patients aged 65 years or older. These patients were treated at the Trauma Center of Tongji Hospital, Wuhan, China. Clinical data were
retrieved from the trauma registry. The GTOS was calculated with the following formula: age + ISS * 2.5 + 22 (if any packed red
blood cells were transfused within 24 hours after admission). The outcomes were mortality, morbidity, length of hospital stay (LOS),
and functional outcome at discharge.
Results: A total of 485 patients were enrolled: 214 (44.1%) were classified into the low-GTOS group, and 271 (55.9%) were classified
into the high-GTOS group. The median (IQR) age was 68 (66–71) years; 361 (74.4%) were male. The most common mechanism of
injury was vehicle collision (66.4%), followed by falls <2 m (19.6%). The median (IQR) ISS was 18 (14–22). The median (IQR) GCS
was 13 (9–15). A high GTOS was associated with high rates of all-cause mortality (13.3% vs 0.9%, P < 0.001), complications (88.2%
vs 31.8%, P < 0.001), unplanned intubation (19.2% vs 1.4%, P < 0.001), and unplanned admissions to the intensive care unit (8.5% vs
0.5%, P < 0.001). In multivariable logistic regression analysis, GTOS was associated with morbidity (OR 1.07, 95% CI, 1.05–1.09, p <
0.001) and mortality (OR 1.04, 95% CI, 1.02–1.06, p < 0.001).
Conclusion: The GTOS is an independent predictor of morbidity and mortality in GTPs, and it will help us identify patients at high
risk on admission.
Keywords: Geriatric Trauma Outcome Score, geriatric trauma patients, predictive value

Introduction
With the decline in fertility and the prolongation of the average lifespan, the aging of the global population is
accelerating, which has led to a significant increase in the number of elderly patients who experience trauma.
Compared with young patients, elderly trauma patients have the characteristics of a high comorbidity rate, high
disability rate, high mortality rate, and high medical resource utilization rate.1 Given the same trauma severity, elderly
trauma patients have a higher long-term risk of mortality than their younger counterparts.2 It’s reported that the overall
in-hospital mortality of geriatric trauma patients was 11.8%.3 For elderly trauma patients, traditional clinical indicators
such as blood pressure and age are not sufficient for the identification of individuals who are at risk for poor
outcomes.4,5
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Recently, a new effective assessment system called the Geriatric Trauma Outcome Score (GTOS) was designed to
predict mortality in geriatric inpatients after trauma. The GTOS was developed through a retrospective study of trauma
registry data for 3841 elderly trauma patients over the course of 13 years. It contains three variables: 1) age; 2), ISS*2.5;
and 3) whether a blood transfusion was performed within 24 hours of admission (22 points).6 The Prospective
Assessment of Life and Limitations After Trauma in the Elderly [PALLIATE] consortium validated the GTOS score
for the prediction of inpatient mortality with a multicenter data set.7,8 The GTOS was used to estimate the probability of
dying in 18,282 patients with a high degree of accuracy, as reflected in the area under the curve (AUC) of 0.86, which
was comparable to the AUC (0.82) in the original Parkland sample of 3841 patients.7 Another multicenter study showed
that the GTOS has a similar accuracy for the prediction of mortality in elderly trauma patients as other systems, such as
the TRISS.9 Subsequently, a second iteration of the GTOS formula was generated and validated for use in predicting
discharge destination in surviving patients.10

While the GTOS has been shown to be highly accurate in the prediction of long-term mortality, it does not offer any
information about morbidity and mortality in geriatric trauma patients (GTPs) during hospitalization. Because all three
variables (age, ISS and blood transfusion or not) of GTOS were shown to be associated with morbidity, we hypothesized
that GTOS could be used to predict the risk of morbidities in elderly patients. Therefore, the purposes of this study
were 1) to evaluate the association between GTOS and morbidity elderly trauma patients during hospitalization; 2) to
validate the predictive value of GTOS on mortality.

Materials and Methods
Patient Data
We performed a retrospective survey between June 1, 2016, and May 31, 2020, to obtain data for patients aged 65 years
or older who were treated at the Trauma Center of Tongji Hospital affiliated with Tongji Medical College of Huazhong
University of Science and Technology, Wuhan, China. Patients who died within the first 48 hours were excluded, as these
patients might bias the results as a self-fulfilling prophecy. Ethics approval was obtained from the institutional Human
Research Ethics Committee for the collection of data from the medical records, and the need to obtain individual patient
consent was waived.

Clinical data were abstracted from trauma registry, which were assessed and cross-checked to obtain age, sex,
mechanism of injury (MOI), comorbidities, Injury Severity Score (ISS) and Glasgow Coma Score (GCS) at admission,
blood transfusion (BT) unit within the first 24 h of admission, morbidity and mortality, length of hospital stay (LOS), and
key admission information about the injury details.

ISS
The abbreviated injury scale (AIS) dictionary of anatomical lesions (version 2005) was used to obtain the ISS. In the
calculation of ISS, the three body areas with major injury are selected and the injury with the highest AIS score (0–6)
within each of these three areas is selected. The ISS is the sum of squares of the highest AIS score in these body regions,
and the sum of them gives a score between 1 and 75 points. If a lesion is assigned an AIS score of 6, it automatically
results in ISS 75.11

Ageless Charlson Comorbidity Index (aCCI)
The patients’ increasing age is usually associated with a higher rate of comorbidities and this burden can be assessed by
the Charlson Comorbidity Index (CCI), a validated score to estimate multiple comorbidities in patients.12–14 Since GTOS
include age as covariant already, ageless-Charlson Comorbidity Index was used to assess the comorbidities of patients
(See Appendix).

Stratification
The GTOS was calculated by the following formula [Equation 1]: age+ ISS*2.5+22 (transfusion within 24 h of
admission). According to the logistic model of the GTOS (Equation 2) corresponding to the mortality rate (7.8%) in
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the sample we collected, patients were categorized into low-GTOS and high-GTOS groups (low GTOS: GTOS≤113.5
and high GTOS: GTOS>113.5).

GTOscore ¼ Ageþ 2:5xISSð Þ þ 22 if given PRBCsð Þ (1)

Pmortality ¼
e� 6:9115þ0:03912�GTO

1þ e� 6:9115þ0:03912�GTO
(2)

Outcomes
The primary outcome was morbidity. Secondary outcomes included all-cause in-hospital mortality, LOS and functional
outcomes. Morbidity was defined as any of Pennsylvania Trauma Outcomes Study (PTOS)-defined complications and
included pneumonia, acute kidney dysfunction, cardiovascular complications (myocardial infarctions), coagulopathy,
catheter-associated infection (urinary tract infection and/or central venous system infection), venous thromboembolic
events (pulmonary embolism and/or deep vein thrombosis) and gastrointestinal bleeding (See Appendix). Unplanned
admission to the ICU, unplanned intubation and unplanned operation were additional observational indices. The
Extended-Glasgow Outcome Scale (GOS-E) on discharge was used as a marker of function, and it consists of 8 self-
reported levels of health status (1—death, 2—vegetative state, 3—lower severe disability, 4—upper severe disability, 5—
lower moderate disability, 6—upper moderate disability, 7—lower good recovery, 8—upper good recovery).

Statistics
The Shapiro–Wilk test was used to test the normality of quantitative data. Normally distributed data are presented as the
means and standard deviations (SDs), and nonnormally distributed data are presented as the medians and interquartile
ranges (IQRs). Continuous data were compared using Student’s t-tests or Wilcoxon rank-sum tests as appropriate. Chi-
square tests and Fisher’s exact tests were used for categorical variables. Univariate analysis was performed to assess the
association between factors and outcomes. Factors at P≤0.2 were entered into a multivariate analysis. Multivariate
analyses were performed using logistic regression for the impact of GTOS, the factors associated with morbidity and
mortality. Odds ratios (ORs) and 95% confidence indexes (CIs), were reported as the result in the final model. Pearson’s
correlation coefficient and linear regression were used to evaluate the relationship between GTOS and LOS. The GTOS
was evaluated to determine the cutoff points that could predict the risk of morbidity and mortality by plotting the receiver
operating characteristic (ROC) curve. The Youden index was calculated as the sensitivity + specificity −1 to reflect the
predictive validity. A result was considered statistically significant if the P value was <0.05. The statistical analysis was
performed using R version 4.0.2 with extension packages.

Results
Descriptive Data
A total of 506 geriatric trauma patients were admitted at the Trauma Center of Tongji hospital between June 1, 2016 and
May 31, 2020. After excluding patients who died within the first 48 hours, 485 patients were finally included (Figure 1).
All quantitative data in this sample were not distributed normally according to the Shapiro–Wilk test (See Appendix).
The median (IQR) age was 68 (66–71) years, and the majority (74.4%) of patients were male. The MOI of 322 (66.4%)
patients was vehicle collision, followed by falls <2 m (19.6%). Hypertension, diabetes mellitus, and coronary heart
disease were the most common comorbidities present in this sample. The head/neck, thorax and abdomen/pelvis were the
most commonly injured parts of the body. The median (IQR) ISS and GCS at admission were 18 (14–22) and 13 (9–15),
respectively. A total of 144 (29.7%) patients received BT within 24 h of admission, with a median (IQR) of 4 (4–6) IU
(Table 1). Among the 144 patients, majority of them were transfused with 4 IU of red blood cells (n=63, 43.8%),
followed by those transfused with 6 IU of red blood cells (n=35, 24.3%). 24 (16.7%) patients received ≥8IU red blood
cells, and 17 (11.8%) patients received ≤3 IU.

A total of 214 (44.1%) patients were classified into the low-GTOS group, and 271 (55.9%) were classified into the
high-GTOS group. There were no significant differences in sex (P=0.708), MOI (P=0.331), comorbidities (P=0.773), or
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aCCI (P=0.343) between the groups. The most serious injury regions were commonly found in the head/neck (49.1%),
chest (29.4%) and extremities (22.9%) in low-GTOS groups. Besides the head (50.2%), chest (39.9%) and extremities
(22.1%), the abdomen/pelvic (32.8%) was also a common site injured most seriously in high-GTOS group. Patients in
high-GTOS group suffered more severe injuries than patients in low-GTOS group (ISS 22 (19–27) vs 12 (9–14),
P<0.001), with a lower GCS (10 (6–12) vs 15 (13–15), P<0.001). In addition, all 144 patients who received BT were
classified into the high-GTOS group. The demographic and hospital data of 485 patients are listed in Table 1.

Incidences of Outcomes
The high-GTOS group had a significantly higher morbidity rate than the low-GTOS group (88.2% versus 31.8%,
P<0.001). The most common medical complication experienced by all patients was pneumonia (13.6% and 59.8% in
the low- and high-GTOS groups, respectively, Table 2). The high-GTOS group had a higher rate of medical complica-
tions, including unplanned admission to the ICU and unplanned intubation (Table 2). However, there was no difference in
the proportions of patients undergoing unplanned operative interventions between the two groups (p=0.123, Table 2). In
addition, patients in the high GTOS group had higher mortality than those in the low GTOS group (13.3% versus 0.9%,
P<0.001).

The median LOS of the high-GTOS group was longer than that of the low-GTOS group (16 (9–25) days and 28 (17–
43) days in the low- and high-GTOS groups, respectively, P<0.001; Table 2). LOS was positively correlated with GTOS
after a liner regression was performed (r=0.38, P<0.001; Figure 2).

In terms of the functional outcome, as expected, severe disability (36.5%) was the most common functional status in
the high-GTOS group, while good recovery (86.9%) was the most common functional status in the low-GTOS group.
The probability of severe disability and vegetative state was only 0.9% and 0.5%, respectively, in the low-GTOS group.
After adjusting the P value by the Bonferroni method, the levels of physiological function were statistically different in
both groups. Patients with a high GTOS had worse functional outcomes than those with a low GTOS (GOS-E: 4(3–6)
and 8(7–8) in the high- and low-GTOS groups, respectively, P<0.001; Table 2).

Figure 1 Flow diagram of the study population.
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On multivariable logistic regression after adjusting for sex, MOI, aCCI and GCS, GTOS was a risk predictor of
morbidity (OR 1.07, 95% CI, 1.05–1.09, p<0.001) and mortality (OR 1.04, 95% CI, 1.02–1.06, p<0.001). Patients’ risk
of pulmonary, coagulation disorder, acute kidney dysfunction, cardiovascular, catheter-associated infection, venous
thromboembolic events and gastrointestinal bleeding increased with the increase in GTOS (Table 3).

Factors Associated with Morbidity
After adjusting for significant variables in multivariate analysis, independent predictors of morbidity were age (OR 1.13,
95% CI, 1.06–1.21, p<0.001), ISS (OR 1.08, 95% CI, 1.02–1.15, p=0.013), GCS (OR 0.78, 95% CI, 0.70–0.85, p<0.001)
and BT within 24h (OR 3.31, 95% CI, 1.73–6.59, p<0.001). The results of univariate and multivariate analyses of factors
for morbidity are listed in Table 4.

Factors Associated with Mortality
After adjusting for significant variables in multivariate analysis, independent predictors of mortality were age (OR
1.15, 95% CI, 1.06–1.25, p<0.001), GCS (OR 0.80, 95% CI, 0.71–0.89, p<0.001) and BT within 24h (OR 2.72, 95%

Table 1 Demographic and Hospital Data of 485 Patients

Characteristics Patients, No (%) GTOS P value

All Patients, n=485 Low (n=214) High (n=271)

Age, y; Median (IQR) 68(66–71) 67(66–69) 69(67–72) <0.001

Sex (%) 0.708
Male 361(74.4) 157(73.4) 204(75.3)

Female 124(25.6) 57(26.6) 67(24.7)

MOI (%) 0.331
Vehicle Collision 322(66.4) 148(69.2) 174(64.2)

Fall ≤2 m 95(19.6) 43(20.1) 52(19.2)

Fall >2 m 53(10.9) 18(8.4) 35(12.9)
Other 15(3.1) 5(2.3) 10(3.7)

Comorbidity (%)

Hypertension 137(28.2) 64(29.9) 73(26.9)
Diabetes 93(19.2) 39(18.2) 54(19.9)

Mellites 0.773

COPD 43(8.9) 17(7.9) 26(9.6)
CHD 72(14.8) 28(13.1) 44(16.2)

CVA 27(5.6) 13(6.1) 14(5.2)

aCCI; Median (IQR) 1(0–1) 0(0–1) 1(0–1) 0.343
GCS; Median (IQR) 13(9–15) 15(13–15) 10(6–12) <0.001

Most seriously injured region (%)

Head/Neck 241(49.7) 105(49.1) 136(50.2)
Face 49(10.1) 26(12.1) 23(8.5)

Thorax 171(35.3) 63(29.4) 108(39.9)

Abdomen/Pelvic 118(24.3) 29(13.6) 89(32.8)
Extremity 109(22.5) 49(22.9) 60(22.1)

External 6(1.2) 4(1.9) 2(0.7)
ISS; Median (IQR) 18(14–22) 12(9–14) 22(19–27) <0.001

BTwithin 24 h

BT (%) 144(29.7) 0(0) 144(53.1) <0.001
*BT Units, IU; Median (IQR) 4(4–6) 0(0–0) 4(4–6) <0.001

GTOS, Median (IQR) 117.5(101.0–141.5) 100.0(92.5–106.0) 138.5(122.75–152.0) <0.001

Note: *The median (IQR) of BT Units were calculated in 144 patients who accept BT.
Abbreviations: GTOS, Geriatric Trauma Outcome Score; IQR, inter quartile range; MOI, mechanism of injury; GCS, Glasgow Coma
Score; ISS, Injury Severity Score; aCCI, ageless-Charlson Comorbidity Index; BT, blood transfusion.
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CI, 1.24–6.25, p=0.015). The results of univariate and multivariate analyses of factors for mortality are listed in
Table 5.

ROC Curve and Calibration Curve Analysis
According to the ROC curve, a GTOS of 116 was identified as the most appropriate cutoff point for the prediction of
morbidity, with an AUC of 0.87 (95% CI, 0.84–0.90, Figure 3). For mortality, 123 was the best cutoff value of the GTOS
for the identification of patients at high risk, with an AUC of 0.84 (95% CI, 0.79–0.89, Figure 3). The sensitivity,
specificity, positive predictive value, negative predictive value, positive and negative likelihood ratio and their 95% CI
are listed in Table 6.

The correlation between morbidity or mortality observed and predicted by GTOS is shown in Figures 4 and 5. The
result of the Hosmer-Lemeshow test for morbidity was χ2=10.30, p=0.245. The result of the Hosmer-Lemeshow test for
mortality was χ2=5.12, p=0.745.

Discussion
This study investigated the predictive validity of a new system called the GTOS for the evaluation of morbidity and
mortality in GTPs and found that GTPs with a high GTOS are more likely to have morbidity and mortality than their
counterparts with a low GTOS during hospitalization. What’s more, GTOS can be used as a valid tool to predict the risk
of morbidity and mortality during hospitalization in GTPs, with a high degree of discrimination and calibration.

There are few studies on the association between GTOS and morbidity in GTPs during hospitalization. Our results
demonstrate that the risk of morbidity increases with increasing GTOS after adjusting for age, sex, MOI, aCCI, ISS and
GCS. The proportion of patients experiencing major complications, such as pneumonia, coagulation disorder and acute
kidney injury, was higher in those with high GTOS. GTOS is associated with the likelihood of a surviving GTP’s
discharge destination. As Cook et al reported, the increase in GTOS was accompanied by an increased probability of

Table 2 Incidences of Outcomes

Outcomes Patients, No (%) GTOS p value

All Patients, n=485 Low (n=214) High (n=271)

Morbidity (%)

Any complication 307(63.3) 68(31.8) 239(88.2) <0.001
Pulmonary 191(39.4) 29(13.6) 162(59.8) <0.001

Coagulation disorder 123(25.4) 2(0.9) 121(44.6) <0.001

Acute kidney dysfunction 159(32.8) 25(11.7) 134(49.4) <0.001
Cardiovascular 62(12.8) 6(2.8) 56(20.7) <0.001

Catheter-associated infection 81(16.7) 8(3.7) 73(26.9) <0.001

Gastrointestinal bleeding 35(7.2) 2(0.9) 33(12.2) <0.001
Venous thromboembolic event 126(26.0) 22(10.3) 104(38.4) <0.001

Unplanned admission to ICU 24(4.9) 1(0.5) 23(8.5) <0.001

Unplanned operative intervention 11(2.3) 2(0.9) 9(3.3) 0.123
Unplanned intubation 55(11.3) 3(1.4) 52(19.2) <0.001

LOS, d; Median (IQR) 23(11–35) 16(9–25) 28(17–43) <0.001

GOS-E; Median (IQR) 6(4–8) 8(7–8) 4(3–6) <0.001
Good recovery (7–8)(n,%) 225(46.4) 186(86.9) 39(14.4) <0.001

Moderate recovery (5–6) (n,%) 102(21.0) 23(10.7) 79(29.2) <0.001

Severe disability (3–4) (n,%) 101(20.8) 2(0.9) 99(36.5) <0.001
Vegetative state (2) (n,%) 19(3.9) 1(0.5) 18(6.6) 0.006

All-cause death (1) (n,%) 38(7.8) 2(0.9) 36(13.3) <0.001

Abbreviations: GTOS, Geriatric Trauma Outcome Score; ICU, intensive care unit; LOS, length of stay; GOS-E, Extended Glasgow
Outcome Scale; IQR, interquartile range.
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unfavorable discharge disposition, which implied a loss of independence.8 Similarly, the median GOS-E score in the
high-GTOS group was lower than that in the low-GTOS group. The rates of severe disability and vegetative state in the
high-GTOS group were higher than those in the low-GTOS group, and the high-GTOS group took longer to recover.

It has been reported that a massive transfusion is associated with various adverse complications and that the units of
red blood cells matter when determining the probability of mortality.15,16 Massive amounts of blood transfusion can lead
to a variety of serious complications, such as coagulation dysfunction, immunosuppression, respiratory system damage,
hypothermia, and infection.17 In the calculation of GTOS, the influence of the blood transfusion unit on body function
was ignored while adding a score of 22 regardless of the blood unit transfused. Notably, trauma patients with a high

Figure 2 Scatterplots and regression lines reflecting the linear correlations between GTOS and LOS (dotted line GTOS= 113.5).

Table 3 Multivariable Logistic Regression Predicting the Impact of GTOS

Outcomes OR (95% CI) P value

Complications (%)

Any complication 1.07(1.05–1.09) <0.001

Pulmonary 1.04(1.02–1.05) <0.001
Coagulation disorder 1.07(1.05–1.08) <0.001

Acute kidney dysfunction 1.04(1.03–1.05) <0.001

Cardiovascular 1.04(1.03–1.06) <0.001
Catheter-associated infection 1.04(1.03–1.05) <0.001

Gastrointestinal bleeding 1.05(1.03–1.07) <0.001

Venous thromboembolic event 1.03(1.02–1.04) <0.001
Unplanned admission to ICU 1.04(1.02–1.06) <0.001

Unplanned operative intervention 1.03(1.01–1.06) 0.014

Unplanned intubation 1.03(1.01–1.04) <0.001
All cause death 1.04(1.02–1.06) <0.001

Abbreviations: OR, odds ratios; CI, confidence indexes; ICU, intensive care unit.
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GTOS were transfused with more units of red blood cells than those with a low GTOS. In the formula for the GTOS, 22
points are added if a trauma patient is transfused with red blood cells within 24 h, regardless of the amount transfused. If
patients with similar baseline characteristics require transfusion with different quantities of red blood cells, their
outcomes would likely be different, although their GTOSs would be the same. As a result, the risk of adverse outcomes
may be underestimated by the GTOS, especially for patients who require massive transfusions.15 However, in our study,
the predicted risks of morbidity and mortality by GTOS were not significantly different from the observed frequencies
(Figures 4 and 5).

Table 4 Univariate and Multivariate Analysis of Factors for Morbidity

Factors Univariate Analysis Multivariate Analysis

OR (95% CI) p value OR (95% CI) p value

Age, y 1.11(1.05–1.18) <0.001 1.13(1.06–1.21) <0.001

Sex
Male 1.0 [Reference] 0.748

Female 0.93(0.61–1.43)

MOI
Vehicle collision 1.0[Reference] 1.0 [Reference]

Fall <2 m 0.62(0.39–0.98) 0.040 1.10(0.57–2.14) 0.782

Fall >2 m 2.49(1.25–5.41) 0.014 1.65(0.72–3.98) 0.247
Other 1.59(0.53–5.84) 0.436 1.15(0.30–5.02) 0.841

aCCI 1.06(0.87–1.30) 0.573

ISS 1.26(1.21–1.32) <0.001 1.08(1.02–1.15) 0.013
GCS 0.68(0.63–0.74) <0.001 0.78(0.70–0.85) <0.001

BTwithin 24 h

No 1.0[Reference] 1.0[Reference]
Yes 7.53(4.46–13.44) 3.31(1.73–6.59) <0.001

Abbreviations: OR, odds ratios; 95% CI, 95% confidence intervals; MOI, mechanism of injury; aCCI, ageless-
Charlson Comorbidity Index; ISS, Injury Severity Score; GCS, Glasgow Coma Score; BT, blood transfusion.

Table 5 Univariate and Multivariate Analysis of Factors for Mortality

factors Univariate Analysis Multivariate Analysis

OR (95% CI) p value OR (95% CI) p value

Age, y 1.13(1.06–1.21) <0.001 1.15(1.06–1.25) <0.001

Sex
Male 1.0 [Reference] 0.782

Female 0.90(0.39–1.88)

MOI
Vehicle collision 1.0 [Reference] 1.0 [Reference]

Fall <2 m 0.34(0.08–0.99) 0.083 0.59(0.11–2.35) 0.487

Fall >2 m 1.09(0.36–2.75) 0.861 0.71(0.21–1.97) 0.533
Other 1.62(0.24–6.25) 0.541 1.54(0.22–7.00) 0.610

aCCI 1.06(0.73–1.48) 0.735
ISS 1.15(1.10–1.21) <0.001 1.04(0.96–1.13) 0.315

GCS 0.76(0.69–0.82) <0.001 0.80(0.71–0.89) <0.001

BTwithin 24 h
No 1.0 [Reference] 1.0 [Reference]

Yes 5.46(2.73–11.53) <0.001 2.72(1.24–6.25) 0.015

Abbreviations: OR, odds ratios; 95% CI, 95% confidence intervals; MOI, mechanism of injury; aCCI, ageless-
Charlson Comorbidity Index; ISS, Injury Severity Score; GCS, Glasgow Coma Score; BT, blood transfusion.
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The severity of injury is an important factor that must be considered when trauma outcomes are analyzed. However,
as a one-dimensional description, ISS necessarily disregards the details, and sometimes very different types of injuries
are assigned the same score.18 For example, the severity of traumatic brain injury (TBI) mostly triggers the prognosis of
GTPs.19 The GCS is a strong indicator to assess the severity of TBI. In our sample, 49.7% of GTPs presented TBI with
a head AIS ≥3. The GCS score was also an independent predictor of morbidity and mortality in our study, which is
consistent with the findings of Rupprecht et al, who showed that patients with a GCS score<12 had a twofold increase in
mortality compared with patients with a GCS score≥12 (mortality, 39% vs 83%, respectively).20

The TRISS system was developed in the 1980s as a predictive tool for patient prognosis after trauma. With
advancements in trauma care and improvements in statistical theory, numerous limitations of the TRISS have been
identified. It was found to have high misclassification rates in older patients with severe trauma and head injuries
(ISS>20, age>54 years).21 Moreover, the primary limitation of the TRISS is its reliance on physiological measures,
which are particularly unstable and vary widely on the basis of the quality of out-of-hospital care and time to hospital
presentation, making it unlikely to be a reliable predictor of outcomes across a variety of trauma populations.22

However, given its advantage of durability, the TRISS remains the most well-known prognostic calculator and is
recognized as the gold standard for common trauma patients.18 The GTOS and TRISS function similarly and accurately
for the prediction of the probability of mortality in injured elderly individuals.9,23 Compared with the TRISS, the GTOS

Table 6 Accuracy of Using GTOS to Predict Morbidity and Mortality

Morbidity Mortality

Cutoff value 116 123
AUC (95% CI) 0.87(0.84–0.90) 0.84(0.79–0.89)

Sensitivity (95% CI) 75.57(68.73–85.34) 94.74(86.84–100.00)

Specificity (95% CI) 87.64(83.15–92.15) 63.09(58.84–67.56)
Youden Index (95% CI) 0.63(0.56–0.70) 0.58(0.48–0.65)

PPV (95% CI) 91.43(87.95–94.44) 17.91(15.89–20.11)

NPV (95% CI) 67.56(63.29–72.09) 99.30 (98.16–100.00)
LR+ (95% CI) 6.11(3.90–8.81) 2.57 (2.27–2.61)

LR- (95% CI) 0.28(0.21–0.35) 0.08 (0.00–0.23)

Abbreviations: AUC, area under curve; 95% CI, 95% confidence intervals; PPV, positive
predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative
likelihood ratio.

Figure 3 ROC of GTOS for predicting morbidity and mortality.
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has the advantages of a single formula, fewer variables, and no reliance on data collected in the emergency room or by
other observers.23

The GTOS system is highly accurate for the prediction of mortality, and compared with the AUC (0.69) for the
TRISS reported by Barea-Mendoza JA,9 the GTOS has better predictive validity for all-cause mortality, with an AUC of
0.84 (95% CI, 0.79–0.89) in our data. Similarly, Ahl et al regarded GTOS as a reliable tool for estimating the probability
of dying (AUC 0.88).24 Being confirmed by multicenter external validation in a North American cohort, GTOS predicts
the probability of mortality with a high degree of accuracy (AUC 0.86).7 Moreover, it is also a good predictor of
morbidity, with an AUC of 0.87, which has not previously been reported.

Our study has several limitations. First, it was a retrospective, observational and single-center study. It was impossible
to ensure that all patients received standardized management. The data for this study were exported from trauma registry

Figure 5 Calibration curves comparing the mortality observed with the prediction of GTOS.

Figure 4 Calibration curves comparing the morbidity observed with the prediction of GTOS.
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that rely on manual coding and data entry, so there was no way to ensure that all patients, comorbidities, or outcomes
were captured accurately. Second, we could not determine the functional status of the patients before the injury. This may
have exaggerated the predictive value of the GTOS for the postinjury functional status. Additionally, although useful for
short-term predictions, the predictive value of the GTOS for long-term outcomes in patients who survive to discharge
from the hospital remains unknown due to the lack of data.

Conclusion
Consisting of three variables, the GTOS can accurately evaluate not only in-hospital mortality but also the occurrence of
morbidity, LOS, and functional prognosis in GTPs. This will help us identify patients at high risk on admission. Directing
patients with higher GTOSs to more advanced levels of care will mitigate unanticipated adverse outcomes.

Abbreviations
GTOS, Geriatric Trauma Outcome Score; GTPs, geriatric trauma patients; LOS, length of hospital stay; GOS-E, Extended
Glasgow Outcome Scale; ROC, receiver operating characteristic; AUC, area under the curve; SDs, standard deviations; IQRs,
interquartile ranges; ORs, odds ratios; CIs, confidence indexes;MOI, mechanism of injury; aCCI, ageless-Charlson Comorbidity
Index; ISS, Injury Severity Score; GCS, Glasgow Coma Score; BT, blood transfusion; TBI, traumatic brain injury.
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