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ABSTRACT

Background: Prognostic models are important tools for heterogeneity adjustment in traumatic brain
injury (TBI). Prognosis of TBI has been particularly challenging to predict, with limited availability of robust
prognostic models. Recently, however, some new prognostic models specifically designed for patients with
TBI were introduced. Still, the optimal type of prognostic model in TBI remains unknown.

Methods: This is a retrospective study, using data obtained from outpatient registry at our hospital, Dr.
Sardjito National General Hospital, a tertiary hospital in Yogyakarta Indonesia. Data was collected in January
2017 to June 2021. Potential prognostic factors were analyzed by STATA 15.0. Roctab analysis is used to
determine the cut-off value of each numerical variable. Retrospective analysis with cox proportional-hazard
was used to measure the contribution of each variable to the treatment’s outcome.

Results: We enrolled a total of 426 patients diagnosed with TBI with intracranial hemorrhage who treat
emergency surgery at emergency department. Based on retrospective analysis, hypotension condition
(HR 4.61, 95% CI 3.78-7.64, p = <0.001), blood glucose (HR 3.08, 95%CI 2.10-4.53, p = < 0.001), anemia
condition (HR 2.99, 95% CI 2.05-21.99, p value < 0.001), Glasgow Coma Scale (<8) (HR 2.64, 95% CI 2.33-
3.73, p value < 0.001), male (HR 2.47,95% CI 2.05 -21.99, p value 0.001). The prognostic scoring model has
sensitivity value of 83.93%, specificity 84.73% respectively.

Conclusion: This study shows that these changes were as a result of several factors to predict mortality.
Inadequate perioperative management can cause brain cell death and increased intracranial pressure,
resulting in increased event of herniation, so the consequent has led to worsening the patient’s prognosis.
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Abbreviations: PH: Proportional Hazard; HR: Hazard Ratio; CI: Confidence Interval; GCS: Glasgow Coma
Scale; CT: Computerized Tomography; BP: Blood Pressure; PR: Pulse Rate; RR: Respiration Rate; SBP:
Systolic Blood Pressure; TBI: Traumatic Brain Injury

Introduction

TBI is a global healthcare and socioeconomic issue [1]. If one in
every two of these patients dies or is left with significant lifelong dis-
ability, TBI has a terrible prognosis [2,3]. It has historically been diffi-
cult to establish an early and reliable prognosis in people with TBI [4].

More precise prognoses are now possible thanks to advancements in
statistical modeling and big patient datasets [5,6]. Prognostic models
are statistical models that use two or more variables to compute the
probability of a predetermined result [7]. Although patients with TBI
are found in trauma and intensive care units, there have been few sim-
ilar applications of prognostic models in TBI research, probably due
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to the poor quality of earlier models [5-8]. Because of the vast illness
heterogeneity, including differences in origin, pathophysiology, ther-
apy, and outcome, developing an adequate predictive model for TBI
patients remains difficult [7]. As a result, the researchers wanted to
see if prognostic trauma models might be used to predict long-term
outcomes in TBI patients. A secondary goal was to figure out if there
was a link between risk factors and result.

Methods
Study Design and patients

We reviewed all medical records of patients diagnosed as trau-
matic brain injury who admitted to emergency unit and immediate-
ly surgery between January 2017 to June 2021 from medical record
registry of Dr. Sardjito Mangunkusumo National General Hospital, a
tertiary hospital in Yogyakarta, Indonesia. The inclusion criteria were
complete medical records, Indonesian citizen at any age, has provid-
ed a documented consent for participants = 14 years old, willing to
comply with the study procedures, diagnosed as TBI ICD X, (S06.0 and
S02.0). Exclusion criteria in this study were: incomplete medical re-
cords, having comorbid diseases such as hemorrhagic shock, trauma
on thorax, abdomen, and extremity region, especially long bone, mul-
tiple traumas, and irreversible shock patient who had resuscitation
before. The total number of patients with clinical TBI 647, it is not
known exactly how prevalence of patients with traumatic brain injury
in Dr. Sardjito National General Hospital Yogyakarta. The number of
samples selected and set as the sample of the study was 269 (Figure
1). This study was approved by Research Ethics Committee of Faculty
of Nurse, Public Health, and Medicine, Gadjah Mada University, Yogy-
arta, Indonesia.

The total TBI patients
(n=647)

Outcome

There are 3 outcomes to be achieved, estimate and interpretation
of hazard function and survival function, compare 2 survival function,
and get relationship between explanatory variable with survival time
by controlling all covariates. With survival expected to be done es-
timation and interpretation of survivor and hazard of survival data.

Statistical Analysis

All data were analyzed using STATA version 15.0. Analysis of as-
sociation between variables and the duration of follow-up during
treatment can be seen from mathematic model between one variable
and others using multivariate analysis cox proportional-hazard. All
independent variables will undergo tests, that is proportional hazard
(PH) assumption test through representation or global statistical test.

Result

The total patients with clinical TBI 647, it is not known exactly
how prevalence of patients with traumatic brain injury in Indonesia.
The number of samples selected and set as the sample of the study
was 426. Flow algorithm patient enrollment showed in (Figure 1).
Univariate baseline of patients’ characteristics presented in (Table 1)
and Kaplan Meier of incident of death based on two of the most influ-
encing factors are presented in (Figures 2 & 3). Kaplan-Meier survival
curve is used to determine the characteristics of survival. The follow-
ing will explain the characteristics of traumatic brain injury patients
based on the dominant factors suspected. This analysis was contin-
ued with the log rank test to find out whether there are differences
between survival curves.

Incomplete medical records (n=112)

- Died is not due to TBI cause (n=26)
- Pediatrics (n=59)
- Causes of death are comorbid (n=24)

Samples were included in
the study (n=426)

Figure 1: Flow diagram patient enrollment.
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Table 1: Sociodemographic characteristic traumatic brain injury patients at Dr. Sardjito National General Hospital in 2017-2021 and mortality
predictors based on time at risk length of stay (number of patients = 426).

Alive Death 0 i
Variables Hazard Ratio S Eom it e p value
n % n % Interval
Gender
57 67.86 27 32.14
Women 2.47*s 2.05-21.99 0.001
212 61.99 130 38.01
Men
Pupil’s reflex
90 47.87 98 52.13
Non-reactive 1.26 0.79-2.00 0.315
179 75.21 59 24.79
Reaktive
Sodium level
216 63.16 126 36.84
Normonatremi
2 40.0 3 60.0 1.54* 1.03-1.83 <0.001
Hypernatremia
51 18.96 28 17.83
Hyponatremia
Blood glucose
80 62.99 47 37.01
Normal 3.08* 2.10-4.53 <0.001
180 72.87 67 27.13
High
Edema cerebral
143 83.63 28 16.37
No 0.72 0.49-1.05 0.092
126 49.41 129 50.59
Yes
Hemoglobin level
250 77.16 74 22.84
Normal 2.99* 1.99-4.51 <0.001
19 18.63 83 81.37
Anemia
BMI ot 64.02 136 35.98
Normal 56.25 21 43.75 0.44 0.15-1.76 0.149
27
Overweight/ obese
Extracerebral injury 49.82 139 50.18
138
Yes 88.51 17 11.49 1.66* 1.07-3.02 <0.001
131
No
Hypotension condition
267 68.81 121 31.19
No 4.61* 3.78-7.64 <0.001
2 5.26 36 94.74
Yes
Albumin level 214 63.31 124 36.69
Normal 55 62.50 33 37.50 1.45* 1.11-3.84 <0.001
Hypo albumin
Glasgow Coma Scale
152 82.16 33 17.84
>8 2.64* 2.33-3.73 <0.001
117 48.55 124 51.54
<8
Age 154 69.68 67 30.32
> 45 years old 115 56.10 90 43.90 0.42 0.31-0.58 <0.192
<45 years old

Note: *Statistically significant association.
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Figure 2: Estimated of survival incident of death based on hypotension condition.
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Figure 3: Estimated of survival incident of death based on hypoxia condition.
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In the multivariate analysis, several main factors which played
significant roles associated with poor prognosis of survival rate were
hypotension condition [hazard ratio (HR) 4.61; 95% confidence inter-
val (CI) 3.78-7.64; P = <.001], blood glucose (HR 3.08; 95%CI 2.10-
4.53; P = <.001), anemia condition (HR 2.99; 95%CI 2.05-21.99; P =
<.001), Glasgow Coma Scale (<8) (HR 2.64; 95%CI 2.33-3.73; P = <
.001), and male gender (HR 2.47; 95%CI 2.05 -21.99; P .001). While
pupil’s reflex, incidence of cerebral edem, body mass index, and age
history were not significantly associated with survival outcome.

The hazard ratio will determine the amount of risk of patients
who can cause death. Hazard Ratio of incident deaths in TBI patients
is summarized in (Table 2).

Table 2: TBI Score Parameters.

Variables Total
Hypotension condition
1
Yes
0
No
Blood glucose
1
High
0
Normal
Glasgow Coma Scale
2
<8
0
>8
Anemia condition 5
Yes
0
No
Gender
1
Male
0
Female
Mild to Moderate disability: Score 0-3
Severe disability: Score 4-5
Death : 6-7

Discussion

Based on global analysis, variables of hypotension condition,
blood glucose level, Glasgow Coma Scale (<8), anemia condition, male
gender were the most influential variables in determining prognosis
of TBI patients and meet the proportional hazard assumption, thus
entering multivariate analysis for prognostic models. From (Figure
2), Kaplan-Meier curve showed that hypotension condition is one of
the most dominant factors suspected to affect the survival outcome of
patients with traumatic brain injury. Based on (Figure 2), the survival
and recovery curves of normal condition of blood pressure are above
the survival curve of hypotension patients’ groups. This means that
traumatic brain injury patients in hypotension group tend to have
worse prognosis on survival, so maintaining hemodynamic state pri-
or to treatment can affect patient’s outcome.

The level of blood glucose is also strongly suspected to affect the
survival of patients with traumatic brain injury. Based on (Figure 3),
it can be seen that the survival and recovery curves of patients with
normal blood glucose is above the survival curve of high level of blood
glucose. This means that traumatic brain injury patients with high
level of blood glucose (>200 mg/dl) tend to have worse prognosis
on survival. Maintain blood glucose with insulin and or oral hyper-
glycemic drugs prior to treatment can affect patient’s outcome. TBI
score of 27 maximized the ability to predict death with on the other
hand. Furthermore, a cut-off of all total patient TBI scores was deter-
mined using the roctab curve and the area under the ROC curve for
predicting death was 0.92 (95% CI: 0.839, 0.847) and this model has
a sensitivity value of 83.93%, specificity 84.73% respectively. (Figure
4) showed the discrimination plot of sensitivity versus 1-specificity
roctab prognostic models of TBI by the curved line. The diagonal line
described the non-informative line where sensitivity is equal to spec-
ificity and represents the discriminative ability to the test to correctly
differentiate between 2 individuals.
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Figure 4: Discrimination of this final model was quantified via an area under a receiver operating characteristic (ROC) curve.

Hypoxia:

Hypoxia is more common after trauma and TBI, especially if the
patient is not treated right once. This disorder can lead to secondary
brain injury, exacerbating the patient’s condition. It has been demon-
strated that the neuroprotective impact may be responsible for the
better outcomes in preventing hypoxia. Extracranial comorbidities,
changes in brain plasticity, or alterations in clinical care associated
with rising hypoxic conditions are all plausible causes [7,8].

Glasgow Coma Scale (GCS):

There is considerable evidence for the predictive significance of
the GCS on admission to hospital and the GCS motor score, according
to the literature [7-9]. Poorer outcomes were linked to lower entrance
GCS and GCS motor scores. The GCS revealed a consistent linear rela-
tionship between morality and intelligence [10].

Intracranial Pressure:

Following traumatic brain injury, computerized tomography (CT)
scanning allows an objective assessment of structural damage to the
brain and associated outcomes, as well as determining how far intra-
cranial pressure should be increased. The outcome is linked to the CT
classification and individual CT characteristics [7-9]. The independent
category of mid-line shift was found to have strong evidence, and the
extent of the shift was found to be associated with a worse outcome.

Patients with an epidural haematoma had a better prognosis, while
those with an acute subdural haematoma had a worse prognosis.10
The evidence for subdural haematoma’s prognostic significance was
strong [8]. Traumatic subarachnoid haemorrhage, obliteration of the
basal cistern or third ventricle, and non-evacuated haematoma were
all linked to a worse 6-month outcome. There was substantial evi-
dence that there was no relationship between intraventricularhaem-
orrhage and outcome [8,9].

Vital Signs:

Blood pressure (BP), pulse rate (PR), respiration rate (RR), tem-
perature, muscle tone, decorticate or decerebrate posturing, and ex-
cessive sweating are all symptoms of TBI [7,8]. Dysautonomia affects
10% of people who survive severe TBI and has been linked to poorer
outcomes. The majority of these characteristics were assessed one-
half hour after the patient arrived in the emergency room. Following
a TBI, hypotension and hypoxia have been identified as a substantial
secondary insult linked to poor outcomes [10,11]. The systolic blood
pressure (SBP) and TBI outcome have a distinct U-shaped connec-
tion. The best results were shown when SBP was between 135 and
90 mmHg. SBP readings of more than 135 or less than 90 mmHg were
linked to poorer health. Outcome. Both increase and decrease in RR
beyond normal range is associated with a poor outcome in TBI. In pa-
tients with TBI, similar findings about the relationship between PR
and morality have been discovered [11].
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Laboratory Parameters:

This study describes the predictive value of various laboratory
parameters routinely recorded on admission following TBI. Hypergly-
cemia is a common cause of secondary injury in TBI patients, and it’s
linked to a worse result [10]. In patients with traumatic intracranial
bleeding, coagulopathy is a key predictor of disability and death. Co-
agulopathy, particularly prothrombin time and platelets, is linked to
patient outcomes following TBI [10-12]. There was a positive linear
connection between glucose and prothrombin time and result (in-
crease value associated with poorer outcome) [10,11]. Anaemia is a
prevalent condition in critically ill patients, and it has been linked to
a worse TBI result [12,13]. The inverse linear relationship between
hemoglobin, platelets, and pH and the outcome was discovered (low
values associated with poorer outcome). Although both hypo- and
hypernatraemia are linked to a worse prognosis, hyponatraemia is
a rare occurrence on admission after a TBI [13,14]. The result and
sodium had a U-shaped connection. Although sodium has a U-shaped
connection with outcome, hyponatraemia is more strongly linked to
a worse outcome. Hypernatraemia and outcome, which was predomi-
nantly related to death, have a poor association [10,13,14].
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