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Abstract: The present study aimed to analyze and compare the prognostic performances of the
Revised Trauma Score (RTS), Injury Severity Score (ISS), Shock Index (SI), and Modified Early Warning
Score (MEWS) for in-hospital mortality in patients with traumatic brain injury (TBI). This retrospective
observational study included severe trauma patients with TBI who visited the emergency department
between January 2018 and December 2020. TBI was considered when the Abbreviated Injury Scale
was 3 or higher. The primary outcome was in-hospital mortality. In total, 1108 patients were
included, and the in-hospital mortality was 183 patients (16.3% of the cohort). Receiver operating
characteristic curve analyses were performed for the ISS, RTS, SI, and MEWS with respect to the
prediction of in-hospital mortality. The area under the curves (AUCs) of the ISS, RTS, SI, and MEWS
were 0.638 (95% confidence interval (CI), 0.603–0.672), 0.742 (95% CI, 0.709–0.772), 0.524 (95% CI,
0.489–0.560), and 0.799 (95% CI, 0.769–0.827), respectively. The AUC of MEWS was significantly
different from the AUCs of ISS, RTS, and SI. In multivariate analysis, age (odds ratio (OR), 1.012;
95% CI, 1.000–1.023), the ISS (OR, 1.040; 95% CI, 1.013–1.069), the Glasgow Coma Scale (GCS) score
(OR, 0.793; 95% CI, 0.761–0.826), and body temperature (BT) (OR, 0.465; 95% CI, 0.329–0.655) were
independently associated with in-hospital mortality after adjustment for confounders. In the present
study, the MEWS showed fair performance for predicting in-hospital mortality in patients with TBI.
The GCS score and BT seemed to have a significant role in the discrimination ability of the MEWS.
The MEWS may be a useful tool for predicting in-hospital mortality in patients with TBI.

Keywords: traumatic brain injury; scoring system; modified early warning score; mortality

1. Introduction

Trauma is the leading cause of death in people aged below 46 years [1]. Although the
mortality of trauma patients has declined over the last decades, the cause of trauma-related
death has gradually shifted from multiple organ dysfunction syndrome to central nervous
injury [2]. Therefore, it is important to identify risk factors early and provide intensive care
for patients with traumatic brain injury (TBI).

Several triage tools for TBI have been developed, and studies have reported the
efficacies of these tools for predicting prognosis [3–8]. Among these, the Injury Severity
Score (ISS) and Revised Trauma Score (RTS) are the most commonly used tools in severe
trauma patients, including those with TBI [3,4]. However, the relationship between these
tools and the prognosis of patients with TBI is not well understood, and some studies have
even questioned these relationships [9–11]. The Shock Index (SI), the ratio of heart rate to
systolic blood pressure (SBP), was related to hypovolemic shock in patients with severe
trauma, including TBI [5,6], and may be related to the mortality of patients with TBI [7]. In
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addition, previous studies have reported that early warning scores, such as the Modified
Early Warning Score (MEWS), are related to adverse events, including hypotension and
the need for advanced airway management, need for intensive care, and early mortality in
patients with TBI [8]. However, few studies have shown the association between various
triage tools and outcomes in patients with TBI.

Therefore, this study aimed to analyze and compare the prognostic performances
of the RTS, ISS, SI, and MEWS for in-hospital mortality in patients with TBI. We also
investigated the risk factors associated with in-hospital mortality in patients with TBI.

2. Materials and Methods
2.1. Study Design and Population

We performed a retrospective observational study involving patients with TBI at
Chonnam National University Hospital, Gwangju, South Korea, who were admitted
between January 2018 and December 2020. Severe trauma was defined as an ISS greater
than 15 [12]. TBI was considered when the head Abbreviated Injury Scale (AIS) score was
3 or higher [13]. Isolated TBI was defined as a head AIS score of ≥3 and any other AIS
score of <3 [14]. Combined TBI was defined as a head AIS score of ≥3 and at least one other
AIS score of ≥3 [14]. The following exclusion criteria were applied: age below 18 years;
cardiac arrest following trauma before arrival at the emergency department (ED); specific
trauma mechanisms, such as drowning, burns, or hanging; and missing data. This study
was approved by the institutional review board of Chonnam National University Hospital
(CNUH-2021-064).

Vital sign and Glasgow Coma Scale (GCS) scores were measured by triage nurses who
have received in-hospital education and training in the triage room at ED visits. All the
triage nurses have been working in the ED for at least 2 years before performing triage. The
AIS and ISS scores were calculated by physicians who have received training in Korean
Trauma Assessment and Treatment (KTAT).

2.2. Data Collection

Data on the following variables were obtained for each patient: age, sex, mechanism
of trauma, SBP (mmHg) on admission, respiratory rate on admission, pulse rate on admis-
sion, body temperature (BT, ◦C) on admission, initial Glasgow Coma Scale (GCS) score,
amount of transfused packed red blood cells (PRC), fresh frozen plasma (FFP), and platelet
concentrates (PC) within 24 h after arrival at the ED, and in-hospital mortality.

The RTS was calculated based on vital signs and the GCS score (Table 1) [15]. The SI
was calculated as the heart rate divided by SBP [5]. The AIS score and ISS were calculated
on ED arrival. The MEWS was calculated based on vital signs and AVPU (Alert, Voice,
Pain, Unresponsive) scale data on ED arrival (Table 2) [16]. The primary outcome was
in-hospital mortality.

Table 1. Revised Trauma Score.

The Revised Trauma Score (RTS)

Glasgow Coma Scale
(GCS)

Systolic Blood Pressure
(SBP)

Respiratory Rate
(RR) Coded Value

13–15 >89 10–29 4
9–12 76–89 >29 3
6–8 50–75 6–9 2
4–5 1–49 1–5 1

3 0 0 0
RTS = 0.9368 (GCSc) + 0.7326 (SBPc) + 0.2908 (RRc).
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Table 2. Modified Early Warning Score.

Modified Early Warning Score (MEWS)

Score 0 1 2 3

Respiratory rate (min−1)
9–14 15–20 21–29 ≥ 30

≤ 8

Hear rate (min−1)
51–100 101–110 111–129 ≥ 130

41–50 ≤ 40

Systolic BP (mmHg) 101–199 ≥ 200
81–100 71–80 ≤ 70

Temperature (◦C) 35.1–38.4 ≥ 38.5
≤ 35

Neurological Alert Responding to Voice Responding to Pain Unresponsive
The total score is the sum of each component.

2.3. Statistical Analysis

Continuous variables did not satisfy the normality test and are presented as median
values with interquartile ranges (IQR). Categorical variables are presented as frequencies
and percentages. Differences between survivors and non-survivors were tested using the
Mann-Whitney U-test for continuous variables. Fisher’s exact test or the chi-square test
was used for the comparison of categorical variables, as appropriate. Receiver operating
characteristic (ROC) curve analysis was performed to examine the prognostic performances
of the ISS, RTS, SI, and MEWS for in-hospital mortality. The comparison of dependent ROC
curves was performed using the DeLong method [17].

We conducted multivariate analysis using logistic regression of relevant covariates
for in-hospital mortality. Variables with p values of <0.20 in univariate comparisons were
included in the multivariate regression model. We used a backward stepwise approach,
sequentially eliminating variables with a threshold p value of >0.10 to build the final
adjusted regression model. We included one of the prognostic tools (MEWS, RTS, ISS,
and SI) into the final model and performed the analysis separately in each group (all
TBI, isolated TBI, and combined TBI groups). The results of logistic regression analysis
are presented as odds ratios (ORs) and 95% confidence intervals (CIs). All analyses
were performed using PASW/SPSS™ software, version 18 (IBM Inc., Chicago, IL, USA)
and MedCalc version 19.0 (MedCalc Software, bvba, Ostend, Belgium). A two-sided
significance level of 0.05 was used to indicate statistical significance.

3. Results
3.1. Patient Selection and Characteristics

In total, 1190 severe trauma patients were identified during the study period who met
the inclusion criteria. Based on the exclusion criteria, 1108 patients were finally included
in this study (Figure 1). There were 822 (74.2%) male patients, and the median age was
64.1 years (53.0–75.0 years). The in-hospital mortality rate was 16.5% (n = 183).

3.2. Comparison of Baseline and Clinical Characteristics between Survivors and Non-Survivors

Table 3 shows the comparison of baseline and clinical characteristics between survivors
and non-survivors. Survivors had higher RTS, GCS score, and BT values and lower ISS,
pulse rate, and SI values. SBP was not significantly different between survivors and non-
survivors. The proportion of patients with hypothermia among non-survivors was higher
than that among survivors. The MEWS (2 (1–3) vs. 5 (4–6); p < 0.001) was significantly
lower in survivors than in non-survivors.
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Figure 1. Schematic diagram showing the number of patients with TBI in the present study. TBI,
traumatic brain injury; ISS, Injury Severity Score; AIS, Abbreviated Injury Scale.

Table 3. Comparison of baseline characteristics of TBI patients according to in-hospital mortality.

Variables TBI Patients
(N = 1108)

Survivors
(N = 925)

Non-Survivors
(N = 183) p Value

Age, years, IQR 64.1 (53.0–75.0) 64.0 (53.0–75.0) 67.0 (53.0–76.1) 0.199
Male, n (%) 822 (74.2) 683 (73.8) 139 (76.0) 0.550

Mechanism of trauma 0.416
Blunt, n (%) 1,103 (99.5) 922 (99.7) 181 (98.9)

Penetrating, n (%) 5 (0.5) 3 (0.3) 2 (1.1)
Revised Trauma Score,

IQR 5.97 (5.03–7.84) 5.97 (5.64–7.84) 4.09 (2.83–5.64) <0.001

Injury Severity Score,
IQR 22 (16–25) 21 (16–25) 25 (20–29) <0.001

Glasgow Coma Scale,
IQR 14 (7–15) 15 (10–15) 4 (3–9) <0.001

Systolic BP, mmHg,
IQR 130 (110–140) 130 (110–140) 120 (90–160) 0.050

Respiratory rate,
/min, IQR 20 (20–20) 20 (20–20) 20 (20–22) 0.022

Pulse rate, /min, IQR 84 (74–96) 84 (74–94) 90 (72–104) 0.006
BT, ◦C, IQR 36.4 (36.1–36.7) 36.4 (36.2–36.8) 36.2 (36.0–36.5) <0.001

BT ≤35 ◦C, n (%) 44 (4.0) 17 (1.8) 27 (14.8) <0.001
PRC, unit 0 (0–2) 0 (0–1) 6 (5–12) <0.001
FFP, unit 0 (0–2) 0 (0–0) 4 (2–8) <0.001
PC, unit 0 (0–0) 0 (0–0) 6 (0–10) <0.001

Shock Index 0.65 (0.54–0.82) 0.65 (0.54–0.80) 0.69 (0.54–1.13) 0.002
MEWS 2 (1–4) 2 (1–3) 5 (4–6) <0.001

TBI, traumatic brain injury; IQR, interquartile range; BP, blood pressure; BT, body temperature; PRC, packed red
blood cell; FFP, fresh frozen plasma; PC, platelet concentrates; MEWS, Modified Early Warning Score.

In the isolated TBI group, survivors had higher RTS, GCS score, and BT values and
lower ISS and PR values than non-survivors. The MEWS (2 (1–3) vs. 4 (3–6); p < 0.001) was
significantly lower in survivors than in non-survivors (Table 4).

In the combined TBI group, survivors had higher RTS, GCS score, SBP, and BT values
and lower ISS and SI values than non-survivors. The MEWS (2 (1–4) vs. 6 (5–7); p < 0.001)
was significantly lower in survivors than in non-survivors (Table 4).
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Table 4. Comparison of baseline characteristics according to in-hospital mortality in isolated TBI and combined TBI groups.

Variables

Isolated TBI (N = 845) Combined TBI (N = 263)

Survivors
(N = 720)

Non-Survivors
(N = 125) p Value Survivors

(N = 205)
Non-Survivors

(N = 58) p Value

Age, years, IQR 65 (54–75) 67 (53–78) 0.366 60 (50–71) 65 (53–74) 0.104
Male, n (%) 533 (74.0) 93 (74.4) 1.000 150 (73.2) 46 (79.3) 0.437

Mechanism of
trauma 0.927 0.920

Blunt, n (%) 718 (99.7) 124 (99.2) 204 (99.5) 57 (98.3)
Penetrating, n

(%) 2 (0.3) 1 (0.8) 1 (0.5) 1 (1.7)

ISS, IQR 17 (16–25) 25 (16–25) <0.001 25 (22–29) 31 (25–38) <0.001
RTS, IQR 5.97 (5.64–7.84) 4.09 (2.83–5.97) <0.001 6.38 (5.64–7.84) 4.09 (2.83–5.23) <0.001
GCS, IQR 14 (9–15) 4 (3–10) <0.001 15 (10–15) 4 (3–8) <0.001

SBP, mmHg,
IQR 130 (110–150) 140 (100–160) 0.224 110 (100–130) 90 (70–110) <0.001

RR, /min, IQR 20 (20–20) 20 (20–22) 0.199 20 (20–22) 20 (20–24) 0.086
PR, /min, IQR 82 (72–92) 87 (71–103) 0.046 90 (79–104) 96 (76–110) 0.237

BT, ◦C, IQR 36.4 (36.2–36.8) 36.2 (36.0–36.5) <0.001 36.4 (36.1–36.8) 36.2 (36.0–36.4) <0.001
PRC, unit 0 (0-0) 1 (0–4) <0.001 2 (0–4) 4 (2–10) <0.001
FFP, unit 0 (0-0) 0 (0–2) <0.001 0 (0–2) 3 (0–8) <0.001
PC, unit 0 (0-0) 0 (0–0) <0.001 0 (0–0) 0 (0–0) <0.001
SI, IQR 0.62 (0.53–0.74) 0.63 (0.49–0.87) 0.726 0.81 (0.64–1.00) 1.09 (0.73–1.38) <0.001

MEWS, IQR 2 (1–3) 4 (3–6) <0.001 2 (1–4) 6 (5–7) <0.001

TBI, traumatic brain injury; IQR, interquartile range; ISS, Injury Severity Score; RTS, Revised Trauma Score; GCS, Glasgow Coma Scale; SBP,
systolic blood pressure; RR, respiratory rate; PR, pulse rate; BT, body temperature; PRC, packed red blood cell; FFP, fresh frozen plasma;
PC, platelet concentrates; SI, Shock Index; MEWS, Modified Early Warning Score.

3.3. Prognostic Performance of the ISS, RTS, SI, and MEWS for in-Hospital Mortality

The areas under the curve (AUCs) of the ISS, RTS, SI, and MEWS for predicting in-
hospital mortality were 0.638 (95% CI, 0.603–0.672), 0.742 (95% CI, 0.709–0.772), 0.524 (95%
CI, 0.489–0.560), and 0.799 (95% CI, 0.769–0.827), respectively (Figure 2A).

Figure 2. Receiver operating characteristic curve analyses of the ISS, RTS, SI, and MEWS for predicting in-hospital mortality.
(A) Total TBI group: the AUCs of the ISS, RTS, SI, and MEWS were 0.638 (95% CI, 0.603–0.672), 0.742 (95% CI, 0.709–0.772),
0.524 (95% CI, 0.489–0.560), and 0.799 (95% CI, 0.769–0.827), respectively. (B) Isolated TBI group: the AUCs of the ISS,
RTS, SI, and MEWS were 0.608 (95% CI, 0.574–0.641), 0.750 (95% CI, 0.719–0.778), 0.510 (95% CI, 0.476–0.544), and 0.803
(95% CI, 0.774–0.829), respectively. (C) Combined TBI group: the AUCs of the ISS, RTS, SI, and MEWS were 0.679 (95% CI,
0.619–0.735), 0.824 (95% CI, 0.773–0.868), 0.657 (95% CI, 0.597–0.715), and 0.809 (95% CI, 0.757–0.855), respectively. ISS,
Injury Severity Score; RTS, Revised Trauma Score; SI, Shock Index; MEWS, Modified Early Warning Score; TBI, traumatic
brain injury; AUC, area under curve; CI, confidence interval

The AUC of the MEWS was significantly different from the AUCs of the ISS, RTS, and
SI (Table 5).

In the isolated TBI group, the AUCs of the ISS, RTS, SI, and MEWS for predicting in-
hospital mortality were 0.608 (95% CI, 0.574–0.641), 0.750 (95% CI, 0.719–0.778), 0.510 (95%
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CI, 0.476–0.544), and 0.803 (95% CI, 0.774–0.829), respectively (Figure 2B). The AUC of the
MEWS in the isolated TBI group was significantly different from the AUCs of the ISS, RTS,
and SI (Table 5).

In the combined TBI group, the AUCs of the ISS, RTS, SI, and MEWS for predicting in-
hospital mortality were 0.679 (95% CI, 0.619–0.735), 0.824 (95% CI, 0.773–0.868), 0.657 (95%
CI, 0.597–0.715), and 0.809 (95% CI, 0.757–0.855), respectively (Figure 2C). The AUC of the
MEWS in the combined TBI group was significantly different from the AUCs of the ISS
and SI but not from the AUC of the RTS (Table 5).

Table 5. Pairwise comparison test of the ROC curves including MEWS, RTS, ISS, and SI for in-hospital
mortality in TBI patients.

Difference between Areas SE 95% CI p Value

All TBI group
MEWS vs. RTS 0.0575 0.0218 0.0147 to 0.100 0.0085
MEWS vs. ISS 0.161 0.0297 0.103 to 0.219 <0.0001
MEWS vs. SI 0.275 0.0311 0.214 to 0.336 <0.0001
RTS vs. ISS 0.104 0.0341 0.0368 to 0.170 0.0024
RTS vs. SI 0.217 0.0386 0.142 to 0.293 <0.0001
ISS vs. SI 0.114 0.0403 0.0347 to 0.193 0.0048

Isolated TBI group
MEWS vs. RTS 0.0532 0.0217 0.0106 to 0.0958 0.0144
MEWS vs. ISS 0.195 0.0301 0.136 to 0.254 <0.0001
MEWS vs. SI 0.293 0.0324 0.229 to 0.356 <0.0001
RTS vs. ISS 0.142 0.0332 0.0770 to 0.207 <0.0001
RTS vs. SI 0.240 0.0390 0.163 to 0.316 <0.0001
ISS vs. SI 0.0976 0.0444 0.0107 to 0.185 0.0278

Combined TBI group
MEWS vs. RTS 0.0147 0.0277 −0.0397 to 0.0691 0.5957
MEWS vs. ISS 0.130 0.0433 0.0453 to 0.215 0.0026
MEWS vs. SI 0.152 0.0350 0.0834 to 0.221 <0.0001
RTS vs. ISS 0.145 0.0445 0.0575 to 0.232 0.0011
RTS vs. SI 0.167 0.0479 0.0728 to 0.261 0.0005
ISS vs. SI 0.0220 0.0591 −0.0939 to 0.138 0.7104

MEWS, Modified Early Warning Score; RTS, Revised Trauma Score; ISS, Injury Severity Score; SI, Shock Index;
ROC, receiver operator characteristic; SE, standard error; CI, confidence interval.

3.4. Multivariate Logistic Regression Analysis for in-Hospital Mortality

Table 6 shows the results of the multivariate analysis performed for in-hospital mortal-
ity. In all TBI group, age (OR, 1.013; 95% CI, 1.001–1.025), low GCS score (OR, 0.86; 95% CI,
0.54–0.820), low BT (OR, 0.537; 95% CI, 0.382–0.753), FFP (OR, 1.216; 95% CI, 1.129–1.310),
and PC (OR, 1.018; 95% CI, 1.000–1.037) were independently associated with in-hospital
mortality. In the isolated TBI group, low GCS score (OR, 0.792; 95% CI, 0.754–0.831), low BT
(OR, 0.574; 95% CI, 0.398–0.830), FFP (OR, 1.226; 95% CI, 1.100–1.367), and PC (OR, 1.026;
95% CI, 1.002–1.049) were independently associated with in-hospital mortality (Table 6);
while in the combined TBI group, age (OR, 1.033; 95% CI, 1.007–1.060), low GCS score (OR,
0.759; 95% CI, 0.698–0.824), low BT (OR, 0.424; 95% CI, 0.186–0.965), and PRC (OR, 1.153;
95% CI, 1.061–1.254) were independently associated with in-hospital mortality (Table 6).

Among the prognostic tools assessed, MEWS and RTS were associated with in-hospital
mortality in all TBI, isolated TBI, and combined TBI groups, after adjusting for confounders
(Table 7). ISS and SI were not associated with in-hospital mortality in all TBI, isolated TBI,
and combined TBI groups.
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Table 6. Multivariate logistic regression analysis for predicting in-hospital mortality in TBI patients.

All TBI Group Isolated TBI Group Combined TBI Group

Adjusted OR (95% CI) p Value Adjusted OR (95% CI) p Value Adjusted OR (95% CI) p Value

Age, years 1.013(1.001-1.025) 0.036 1.033 (1.007–1.060) 0.014
GCS score 0.786 (0.754–0.820) <0.001 0.792 (0.754–0.831) <0.001 0.759 (0.698–0.824) <0.001

SBP, mmHg 1.002 (0.997–1.008) 0.428 1.003 (0.992–1.013) 0.616
RR, /min 1.038 (0.966–1.115) 0.315 1.020 (0.931–1.119) 0.670 1.086 (0.965–1.221) 0.173
PR, /min 1.006 (0.997–1.015) 0.203 1.006 (0.995–1.017) 0.324

BT, ◦C 0.537 (0.382–0.753) <0.001 0.574 (0.398–0.830) 0.003 0.424 (0.186–0.965) 0.041
PRC, unit 0.988 (0.897–1.087) 0.802 0.922 (0.814–1.043) 0.196 1.153 (1.061–1.254) 0.001
FFP, unit 1.216 (1.129–1.310) <0.001 1.226 (1.100–1.367) <0.001 1.047 (0.853–1.285) 0.661
PC, unit 1.018 (1.000–1.037) 0.048 1.026 (1.002–1.049) 0.030 1.002 (0.969–1.036) 0.914

TBI, traumatic brain injury; OR, odds ratio; CI, confidence interval; GCS, Glasgow Coma Scale; SBP, systolic blood pressure; RR, respiratory
rate; PR, pulse rate; BT, body temperature; PRC packed red blood cell; FFP fresh frozen plasma; PC, platelet concentrates.

Table 7. Multivariate logistic regression analysis of MEWS, RTS, ISS, and SI for predicting in-hospital mortality in TBI 1 patients.

All TBI Group Isolated TBI Group Combined TBI Group

Adjusted OR (95% CI) p Value Adjusted OR (95% CI) p Value Adjusted OR (95% CI) p Value

MEWS 1.605 (1.470–1.753) 1 <0.001 1.695 (1.519–1.891) 4 <0.001 1.515 (1.302–1.762) 7 <0.001
RTS 0.594 (0.534–0.659) 2 <0.001 0.614 (0.544–0.693) 5 <0.001 0.513 (0.408–0.644) 8 <0.001
ISS 1.014 (0.984–1.045) 3 0.357 1.015 (0.967–1.067) 6 0.543 1.013 (0.964–1.065) 9 0.605
SI 1.385 (0.840–2.282) 3 0.202 1.479 (0.769–2.843) 6 0.241 1.143 (0.469–2.787) 9 0.769

Each prognostic tool was individually entered into the final model and analyzed separately. Each prognostic tool was not adjusted for other
tools. TBI, traumatic brain injury; OR, odds ratio; CI, confidence interval; MEWS, Modified Early Warning Score; RTS, Revised Trauma
Score; ISS, Injury Severity Score; SI, Shock Index; PRC packed red blood cell; FFP fresh frozen plasma; PC, platelet concentrates; GCS,
Glasgow Coma Scale; BT, body temperature. 1 Adjusted for age, FFP, and PC. 2 Adjusted for age, BT, FFP, and PC. 3 Adjusted for age, GCS,
BT, FFP, and PC. 4 Adjusted for FFP, and PC. 5 Adjusted for BT, FFP, and PC. 6 Adjusted for GCS, BT, FFP, and PC. 7 Adjusted for age and
PRC. 8 Adjusted for age, BT, and PRC. 9 Adjusted for age, GCS, BT, and PRC.

4. Discussion

In the present study, the MEWS showed fair performance for predicting in-hospital
mortality in patients with TBI. The GCS score and BT were associated with in-hospital
mortality in all groups, including the total TBI, isolated TBI, and combined TBI groups.

The SI (the ratio of heart rate to SBP) showed poor performance for predicting in-
hospital mortality in the present study. It was assumed that in all groups, SBP and heart
rate had no relationship with the mortality of patients with TBI. McMahon et al. showed
that the SI responded later to hemorrhage in the TBI group compared to the non-TBI group,
and responded later in non-survivors compared to survivors [18]. Moreover, factors such as
medication for hypertension and beta blockers can modulate SI at the compensation stage
of the shock. The ISS was not associated with in-hospital mortality in all TBI, isolated TBI,
and combined TBI groups. An important disadvantage of the ISS is that only one injury is
considered in each body part. Since TBI patients with head AIS score of ≥ 3 were included
in the present study, other injuries could have been overlooked. In contrast, previous
studies have reported the association of ISS with mortality in TBI patients [19,20]. Thus,
further research may be needed to clarify the relationship between ISS and prognosis of
TBI. In this study, the RTS and MEWS were related to the mortality of patients with TBI. A
previous study revealed that the RTS was related to the mortality of patients with TBI [20],
and the MEWS was also likely to be related to the outcomes of patients with TBI in other
studies [8,21]. As both the RTS and MEWS include the GCS score, which was associated
with the prognosis of TBI, they were expected to show good performance for predicting
mortality. However, the MEWS showed better performance than the RTS in the total TBI
and isolated TBI groups in the present study. In our study, BT was associated with mortality
in all groups. As the MEWS includes BT, which is not included in the RTS, the MEWS would
be more accurate in predicting mortality than the RTS. In addition, since RTS includes GCS,
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there may be difficulties in measuring RTS when compared to measurements of MEWS,
including AVPU. In particular, it is challenging to measure GCS-motor or GCS-verbal of
intubated patients.

Several studies have demonstrated that the GCS score was related to the mortality
of patients with TBI [3,22]. In a study by Han et al., a GCS score of ≤5 was associated
with mortality in most groups, and the GCS score of non-survivors was 4 (3–9) in this
study [22]. In another study on patients with TBI, the OR of the GCS score for mortality
was 0.765, similar to that obtained in the present study [3], in which the GCS score of non-
survivors corresponded to the unresponsiveness parameter in the AVPU scale [23]. Thus,
it corresponded to 3 points in the MEWS and was believed to have played an important
role in the performance of the MEWS [16].

Previous studies have revealed that a low BT was associated with mortality in patients
with TBI [24–26]. In patients with severe trauma, including patients with TBI, bleeding
caused hypovolemia, which can lead to lower BT; this accelerates coagulation disorders
and eventually affects prognosis [27]. In contrast, low BT at the time of ED visit was related
to mortality, even though the major injury was limited to a head injury, such as isolated TBI,
in the present study. In other studies on isolated TBI, low BT at admission was associated
with mortality [28,29]. This can be explained by the fact that a low BT at admission in
patients with TBI reflects severe head injury. De Tanti et al. speculated that hypothalamic
dysfunction due to brain injury may contribute to mortality in patients with severe TBI [30].

In the present study, the SBP of patients with isolated TBI was not associated with
in-hospital mortality. A previous study also showed that SBP may be insufficient to predict
the mortality of patients with TBI [31]. This could be attributed to the effect of cerebral
autoregulation in patients with TBI with elevated intracranial pressure (ICP). Cerebral
autoregulation is a homeostatic process that regulates and maintains cerebral blood flow
across a range of blood pressures [32]. Thus, the elevation of ICP increases arterial blood
pressure to maintain the perfusion pressure to the brain [33]. In contrast, SBP was associated
with in-hospital mortality in the combined TBI group in the present study. The reason for
this may be the difference in SBP between the combined TBI (110 (90–130) mmHg) and
isolated TBI (130 (110–150) mmHg) groups. The combined TBI included bleeding from
other body regions, such as the head, as well as head injury; thus, SBP would be lower in
the combined TBI group than in the isolated TBI group. In a study of patients with TBI,
including those with combined TBI, mortality increased when the SBP dropped from 110
to 100 mmHg [34].

This study had several limitations. First, it was a retrospective study that was per-
formed at a single center. Therefore, its findings are not immediately generalizable to the
overall population. Further multi-center studies with larger sample sizes and prospective
designs are needed to substantiate our findings. Second, we did not analyze the effects of
essential procedures (such as interventions, operations, and transfusions) on in-hospital
mortality. Further research is needed to address these effects. Third, the measurements for
vital signs and GCS scores may be inconsistent and vary from person-to-person. Although
triage nurses have been constantly educated and trained, the results may be affected by
individual medical experience. Fourth, we did not specifically record the site of tempera-
ture measurement as BT can vary depending on the region of the body. Thus, this may be
considered as a confounder to our data analyses. Fifth, we did not consider the natural
circadian rhythm of body temperature, although these effects would be limited during
acute illnesses, such as TBI [35]. Sixth, the patient’s clinical condition, such as the effects
of comorbidities and drugs, was not investigated. Since such conditions can affect the
patient’s prognosis, these factors should be included in future research. Finally, we did not
investigate the cause of death in patients with TBI. The most common causes of trauma-
related death are central nervous injury and blood loss, and we did not compare and
analyze the relationship between these causes and the various prediction tools, including
the MEWS.
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5. Conclusions

In the present study, the MEWS showed fair performance for predicting in-hospital
mortality in patients with TBI. The GCS score and BT seemed to have a significant role
in the discrimination ability of the MEWS. Therefore, the MEWS may be a useful tool for
predicting in-hospital mortality in patients with TBI.

Author Contributions: Conceptualization, D.-K.K. and D.-H.L.; methodology, D.-K.K. and D.-H.L.;
software, B.-K.L.; validation, Y.-S.C., S.-J.R., J.-H.L., and J.-H.H.; formal analysis, D.-K.K. and D.-H.L.;
investigation, Y.-S.C., S.-J.R., and Y.-H.J.; data curation, D.-K.K., D.-H.L., and B.-K.L.; writing—
original draft preparation, D.-K.K. and D.-H.L.; writing—review and editing, B.-K.L., Y.-S.C., S.-J.R.,
Y.-H.J., J.-H.L., and J.-H.H.; visualization, Y.-H.J.; supervision, B.-K.L.; project administration, D.-H.L.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by institutional review board of Chonnam National University
Hospital (CNUH-2021-064).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to personal protection.

Conflicts of Interest: The authors have no conflicts of interest.

References
1. Rhee, P.; Joseph, B.; Pandit, V.; Aziz, H.; Vercruysse, G.; Kulvatunyou, N.; Friese, R.S. Increasing Trauma Deaths in the United

States. Ann. Surg. 2014, 260, 13–21. [CrossRef]
2. van Breugel, J.M.M.; Menco, J.S.; Roderick, M.; Rolf, H.H.; Luke, P.H.; Karlijn, J.P. Global changes in mortality rates in polytrauma

patients admitted to the ICU: A systematic review. World J. Emerg. Surg. 2020, 15, 55. [CrossRef]
3. Powers, A.Y.; Pinto, M.B.; Tang, O.Y.; Chen, J.-S.; Doberstein, C.; Asaad, W.F. Predicting mortality in traumatic intracranial

hemorrhage. J. Neurosurg. 2020, 132, 552–559. [CrossRef]
4. Mahadewa, T.G.B.; Golden, N.; Saputra, A.; Ryalino, C. Modified Revised Trauma-Marshall score as a proposed tool in predicting

the outcome of moderate and severe traumatic brain injury. Open Access Emerg. Med. 2018, 10, 135–139. [CrossRef]
5. Zhu, C.S.; Cobb, D.; Jonas, R.B.; Pokorny, D.; Rani, M.; Cotner-Pouncy, T.; Oliver, J.; Cap, A.; Cestero, R.; Nicholson, S.E.; et al.

Shock index and pulse pressure as triggers for massive transfusion. J. Trauma Acute Care Surg. 2019, 87, S159–S164. [CrossRef]
6. Fröhlich, M.; Driessen, A.; Böhmer, A.; Nienaber, U.; Igressa, A.; Probst, C.; Bouillon, B.; Maegele, M.; Mutschler, M.; the

TraumaRegister DGU. Is the shock index based classification of hypovolemic shock applicable in multiple injured patients with
severe traumatic brain injury? An analysis of the TraumaRegister DGU®. Scand. J. Trauma Resusc. Emerg. Med. 2016, 24, 148.
[CrossRef]

7. Wan-Ting, C.; Chin-Hsien, L.; Cheng-Yu, L.; Cheng-Yu, C.; Chi-Chun, L.; Keng-Wei, C.; Jiann-Hwa, C.; Wei-Lung, C.; Chien-Cheng,
H.; Cherng-Jyr, L.; et al. Reverse shock index multiplied by Glasgow Coma Scale (rSIG) predicts mortality in severe trauma
patients with head injury. Sci. Rep. 2020, 10, 1–7. [CrossRef]

8. Martín-Rodríguez, F.; López-Izquierdo, R.; Mohedano-Moriano, A.; Polonio-López, B.; Miquel, C.M.; Viñuela, A.; Fernández,
C.D.; Correas, J.G.; Marques, G.; Martín-Conty, J.L. Identification of Serious Adverse Events in Patients with Traumatic Brain
Injuries, from Prehospital Care to Intensive-Care Unit, Using Early Warning Scores. Int. J. Environ. Res. Public Health 2020, 17,
1504. [CrossRef]

9. Susman, M.; DiRusso, S.M.; Sullivan, T.; Risucci, D.; Nealon, P.; Cuff, S.; Haider, A.; Benzil, D. Traumatic Brain Injury in the
Elderly: Increased Mortality and Worse Functional Outcome At Discharge Despite Lower Injury Severity. J. Trauma Inj. Infect.
Crit. Care 2002, 53, 219–224. [CrossRef]

10. Zafonte, R.D.; Hammond, F.M.; Mann, N.R.; Wood, D.L.; Millis, S.R.; Black, K.L. Revised trauma score: An additive predictor of
disability following traumatic brain injury? Am. J. Phys. Med. Rehabil. 1996, 75, 456–461. [CrossRef]

11. Kehoe, A.; Smith, J.E.; Bouamra, O.; Edwards, A.; Yates, D.; Lecky, F. Older patients with traumatic brain injury present with a
higher GCS score than younger patients for a given severity of injury. Emerg. Med. J. 2016, 33, 381–385. [CrossRef]

12. Baker, S.P.; O’Neill, B.; Haddon, W.; Long, W.B. The injury severity score: A method for describing patients with multiple injuries
and evaluating emergency care. J. Trauma Inj. Infect. Crit. Care 1974, 14, 187–196. [CrossRef]

13. Mellick, D.; Gerhart, K.A.; Whiteneck, G.G. Understanding outcomes based on the post-acute hospitalization pathways followed
by persons with traumatic brain injury. Brain Inj. 2003, 17, 55–71. [CrossRef] [PubMed]

14. Dübendorfer, C.; Billeter, A.T.; Seifert, B.; Keel, M.; Turina, M. Serial lactate and admission SOFA scores in trauma: An analysis of
predictive value in 724 patients with and without traumatic brain injury. Eur. J. Trauma Emerg. Surg. 2012, 39, 25–34. [CrossRef]

http://doi.org/10.1097/SLA.0000000000000600
http://doi.org/10.1186/s13017-020-00330-3
http://doi.org/10.3171/2018.11.JNS182199
http://doi.org/10.2147/OAEM.S179090
http://doi.org/10.1097/TA.0000000000002333
http://doi.org/10.1186/s13049-016-0340-2
http://doi.org/10.1038/s41598-020-59044-w
http://doi.org/10.3390/ijerph17051504
http://doi.org/10.1097/00005373-200208000-00004
http://doi.org/10.1097/00002060-199611000-00011
http://doi.org/10.1136/emermed-2015-205180
http://doi.org/10.1097/00005373-197403000-00001
http://doi.org/10.1080/0269905021000010159
http://www.ncbi.nlm.nih.gov/pubmed/12519648
http://doi.org/10.1007/s00068-012-0212-z


J. Clin. Med. 2021, 10, 1915 10 of 10

15. Kruisselbrink, R.; Kwizera, A.; Crowther, M.; Fox-Robichaud, A.; O’Shea, T.; Nakibuuka, J.; Ssinabulya, I.; Nalyazi, J.; Bonner, A.;
Devji, T.; et al. Modified Early Warning Score (MEWS) Identifies Critical Illness among Ward Patients in a Resource Restricted
Setting in Kampala, Uganda: A Prospective Observational Study. PLoS ONE 2016, 11, e0151408. [CrossRef]

16. Subbe, C.; Kruger, M.; Rutherford, P.; Gemmel, L. Validation of a modified Early Warning Score in medical admissions. Qjm Int. J.
Med. 2001, 94, 521–526. [CrossRef]

17. Delong, E.R.; Delong, D.M.; Clarke-Pearson, D.L. Comparing the Areas under Two or More Correlated Receiver Operating
Characteristic Curves: A Nonparametric Approach. Biometrics 1988, 44, 837. [CrossRef]

18. McMahon, C.G.; Kenny, R.; Bennett, K.; Little, R.; Kirkman, E. The Effect of Acute Traumatic Brain Injury on the Performance of
Shock Index. J. Trauma Inj. Infect. Crit. Care 2010, 69, 1169–1175. [CrossRef]

19. Tucker, B.; Aston, J.; Dines, M.; Caraman, E.; Yacyshyn, M.; McCarthy, M.; Olson, J.E. Early Brain Edema is a Predictor of
In-Hospital Mortality in Traumatic Brain Injury. J. Emerg. Med. 2017, 53, 18–29. [CrossRef]

20. Wagner, A.K.; Hammond, F.M.; Grigsby, J.H.; Norton, H.J. The value of trauma scores: Predicting discharge after traumatic brain
injury. Am. J. Phys. Med. Rehabil. 2000, 79, 235–242. [CrossRef]

21. Najafi, Z.; Zakeri, H.; Mirhaghi, A. The accuracy of acuity scoring tools to predict 24-h mortality in traumatic brain injury patients:
A guide to triage criteria. Int. Emerg. Nurs. 2018, 36, 27–33. [CrossRef] [PubMed]

22. Han, J.X.; See, A.A.Q.; Gandhi, M.; King, N.K.K. Models of Mortality and Morbidity in Severe Traumatic Brain Injury: An
Analysis of a Singapore Neurotrauma Database. World Neurosurg. 2017, 108, 885–893. [CrossRef] [PubMed]

23. Kelly, C.A.; Upex, A.; Bateman, D. Comparison of consciousness level assessment in the poisoned patient using the
alert/verbal/painful/unresponsive scale and the Glasgow coma scale. Ann. Emerg. Med. 2004, 44, 108–113. [CrossRef] [PubMed]

24. Rösli, D.; Schnüriger, B.; Candinas, D.; Haltmeier, T. The Impact of Accidental Hypothermia on Mortality in Trauma Patients
Overall and Patients with Traumatic Brain Injury Specifically: A Systematic Review and Meta-Analysis. World J. Surg. 2020, 44,
4106–4117. [CrossRef]

25. Jeremitsky, E.; Omert, L.; Dunham, C.M.; Protetch, J.; Rodriguez, A. Harbingers of Poor Outcome the Day after Severe Brain
Injury: Hypothermia, Hypoxia, and Hypoperfusion. J. Trauma Inj. Infect. Crit. Care 2003, 54, 312–319. [CrossRef]

26. Gaither, J.B.; Chikani, V.; Stolz, U.; Viscusi, C.; Denninghoff, K.R.; Barnhart, B.; Mullins, T.; Rice, A.D.; Mhayamaguru, M.; Smith,
J.J.; et al. Body Temperature after EMS Transport: Association with Traumatic Brain Injury Outcomes. Prehosp. Emerg. Care 2017,
21, 575–582. [CrossRef]

27. Klauke, N.; Gräff, I.; Fleischer, A.; Boehm, O.; Guttenthaler, V.; Baumgarten, G.; Meybohm, P.; Wittmann, M. Effects of pre-hospital
hypothermia on transfusion requirements and outcomes: A retrospective observatory trial. BMJ Open. 2016, 6, e009913. [CrossRef]

28. Bukur, M.; Kurtovic, S.; Berry, C.; Tanios, M.; Ley, E.J.; Salim, A. Pre-Hospital Hypothermia is Not Associated with Increased
Survival After Traumatic Brain Injury. J. Surg. Res. 2012, 175, 24–29. [CrossRef]

29. Konstantinidis, A.; Inaba, K.; Dubose, J.; Barmparas, G.; Talving, P.; David, J.-S.; Lam, L.; Demetriades, D. The Impact of
Nontherapeutic Hypothermia on Outcomes After Severe Traumatic Brain Injury. J. Trauma Inj. Infect. Crit. Care 2011, 71,
1627–1631. [CrossRef]

30. De Tanti, A.; Gasperini, G.; Rossini, M. Paroxysmal episodic hypothalamic instability with hypothermia after traumatic brain
injury. Brain Inj. 2005, 19, 1277–1283. [CrossRef]

31. Asmar, S.; Chehab, M.; Bible, L.; Khurrum, M.; Castanon, L.; Ditillo, M.; Joseph, B. The Emergency Department Systolic Blood
Pressure Relationship After Traumatic Brain Injury. J. Surg. Res. 2021, 257, 493–500. [CrossRef] [PubMed]

32. Petersen, L.G.; Ogoh, S. Gravity, intracranial pressure, and cerebral autoregulation. Physiol. Rep. 2019, 7, e14039. [CrossRef]
[PubMed]

33. Guild, S.-J.; Saxena, U.A.; McBryde, F.D.; Malpas, S.C.; Ramchandra, R. Intracranial pressure influences the level of sympathetic
tone. Am. J. Physiol. Integr. Comp. Physiol. 2018, 315, R1049–R1053. [CrossRef] [PubMed]

34. Spaite, D.W.; Hu, C.; Bobrow, B.J.; Chikani, V.; Sherrill, D.; Barnhart, B.; Gaither, J.B.; Denninghoff, K.R.; Viscusi, C.; Mullins, T.;
et al. Mortality and Prehospital Blood Pressure in Patients With Major Traumatic Brain Injury: Implications for the Hypotension
Threshold. JAMA Surg. 2017, 152, 360–368. [CrossRef] [PubMed]

35. Smith, C.M.; Adelson, P.D.; Chang, Y.-F.; Brown, S.D.; Kochanek, P.M.; Clark, R.S.B.; Bayir, H.; Hinchberger, J.; Bell, M.J. Brain-
systemic temperature gradient is temperature-dependent in children with severe traumatic brain injury. Pediatr. Crit. Care Med.
2011, 12, 449–454. [CrossRef]

http://doi.org/10.1371/journal.pone.0151408
http://doi.org/10.1093/qjmed/94.10.521
http://doi.org/10.2307/2531595
http://doi.org/10.1097/TA.0b013e3181cc8889
http://doi.org/10.1016/j.jemermed.2017.02.010
http://doi.org/10.1097/00002060-200005000-00004
http://doi.org/10.1016/j.ienj.2017.08.003
http://www.ncbi.nlm.nih.gov/pubmed/28965751
http://doi.org/10.1016/j.wneu.2017.08.147
http://www.ncbi.nlm.nih.gov/pubmed/28867312
http://doi.org/10.1016/j.annemergmed.2004.03.028
http://www.ncbi.nlm.nih.gov/pubmed/15278081
http://doi.org/10.1007/s00268-020-05750-5
http://doi.org/10.1097/01.TA.0000037876.37236.D6
http://doi.org/10.1080/10903127.2017.1308609
http://doi.org/10.1136/bmjopen-2015-009913
http://doi.org/10.1016/j.jss.2011.07.003
http://doi.org/10.1097/TA.0b013e3182159e31
http://doi.org/10.1080/02699050500309270
http://doi.org/10.1016/j.jss.2020.07.062
http://www.ncbi.nlm.nih.gov/pubmed/32916502
http://doi.org/10.14814/phy2.14039
http://www.ncbi.nlm.nih.gov/pubmed/30912269
http://doi.org/10.1152/ajpregu.00183.2018
http://www.ncbi.nlm.nih.gov/pubmed/30207755
http://doi.org/10.1001/jamasurg.2016.4686
http://www.ncbi.nlm.nih.gov/pubmed/27926759
http://doi.org/10.1097/PCC.0b013e3181f390dd

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Data Collection 
	Statistical Analysis 

	Results 
	Patient Selection and Characteristics 
	Comparison of Baseline and Clinical Characteristics between Survivors and Non-Survivors 
	Prognostic Performance of the ISS, RTS, SI, and MEWS for in-Hospital Mortality 
	Multivariate Logistic Regression Analysis for in-Hospital Mortality 

	Discussion 
	Conclusions 
	References

