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ABSTRAK

Backgrround: Traumatic brain injury (TBI) is one of the leading causes
of global morbidity and mortality, with treatment outcomes influenced
by several factors, including treatment timing.

Objective: This study aims to analyze the relationship between the
duration from injury to initial medical management and the duration
from injury to craniotomy surgery on the outcomes of TBI patients
at RSUP Dr. Sardjito Yogyakarta, using the Glasgow Outcome Scale
Extended (GOSE) as an assessment tool and Length of Stay (LOS).
Subject and Method: This is a prospective observational study conducted
on TBI patients treated at RSUP Dr. Sardjito from May to October
2024. Data were collected from the patients' electronic medical records
who underwent craniotomy procedures. The analysis was performed
using regression tests to evaluate the impact of the duration between
the incident and initial medical management, as well as the duration
until craniotomy, on patient outcomes.

Result: Among 71 included patients, the median age was 19 years (Q1:
7; Q3: 57), and 71.8% were male. Most patients (52.1%) presented
with a GCS score of 13-15. GOSE outcomes showed good recovery
in 28.2%, mild disability in 26.8%, slight disability in 9.9%, moderate
disability in 21.1%, severe disability in 5.6%, and death in 8.4%, with
a median length of stay of 10 days. Bivariate and multivariate logistic
regression revealed that increasing age (OR=1.04; 95% CI 1.00-1.08;
p=0.025) and time from injury to craniotomy exceeding 17 hours
(OR=6.37; 95% CI 1.18-34.48; p=0.032) were significantly associated
with worse GOSE outcomes (moderate disability, severe disability, and
death). Faster treatment and shorter time to craniotomy were associated
with better recovery, higher GOSE scores, and shorter length of stay.
Conclusion: The faster the initial medical treatment in the emergency
department and craniotomy after the occurrence of traumatic brain
injury, the better the patient's GOSE outcome, with a shorter LOS.
The initial treatment in the emergency department shows a significant
difference in LOS, while craniotomy significantly impacts GOSE,
although LOS does not show a meaningful difference

Keywords: Traumatic Brain Injury, treatment time, craniotomy, GOSE,
length of stay.
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INTRODUCTION

Traumatic brain injury (TBI) is caused
by external mechanical impacts to the head,
leading to either temporary or permanent brain
damage. This condition is a major cause of death
and disability worldwide, affecting millions of
individuals annually. Around 10 million cases of
traumatic brain injury are reported globally each
year, making it a significant cause of morbidity
and mortality.*

In the United States, it is estimated that
about 5.3 million people suffer from disabilities
duetoTBI. Statisticsfrom1997to 2007showedan
average of 1.365 million emergency department
visits annually due to TBI, with 275,000 requiring
hospitalization and approximately 52,000
fatalities, about 18.4 deaths per 100,000
population. This number increased in 2013 with
about 2.8 million emergency visits, 282,000
requiring hospitalization, and 56,000 deaths due
toTBI.*

In Indonesia, based on data from the Basic
Health Research (Riskesdas), the prevalence of
head injury is 11.9%, with the incidence of severe
head injury requiring surgery not yet clearly
documented. Generally, head injuries are more
prevalent in men than women, with common
causesincluding falls, collisions with objects, and
trafficaccidents. The deathrateduetoTBlinmen
is three times higher than in women, possibly
due to men's involvement in high-risk activities,
hazardous jobs, and incidents of violence.

The clinical effects of head injuries are
classified into two types: primary brain injury
and secondary brain injury. Primary brain injury
occursdirectly due totraumacausingmechanical
damage, such as skull and intracranial tissue
impact.3 Secondary brain injury starts after
the initial injury and can last hours, days, or
even months. It is caused by physiological
disturbances like ischemia, reperfusion, and
hypoxia in the brain. Secondary brain injury may
result from intracranial (intracranial secondary
insult) or extracranial (systemic secondary
insult) processes such as hypotension, hypoxia,
hypercapnia, and disturbances in balance. These
processes can lead to metabolic disturbances,
impaired brain tissue transport, and reduced
cerebral blood flow, which can cause brain

ischemia. Prompt and appropriate therapy is
necessary to prevent secondary brain injury.3

METHODS

Thisstudyisaretrospective observational study
aimed at analyzing the relationship between
the time elapsed from injury to surgery and
the outcomes of traumatic brain injury patients
undergoing craniotomy at RSUP Dr. Sardjito,
Yogyakarta, from May to November 2024. The
sample was selected using whole sampling from
patients who met the inclusion criteria, totaling
53 subjects. Inclusion Criteria: Traumatic brain
injury patients treated in the emergency
department (ED) who underwent craniotomy.
Exclusion Criteria: Patients without data on
time variables and outcomes in their electronic
medical records (EMR). Dropout Criteria:
Incomplete medical records or patients who did
not continue treatment after the ED. Dependent
Variables: Patient outcomes were measured
using the Glasgow Outcome Scale Extended
(GOSE). Independent Variables: Duration from
injury to admission in the ED, age, gender,
Glasgow Coma Scale (GCS) upon admission,
and other clinical findings (airway, bleeding,
laterality, head CT scan, hemoglobin levels.

RESULTS

This study collected data from 272 patients
with traumatic brain injuries during the
observation period, of which 201 patients did
not undergo craniotomy at RSUP Dr. Sardjito.
Therefore, 71 patients were included in the
analysis. Table 4 provides the demographic
and clinical characteristics of the subjects. The
median age of the subjects was 19 years, with
71.8% of the patients being male. Regarding
GCS upon admission, the majority (52.1%)
had GCS scores of 13-15. Regarding clinical
findings, most patients had no issues with
airway or breathing (85.9%), and no bleeding
problems (78.9%). It was found that 11 subjects
(15.5%) exhibited signs of laterality. On head
CT imaging, 27 subjects (38.0%) had brain
edema, 40 subjects (56.3%) had intracranial
hemorrhage, and 49 subjects (69.0%) had skull
fractures. For the study's GOSE outcomes: 20
subjects (28.2%) had good recovery, 19 subjects
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Table 1. Demographic Characteristics and Outcomes of the Subjects

Variable Frequency (%)
Age (years; median, Q1-Q3) 19 (7-57)
Gender
Female 20 (28.2)
Male 51(71.8)
GCS on admission
13-15 37(52.1)
9-12 14 (19.7)
<8 20(28.2)
Airway and/or breathing problems
No 61(85.9)
Yes 10 (14.1)
Intubated
No 55(77.5)
Yes 16 (22.5)
Bleeding problems
No 56 (78.9)
Yes 15(21.1)
Laterality
No 60 (84.5)
Yes 11 (15.5)
Head CT scan — edema
No 44 (62.0)
Yes 27 (38.0)
Head CT scan —hemorrhage
No 31(43.7)
Yes 40 (56.3)
Head CT scan —fracture
No 22 (31.0)
Yes 49 (69.0)
Hemoglobin on admission (g/dl) 11.8 (8.6-15.6)
Duration from injury to ED (hours) 8.5 (1.7-42)
Duration from injury to surgery (hours) 16 (8.3-53)
Length of Stay (days) 10 (4—28)
Glasgow Outcome Scale-Extended (GOSE)
Good recovery 20(28.2)
Mild disability 19 (26.8)
Moderate disability 7(9.9)
Severe disability 15(21.1)
Profound disability 4 (5.6)
Death 6 (8.4)

Abbreviations: GCS = Glasgow Coma Scale; CT scan = Computed Tomography scan; ICU = Intensive Care Unit
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Table 2. Non-parametric ROC Analysis and Test of ROC Area Equivalence for the Dependent Variable GOSE
Outcome Categories vs. Independent Variables (Duration of Injury to Admission and Injury to Craniotomy)

IndependentVariable  Method Cutoff Points AUC SE 95% Cl P-Value
(hours)

Duration from Injuryto  Liu/Youdena  <10.25;>10.25 0.648 0.060 0.529-0.767  0.262
Admission Liu/Youdenb  <10; >10 0.648 0.060 0.529-0.767

Median <8.5;>8.5 0.613 0.061 0.493-0.733
Duration from Injuryto  Liu/Youdena  <16.875; 0.677 0.059 0.561-0.793  0.335
Craniotomy >16.875

Liu/Youdenb  <i7;>17 0.668 0.060 0.551-0.785

Median <16; >16 0.655 0.060 0.538-0.772

The outcome category of GOSE is poor = moderate disability, severe disability, and death; a. The cut-off point for the Liu and Youden index
has the same value; b. Rounded to o decimal places. Abbreviations: GOSE = Glasgow Outcome Scale Extended; ROC = receiver operating
characteristic; AUC = area under the curve; SE = standard error; Cl = confidence interval

Table 3a. Logistic Regression Results on Multivariable Correlation of Sociodemographic and Clinical Factors
with Poor Gose Group (Moderate To Severe Disability, And Death)

Variable Poor GOSE+ Unadjusted OR Adjusted OR
n (%) OR (95% Cl) P-Value OR (95% Cl) P-Value

Age (years; median, Q1— 21 (17-53) 1.03 (1.00—-1.06) 0.039 1.04 (1.00-1.09) 0.028%
Q3)
Gender

Female 7(28.0) Ref

Male 18 (72.0) 1.01 (0.34-2.99) 0.981
GCS on admission

9-15 11 (44.0) Ref Ref

<8 14 (56.0) 3.23(1.20-9.46) 0.032 0.20 (0.02—2.47) 0.211

Airway and/or breathing
problems at admission

No 22 (88.0) Ref

Yes 3(12.0) 0.76 (0.18-3.24) 0.710
Intubation

No 14 (56.0) Ref Ref

Yes 11 (44.0) 6.44 (1.90—21.80) 0.003 13.65(1.05-176.73)  0.045%
Bleeding problems at
admission

No 19 (76.0) ref

Yes 6 (24.0) 1.30 (0.40—4.19) 0.652
Laterality

No 19 (76.0) Ref Ref

Yes 6 (24.0) 2.59 (0.70-9.55) 0.153 2.22 (0.38-12.75) 0.373
Head CT scan —Edema

No 11 (44.0) Ref Ref

Yes 14 (56.0) 3.23(1.27-8.94) 0.024 1.74 (0.49-6.23) 0.390
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Table 3b. Logistic Regression Results on Multivariable Correlation of Sociodemographic and Clinical Factors
with Poor Gose Group (Moderate To Severe Disability, And Death)

Variable Poor GOSE+ Unadjusted OR Adjusted OR
n (%) OR (95% Cl) P-Value  OR(95%Cl) P-Value

Head CT scan — Hemorrhage

No 9(36.0) Ref

Yes 16 (64.0) 1.63 (0.60—4.43) 0.339
Head CT scan — Fracture

No 8(32.0) Ref

Yes 17 (68.0) 0.93 (0.33—2.65) 0.892
Hemoglobin on admission (g/ 11.8 (11.0-14.6)  1.13(0.89-1.44) 0.311
dl; median, Q1-Q3)
Admission room

General Ward/ICU 7(28.0) Ref

Operating Room 18 (72.0) 0.91(0.30-2.71) 0.862
Duration from Injury to
Admission

<10 hours 10 (40.0) Ref Ref

>10 hours 15 (60.0) 3.43 (1.24-9.48) 0.018 1.01(0.19-5.33) 0.993
Duration from Injury to
Craniotomy

<17 hours 9(36.0) Ref Ref

>17 hours 16 (64.0) 4.06 (1.45-11.38) 0.008 7.94 (1.35-46.67)  0.022%

GOSE Poor: Categories of dependent variable outcomes of moderate to severe disability, and death p<o.o5. Abbreviations: GOSE
= Glasgow Outcome Scale-Extended; OR = Odds Ratio; Cl = Confidence Interval; GCS = Glasgow Coma Scale; CT scan = Computed

Tomography scan; ICU = Intensive Care Unit

(26.8%) had mild disability, 7 subjects (9.9%)
had moderate disability, 15 subjects (21.1%) had
severe disability, 4 subjects (5.6%) had profound
disability, 6 subjects (8.4%) died. The median
length of stay (LOS) for the subjects was 10 days.

Determining the Cutoff Points for Indepen-
dent Variables using ROC Curve Analysis
Table 2 presents the stages for determining
cutoff points for main independent variables,
duration from injury to ED admission and
from injury to craniotomy, based on median
calculation and analysis using Liu and Youden
indices. For the duration from injury to ED
admission, no significant difference was found
between the median point, Liu index, Youden
index, and median cutoff (p=0.262). The highest
AUC value was found with the Liu/Youden
cutoff, with AUC=0.648, leading to a selected
cutoff of 10 hours for injury to ED admission. In
analyzing the variable of duration between the

onset of the event and the craniotomy incision,
no statistically significant differences index, as
well as the cut-off with rounding adjustment (p
= 0.355). The subsequent were observed across
the cut-off points determined by the median,
Liu index, Youden determination was therefore
guided by the highest AUC value, which was
achieved by the Liu/Youdenindex cut-off without
rounding (AUC = 0.677). Nevertheless, given
that comparative testing revealed no significant
differences in predictive performance among
the three cut-off points, the final cut-off for the
duration between the event and the craniotomy
incision was established using the Liu/Youden
index with a rounded value of 17 hours, in order
to enhance clinical applicability.

Hypothesis Testing For Gose Outcomes

Table 3 shows the results of bivariate and
multivariate logistic regression to evaluate
the association of independent variables with
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Table 4. Description of Length of Stay Data

Variable Min Q1 Median Q3 Maks  Mean Variance P-Value

Length of stay (hari) 3 4 9 26 37 12.02 65.35 <0.001%

*Shapiro Wilk test, p<o.os; Abreviations: Min=minimum; Q1=quartile 1; Q3=quartile 3; Maks=maximum

Table 5a. Negative Binomial Regression for Sociodemographic and Clinical Factors on Length of Stay

Variabel LOS (median, Q1-Q3) Unadjusted IRR Adjusted IRR
IRR (95% ClI) P-Value IRR (95%Cl) P-Value
Age (years; median, Q1-Q3) - 1.01 (0.99-1.02) 0.088 1.01 (0.99-1.02) 0.064
Gender
Female 6 (5—11) Ref Ref
Male 12 (7-18) 1.64 (1.19-2.26) 0.003 1.61(1.25-2.07) <0.001*

GCS on admission
9-15 6.5 (5—15) ref Ref
<8 9 (7-13) 1.41 (1.05-1.89) 0.022 1.11 (0.70-1.75) 0.652

Airway andfor breathing
problems at admission

No 9 (6-17) ref

Yes 9 (6.5-16) 1.08 (0.73-1.58) 0.706
Intubation

No 8 (6-16) Ref Ref

Yes 16.5 (8.5-23.5) 1.45(1.08-1.95)  0.014 0.93(0.59-1.47) 0.771
Bleeding problems at
admission

No 8 (6-17) Ref

Yes 10 (5-17.5) 1.06(0.77-1.47)  0.715
Laterality

No 8 (6-17) Ref Ref

Yes 14 (7-19) 1.22 (0.88-1.69) 0.230 0.88 (0.65-1.19) 0.413
Head CT scan — Edema

No 7.5 (5-15.5) ref Ref

Yes 13 (7-21) 1.56 (1.17-2.07) 0.002 1.33 (1.04—1.71) 0.023*

Head CT scan — Hemorrhage

No 8 (5—17) ref
Yes 10 (6-17) 1.12 (0.83-1.52) 0.448
Head CT scan — Fracture
No 8 (5.5-17) Ref
Yes 9 (6-17) 1.08(0.78-1.49)  0.657
Hemoglobin on admission (g/ - 0.96 (0.90-1.02)  0.157 0.93 (0.89-0.97) 0.001%

dl; median, Q1-Q3)
Admission room
General Ward/ICU 10.5 (6-17) Ref
Operating Room 8 (6—17) 0.87(0.61-1.24) 0.440
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Table 5b. Negative Binomial Regression for Sociodemographic and Clinical Factors on Length of Stay

Variabel LOS (median, Q1-Q3) Unadjusted IRR Adjusted IRR
IRR (95% ClI) P-Value IRR (95%Cl) P-Value

Duration from Injury to
Admission

<10 hours 7 (6-17) Ref Ref

>10 hours 9 (5-17) 1.56 (1.17-2.06) 0.002 1.57 (1.16-2.14) 0.004%*
Duration from Injury to
Craniotomy

<17 hours 7 (6-15) Ref Ref

>17 hours 12.5(6-19) 1.34 (0.99—-1.80) 0.055 1.01 (0.74—1.38) 0.957

* p<o.05Abreviasi: LOS=length of stay; IRR=Incidence Rate Ratio; CI=Confidence Interval ; GCS=Glasgow Coma Scale ; CT-scan=Computed

Tomography scan; ICU=Intensive Care Unit.

GOSE outcome categories. The results indicate
that increased age (OR=1.04; 95% Cl 1.00-1.08;
p=0.025) and the duration from the incident
to craniotomy exceeding 17 hours (OR=6.37;
95% Cl 1.18-34.48; p=0.022) were significantly
associated with GOSE categories indicating
moderate to severe disability and death.

Hypothesis Testing For Length Of Stay (LOS)

Table 4 provides the data characteristics of
the dependent variable Length of Stay (LOS) for
statistical analysis. Based on the consideration
that the data variance (65.35) is greater than the
mean (12.02) and the data distribution is non-
normal (p<0.001), the analysis was conducted
using negative binomial regression.

Table 5 shows the results of bivariate and
multivariate negative binomial regression,
assessing the association of independent
variables with the outcome of length of stay. The
results revealed that subjects with male gender
(IRR=1.55; 95% Cl 1.20-2.00; p=0.001), the
presence of brain edema on CT scan (IRR=1.34;
95% Cl 1.04-1.71; p=0.022), and a duration from
the event to admission of more than 10 hours
(IRR=1.58; 95% Cl 1.18-2.11; p=0.002) were
significantly associated with an increase in the
average length of stay.

DISCUSSION

Until now, in Indonesia, there have been
few studies reporting the duration from injury
to ED admission and the duration from injury
to craniotomy, along with their outcomes in

terms of GOSE and Length of Stay. The results
from this study, conducted at RSUP Dr. Sardjito,
a referral hospital, identify factors causing
delays in the treatment of traumatic brain
injury (TBI) patients, both in the pre-hospital
phase and in the hospital, along with their
impacts. The findings can be used to evaluate
the effectiveness of the referral system, the
readiness of health facilities, and the efficiency
of medical transportation in handling TBI
emergencies. This study can also provide
preliminary guidance for the development of
healthcare service improvement strategies, and
it can be the basis for formulating better clinical
protocols, particularly in determining the
optimal time threshold from injury to surgical
intervention to improve patient prognosis. From
a healthcare system perspective, this research
can assist in optimizing resource distribution,
including enhancing the capacity of referral
hospitals and improving triage and referral
systems using technology.

Comparing the duration from injury to
admission and craniotomy between studies
poses several challenges. One of the primary
challenges is the differences in healthcare
systems and infrastructure across various
study locations, including the availability of
emergency facilities, referral systems, and
medical transportation. Variations in triage
protocols and hospital policies can also affect
the timing of patient management, making
direct comparisons between studies difficult.
Additionally, the definitions and measurement
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methods for duration in each study may vary,
such as whether the time of injury is identified
based on patient or witness reports, medical
records, or ambulance log systems. External
factors such as traffic congestion, geographical
conditions, and regional health policies may
also contribute to differences in the duration
observed between studies. Therefore, when
making comparisons, it is important to consider
these factors to account for variability between
studies.

In this study, the duration from injury to
ED admission was found to have a median
of 8.5 hours, and the duration from injury to
craniotomy had a median of 16 hours. Notably,
the ED in this study is a referral hospital, and
the majority of patients (94.4%) were referred
from healthcare facilities with lower levels
of care. This duration is longer compared to
studies conducted in similar settings in New
Zealand, where the median duration from injury
to ED admission was 7 hours, and from injury
to craniotomy was 7.5 hours, indicating a gap
of 30 minutes from admission to craniotomy.“
The time until craniotomy in this study was also
longer compared to studies in the UK, with a
median time of 6.7 hours.>

The time to surgical intervention following
TBI is critical in determining neurological
outcomes. In the United States, the Brain
Trauma Foundation recommends a four-hour
window for surgical intervention based on a
1981.° European guidelines do not specify a
strict time limit but emphasize the consensus
that the speed of referral and transfer to
neurosurgical centers significantly influences
patient outcomes.” Other studies have shown
that the time from the onset of neurological
deterioration to surgery is related to improved
clinical outcomes.? Although the duration from
injury to ED admission in referral cases in the
studies mentioned is relatively comparable,
the duration from injury to craniotomy remains
significantly longer, underscoring the need for
improvements in pre-hospital triage systems
and faster referral systems.

The importance of shortening the duration
from injury to ED admission and craniotomy is
also supported by the findings of this study. The

longer the duration from injury to craniotomy,
the greater the risk of poorer GOSE outcomes,
consistent with findings in previous studies.®
Although it did not reach statistical significance
in the multivariate regression analysis, the
duration from injury to ED admission showed
a notable effect, which is epidemiologically
meaningful,* and should be further investigated
in future studies.

In the analysis, initial GCS scores showed a
significant difference in poor GOSE outcomes in
bivariate logistic regression, but in multivariate
regression analysis, initial GCS did not show a
significant difference in poor GOSE outcomes.
This aligns with a study,11 which explores various
factors influencing the GOSE score, indicating
that GCS is not a major predictor for long-term
outcomes, especially when compared to the
impact of extracranial injuries. This is particularly
evident in patients with mild TBI (GCS 13-15)
and significant extracranial injuries.”* The
analysis also revealed that increasing age is
associated with poorer GOSE outcomes, in line
with findings from previous studies.*»

Older TBI patients tend to experience
worse outcomes due to various physiological
and clinical factors. Brain atrophy that occurs
with aging increases the intracranial space,
making elderly individuals more susceptible
to acceleration-deceleration forces that can
cause subdural hematomas. Moreover, the
aging brain has reduced neuroplasticity and
impaired cerebral autoregulation, limiting its
ability to compensate for injury and increasing
the risk of secondary brain injury due to
ischemia, hypoxia, or cerebral edema.* The
reduced neuroplasticity also hampers functional
recovery, resulting in longer disability.”s
Systemic comorbidities such as hypertension,
diabetes, and cardiovascular disease further
complicate recovery. Furthermore, conditions
like frailty and sarcopenia, which are common
in the elderly, contribute to worse rehabilitation
outcomes.*® Less aggressive TBI management
has been documented in elderly patients
hospitalized, and low management intensity is
associated with an increased 30-day mortality
risk .7 Patients who were intubated upon arrival
in the ED or who underwent intubation in the
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ED in this study had a higher risk of poor GOSE
outcomes. It is important to note that 67 of the
71 patients (94.4%) in this study were referrals
from lower-level hospitals, and none of the four
patients who arrived at the ED independently
underwent intubation.

The condition and management of patients
at referring hospitals were not documented
in this study, so it is likely that patients who
were intubated at the referring hospital had
worse conditions, necessitating intubation to
secure the airway. In this study, it is likely that
intubation occurred at the referring hospitals,
as paramedic professions are still uncommon
in Indonesia, and the challenges in improving
pre-hospital care services in Indonesia make the
"scoop and run" approach more popular.*® Other
studies also show unclear results regarding the
relationship between pre-hospital intubation
and poor GOSE outcomes.*9>°

The LOS analysis revealed that higher
hemoglobin levels were significantly associated
with shorter LOS, possibly due to the need for
transfusion, which may extend the LOS.** The
analysis also showed that male patients had
a higher risk of a longer LOS, consistent with
previous studies.?> Some in vitro and in vivo
studies suggest a link between neuroprotective
sex hormones, which may influence better
outcomes in female patients.?2* Another
possibility indicating a longer LOS in males is
the higher severity of trauma, as men are more
often associated with riskier driving behaviors,
which could result in greater severity and longer
LOS.* The presence of edema on head CT scan
was also found to increase the average LOS,
although findings in previous studies remain
inconclusive.?®

Primary TBI trauma is caused by direct
contusion. The subsequent inflammatory
response and apoptosis cascade activation
cause secondary brain damage, contributing to
injury expansion and cerebral edema. Cerebral
edema is a common complication of TBl and can
result from a combination of cytotoxic, osmotic
swelling, and vasogenic edema. Cerebral
edema peaks 2472 hours after TBl and worsens
neuronal damage by restricting cerebral blood
flow.” Patients with cerebral edema are likely

to receive mannitol treatment, and previous
studies have indicated a prolonged LOS in
patients receiving mannitol who experience
acute kidney injury. The duration from injury
to ED admission of >10 hours also increased
the average LOS in this study, consistent with
previous studies,® likely due to deterioration
of the patient's condition pre-hospital or worse
conditions requiring more care upon arrival at
the hospital.

CONCLUSION

The shorter the time from the injury to
medical management in the ED, the better
the Glasgow Outcome Scale Extended (GOSE)
outcome for traumatic brain injury patients,
although the difference is not statistically
significant. The Length of Stay (LOS) is shorter
and shows a significant difference.

The shorter the time from the injury to
craniotomy, the better the GOSE outcome for
traumatic brain injury patients, with a significant
difference, although LOS does not show a
statistically significant difference

RECOMMENDATIONS

The data collection period should be
extended beyond the sample collection time
frame in a multicenter study to ensure a larger
sample size and maintain sample uniformity.
Collect pre-hospital data by documenting the
condition and initial management of patients at
referring hospitals, and involve a larger sample
size to increase statistical power and generalize
the findings. Future studies should also consider
social and economic factors of patients, such
as transportation accessibility and economic
status, and factors influencing the waiting time
until surgery at the hospital. A comparison
between type A hospitals and hospitals with
more limited facilities should be conducted to
develop more universal treatment guideline.
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