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Introduction

Abstract

Objective: Trauma-related deaths are among the top 10 causes of mortality, with an average of
three deaths from traffic accidents every hour in Indonesia. In 2012, there were 117,949 traffic
accidents resulting in 29,544 deaths (25.04%). In 2021, there were 103,645 accidents with 25,266
deaths (24.37%). Despite efforts to record trauma cases in Indonesia, existing scoring systems from
developed countries face limitations. This study aims to propose a new, locally adapted scoring
system to improve the management of multiple trauma cases, particularly at Saiful Anwar General
Hospital (RSSA), Malang.

Methods: This observational analytic study with a retrospective cohort design was conducted at
RSSA, Malang, Indonesia, from January 2021 to December 2022. A total of 506 multiple trauma
patients from the RSSA Emergency Department were included, selected through purposive
sampling. Data analysis involved the use of the t-test or the Mann-Whitney U test for numerical
and ordinal data, the chi-square or Fisher’s test for nominal data, followed by multivariate logistic
regression to establish a scoring system.

Results: Logistic regression through backward elimination identified 15 significant predictors of
in-hospital mortality: age (P=0.000, OR=0.967), pulse rate (P=0.006, OR=0.981), GCS (P=0.000,
OR=1.381), intracerebral hemorrhage (P=0.105, OR=0.966), subdural hemorrhage (P=0.001,
OR=0.875), infratentorial hemorrhage (P=0.000, OR=0.151), subfalcine herniation (P=0.038,
OR=0.871), transtentorial herniation (P=0.050, OR=0.038), mandibular fracture (P=0.004,
OR=0.235), etc. GCS was the strongest predictor (Wald =50.54). Although intracerebral hemorrhage
and lung tissue injury (P> 0.05) were retained due to clinical relevance, the model showed excellent
discriminatory power, with an area under the curve (AUC-ROC) of 0.917 and a 95% confidence
interval of 0.886-0.948.

Conclusion: The MTPS scoring system developed in this study can predict the prognosis of multiple
trauma patients with strong discrimination (0.917) and is expected to improve the quality of trauma
care in accordance with WHO guidelines at RSSA Malang.

Keywords: Hospital mortality, Logistic models, Multiple trauma, Retrospective studies, Scoring
systems

will increase from the ninth to the seventh highest in the

Trauma management has long been one of the main
challenges of health services. There are several known
definitions: multiple trauma implies injury to more than
1 area of the body or organ system, while polytrauma
is injury to one organ system accompanied by one or
more major fractures of the large bones, pelvis, or spine.
According to the WHO (World Health Organization),
traffic accidents are responsible for the death of 2.4
million people every year, and it is estimated that by 2030,
deaths due to injury, especially due to traffic accidents,

world. In Indonesia, deaths due to trauma are among
the top 10 causes of death overall, with an average of
three people dying from road accidents every hour.
According to data from the Transportation Directorate
(Dishub) of the Republic of Indonesia in 2012, there were
117,949 traffic accidents in Indonesia with 29,544 deaths
(25.04%). The data in 2021 shows 103,645 accident cases
with 25,266 deaths (24.37%). From this data, it appears
that the treatment of trauma patients has not experienced
significant development in the last 10 years (1-6).
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Trauma cases have become a concern since 1982 in
developed countries such as the United States, where,
30 years ago, a trauma register, which was designed to
document the acute phase of hospital care provided to
trauma victims, was implemented. The injury assessment
tool called the Abbreviated Injury Score (AIS) was
developed by the American Association for Automotive
Safety in 1969 for quantifying the impact of trauma, and
it is still undergoing development. The trauma scoring
system tries to translate injury severity into numbers so
that it can be used in research to form a scoring system
that can be objectively used in the field for referral
decisions as well as for decision-making in the Emergency
Department (ED). Several scoring systems are also being
developed, aiming to estimate the probability of survival as
part of the monitoring and evaluation program. There are
three types of trauma scoring systems. The first is based
on anatomy, which depends on the injury description.
The second type is based on physiology obtained from
observation and measurement of vital signs to determine
the level of physiological decline due to injury. The third
type is a combination of anatomical and physiological
scoring systems. One example of the third type is the
trauma injury severity score ( TRISS ), which is the most
widely adopted scoring system in the world (7-12).

Several studies have been carried out in Indonesia
regarding the use of trauma register scoring in patients
with multiple traumas, but there are problems in data
collection and AIS scoring when using this system.
Some obstacles in filling out the AIS include the lack of
availability of trained personnel to record the trauma
assessment system, differences in service standards
between hospitals, which cause differences in the
probability of survival for patients with the same trauma
case treated at different hospitals, and limited funding
from the National Health Insurance (JKN). Research
conducted in Jakarta, involving teaching hospitals, found
limitations in applying the TRISS method in developing
countries like Indonesia, as it requires complete and
superior supporting examinations. Similarly, a study at
RSSA Malang faced challenges in collecting sufficient
data, which required several adjustments to meet the
TRISS criteria. To date, no suitable local or national
scoring system has been found to be used as a reference
for predicting the probability of survival in patients
with trauma in hospital care, especially considering that
Indonesia is a vast country with different health service
capacities in other regions. Several countries that have
encountered the same obstacles have developed scoring
systems that suit the limitations in their respective health
service centers. One example is Uganda, which developed
the Kampala trauma score system, and France, which
developed the simpler MGAP and GAP systems (3-7,13-
16).

Through thisresearch, the researcher intends to examine

a new scoring system better adapted to the limitations
using a combination of physiological and anatomical
parameters that can be used as a quality improvement
modality in the management of multiple trauma cases,
especially at the Saiful Anwar Hospital (RSSA) in Malang.

Methods

The research is an analytical observational study with a
retrospective cohort approach conducted at Saiful Anwar
General Hospital (RSSA), Malang. A total of 506 subjects
were included in this research. The population in this
study consisted of all trauma patients who presented to
the RSSA Emergency Department (ED), including both
walk-in patients and those referred. The sample in this
study comprised all multiple trauma patients who came
to the RSSA ED during the 2 years from January 2021
to December 2022. The sampling technique used in this
research was purposive sampling, focusing on multiple
trauma patients during the specified period. Data analysis
was performed using ¢-tests or the Mann-Whitney U test
for numerical and ordinal data, and chi-square or Fisher’s
test for nominal data, followed by multivariate logistic
regression to establish a scoring system. Ethical approval
for this study was obtained from the Health Research
Ethics Committee of Saiful Anwar General Hospital
under the code number 400/114/K.3/102.7/2023.

The inclusion criteria were all multiple trauma patients
who came to the RSSA ED. The exclusion criteria for this
study were 1) multiple trauma patients under 16 years
of age, and 2) multiple trauma patients whose data were
incomplete or insufficient for analysis in this study.

The independent variables in this study consist of
i) Physiological data (age, systolic blood pressure,
diastolic blood pressure, mean arterial pressure, level
of consciousness (GCS), heart rate, and respiratory
rate), ii) Anatomical data of head trauma (intracerebral
hemorrhage (ICH), epidural hemorrhage (EDH),
subdural hemorrhage (SDH), infratentorial hemorrhage,
intraventricular hemorrhage (IVH), subarachnoid
hemorrhage (SAH), diffuse axonal injury, subfalcine
herniation, transtentorial herniation, pneumocephalus,
and depressed fracture), iii) Anatomical data composing
facial trauma (mandibular fracture, maxillary fracture,
hematosinus, nasal fracture, and orbital fracture), iv)
Anatomical data of chest trauma (rib fracture, lung
contusion, pleural injury, and pericardial free fluid), v)
Anatomical data composing abdominal trauma (estimated
free fluid, free fluid in the right quadrant region, free fluid
in the left quadrant region, free suprapubic fluid, and
peri-intestinal free fluid), vi) Anatomical data for spinal
trauma (cervical vertebral fractures and thoracolumbar
vertebral fractures), and vii) Anatomical data composing
musculoskeletal trauma (radius fracture, ulna fracture,
humerus fracture, tibia fracture, fibula fracture, femur
fracture, short bone fracture, pelvic fracture, clavicle
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fracture, and scapula fracture). The dependent variable in
this study is the prognosis during hospital treatment.

Data collection was carried out retrospectively through
the RSSA electronic medical record. In the first phase, all
patient data from January 2021 to December 2022 were
collected, and then screening was carried out based on
the diagnosis to obtain the medical record numbers of
patients with trauma. After that, further screening was
carried out based on the results of supporting radiological
examinations to obtain data on patients with multiple
traumas, and the patients were sorted according to the
exclusion criteria. The data on multiple trauma patients
were then collected to be studied.

The t-test is a statistical test for normally distributed
numerical data. The Mann-Whitney U test was used for
data that were not normally distributed (age, systolic,
diastolic, mean arterial pressure (MAP), GCS, pulse
rate, respiratory rate, intracerebral hemorrhage, epidural
hemorrhage, subdural hemorrhage, diffuse axonal
injury (DAI), subfalcine herniation, depressed fracture,
maxilla fracture, hematosinus, rib fracture, pleural
injury, intraabdominal free fluid, and pelvic fracture).
The chi-square or Fisher’s test was used for nominal data
(infratentorial hemorrhage, intraventricular hemorrhage,
subarachnoid hemorrhage, transtentorial herniation,
pneumocephalus, mandibular fracture, nasal fracture,
orbital fracture, lung tissue injury, pericardial free
fluid, right quadrant free fluid, left quadrant free fluid,
suprapubic free fluid, peri-intestinal free fluid, cervical
fracture, thoracolumbar fracture, radius fracture, ulnar
fracture, humerus fracture, tibial fracture, fibular fracture,
femur fracture, short bone fracture, clavicle fracture,
and scapular fracture) using 95% confidence interval,
a=0.05, and significance level of p<0.05. Analysis was
then followed by a multiple logistic regression, in which
variables with p<0.25 in the univariate analysis were
included, controlling for potential confounders.

The results of data analysis after using the multivariate
logistic regression test were developed into a scoring
system, and then the probability of survival was calculated
based on the scoring data. All statistical tests were analyzed
using the Statistical Product and Service Solution (SPSS)
25 software.

Results
Patient data, along with a comparison between dead
and surviving cases, are shown in Table 1. Overall, 506
patients were included in this study. One hundred twenty-
four patients died in hospital care (24.50%), and 75.50%
(382 patients) survived in hospital care. Data related to
physiological and anatomical variables can be seen in
Table 1.

After carrying out statistical tests, the results obtained
based on 27 variables were included in the logistic
regression analysis to obtain a logistic regression
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equation model to be developed into a scoring system.
Some variables may do not have a statistically significant
difference if they stand alone but can still be predictors
in predicting the prognosis of patients in hospital care if
combined with other predictors (mean arterial pressure,
pneumocephalus, mandibular fracture, maxillary fracture,
nasal fracture, rib fracture, lung tissue injury, pleural
injury, estimated intra-abdominal free fluid, left quadrant
free fluid, and femur fracture). Logistic regression analysis
was carried out on these 27 variables to obtain the best
combination of variables in determining the prognosis
of patient care in the hospital. A logistic regression test
was carried out on these variables, and the results are
presented in Table 2. The following regression equation
was derived:

y=2.581+agex(-0.0330) + pulse
rate x (=0.019) + GCS x (0.323) + intracerebral
hemorrhage x (—0.034) + subdural
hemorrhage x (—0.133) + infratentorial
hemorrhage x (—1.889) + subfalcine
herniation x (—0.138) + transtentorial
herniation x (—3.282) + mandibular
fracture x (—1.448) + maxillary
fracture x (—0.329) +rib fracture x (—-0.456) +lung
tissue injury x (-0.556) + estimated free
fluid x (—0.324) + cervical injury x (—1.698) + pelvic
fracture x (—0.748)

Lung tissue injury (P=0.001) and intracerebral
hemorrhage (P <0.001) were statistically significant in the
bivariate analysis before entering the logistic regression
model. As such, these variables were included in the final
model due to their strong association with in-hospital
mortality. Their clinical relevance and the established
role they play in trauma-related mortality further justify
their inclusion in the regression model even though their
significance may change after adjusting for other factors.

The assessment of calibration parameters was carried
out based on the Hosmer and Lemeshow test, where the
P value was 0.172. This means that the equation obtained
has good calibration. Thus, the logistic regression model
used is sufficient to explain the data, while the area under
the curve (AUC-ROC) for the probability of survival in
hospital treatment from this equation was 0.917, with a
95% confidence interval of 0.886-0.948 (very strong) as
shown in Figure 1.

Using logistic regression analysis, a simplified scoring
model named the Malang Trauma Predictive Score
(MTPS) provides the equation (y=3.375 — 0.195 X total
model score ) and the area under the curve of the
probability of survival in hospital treatment shows the
same predictive value as the previous scoring model,
0.917 with a 95% confidence interval of 0.887-0.948 (very
strong) as shown in Figure 1. The probability of survival
is calculated using the formula:
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Table 1. Characteristics and relationships between anatomical and Table 1. Continued.

physiological variables of multiple trauma patients with prognosis in hospital . . Survived
care Variable Died (n=124) n=382) P value
. . i Non lefort 31 (30.7 70 (69.3
Variable Died (n=124) (S::v?:\;;(: P value on fefor ( ) ( )
~ Bilateral Lefort | 2 (40.0) 3(60.0)
Variable Physiological
Bilateral Lefort Il 3(17.6) 14 (82.4) 0.100
A 47.50 (16.00-  32.50 (16.00- 0.005
e 92.00) 92.00) : Bilateral Lefort Ill 10 (30.3) 23 (69.7)
, 131.00 (73.00-  127.00 (88.00~ No 78 (22.3) 272 (77.7)
Systolic 280.00) 225.00) 0-338
_ _ Hematosinus
Diastolic 80.00 (46.00 77.00 (45.00 0.307
177.00) 132.00) Hematosinus 59 (23.1) 196 (76.9)
96.83 (56.33—  93.83 (42.33- ) 0.376
MAP 206.67) 155.33) 0.188 Panhematosinus 16 (37.2) 27 (62.8)
8.00 (3.00- 15.00 (3.00— No 49 (23.6) 159 (76.4)
ces 15.00) 15.00) <0.001
Nasal fracture 0.060
Pulse rate 100.00 (48.00-  90.00 (44.00- <0.001
198.00) 164.00) : Yes 39 (30.7) 88 (69.3)
, 24.00 (8.00-  20.00 (11.00~ No 85 (22.4) 294 (77.6)
Respiratory rate 130.00) 40.00) <0.001
Head trauma variables Orbital fracture 0.981
g g Yes 44 (24.4) 136 (75.6)
Intracerebral hemorrhage 0.10 (0.00 0.00 (0.00 <0.001
86.00) 47.00) No 80 (24.5) 246 (75.5)
. 0.00 (0.00- 0.00 (0.00-
Epidural hemorrhage 147.00) 165.00) <0.001 Chest trauma variables
1.45 (0.00- 0.00 (0.00- Ribs fracture 0.112
Subdural hemorrhage 74.00) 20.00) <0.001 -
Unilateral (1-3) 19 (30.6) 43 (69.4)
Infratentorial hemorrhage
Unilateral (>3) 8 (25.0) 24 (75.0)
Yes 24 (64.9) 13 (35.1)
<0.001 Bilateral (2-3) 1(0.8) 1(0.3)
No 100 (21.3) 369 (78.7)
Bilateral (>3) 5(50.0) 8 (50.0)
Bleeding intraventricular
Flail chest 0(0.0) 0 (0.0)
Yes 32 (60.4) 21 (39.6)
<0.001 No 91 (22.9) 306 (77.1)
No 92 (20.3) 361 (79.7)
Lung tissue injury 0.001
Subarachnoid hemorrhage
Yes 49 (34.5) 93 (65.5)
Yes 83 (37.4) 139 (62.6)
<0.001 No 75 (20.6) 289 (79.4)
No 41 (14.4) 243 (85.6)
Pleural injury 0.151
Diffuse axonal injury (DAI)
Unilateral 44 (24.4) 136 (75.6)
DAI 1 5(38.5) 8 (261.5)
Bilateral 80 (24.5) 246 (75.5)
DAI 2 3 (60.0) 2 (40.0)
0.001 Tension 0(0.0) 0 (0.0)
DAI 3 9 (52.9) 8 (47.1)
No 92 (23.1) 307 (76.9)
No 107 (22.7) 364 (77.3)
0.00 (0.00 0.00 (0.0 Pericardial free fluid 1.00
Subfalcine herniation 20.00) 11.00) <0.001 Yes 2 (25.0) 6 (75.0)
Transtentorial herniation No 122 (24.5) 376 (75.5)
Yes 14(93.3) 1(6.7) Abdominal trauma variables
<0.001
No 110 (22.4) 381(77.6) Intra-abdominal free fluid 0.250
Pneumocephalus 1-250 mL 12 (40.0) 18 (60.0)
Yes 8(16.0) 42 (84.0) 251-500 mL 0(0.0) 0(0.0)
<0.001
No 116 (25.4) 340 (74.6) 501-750 mL 1(25.0) 3(75.0)
0.00 (0.0~ 0.00 (0.00- 751-1000 mL 1(25.0) (75.0
Depressed fracture 16.00) 20.00) 0.621
Facial trauma variables >1000ml Tary 8188.9)
Mandibular fracture No 10923.7) 350(76.3)
Yes 1367.1) 22 (62.9) Right quadrant free fluid 0.400
0.072
No 111 (23.6) 360 (76.4) ves 12600 2870.0
Maxilla fracture No 112 4.0 354 (76.0)
Left quadrant free fluid 0.130
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Table 1. Continued.

Table 1. Continued.

. . Survived . . Survived
Variable Died (n=124) n=382) P value Variable Died (n=124) (n=382) P value
Yes 12 (35.5) 22 (64.7) No 103 (23.8) 330 (76.2)
No 112 (23.7) 360 (76.3) Scapular fracture 0.591
Suprapubic free fluid 0.952 Yes 5(20.0) 20 (80.0)
Yes 6 (24.0) 19 (76.0) No 119 (24.7) 362 (75.3)
No 118 (24.5) 363 (75.5)
Peri-intestinal free fluid 0.771 prObabﬂitY of survival=1 + (1+ eXP(—Y))
Yes 3(18.8) 13 (81.3) It gives appropriate results shown in Table 3, as well as
No 121 04.7) 169 (75.3) the scoring card in Table 4. as shown in Table 3, based on
the scoring card in Table 4.
Bone trauma variables behind
Cervical fracture 0.009 Discussion
Yes 15 (42.9) 20 (57.1) The study included a total of 506 patients; the majority
No 109 (23.1) 362 (76.9) were young male patients, and the mortality rate was
Thoracolumbar fracture 1.00 24.5%. Several physiological factors (age, GCS, pulse rate,
Yes 4(25.0) 12 (75.0) andrespiratory rate) showed a significant relationship with
No 120 24.5) 370 (75.5) hospl.taI. morFahty. Among t.he head trauma ve.mableles,. the
) associations in most were significant. Lung tissue injury
Musculoskeletal trauma variables L. i K i .
was significantly associated with death in hospital care;
Radius fracture 0.438 . c e .
however, rib fractures and pleural injuries did not show a
ves 819.5) 33 (80.5) significantrelationship, though with a probability of < 0.25,
No 116 (24.9) 349 (75.1) indicating they can be included in further analysis. Death
Ulnar fracture 0.950 in hospital care was not significantly associated with the
Yes 7 (25.0) 21(75.0) amount of intra-abdominal free fluid (p <0.25) and the
No 117 24.5) 361 (75.5) area where free fluid was found. Fractures of the cervical
PR 100 spine and pelv1's shpwed a significant association w1j[h
hospital mortality in musculoskeletal trauma analysis.
Yes 421.1) 15 (78.9) . o . Lo
Analysis revealed 15 statistically and clinically significant
No 120 (24.6) 367 754) variables, as explained in the results. GCS was identified as
Tibial fracture 07 the strongest predictor of prognosis for multiple trauma
Yes 4017.4) 19.(82.6) patients in hospital care.
No 120 (24.8) 363 (75.2) The descriptive findings regarding sex and mortality
Fibular fracture 0.499 rate are in line with most research that has been conducted
Yes 7 (30.4) 16 (69.6) prev1ous.ly. Mortality in mult}ple.trauma patlen.ts is not
much different from mortality in trauma patients, as
No 117 24.2) 366 (75.8) . .
reported by the Indonesian Traffic Directorate, where
Femur fracture 0.169 s o .
mortality in trauma cases was 20-25%. This number has
Yes >(14.7) 29 (85.3) not changed from 2012 to 2021. In terms of age, it also
No 11925.2) 353 (74.8) appears that multiple trauma patients are predominantly
Short bone fracture 0.936 aged 15-24 years. Additionally, the cumulative percentage
Yes 11(25.0) 33 (75.0) shows that individuals aged 15-44 years old account for
No 113 24.5) 349 (75.5) more than 50% (58%) of the cases. This is not surprising
P 0,039 because, 'c?ccordlng tq findings in previous research,
young patients have higher mobility compared to older
Stable fracture 5(35.7) 9 (64.3) . . . sls .
patients, increasing the possibility of accidents (1,3,5,6).
Pelvic ring fracture 7(43.8) 9(56.3) Most of the physiological factors have a significant
Vascular injury/APC3 1100 0(0.0) relationship with hospital mortality, which is in
Vertical shear/number 00.0) 2 (100) accordance with many previous studies where the Revised
APC3 . S
Trauma Score is used. The RTS only uses physiological
Hemicorporectomy 0(0.0) 0(0.0) . C . . .
data in predicting mortality. Before the RTS was revised,
No 111235 362(76.5) peripheral oxygen saturation was one of the variables
Clavicle fracture 0.360 involved in predicting death; however, there were
Yes 21 (28.8) 52 (71.2) many obstacles in using this data because it was greatly
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Table 2. Results of logistic regression analysis of physiological and anatomical variables for multiple trauma patients as predictors of patient survival in hospital

care

1K 95%
Variable B SE Wald P value OR Model
Min Max
Age —-0.033 0.009 14.952 0.000 0.967 0.951 0.984 0.2
Pulse rate -0.019 0.007 7.629 0.006 0.981 0.969 0.995 0.1
GCS 0.323 0.045 50.540 0.000 1.381 1.264 1.510 -1.5
Intracerebral hemorrhage -0.034 0.021 2.629 0.105 0.966 0.927 1.007 0.2
Subdural hemorrhage -0.133 0.041 10.718 0.001 0.875 0.808 0.948 0.7
Infratentorial hemorrhage -1.889 0.484 15.202 0.000 0.151 0.059 0.391 10
Subfalcine herniation -0.138 0.067 4.287 0.038 0.871 0.765 0.993 0.7
Transtentorial herniation -3.282 1.675 3.839 0.050 0.038 0.001 1.001 17
Mandibular fracture —1.448 0.507 8.168 0.004 0.235 0.087 0.634 7.5
Maxillary fracture -0.329 0.125 6.881 0.009 0.720 0.563 0.920 2.0
Rib fracture -0.456 0.172 7.061 0.008 0.634 0.453 0.887 2.5
Lung tissue injury -0.556 0.341 2.659 0.103 0.574 0.294 1.119 3.0
Estimation of free fluid -0.331 0.171 3.759 0.053 0.718 0.514 1.004 2.0
Cervical injury -1.698 0.539 9.907 0.002 0.183 0.064 0.527 9.0
Pelvic fracture —-0.748 0.278 7.224 0.007 0.473 0.274 0.817 4.0
Constant 2.581 0.927 7.745 0.005 13.209 - - -
ROC Curve
10 ROC Curve
1.0
0.5 06-
z 0.6 2 05
2 2
£ =
0.4+ D
0.2 0.2
Asymptotic 95% Confidence Interval Asymptotic 95% Confidence Interval
Area Std. Errors Lower Bound | Upper Bound Area Std. Errors Lower Bound | Upper Bound
913 .016 882 [.944 917 .016 887 [.948
0.0 T T T T 00 T T T T
0.0 0.2 04 0.6 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity

Figure 1. Area under the curve (AUC-ROC) of the initial regression

influenced by the oxygen support used. With poor initial
recording, this variable often causes errors in predicting
the probability of survival. Due to varying measurements
caused by differences in oxygenation provided to the
patients, the oxygen saturation variable was not included
in this study. Neither systolic nor diastolic blood pressure
had any significant relationship with in-hospital mortality;
this is probably because the study sample was patients with
multiple trauma, with the majority of deaths attributed to
head trauma, according to the research results. According
to the literature, it is known that patients with increased
intracranial pressure due to trauma will experience an

equation and the regression equation of the simplified model

increase in blood pressure as compensation to maintain
cerebral perfusion pressure, thereby masking the state of
shock due to ongoing bleeding (8-11,17-19).

The results of the head trauma variable analysis show
that most of the analyzed variables significantly predicted
the diagnosis, which is consistent with existing data
reporting head trauma as the most significant contributor
to death in patients with multiple trauma. The data on
patients with transtentorial herniation show that only
6.7% of patients survived hospital treatment, as expected
based on the available literature. In line with existing
reports, sub-arachnoid hemorrhage is the most common
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Table 3. Probability of survival: physiological scoring model for multiple
trauma patients

Table 4. Malang Trauma Scoring Score card for multiple trauma patients in
predicting the probability of survival

MTPS y-value Probability of survival Variable Unit Mark Cons.  Score
40.9 —4.59512 1% Age In years X 0.2
28.6 -2.19722 10% Rate pulse Beats per minute X 0.1
24.4 -1.38629 20% GCS In number X (-1.5)
22.9 -1.09861 25% Intracerebral bleeding  In mL X0.2
21.7 -0.84730 30% Diameter

Subdural hemorrhage (mm) x X 0.7
19.4 —-0.40547 40% No. of 10-mm slices
172 L0 0% Infratentorial bleeding \t‘ec:'(l) X 10
15.2 0.405465 60% )

Subfalcine herniation In mm X 0.7
13.0 0.847298 70% No: 0

Transtentorial herniation | X17
11.7 1.098612 75% Yes: 1
10.2 1.386294 80% Mandibular fracture t‘;i ? X7.5
6.0 2.197225 90% No: 0
63 459512 99% Unilateral: 1

MTPS: Malang Trauma Predictive Score

injury in patients with head trauma (5,13,19-22).

Maxillofacial trauma can be life-threatening when it
occurs simultaneously with head trauma, especially if it
results in airway obstruction. However, the existing data
show no significant relationship between maxillofacial
trauma in the studied multiple trauma patients and
death in hospital care. Despite this, some variables still
can be predictors of death due to multiple trauma in
hospital care in the scoring model; these factors include
mandibular fractures, maxillary fractures, and nasal
fractures. This is in line with the present study results
because in tertiary hospitals, problems with airway
obstruction can be immediately alleviated by stabilizing a
secure airway compared to hospitals with lower levels of
trauma management systems (13,14,16,19,23).

Lung tissue injury is significantly associated with death
in hospital care. In contrast, rib fractures or pleural
injuries do not show a significant relationship. However,
these two variables can still be predictors of death during
in-hospital care in combination with other variables, with
a probability of <0.25. In the researchers’ opinion, this is
normal because in cases of rib fractures or pleural injuries,
the problems that occur can be treated directly in the ED
by administering analgesics and a chest tube procedure,
but lung tissue injuries tend to be challenging to treat
immediately and tend to develop into acute respiratory
distress syndrome (7,9,19,24).

Regarding finding free fluid on the EFAST (extended
focused assessment sonography in trauma) examination,
this study found no significant difference between the
estimated amount of intra-abdominal free fluid and the
area where free fluid was found and death in hospital
care. Finding free intra-abdominal fluid with stable
hemodynamics generally only requires observation
during treatment unless serious organ injury is found
on abdominal CT examination. These findings become
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Bilateral LeFort I: 2 X2
Bilateral LeFort I1: 3
Bilateral LeFort IlI: 4
No: 0

Unilateral (1-3): 1
Unilateral (>3): 2
Bilateral (2-3): 3
Bilateral (>3): 4
Flail chests: 5

Lung tissue injury \:‘ezi ? X3

No: 0
1-250 mL: 1
. . 241-500 mL: 2
Estimated free fluid 501750 ml- 3 X2
751-1000 mL: 4
>1000 mL: 5

Cervical injury \:‘ezi ? X9

No: 0

Fracture stable: 1
Fracture pelvic ring: 1
Injury vascular /
APC3: 2

Vertical shear /
number APC3: 3
Hemicorporectomy: 4

Maxillary fracture

Rib fracture X2.5

Pelvic fracture X 4

Total score

Probability of survival

Total score 22.9: probability of survival 25%
Total score 17.3: probability of survival 50%
Total score 11.7: probability of survival 75%

a significant predictor if this variable is combined with
other physiological variables (18,19,25-27).

Fractures of the cervical spine are significantly
associated with death in hospital care. Fractures in the
cervical vertebrae increase the risk of cervical spinal cord
injury, which can result in airway disturbances in the
form of soft tissue swelling and respiratory disturbances
due to weakness in the respiratory muscles. These
respiratory issues are characterized by breathing using
the abdominal muscles and disturbances in circulation,
with manifestations of clinical neurogenic shock, and are
not found in spinal cord injuries in the thoracolumbar
vertebrae. Most of the musculoskeletal trauma variables
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did not have a significant association with death in
hospital care, which aligns with previous findings. The
only trauma with a significant relationship with death in
hospital care is pelvic fracture, as it can result in massive,
life-threatening bleeding (10,13,19,28-30).

Logistic regression analysis was carried out with
backward elimination, and the results showed that GCS
was the strongest predictor of the variables studied in
predicting the prognosis of multiple trauma patients
in hospital care. This is in accordance with existing
theory, where GCS is a linear variable with the severity
of head trauma. The results of the simplified equation
are as follows: MTPS<11.7 has a good prognosis with
a probability of survival>75%, MTPS 11.7-22.9 has
a dubious prognosis with a likelihood of survival of
25%-75%, and MTPS>22.9 has a poor prognosis with a
probability of survival <25% with a discrimination ability
of 0.917.

Conclusion

MTPS (Malang Trauma Predictive Score), which is a
scoring system developed in this research, can be used
to predict the prognosis of patients with multiple trauma
by combining existing physiological and anatomical data
with a discrimination ability of 0.917. Factors that are
predictors of MTS are age, pulse rate, GCS, intracerebral
hemorrhage, subdural hemorrhage, infratentorial
hemorrhage, subfalcine herniation, transtentorial
herniation, mandible fracture, maxillary fracture, rib
fracture, lung tissue injury, estimated free fluid, cervical
injury, and pelvic fracture. By implementing WHO
guidelines in the program to improve the quality of
trauma services, this scoring is expected to enhance the
quality of treatment of multiple trauma patients at RSSA
Malang (12,31,32).
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