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Abstract 

Introduction This study aimed to evaluate the predictive accuracy of the prehospital rapid emergency medicine 
score (pREMS) for predicting the outcomes of hospitalized patients with traumatic brain injury (TBI) who died, were 
discharged, were admitted to the intensive care unit (ICU), or were admitted to the operating room (OR) within 72 h.

Methods A retrospective cohort analysis was performed on a sample of 513 TBI patients admitted to the emergency 
department (ED) of Besat Hospital in 2023. Only patients of both sexes aged 18 years or older who were not preg-
nant and had adequate documentation of vital signs were included in the analysis. Patients who died during trans-
port and patients who were transferred from other hospitals were excluded. The predictive power of the pREMS 
for each outcome was assessed by calculating the sensitivity and specificity curves and by analyzing the area 
under the receiver operating characteristic curve (AUROC).

Results The mean pREMS scores for hospital discharge, death, ICU admission and OR admission were 11.97 ± 3.84, 
6.32 ± 3.15, 8.24 ± 5.17 and 9.88 ± 2.02, respectively. pREMS accurately predicted hospital discharge and death 
(AOR = 1.62, P < 0.001) but was not a good predictor of ICU or OR admission (AOR = 1.085, P = 0.603). The AUROCs 
for the ability of the pREMS to predict outcomes in hospitalized TBI patients were 0.618 (optimal cutoff point = 7) 
for ICU admission and OR and 0.877 (optimal cutoff point = 9.5) for hospital discharge and death at 72 h.

Conclusion The results indicate that the pREMS, a new preclinical trauma score for traumatic brain injury, is a useful 
tool for prehospital risk stratification (RST) in TBI patients. The pREMS showed good discriminatory power for predict-
ing in-hospital mortality within 72 h in patients with traumatic brain injury.
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Introduction
Traumatic brain injuries (TBIs) pose a major challenge 
to the healthcare system, as evidenced by the staggering 
number of hospitalizations and deaths in recent years. 
In 2020, 214,110 hospitalizations related to TBIs were 
reported, and by 2021, 69,473 people had died as a result 
of these injuries [1]. In industrialized countries, the mor-
tality rate for TBI within the first month after injury is 
approximately 21%, but in developing countries, this rate 
rises to 50% [2]. A systematic study carried out in Iran 
showed that most injuries in accidents are concentrated 
on the head and not on other organs [2]. Emergency 
medical technicians (EMTs) are responsible for the rec-
ognition and timely assessment of brain injury, effective 
triage, initiation of interventions, and stabilization and 
transport of patients to appropriate healthcare facilities, 
which can reduce mortality and long-term disability rates 
[3, 4]. The fact that EMTs have to make important deci-
sions on the basis of sparse information and an unclear 
medical history is one of the greatest obstacles in the pre-
hospital treatment of patients with TBI [5–7]. Accurate 
and reliable data on patients with TBI in the initial phase 
of emergency care are essential. This information not 
only helps to identify severely affected patients but also 
to predict their future health outcomes. In addition, it 
provides emergency services with important knowledge 
that enables them to make informed clinical decisions 
[8, 9]. The implementation of this approach leads to an 
efficient distribution of resources, enhances the utiliza-
tion of prehospital assets, maximizes the timely admin-
istration of critical treatments, advances the overall level 
of care provided to patients with TBI, and prompts the 
immediate mobilization of hospital rapid response teams 
within the prehospital environment [10].

Given the importance of informed decision-making, it 
is essential to explore tools to help EMTs make accurate 
and safe clinical decisions in patients with TBI. There-
fore, any tool that accelerates and improves diagnostic 
accuracy, provides the ability to raise the alarm for criti-
cal illness, promotes a safe prehospital environment, 
and facilitates efficient triage and decision-making when 
transferring a TBI patient to the hospital must be consid-
ered [8, 11–14]. Traditional single methods (such as the 
GCS and AVPU) for assessing TBI severity have limita-
tions and often need to be considered, along with other 
physiological measurements [15, 16]. In 2003, the Rapid 
Emergency Medicine Score (REMS) was created as an 
early warning system (EWS) to forecast the risk of in-
hospital death in patients without trauma [17]. It includes 
several physiological variables, including age, mean 
arterial pressure (MAP), heart rate (HR), respiratory 
rate (RR), pulse oxygen saturation (SpO2), and Glasgow 
Coma Scale (GCS) score. The cumulative score derived 

from these variables is used to predict patient outcomes, 
identify patients at risk of deterioration, and direct medi-
cal attention to vital signs [18]. The use of REMS can 
improve care, reduce resource utilization, and improve 
treatment effectiveness, which particularly supports 
patient prognosis [19–21].

A consensus regarding the most suitable EWS for pre-
dicting the outcomes of TBI patients in a prehospital 
setting in Iran has yet to be reached. To address this con-
cern, we utilized the pREMS system in this study because 
of its adaptability and regular employment of vital signs 
in Hamedan Province. Consequently, this study aimed to 
assess the predictive efficacy of the pREMS for determin-
ing the outcomes of hospitalized patients with TBI.

Materials and methods
Study design and participants
The authors of this retrospective observational cohort 
study were conducted from March 21, 2023, to Septem-
ber 23, 2023. The participants included prehospital TBI 
patients admitted to the emergency department (ED) of 
an urban teaching hospital in Hamadan Province (Level 1 
trauma center), Iran. To minimize bias, patients with TBI 
without other injured body parts who were transported 
by EMTs and patients of both sexes aged ≥ 18 years who 
were not pregnant and who had adequate documenta-
tion of vital signs were included in the calculation of 
pREMS and ED outcomes. Patients who died during 
transportation or were transferred from other hospitals 
were excluded from the study. The primary objective of 
this study was to evaluate the accuracy of the pREMS in 
predicting the overall health status of patients who were 
discharged or died within 72 h of hospitalization (Fig. 1). 
The secondary endpoint focused on patients admitted to 
the hospital, including those admitted to the operating 
room (OR) or intensive care unit (ICU).

Data collection
All ambulances used prehospital medical records, includ-
ing patient information and vital signs. The outcomes 
of the TBI patients were retrospectively extracted from 
the prehospital and ED electronic medical records by 
two authors who were blinded to the outcomes of the 
TBI patients. According to the Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-5) [22], head 
injury or other mechanisms involving rapid movement 
or displacement of the brain within the skull are diag-
nostic criteria for patients with traumatic brain injury 
(TBI). Other criteria include loss of consciousness, post-
traumatic amnesia, disorientation and confusion, and 
neurological signs (e.g., visual field cuts, anosmia (loss 
of smell), hemiparesis, new onset of seizures, or marked 
worsening of an existing seizure disorder). Therefore, 
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all the collected data related to any of the above symp-
toms were collected from prehospital patients with TBI. 
The collected data included information on the compo-
nents of the pREMS tool routinely recorded during the 
transport and care of patients with TBI in the prehospital 
emergency system in Hamadan Province. In addition, to 
determine the dependent variables in the present study 
(the final outcome of patients in the hospital), data were 
retrospectively collected using the HIS system to deter-
mine the number of patients with TBI admitted to the 
ED of Hamedan Besat Hospital. Age and physiologi-
cal components such as MAP, HR, RR, SpO2, and GCS 
were assessed according to the pREMS scoring scheme 
(Table 1).

The total pREMS score was calculated by summing the 
scores, with a maximum of 26. Higher scores indicate a 
worse prognosis. A previous study served as the basis for 
calculating the sample size [23]. In this study, the REMS 
AUC was 0.909. Using this value as a benchmark, a δ 

value of 0.05, and a significance level of 5%, the minimum 
sample size was 95 patients. However, to increase the 
power, we included 429 samples in the present study. The 
formula used is:

Ethical considerations
The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Research Ethics 
Committee of the Asadabad School of Medical Sciences 
(IR.ASAUMS.REC.1402.020). Owing to the retrospective 
nature of the study, the absence of any intervention, and the 
consideration of  a unique code for each participant that 
anonymized the statistical analysis, obtaining informed 

N =

1− AUC

2

Z
α

2

δ

2

Fig. 1 Inclusion and exclusion criteria used in the study. EMS: Emergency medical system, TBI: Traumatic barin injury, O2sat: Oxygen saturation, DBP: 
Diastolic blood pressure
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consent was not necessary in the opinion of the Ethics 
Committee of the Asadabad School of Medical Sciences.

Data analysis
Continuous variables are described using means and stand-
ard deviations (SDs), whereas categorical variables are 
described using frequencies and percentages. Based on 
previous research, we assumed that hospital discharge or 
death would occur three days after the event [18, 24]. The 
primary objective of this study was to create a dichotomous 
variable for the outcomes of hospitalized TBI patients 
who died compared with those discharged from the hos-
pital within 72 h. For the secondary objective, we created 
a dichotomous variable that included patients admitted to 
the ICU or OR. Parametric tests, such as the χ2 test for cat-
egorical variables and t test for continuous variables, were 
used. Spearman’s test was used to assess correlations. Uni-
variate and multivariate logistic regression analyses were 
conducted to estimate the odds ratio, adjusted odds ratio, 
and 95% confidence interval for the pREMS scores in rela-
tion to the primary and secondary in-hospital TBI out-
comes (hospital discharge or death within 72  h and ICU 
or OR admission, which allowed for the calculation of the 
odds ratio). The overall predictive power of the pREMS 
for each outcome was assessed using the area under the 
receiver operating characteristic curve (AUROC). The pri-
mary and secondary endpoints had corresponding sensi-
tivity and specificity curves, respectively. The Youden test 
was used to determine the optimal pREMS cutoff point. 
Calibration and Hosmer–Lemshaw tests were also used to 
assess calibration. Nagelkerke’s R-squared value was also 
used to evaluate the overall performance of the model. 
Statistical significance was defined as P < 0.05. All analyses 
were performed using SPSS 21 and XLSTAT 2018.

Results
In this study, TBIs were caused by motorcycle accidents 
(38.2%, 196 cases), car accidents (38.12%, 140 cases), 
falls (16.00%, 82 cases), pedestrians (16.8%, 86 cases), 

and conflicts (1.08%, 9 cases). Among the patients, 
87.91% (451) were discharged from the hospital within 
72  h (mean age 48.37 ± 20.28  years, 45.3% of whom 
were men), while 7.21% (37) died within 72 h (mean age 
54.57 ± 20.38 years, 57% of whom were men). Among the 
4.9% (25) of patients discharged from the ED, 3.11% (16) 
and 1.75% (9) were admitted to the ICU and OR, respec-
tively (Fig. 2).

In summary, Table  2 provides a comprehensive over-
view of the demographic and clinical characteristics of 
the TBI patients, including the distribution of TBI causes, 
age, sex, and their associations with various clinical out-
comes. According to the REMS vital signs criteria (REMS 
components), the median PRs at hospital discharge and 
death were 92 and 130 beats/minute, respectively. The 
median RRs were 21 and 30 breaths per minute, and the 
MAPs were 70 and 91 mm Hg at hospital discharge and 
death, respectively. In addition, the median GCS score 
was lower in patients who were discharged from the hos-
pital than in those who were discharged (9 vs. 12).

Table  3 shows the results of the analyses performed 
using multivariate logistic regression, focusing on 
pREMS and patient outcomes. Consistent with the 
primary objectives, pREMS was found to have an 
impact on hospital discharge and death (AOR = 1.62, 
P < 0.001). Conversely, pREMS was not a good pre-
dictor of admission to the ICU for patients with TBI, 
nor was it a predictor of OR (AOR = 1.085, P = 0.603). 
The initial pREMS overall AUROC was 0.877 (95% CI: 
0.829–0.927) for hospital discharge and death within 
72 h (Fig. 4) and 0.618 (95% CI: 0.395–0.841) for admis-
sion to the ICU and admission to the OR as indicators 
for predicting hospital outcomes of patients with TBI 
(Fig. 5). Based on sensitivity and specificity curve analy-
ses, a mean pREMS of 9.5 was identified as the optimal 
statistical cutoff point for predicting hospital discharge 
(OR, 1.602; 95% CI: 2.79–2.87) (Table  4). For predict-
ing admission of patients to the ICU and OR, the Rock 
curve showed a value of 7 as the best cutoff value for 

Table 1 REMS Scoring System

MAP Mean arterial pressure (mmHg), PR Pulse Rate, RR Respiratory Rate, GCS Glasgow Coma Scale Data analysis

Lower abnormal threshold Higher abnormal threshold

Variable  + 4  + 3  + 2  + 1 0  + 1  + 2  + 3  + 4

MAP  < 50 50–69 70–109 110–129 130–159  > 159

PR (beats/min)  < 40 40–54 55–69 70–109 110–139 140–179  > 179

RR (breaths/min)  < 6 6–9 10–11 12–24 25–34 35–49  > 49

O2 Saturation (%)  < 75 75–85 76–89  > 89

GCS  < 5 5–7 8–10 11–13  > 13

Points to age have been assigned as follows (age, points): < 45,0; 45–54, 2; 55–64, 3; 66–74, 5; > 74, 6
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the pREMS for predicting admission of TBI patients to 
the ICU or OR (AUROC = 0.618, OR = 1.264).

Additionally, univariable logistic regression analy-
sis revealed that age, O2SAT (oxygen saturation) at 

hospital discharge and death within 72  h were not 
statistically significant (p values of 0.36 and 0.48, 
respectively).

Fig. 2 ED dispersion of the TBI patient sample (mean ± SD). ICU: intensive care unit, OR: operating room, REMS: Rapid Emergency Medicine Score. 
Prehospital REMS are presented as the mean ± SD

Table 2 Demographics of prehospital Rapid Emergency Medicine Score (pREMS) and TBI patient outcomes (N = 513) (classification 
according to the REMS scoring system)

TBI Traumatic brain injury, MAP Mean arterial pressure, HR Heart rate, RR Respiratory rate, GCS Glasgow Coma Scale, O2 Sat Oxygen saturation, BPM Beats per minute, 
pREMS Prehospital Rapid Emergency Score

Characteristic ICU admitted
N = 16 (3.11%)

OR admitted
N = 9 (1.75%)

Discharge from the 
hospital 72 h
N = 451 (87.91%)

Died within 72 h
N = 37 (7.21%)

pREMS (Mean ± SD) TBI Cause Car accident 7.12 ± 2.10 5.40 ± 4.27 6.76 ± 3.6 6.11 ± 3.14

Motorcycle 7.60 ± 6.18 10.00 ± 0.00 6.85 ± 3.62 7.25 ± 3.130

Falling 3.5 ± 0.70 6.00 ± 0.00 6.67 ± 3.17 7.33 ± 3.07

Pedestrians 6.00 ± 0.00 6.00 ± 0.00 7.37 ± 3.95 8.83 ± 3.31

Conflict - 6.55 ± 1.66 7.00 ± 1.06 -

Age (years)  < 45 7.50 ± 4.65 4.714 ± 2.92 6.90 ± 3.53 7.41 ± 3.62

45 – 54 7.00 ± 3.39 7.00 ± 0.00 7.49 ± 4.08 7.5 ± 3.39

55 – 64 6.00 ± 1.41 12.00 ± 0.00 6.53 ± 3.30 6.83 ± 1.60

65 – 74 5.50 ± 0.70 - 6.46 ± 2.96 7.50 ± 3.11

 > 74 5.50 ± 3.53 - 6.75 ± 3.87 6.60 ± 4.09

Sex Female 5.66 ± 1.86 5.83 ± 3.43 7.05 ± 3.16 7.38 ± 3.16

Male 7.40 ± 4.50 5.66 ± 4.50 6.80 ± 3.50 7.062 ± 3.19

Total pREMS (Mean ± SD) 9.88 ± 2.02 8.24 ± 5.17 6.32 ± 3.15 11.97 ± 3.84
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However, the comparisons of heart rate (HR), res-
piratory rate (RR), mean arterial pressure (MAP) and 
Glasgow Coma Scale (GCS) score with pREMS at 
hospital discharge and death within 72  h were statis-
tically significant (p = 0.037, 0.039, 0.047 and 0.002, 
respectively). Furthermore, after adjusting for multi-
ple factors, the GCS score proved to have the strong-
est predictive power for hospital discharge (odds ratio, 
0.52; 95% CI, 0.48–0.56; P < 0.001).

Therefore, we observed a clear pattern of increased 
mortality rates with increasing pREMS scores (Fig. 3). 
Specifically, the mortality rate was 1.5-fold greater for 
those with a pREMS score above 5, while the mortality 
rate was 7.5-fold greater for those with a score above 
10. Overall, however, people with a pREMS > 15 had a 
significantly greater mortality rate (66.66-fold).

Discussion
Our study revealed that patients who arrived at the 
ED with lower pREMS were more likely to survive and 
be discharged from the hospital within 72  h. Approxi-
mately 3.3% (17) of the EMS TBI patients in our study 
started with a pREMS of zero. Interestingly, nearly 69% 
of patients had a lower pREMS than other TBI patients 
when they were discharged from the hospital after less 
than 72 h (Table 2). In contrast, only a very small propor-
tion of patients (less than 0.4%, especially two patients) 
had initial pREMS values of 20 and 21; none of them 
were discharged from the hospital within 72 h, and they 
eventually died. Therefore, we observed a clear pattern 
of increased mortality rates with increasing pREMS 
scores (Fig. 3). Specifically, the mortality rate was 1.5-fold 
greater for those with a pREMS score above 5, while the 

Table 3 Multivariate logistic regression for prehospital rapid emergency medicine score (pREMS) in the outcome of TBI patients

ICU Intensive Care Unit, OR Operation Room, CI Confidence Interval, OR Odds ratio, AOR Adjusted odds ratio  (adjusted1 for ICU admitted, OR admitted,  adjusted2 for 
discharge from hospital 72 h, died within 72 h), a; referenc

Outcomes Dependent Variable Adjusted1,2

B Wald p value Exp (B) CI for Exp (B)

Primary OR  admitteda

ICU admitted 0.082 0.271 p = 0.603 1.085 0.798–1.477

Secondary Discharge from the hospital 72 ha

Died within 72 h -0.480 52.366 p<0.001 0.619 0.543–0.705

Table 4 Prehospital Rapid Emergency Medicine Score (pREMS) cutoff point for TBI patient outcomes

The confidence intervals for the CI and AUROC, which represent the area under the receiver operating characteristic curve (PPV), are also known as the positive 
predictive value (NPV) or negative predictive value (NPV), the positive likelihood ratio is referred to as the likelihood ratio + , and the negative likelihood ratio is known 
as the likelihood ratio − 

Primary Objective Secondary Objective
pREMS Scores Hospital discharge (72 h)

VS Died (72 h)
Operation room Versus 
(72 h) ICU Admission 
(72 h)

Optimal Cutoff 9.5 7

AUROC 0.877 0.618

Sensitivity 0.944 (0.807, 0.993) 0.889 (0.540, 0.998)

Specificity 0.658 (0.612, 0.700) 0.375 (0.185, 0.615)

NPV 0.184 0.857

PPV 0.993 0.444

Likelihood ratio + 11.837 1.422

Likelihood ratio - 0.363 0.296

Odd Ratio 1.602 1.264

Accuracy 0.679 0.560

Hosmer‒Lemeshow Test 0.560 0.73

Nagelkerke’s R-Square (%) 0.015 0.377
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mortality rate was 7.5-fold greater for those with a score 
above 10. Overall, however, people with a pREMS > 15 
had a significantly greater mortality rate (66.66-fold).

In accordance with the main objective of our study, the 
results showed that the mean pREMS was significantly 
different between patients who were discharged from the 
hospital (6.32 ± 3.15) and those who died (11.97 ± 3.84). 
These results showed a correlation between increased 
mortality and a greater pREMS, such that for every one-
degree increase in pREMS, the probability of dying in 
the hospital within 72  h increased 1.62-fold (pREMS of 
26 points) (Table 3). This emphasizes the importance of 
early risk stratification and the potential of pREMS to 
support clinical decision making and resource allocation 
in prehospital settings.

Unfortunately, few studies have examined the impact of 
pREMS tools on hospital outcomes in patients with pre-
hospital TBI. According to Olsson et  al., who also sup-
ported our results, a one-point increase in the 26-point 
REMS was associated with an OR of 1.40 for in-hospital 
death in all age groups and in both main patient groups 
of sex (dyspnea, diabetes, coma, chest pain and stroke) 
[25]. Crowe et  al. showed that the overall patient death 
rate can be predicted based on the early prehospital risk 
of early REMS [26]. In a study conducted at multiple 
centers, Ruangsomboon et al. assessed the efficacy of the 
REMS, along with three other EWSs, in predicting the 
probability of mortality among COVID-19 patients in 
the ED [27]. The findings demonstrated that the REMS 
displayed superior prognostic accuracy, surpassing the 
ability of the quick Sequential Organ Failure Assess-
ment (QSOFA), Modified Early Warning Score (MEWS), 
and National Early Warning Score (NEWS) to predict 

in-hospital mortality among COVID-19 patients in the 
ED. In addition, a study evaluating the accuracy of the 
REMS and simple clinical score (SCS) in predicting sepsis 
severity and ED mortality rates revealed that the REMS 
was more accurate (88.6%) than the SCS tool (76.7%) 
[28]. Therefore, the above results, together with those 
of our study, suggest that the REMS could be useful as a 
risk stratification tool in the prehospital setting to iden-
tify patients who may require closer monitoring or more 
intensive care, thereby affecting outcomes and resource 
allocation.

Our study’s second goal revealed that the pREMS tool 
could not differentiate between patients admitted to the 
OR and those admitted to the ICU. Furthermore, mul-
tivariate logistic regression revealed a 0.08% probability 
of being admitted to the ICU or OR for each increase 
in the pREMS score compared to other TBI patients 
(Table 2). After reviewing the relevant literature, no study 
has examined the effects of pREMS on the admission 
of patients with TBI to the ICU or OR. However, Pan-
dey et al. reported a substantial correlation between the 
NEWS and ICU admission. They found that as the NEWS 
increased, the likelihood of ICU admission increased sig-
nificantly [29]. In addition, these studies examined the 
ability of the Quick Sepsis-Related Organ Failure Assess-
ment (QSOFA) to predict ICU admission. The NEWS 
showed a slightly greater accuracy (AUROC, 0.67) than 
the qSOFA (AUROC, 0.61) [30, 31]. Additionally, Inno-
centi et  al. reported a significant association between 
ICU admission and various EWSs (MEWS, qSOFA, CCI, 
SOFA, APACHE II and MEDS), all of which strongly cor-
related with ICU admission in this patient population 
(p < 0.05) [32].

Fig. 3 The mortality survival rate of hospitalized patients who sustained trauma within 72 h decreased as the use of the code tool increased
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In terms of the main objective of the present study, 
the initial pREMS demonstrated an overall area under 
the receiver operating characteristic curve (AUROC) of 
0.877 (0.829–0.927) (Fig. 4), indicating that it is a reliable 
tool for predicting in-hospital outcomes for TBI patients. 
In contrast, the AUROC was not suitable for predicting 
the pRMES when patients were admitted to the  ICU or 
the OR was 0.618 (Fig.  5). Similar to our study, the 
research conducted by Olsson divided patients into three 
main groups: high risk of mortality (REMS > 13), mod-
erate risk of mortality (6 < REMS < 13), and low risk of 
mortality (REMS < 6) [17, 25]. Each increase in the REMS 
score beyond 13 led to a corresponding increase in the 
patient mortality rate, ranging from 7.8% to 17.1%. Over-
all, the results of this study support the effectiveness of 
the REMS in accurately predicting mortality outcomes 
and hospitalization duration in nonsurgical patients in 
the ED.

The significance of monitoring vital signs with high 
accuracy, especially in patients with TBI, was empha-
sized in this study. Oxygen saturation (O2SAT) was the 
least reliable predictor of mortality (OR: 0.48, 95% CI: 

0.44, 0.52), whereas the Glasgow Coma Scale (GCS) 
score was the most reliable (odds ratio [OR] 0.52, 95% 
confidence interval [CI] 0.48–0.56). The predictive 
value of the GCS is derived from its capacity to provide 
insightful data on a patient’s neurological condition 
[33]. Our findings revealed the following differences 
in median GCS scores: patients with pREMS scores of 
3–5 who died had a median GCS score 1.9 points lower 
than that of patients who were discharged within 72 h 
(p < 0.0001). Patients with a mean pREMS of 11.97 who 
died had a median GCS score of 9.

points lower than those who were discharged within 
72  h (p < 0.0001). A lower GCS score indicates more 
severe brain injury and a greater likelihood of poor 
outcomes such as death or prolonged hospitaliza-
tion. The adjusted odds ratio of 0.32 suggested that for 
every one-point increase in the GCS score, the odds of 
hospital discharge than death within 72  h decreased 
by 1.92-fold. This indicates that a higher GCS score is 
associated with a better prognosis. This result is in line 
with those of other studies [34–36].

Fig. 4 The area under the ROC curve (AUROC) shows how well the first prehospital REMS predicts whether a patient will die within 72 h or be 
discharged from the emergency department (ED)
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Understanding the relationship between pREMS and 
in-hospital TBI outcomes empowers EMTs to make 
informed decisions regarding patient care, resource uti-
lization, and long-term care planning, fostering a com-
prehensive approach to TBI management that prioritizes 
personalized evidence-based interventions [37]. By inte-
grating pREMS into clinical practice guidelines and deci-
sion support systems, EMTs can leverage their predictive 
insights to optimize TBI patient care pathways, improve 
resource allocation, and enhance the quality of life of TBI 
survivors. The transformative impact of pREMS on in-
hospital TBI outcomes heralds a new era of personalized, 
data-driven care for patients with TBI, setting the stage 
for continued advancements in emergency medicine and 
prehospital care. Moreover, the potential applications 
of pREMS in prehospital settings extend to the realm of 
telemedicine and mobile health technologies, where the 
incorporation of pREMS into digital platforms and deci-
sion support algorithms can enhance the remote assess-
ment and triage of TBI patients in resource-limited or 
austere environments. Furthermore, by using pREMS as 
a  prognostic  tool in telemedicine initiatives, healthcare 

providers can extend  their  critical care expertise to 
remote locations, enabling timely interventions and opti-
mized  transfer protocols for TBI patients in rural or 
underserved areas. As future research  efforts  continues 
to refine the predictive algorithms and applications of 
pREMS in preclinical settings,  the potential for a trans-
formative impact on TBI care and patient outcomes 
remains promising. The acceptance of pREMS as a useful 
tool for predicting TBI outcomes opens up the possibility 
for future research to enhance its prediction algorithms. 
This could involve assessing the usefulness of incorporat-
ing the mechanism of injury into the score and exploring 
its potential integration into cutting-edge technologies 
and decision-making systems.

Our study has several limitations. First, we excluded 
the records of patients from our study who lacked the 
data required to calculate trauma scores. Second, the 
pREMS scores were unable to distinguish between mor-
tality directly attributable to the trauma and mortality 
indirectly attributable to subsequent inpatient treatment 
during the corresponding hospitalization. Therefore, 
these results cannot be used to control for differences 

Fig. 5 The area under the ROC curve (AUROC), which shows how well the first prehospital REMS can forecast a patient’s likelihood of being 
admitted to the ICU or OR
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in treatment with different modalities. Third, the pre-
sent study focused exclusively on patients with traumatic 
brain injury, and the results may not be generalizable to 
other patients with traumatic brain injury and concomi-
tant injuries in other parts of the body. Therefore, future 
studies should be conducted to determine the predictive 
effect of pREMS scores in patients with traumatic brain 
injury and multiple injuries. Therefore, relevant factors 
must be considered when applying the study results.

Additional research is required to properly evaluate 
the effectiveness of pREMS in predicting outcomes in 
patients with traumatic brain injury (TBI). Moreover, 
considering that the components of the pREMS score 
were not specifically developed for pediatric patients, and 
that individuals below 18 years of age were not included 
in the study, the findings cannot be extrapolated to this 
particular population. Additionally, the study sample 
was limited to patients from a single hospital, potentially 
introducing bias in the selection process, which restricts 
the applicability of the findings to other trauma patients. 
Hence, it is of the utmost importance to conduct precise 
prospective studies to validate our findings. On the other 
hand, the present study only examined the mortality of 
patients with head trauma within 72 h, so the results of 
the present study may be different in the above period 
and other periods.

Conclusions
The results indicate that the pREMS, a new preclinical 
trauma score for traumatic brain injury, is a useful tool 
for prehospital risk stratification (RST) in TBI patients. 
The pREMS showed good discriminatory power for pre-
dicting in-hospital mortality within 72 h in patients with 
traumatic brain injury.
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