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Abstract

Traumatic brain injury is a leading cause of mortality and long-term disability worldwide, especially in low- and
middle-income countries. Neurosurgical intervention plays a critical role in mitigating secondary brain injury and
improving outcomes in moderate to severe Traumatic brain injury cases. However, significant variability persists
in surgical strategies, timing, and intraoperative adjuncts, necessitating comprehensive outcome-based
evaluations. This study aims to assess the outcomes of neurosurgical interventions in moderate to severe Traumatic
brain injury, with particular focus on the type and timing of surgery, postoperative complications, and the impact
of intracranial pressure monitoring on recovery. A prospective observational study was conducted on 108
Traumatic brain injury patients undergoing surgery. Demographic data, surgical details, and postoperative
outcomes were recorded. Functional outcomes were assessed using the Glasgow Outcome Scale at 3 months. The
subgroup comparison was done on timing of surgery, type of procedure and intracranial pressure monitoring. The
favorable Glasgow Outcome Scale result was reported in patients who received early surgical intervention (<6
hours) more than who did not (64.7%). The decompressive craniectomy had higher recovery rates (62.7%) in
comparison to the craniotomy or hematoma evacuation. The intracranial pressure monitored the patients and their
outcomes were better with minimal complications. The total postoperative complication rate was 25.9% and most
frequent were rebleeding and infection. Early neurosurgery and intraoperative monitoring is related to better
short-term functional outcomes among the Traumatic brain injury patients. In future, the research needs to be
standardized regarding treatment procedures and consider minimally invasive and neuroprotective approaches.
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1. Introduction

Traumatic brain injury, also called TBI, remains a
serious health issue, with a high rate of morbidity and
mortality that is more common in low-resource areas
and among younger people (Dewan et al., 2018). The
concept of TBIs is characterized by a disturbance of
brain functions under the influence of an external
mechanical factor and covers a continuum of mild
concussions to severe trauma that requires surgical
treatment (Bailes and Borlongan, 2020). The
treatment of moderate-severe TBI is rather
complicated, and neurosurgical approaches like
decompressive craniectomy, hematoma evacuation,
craniotomy, are frequently used.

Although such procedures are life-saving, the
decision to intervene and the time of the intervention
has a major impact on functional outcomes
(Giammattei et al, 2018). The neurosurgical
management of TBI has changed in the last twenty
years to consider multidisciplinary ideals, better
neuroimaging, and real-time monitoring, including
intracranial pressure (ICP) monitoring and
neuronavigation (Douglas et al., 2018; Hoffman et al,
2022). Decompressive craniectomy has become an
important procedure on decompensated ICP that is
unresponsive to medical treatment. Regardless of the
existence of debates on its effectiveness, research
points to its potential in increasing survival and
neurological outcomes when applied during a critical
time frame (Kolias et al., 2018; Maas et al., 2022a).
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There have been increased efforts to investigate
personalized treatment modalities depending on
pathophysiological subtypes of TBI. New imaging
modalities such as functional MRI or NIRS (Near
Infrared Spectroscopy) will be also integrated to
monitor real-time cerebral oxygenation and
perfusion to enable improved surgical planning
(Gomez et al., 2021). The special usefulness of these
modalities is the ability to diagnose diffuse axonal
injury or so-called secondary hemorrhagic changes,
which can greatly change the proposed surgical
interventions (Douglas et al,, 2018). In spite of the
advancements in the field of technology, there is a
profound deficiency in the process of providing
optimal care. Standardization in terms of indications
and post operative measures that have to be
undertaken based on institutions is also lacking.
Additionally, parts of health inequity worsen the
results, particularly in areas with limited funds
(Maldonado et al., 2023; Jiang et al., 2019). It has also
been shown that gender and age play obscuring parts
in recovery patterns, meaning that the management
of surgery needs to be more personal (Kim et al.,
2018; Gardner et al., 2018).

The importance of post acute neurorehabilitation as
a predictor of long-term recovery has also been
stressed in the recent literature. Even when
surgically treated, cognitive, behavioral, and motor
sequelae tend to persist, which imposes the necessity
of a combination of neurosurgical and rehabilitative
approaches (De Luca et al.,, 2018; Edlow et al., 2021).
In addition, neurosurgical educators around the
world have suggested changes to the curriculum
aiming to becoming more focused on neurotrauma
pathways, multidisciplinary  simulations, and
sophisticated skills and knowledge in monitoring to
increase the amount of the experience of a TBI
burden (Hoffman et al., 2022). As future directions,
there has been a growing interest in a minimally
invasive method, intracranial pressure modulation
by using pharmacological agents, and
neuroprotective adjuncts including hypothermia and
stem cell therapy (Farrell and Bendo, 2018; Buccilli
et al, 2024). Neuromodulatory tools and brain-
computer interface-based interventions are under
examination to assist in restoring consciousness in
patients who exhibit prolonged comas or disorders of
consciousness as well (Lee et al., 2019; Edlow et al.,
2021).

Ethical challenges surrounding decision-making in
severe TBI cases, particularly those with poor
prognostic indicators, further underscore the need
for prognostic biomarkers and shared decision
frameworks (Rakhit et al, 2021; Scarboro and
McQuillan, 2021). Moreover, emerging data from
war-related and sports-related TBIs are beginning to
influence both clinical practice and policy, especially
regarding prevention, long-term monitoring, and
early surgical referrals (Zhang et al., 2022; Narayana

et al.,, 2019). Although numerous clinical trials have
addressed components of neurosurgical TBI
management, there remains a substantial gap in
high-quality evidence concerning optimal
intervention timing, procedure selection, and
postoperative care. Existing guidelines, such as those
from the Brain Trauma Foundation, are invaluable
but require continuous updates to reflect advances in
imaging, monitoring, and surgical techniques
(Kochanek et al., 2019). This study evaluates surgical
methods, intervention timing, and results in patients
with intermediate to severe traumatic brain injury in
an effort to add to the body of current knowledge.
Special emphasis is placed on the prognostic
implications of early versus delayed surgery and the
potential role of intraoperative adjuncts like ICP
monitoring in improving outcomes.

Research Objectives

1. To analyze the demographic and clinical
characteristics of patients with moderate to
severe TBI undergoing neurosurgical
intervention

2. To evaluate the impact of surgical timing and
procedure type on functional outcomes at three
months

3. To assess the role of intraoperative monitoring
tools, such as ICP monitoring, in influencing
postoperative outcomes and complications

2. Literature Review

2.1 Overview of Neurosurgical Importance in TBI
Traumatic brain injury is a leading cause of death and
disability globally, and its emergency neurosurgical
assessment and management are essential to prevent
it (Crupi et al, 2020). The surgery of the central
nervous system is the main method of treatment of
the increase of intracranial pressure (ICP),
localisation of mass effect or haemorrhage.
Regardless of medical management, the survival and
neurological outcome is regularly determined by
appropriate and timely surgical plans (Giammattei et
al., 2018; Bailes and Borlongan, 2020).

2.2 Decompressive
Indications

Decompressive craniectomy (DC) remains a well-
established life-saving procedure in people with
severe intracranial pressure who died to emergency
surgical treatment which happens after TBI. It
implies the craniectomy wherein a part of the skull is
removed in order to eliminate the pressure and
herniation. A number of studies advocate its
application in severe situations, especially when the
brain has become swollen diffusely or has space-
occupying lesions that are not spotted to get
evacuated (Kolias et al, 2018). Nevertheless, DC
might not pursue functional recovery and can be
accompanied by an even greater burden of

Craniectomy and Its
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postoperative complications and dependency hence
necessitating strict selection criteria in patients
(Giammattei et al., 2018).

2.3 Hematoma Evacuation and Craniotomy

Techniques
Subdural or epidural haematoma are focal
haemorrhagic lesions that require emergency

surgery to evacuate to normalise the cerebral
perfusion in the brain. Although the use of
craniotomy is not as common as DC, they are
impossible to replace in such cases as well-localized
hematomas or contusion where it is essential to
resect the area. It has been important because it has
enhanced safety and accuracy of these surgeries
through developments in surgical instruments and
guided images (Buccilli et al., 2024). Even the genre
of evacuation also tries not to destroy minimally
invasively, typically with deep-seated or low-volume
hematomas where evidence is scarce (Maldonado et
al, 2023).

2.4 Timing of Surgical Intervention

Surgical timing remains a critical prognostic factor.
Early intervention, especially within the first 6 hours
of injury, is associated with improved outcomes in
both mortality and neurological function (Farrell and
Bendo, 2018). Delayed surgeries often correlate with
secondary insults such as hypoxia, ischemia, and
raised ICP, which worsen long-term prognosis
(Gardner et al.,, 2018). Nonetheless, defining “early”
timing varies across centers, and standardized
criteria remain elusive, warranting future
prospective trials (Maas et al., 2022a).

2.5 Role of Intraoperative and Postoperative
Monitoring

Monitoring strategies such as ICP measurement and
multimodal brain monitoring have gained popularity
in guiding intraoperative decisions. ICP-guided
management improves cerebral perfusion and
reduces secondary injury risk, although clear
outcome advantages require further high-quality
evidence (Kochanek et al, 2019). Neuronavigation
and neuroendoscopy enhance anatomical accuracy
during procedures, particularly in hematoma
evacuations, minimizing cortical injury and
improving resection completeness (Lee et al., 2019).

2.6 Complication Management and Surgical
Outcomes

Complications such as rebleeding, hydrocephalus,
and infections remain prevalent in neurosurgical TBI
cases. Recent research notes that secondary
morbidity could be avoided with the help of early
detection and active treatment of such complications
(Scarboro and McQuillan, 2021). The investigation of
prophylactic measures such as duraplasty
modification, sterile procedures, and anti-epileptic

prophylaxis is considered a possibility, although their
standardisation has not been achieved yet (Magid-
Bernstein et al., 2022).

2.7 Rehabilitation Integration and Functional
Recovery

Integration of early rehabilitation is a crucial factor to
consider after acute surgery beyond acute surgical
care to optimal recovery. Research indicates that
postoperative  neurocognitive  and  physical
rehabilitation are necessary to improve a patient
post-TBI functional outcome (De Luca et al,, 2018).
The collaboration between neurosurgery teams and
rehabilitation  specialists is growing, and
neurosurgery teams are being encouraged to set up
transparent pathways to improving outcomes and
pathways to rehabilitation, but there is still a certain
barrier that is access disparity in low-resource
settings (Edlow et al,, 2021).

2.8 Future Research and Innovation

The prospects of neurosurgical management of TBI
entail the creation of individual surgical algorithm
risks on the basis of neuroimaging biomarkers, the
use of Al-based decision support, and intraoperative
neuromonitoring integration (Gomez et al.,, 2021). In
addition, there is an increasingly popular trend in
developing international collaboration that will
potentially help to ensure international attempts to
unify the protocols, better train people, and increase
access to neurosurgical care, especially in
underserved areas (O'Meara et al., 2020; Hoffman et
al.,, 2022). Also, with the emergence of bioresorbable
craniotomy implants and 3D-printed craniotomy
prostheses, there is a promising future with respect
to the reconstruction of crania after craniectomy
(Maas et al.,, 2022b).

3. Methods

3.1 Study Design

This study was observational in nature, mostly
retrospective in nature, and aimed to evaluate the
neurosurgical results of therapy for patients
suffering from moderate to severe traumatic brain
injury (TBI). The methodology was carried out
between September 2022 and January 2025 and took
28 months. Along with the records of the efficacy of
the practice of surgery of today, the study aimed at
the most likely patterns and issues in the dyad of
procedures that can be used as the guidance towards
the further directions in the sphere of neurotrauma
care. Only the emergency neurosurgical treatment
that was conducted within period of 24 hours of
injury was analyzed, so as to enable a balance
judgment to be provided on a similar basis of time of
surgery, patient outcomes, and the decisions made
during the surgery.
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3.2 Study Setting and Duration

The study was carried out in a high-volume tertiary
care trauma center with a dedicated neurosurgical
unit, serving both urban and semi-rural populations.
The institution’s neuro-emergency service functions
continuously, with separate trauma triage, radiology
access, and ICU facilities. Patient records were
reviewed systematically during the designated
period, and only those who met strict inclusion
criteria were considered. A total of 108 patients who
underwent emergency neurosurgical procedures
following head trauma were included in the final
analysis.

3.3 Patient Selection and Criteria

Patient inclusion was based on well-defined clinical
and radiological criteria. Individuals aged between
18 and 75 years who presented with moderate to
severe TBI, defined by a Glasgow Coma Scale (GCS)
score of 12 or below at admission, and underwent
surgery within 24 hours of injury, were eligible. The
nature of the injuries included intracerebral
haemorrhage, subdural or epidural hematoma,
cerebral contusion with midline shift, and diffuse
cerebral edema. Patients were excluded if they had
penetrating injuries, were polytrauma cases
requiring prioritized treatment of non-cranial
injuries, had pre-existing neurological disorders, or
had undergone previous cranial neurosurgery.
Incomplete documentation, death before surgical
intervention, or loss to follow-up also constituted
exclusion criteria. Out of 124 cases initially screened,
108 patients fulfilled all criteria and were included
for outcome analysis.

3.4 Data Collection Process

Clinical data were manually extracted from patient
files, emergency triage records, operative notes, and
ICU monitoring sheets by a team of three trained
researchers. Each case was reviewed independently
by two data abstractors and verified by a third for
consistency.  Collected  parameters included
demographic information such as age and sex;
mechanism of injury, which was categorized into
road traffic accidents (RTAs), falls, and assaults; and
clinical indicators including GCS, pupil reactivity, and
blood pressure status on arrival. Surgical variables
captured included the type of procedure,
decompressive craniectomy, hematoma evacuation,
or craniotomy, and the timing of surgery, classified
into three groups: within 6 hours, between 6 and 12
hours, and beyond 12 hours from injury onset. Other
records provided the availability of intraoperative
guidance, that is, neuronavigation, ultrasonography,
or intracranial pressure (ICP) monitoring where
possible. Since the study was subjective in nature,
the outcome assessment was centered on the
Glasgow Out come Scale (GOS) that was measured at
the discharge of the hospital as well as after 3 months

via outpatient visitation, or structured telephone
interview. The information about postoperative
complications such as rebleeding, surgical site
infection, hydrocephalus and seizure as well was
noted. Secondary outcomes were in-hospital
mortality and length of stay in intensive care unit.

3.5 Outcome Measures

The primary clinical outcome was the Glasgow
Outcome Scale at three months following surgery.
Patients with a GOS score of 4 or 5 were categorized
as having a favorable outcome, indicating moderate
disability or good recovery, while those with scores
of 1 to 3 were deemed to have had an unfavorable
outcome, encompassing death, persistent vegetative
state, or severe disability. Secondary outcomes
included in-hospital mortality, frequency of
complications, length of ICU stay, and the need for
secondary intervention, such as reoperation due to
rebleeding or uncontrolled intracranial pressure. To
provide clarity in outcome trends, patients were
stratified according to the timing of surgery and the
type of neurosurgical procedure performed.

3.6 Data Analysis Strategy

All statistical analysis was conducted manually
without the use of proprietary software to maintain
full confidentiality and internal control. Data were
initially tabulated in a structured spreadsheet using
LibreOffice Calc. Incidence and percentage for

categorical variables were calculated using
descriptive statistics, whereas medians with
interquartile ranges were used to represent

continuous variables like age and ICU stay. With an
interquartile range of 28 to 52 years, the study
population's median age was 39 years. The median
ICU stay was five days, with an interquartile range of
three to nine days. The chi-square test was applied to
assess the statistical significance of associations
between the timing of surgery and patient outcome.
Calculations were performed manually using chi-
square distribution tables, and results were verified
by two independent reviewers

3.7 Ethical Considerations

Patients' informed permission was not necessary
because the study was retrospective in nature, and
the waiver was granted accordingly. Patient
confidentiality was rigorously protected by
anonymizing all identifying information during data
handling. The study was conducted in accordance
with the ethical standards, and all data were stored
securely in restricted-access electronic systems to
prevent unauthorized use or disclosure.

4. Results

4.1 Demographic and Clinical Characteristics

A total of 108 patients with moderate to severe
traumatic brain injury (TBI) were included in the
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final analysis. The median age was 39 years (IQR: 28-
52), with 74 males (68.5%) and 34 females (31.5%).
The most common mechanism of injury was road
traffic accidents (RTA) in 66 patients (61.1%),
followed by falls from height in 29 patients (26.9%),
and assaults in 13 patients (12.0%). At presentation,
56 patients (51.9%) had a Glasgow Coma Scale (GCS)
<8, while 52 patients (48.1%) had scores between 9
and 12. Bilateral unreactive pupils were presentin 14
patients (13.0%).

4.2 Surgical Profile and Timing

Out of the total cohort, 59 patients (54.6%)
underwent decompressive craniectomy, 34 (31.5%)
had hematoma evacuation, and 15 (13.9%)
underwent standard craniotomy. Regarding the
timing of intervention, 51 patients (47.2%) received
surgery within 6 hours, 37 patients (34.3%) between
6-12 hours, and 20 (18.5%) after 12 hours of injury
onset. These distributions are presented in Table 1,
summarizing the surgical timing and frequency.

Table 1. Timing of Neurosurgical Intervention Post-Injury

Surgical Timing | Number of Patients
<6 hours 51
6-12 hours 37
>12 hours 20

The data in Table 1 shows that nearly half of the
patients underwent neurosurgical intervention
within 6 hours of injury, suggesting a strong
emphasis on early surgical response in clinical

60
50
40

30

Number of Patients

20

10

<6 hours

6-12 hours

practice. This temporal distribution is visually
represented in Figure 1, which clarifies the
predominance of early interventions over delayed
procedures.

>12 hours

Timing Categories

Figure 1. Timing of Neurosurgical Intervention Post-Injury

Figure 1 confirms that early surgical intervention,
particularly within 6 hours of injury, was the most
frequently adopted approach in this cohort. This
trend underlines the wurgency recognized in
managing moderate to severe TBI and provides
context for the analysis of time-dependent outcomes
in the following sections.

4.3 Functional Outcomes at Three Months

At the three-month follow-up, 61 patients (56.5%)
achieved favorable recovery (GOS 4-5). Outcomes
stratified by surgical timing showed a decline in
favorable results with delayed intervention. This
trend is shown in Table 2, which presents the
relationship between the timing of surgery and
patient outcome.

Table 2. Functional Outcome Based on Surgical Timing

Surgical Timing | Favorable (GOS 4-5) | Unfavorable (GOS 1-3)
<6 hours 33 18
6-12 hours 16 21
>12 hours 6 14
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In Table 2, favorable outcomes were most frequent in
patients who received surgery within 6 hours, with a
clear decline as the timing progressed beyond 12
hours.

35
30
25
20
15
10

(]

Favorable vs unfavorable outcomes

<6 hours

This pattern is graphically demonstrated in Figure 2,
which highlights the association between surgical
delay and declining functional recovery.

21
18
14
; =

6-12 hours

>12 hours

Surgical Timing
Unfavorable (GOS 1-3)

® Favorable (GOS 4-5)

Figure 2. Impact of Surgical Timing on 3-Month Functional Outcomes (GOS 4-5)

In Figure 2, favorable functional outcomes at 3
months were highest among patients who
underwent surgery within 6 hours of injury, with a
stepwise decline in the 6-12 hour and >12 hour
groups. This finding reinforces the importance of
early surgical intervention in influencing recovery

trajectories. Functional outcome was also analyzed
by procedure type. Decompressive craniectomy
yielded favorable outcomes in 62.7% (37/59),
hematoma evacuation in 52.9% (18/34), and
craniotomy in 40.0% (6/15). These results are
detailed in Table 3.

Table 3. Favorable Outcomes (GOS 4-5) by Surgical Procedure

Procedure Favorable Outcomes | Total Patients | Percentage Favorable
Decompressive Craniectomy | 37 59 62.71

Hematoma Evacuation 18 34 52.94

Craniotomy 6 15 40

Table 3 indicates that decompressive craniectomy
was associated with the highest proportion of
favorable outcomes (62.7%) compared to other
surgical methods.

The same trend is captured in Figure 3, which
visually compares favorable outcomes across the
three surgical procedures.

Craniotomy 15

Hematoma Evacuation

Decompressive Craniectomy

o

10

Type of Nurosurgical Procedure

20

34

59

30 40 50 60 70

Number of Patients and Percentage Favorable Outcome (%)

m Percentage Favorable

Total Patients

m Favorable Outcomes

Figure 3. Favorable Outcomes (GOS 4-5) by Surgical Procedure

elSSN: 1303-5150

www.neuroquantology.com



Neuroquantology | September 2024 | Volume 22 | Issue 04| Page 339-348 | Doi: 10.48047/nq.2024.22.4.nq24039
Dr. Siddareddy Ankireddypalli, Neurosurgical Management of Traumatic Brain Injuries: Current Strategies and Future Directions

Figure 3 visually compares the effectiveness of
different surgical techniques, clearly indicating that
decompressive craniectomy was associated with the
highest favorable outcome rate, followed by
hematoma evacuation and craniotomy. While not
statistically significant, the difference suggests
potential procedural advantages worth further
exploration.

4.4 In-Hospital Mortality and ICU Stay

In-hospital mortality was 13.9% (15 patients).
Mortality was highest in the >12-hour group (30%),
compared to 9.8% in the <6-hour group and 10.8% in
the 6 to 12-hour group. This is summarized in Table
4.

35

30

25
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15

Mortality Rate (%)

10 o=

<6 hours

6-12 hours

Table 4. Mortality Rate by Surgical Timing

Surgical Timing | Mortality Rate (%)
<6 hours 9.8

6-12 hours 10.8

>12 hours 30

Table 4 outlines the observed mortality rates, with a
steep increase in deaths among patients undergoing
surgery after 12 hours. This escalation in mortality
with surgical delay is illustrated in Figure 4,
providing a clear visual comparison across timing
categories.

30

>12 hours 344

Surgical Timing

Figure 4. Mortality Rates Based on Surgical Timing

Figure 4 shows that mortality increased substantially
with surgical delay, peaking in patients who
underwent surgery after 12 hours. These data
underscore the life-saving impact of early operative
management in TBI cases.

4.5 Postoperative Complications

A total of 28 patients experienced postoperative
complications. The most frequent complications
were rebleeding (n=9), followed by surgical site
infections (n=7), hydrocephalus (n=6), and seizures
(n=6). The distribution of these complications by
surgical type is presented in Table 5.

Table 5. Distribution of Postoperative Complications by Surgical Procedure

Complication | Decompressive Craniectomy | Hematoma Evacuation | Craniotomy
Rebleeding 4 3 2
Infection 3 2 2
Hydrocephalus | 3 2 1
Seizures 3 3 0

The distribution in Table 5 shows that while all
procedures carried a risk of complications,
decompressive  craniectomy and hematoma
evacuation had more frequent occurrences of

rebleeding and seizures. A detailed breakdown of
complication types by procedure is illustrated in
Figure 5, enabling direct comparison of
postoperative risks.
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Figure 5. Distribution of Postoperative Complications by Surgical Type

Figure 5 illustrates that while all surgical modalities
had associated complications, decompressive
craniectomy and hematoma evacuation showed
relatively higher counts across most complication
types. This supports the need for tailored
perioperative risk mitigation strategies based on
surgical choice.

4.6 Influence of ICP Monitoring on Outcome
Patients with intraoperative ICP monitoring showed
better recovery and fewer complications. Among
them, 71.1% achieved favorable outcomes, compared
to 50% in those without monitoring. This outcome is
summarized in Table 6.

Table 6. Outcome Based on Use of ICP Monitoring

ICP Monitoring

Favorable Outcomes

Total Patients | Percentage Favorable

With ICP Monitoring 27

38 71.05

Without ICP Monitoring | 35

70 50

According to Table 6, patients with ICP monitoring
showed a greater proportion of favorable outcomes,
pointing toward the potential value of incorporating
monitoring in acute TBI care.

80

Number/Percentage
= N w By [$2] D ~
o o o o o o o o

Favorable Outcomes

This trend is visually outlined in Figure 6, which
contrasts outcomes between monitored and non-
monitored groups.

Total Patients

Percentage Favorable

Outcome measures

= With ICP Monitoring

u Without ICP Monitoring

Figure 6. Effect of ICP Monitoring on Outcomes
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As shown in Figure 6, patients with ICP monitoring
had a noticeably higher proportion of favorable
outcomes compared to those without monitoring.
Although not statistically significant, the visual trend
points to the potential clinical value of ICP-guided
management in improving prognosis.

5. Discussion

The current study assessed the significance of
intraoperative intracranial pressure (ICP)
monitoring, timing, and surgical outcomes in patients
with mild to severe traumatic brain injury (TBI). The
findings demonstrate that early surgical
intervention, particularly within six hours of injury, is
associated with a higher rate of favorable
neurological recovery, lower in-hospital mortality,
and fewer postoperative complications. These results
have significant implications for clinical decision-
making in acute neurotrauma care. One of the most
prominent findings is the positive correlation
between early surgical intervention and favorable
Glasgow Outcome Scale (GOS) scores at three
months. Patients treated after lengthier delays had a
much worse result profile than those who received
surgery within six hours. This supports the theory
that timely decompression and hematoma
evacuation mitigate secondary brain injury by
reducing intracranial hypertension and preserving
cerebral. The outcomes of the patients who received
surgery in 6 hours displayed a significantly
favourable outcome profile compared to those
patients who had been treated after an extended
delay. This confirms the proponents of the theory
that early decompression and hematoma excision
can help eliminate secondary brain injury via
lessening of intracranial hypertension and
maintenance of cerebral perfusion. Further,
decompressive craniectomy showed the most
favorable rate of outcome (62.7%) compared to
hematoma evacuation and craniotomy. Statistically
there was not much of a difference but this
statistically insignificance follows the recent debate
on neuroprotective abilities of decompression in
patients with elevated intracranial pressure (Kolias
et al, 2018). Also discussed in the analysis was that
patients who had ICP monitoring had an improved
functional outcome and complication when
compared to patients with an insignificant difference
between them. The trend supports the importance of
ICP  monitoring as an extension to direct
postoperative management and earlier intervention,
which has been mentioned earlier as resulting in
more personalized and responsive treatment (Farrell
and Bendo, 2018). These results are in line with
published data in the world regarding the
significance of early surgical treatment of TBI. Dewan
et al. (2018) approximated that the wvalue of
disability-adjusted life years (DALYs) related to TBI
decreases greatly due to early neurosurgery.

Correspondingly, Bailes and Borlongan (2020) state
that neurological healing is significantly impacted by
surgical decompression when the procedure is
performed during the golden window. The
preference for decompressive craniectomy is also in
line with Kolias et al. (2018), who observed that this
procedure helps in controlling intracranial
hypertension, particularly when medical
management fails. While hematoma evacuation is
often prioritized in focal lesions, its success largely
depends on timing and location. The lower favorable
outcome rates in craniotomy patients observed in
our study could reflect the complexity of injuries and
higher baseline neurological impairment in that
subgroup. In terms of postoperative complications,
our rebleeding and infection rates were slightly
higher than those reported by Giammattei et al
(2018), who documented complication rates
between 10-20% for similar procedures. The
variation may be attributable to case severity,
resource constraints, and institutional protocols.
Notably, our seizure incidence of ~5.6% aligns with
reported early post-traumatic seizure rates in the
literature (Scarboro and McQuillan, 2021), further
validating the consistency of our outcomes.
Regarding ICP monitoring, our results lend partial
support to the findings of Maas et al. (2022b), who
concluded that ICP-guided interventions may
improve patient stratification and reduce treatment
variability. However, larger trials like BEST-TRIP have
cast doubt on whether invasive monitoring
universally translates into improved survival,
highlighting the need for individualized patient
selection (Maas et al.,, 2022a).

Despite the strengths of prospective data collection
and standardized follow-up, our study has several
limitations. First, the study was only carried out at
one tertiary care facility, which might have limited
how broadly the findings can be applied. Second, the
sample size was insufficient to identify statistically
significant variance across all categories, especially
in craniotomy effects and complication stratification,
even if it was sufficient for drawing preliminary
findings. Another limitation is the absence of
advanced neuroimaging biomarkers or functional
MRI assessments that could provide a more nuanced
understanding of brain injury severity and recovery
trajectories (Douglas et al, 2018). Furthermore,
although GOS is widely used, it may not capture
cognitive or psychosocial dimensions of recovery,
which are increasingly recognized as important in
TBI rehabilitation (De Luca et al., 2018). Additionally,
we did not stratify patients based on comorbidities,
anticoagulant use, or injury mechanism severity, all
of which could influence outcomes. Future studies
should incorporate multivariable logistic regression
models to control for such confounders. The current
findings underscore the critical role of timing and
surgical modality in determining TBI outcomes.
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Moving forward, protocol-driven triage systems
emphasizing early imaging and surgical readiness
may enhance treatment efficiency and patient
survival, particularly in resource-limited settings.
There is also a compelling case for integrating ICP
monitoring more broadly, not just intraoperatively
but in postoperative ICU management, especially for
patients with GCS <8. Technological innovations like
non-invasive  optic nerve sheath diameter
measurement and cerebral oximetry might augment
or complement invasive monitoring (Gomez et al.,
2021). Further, the development of personalized
surgical algorithms based on Al-driven risk
assessment tools could revolutionize patient-specific
decision-making in TBI. Such tools can integrate
injury characteristics, biomarker profiles, and
demographic data to recommend tailored
interventions (Maas et al.,, 2022b). Finally, long-term
rehabilitation tracking, including cognitive and
functional reintegration, should be emphasized in
future research, particularly in younger and geriatric
cohorts who may have distinct recovery patterns
(Gardner et al,, 2018).

6. Conclusion

This study provides significant insights into the
management of moderate to severe traumatic brain
injury (TBI), emphasizing the critical influence of
surgical timing, choice of neurosurgical procedure,
and the use of intraoperative monitoring on patient
outcomes. The significance of the early surgical
intervention was also considerably linked to
improved functional recovery and reduced in-
hospital mortality with the traumatic brain injury,
especially those who had been referred to the
neurosurgery unit early mainly within 6hours
following the injury onset. The highest proportion of
favourable results at three months was found with
decompressive craniectomy, and it can be
recommended to continue to perform it in cases of
refractory intracranial hypertension and diffuse
cerebral swelling. The second issue that came with
the enhanced recovery of the patients was the usage
of intraoperative intracranial pressure (ICP)
monitoring, which minimized postoperative related
complications in patients. Though not statistically
significant, they give the trends, which indicate
possible prognostic benefits in case of the use of ICP-
guided intervention approaches. Profile of
complication differed among the types of surgeries,
with rebleeding, infections, hydrocephalus, and
seizures as the most common negative outcomes.
Such results outline the imperativeness of thorough
perioperative attention as well as aftercare heed.
Overall, the research highlights the need to adopt an
integrated neurosurgical treatment methodology
that integrates early intervention, selection of the
operative procedure depending on the nature of the
injury, and the complementary use of monitoring

devices to enable optimal results in patients. While
the results are promising, limitations such as the
single-center design and modest sample size warrant
cautious interpretation. Future multicentric and
randomized studies are essential to validate these
findings and refine evidence-based guidelines for the
surgical management of TBI, ultimately improving
survival and functional recovery in this high-risk
patient population.
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