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ABSTRACT

Background: TBI remains a leading cause of death and disability worldwide, particularly in low- and middle-
income countries where delays in prehospital stabilization and limited neurosurgical resources compromise
outcomes.

Objectives: Evaluate demographics, surgical modalities, complications, and short-term outcomes of adults
undergoing craniotomy or decompressive craniectomy for moderate to severe TBI at a tertiary care hospital.
Methods: Prospective observational study of 60 adults (>18 years) with admission GCS <12 and CT evidence of
intracranial hematoma or edema requiring surgery at Aziz Fatimah Hospital, Faisalabad, Pakistan, from January to
December 2024. Data on demographics, injury mechanism, surgical approach, operative metrics, complications,
ICU and hospital stay, in-hospital mortality, and Glasgow Outcome Scale (GOS) at discharge were collected. All
surgeries were performed under general anesthesia with asepsis.

Results: Mean age 35.2 years; 70% male; road traffic accidents accounted for 60% of injuries. Craniotomy was
performed in 45 cases (75%) and decompressive craniectomy in 15 (25%). Mean operative time was 120 minutes
and mean blood loss was 450 mL. ICP monitoring was utilized in 46.7% of patients. Overall complication rate was
38.3%, led by surgical-site infection (16.7%) and seizures (13.3%). Mean ICU stay was 5.2 days and hospital stay
was 12.4 days. In-hospital mortality was 16.7%, higher after craniectomy (26.7% vs. 13.3%). Favorable discharge
(GOS 4-5) occurred in 66.7% of survivors. Admission GCS was 7.5 £2.3.

Conclusions: Timely surgical intervention in moderate to severe TBI in this setting yields acceptable mortality and
favorable short-term outcomes in two-thirds of patients. Enhancing infection control, hemorrhage management, and
neurocritical care capacity may further improve prognosis.

Keywords: traumatic brain injury, craniotomy, decompressive craniectomy, surgical outcomes, intensive care stay,
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INTRODUCTION

Traumatic brain injury (TBI) is among the
major causes of death and remains a major
source of long-term disability worldwide, with
a physical, financial, and societal burden that is
not only placed on the patient and their family
but also on healthcare systems and economies.
Prompt and effective acute management is
therefore so critical because survivors often
suffer prolonged rehabilitation, cognitive and
motor deficits, and psychological challenges
that may persist for years [1].

Surgical intervention is commonly
indispensable when moderate to severe TBI
threatens neurological integrity. Mass effect is
relieved and secondary injury is prevented by
craniotomy evacuating intracranial hematomas,
while decompressive craniectomy provides a
vital means of dumping uncontrolled cerebral
edema [2]. But the decision to go ahead with
either procedure depends on a delicate balance
of clinical judgement — the results of
neurological examination, the intracranial
pressure dynamics, and the neuroimaging
findings — and the possibility of potentially
life-saving treatment against the risk of
infection, bleeding, and long-term functional
impairment [3].

However, in many resource-constrained
settings, timely delivery of neurosurgical care is
a problem. Prehospital stabilization delay,
limited operating room availability, and
neurocritical monitoring equipment supply
shortages can limit the window for optimal
intervention [4]. In addition, intensive care
units with specialized beds and trained
personnel are often unable to accommodate the
high patient volumes and competing surgical
emergencies that further strain these units.
Systemic barriers only exacerbate the need for
streamlined surgical pathways and targeted
investments to bolster capacity [5].

With little to no outside competition,
surgical practices are systemically evaluated,

and early postoperative outcomes are evaluated
in high-volume tertiary care environments to
identify successes and areas of improvement
[6]. Clinicians and administrators can use the
patterns in patient presentation, procedural
choices, complication rates, and short-term
functional recovery to identify bottlenecks in
care  delivery, adjust decision-making
algorithms, and determine resource allocation
priorities. This is essential to the adaptation of
international guidelines for local realities and
the shaping of neurosurgical training
programmes capable of preparing neurosurgical
teams to act swiftly and efficiently [7].

Thus, this study aimed to characterize
surgical management strategies and early
outcomes for adults with moderate to severe
TBI treated in a busy tertiary care hospital.
Current study used clinical severity, operative
details, postoperative complications, and
discharge functional status to carefully
scrutinize to generate actionable evidence to
inform best practices, improve
multidisciplinary coordination, and ultimately
improve the prognosis of TBI patients in similar
health care settings [8].

MATERIALS AND METHODS

A prospective observational study was carried
out in the Department of Neurosurgery, Aziz
Fatimah Hospital, Faisalabad, Pakistan, within
12 months from January 2024 till December
2024. Consecutive adults aged 18 years or older
with moderate to severe traumatic brain injury
(Glasgow Coma Scale score < 12, admission),
cranial CT evidence of an intracranial
hematoma, contusion or diffused cerebral
edema that required surgery, were enrolled after
institutional ethics committee approval and
informed consent from each patient’s next of
kin. All patients with penetrating injuries,
known coagulopathy, significant comorbidities
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precluding anesthesia, or who declined consent
were excluded.

An a priori sample size calculation was
performed to ensure that the present study had
adequate statistical power for its primary end
point—the difference in in-hospital mortality
between surgical modalities. Assuming an
overall mortality of 20%, with 80% power and
an o of 0.05, a minimum of 56 patients was
required. Given the possibility of dropouts or
protocol deviations, the current study aimed to
enroll at least 60 participants.

Finally, detailed demographic data (age,
sex), injury mechanism (road traffic accident,
fall, assault), and clinical severity (admission
GCS, pupil reactivity) were recorded at the time
of admission. These clinical parameters were
integrated with CT findings into surgical
decision making: craniotomy for hematoma
evacuation under microscope-assisted
hemostasis and primary dural closure;
decompressive craniectomy with large bone
flap and duraplasty for refractory intracranial
hypertension. All procedures were performed
under general anesthesia with strict asepsis, and
continuous arterial pressure monitoring was the
routine; when intracranial pressure devices
were available, they were used.

The operating team documented
intraoperative variables, including type of
surgery, duration, and estimated blood loss. All
patients were managed in the neurosurgical
intensive care unit, and length of ICU stay, total
hospital stay, and early complications such as

surgical site infection, seizures, and
hydrocephalus were tracked postoperatively.
Glasgow Outcome Scale was used to assess
functional status at discharge, and in-hospital
patients who died during the hospitalization
were also recorded.

Continuous variables were expressed as
mean + SD for analysis, and categorical
variables as counts and percentages. Student’s
t-test was used to compare continuous data that
is normally distributed between the groups
(e.g., craniotomy vs. craniectomy, favourable
vs. unfavourable outcome), while comparing
categorical data between the groups, we used
chi square or Fisher's exact test. p < 0.05 was
defined as statistical significance.

RESULTS

A total of 62 patients were eligible for
inclusion; two were excluded (one declined
consent and one had a preexisting
coagulopathy), and 60 patients whose
perioperative courses and outcomes provide the
basis for this analysis. There was a mean age of
patients of 35.2 years (+ 12.1), and 76.7% of
patients were under 45 years. High exposure to
high-risk activities was also reflected by a
striking male preponderance (70%). The
majority of injuries (60%) were due to road
traffic accidents, falling (25%), and assaults
(15%). The cohort was critically depressed
(GCS 3-8) on arrival, as presented by over half
(53.3%) of the cohort as shown in table 1.
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Table-1: Demographic and Clinical Characteristics of TBI Patients (n = 60)

Characteristic

Age (years), mean + SD

Value

35.2+12.1

Age distribution, n (%)

*18-30

*31-45

* 46-60
*>60

Sex (male), n (%)

22 (36.7)

24 (40.0)

10 (16.7)
4(6.7)

42 (70.0)

Mechanism of injury, n (%)

* Road-traffic accident

* Fall

* Assault

Admission GCS, mean + SD

36 (60.0)
15 (25.0)
9 (15.0)

75+£23

Admission GCS category, n (%)

* Severe (3-8)

* Moderate (9-12)

Craniotomy was used in 75% of cases
and decompressive craniectomy in 25%.
Craniotomies averaged 110 + 25 minutes and
400 + 120 mL blood loss, whereas
craniectomies took longer operative time (145
+ 20 minutes) and more blood loss (550 + 130

Table-2: Operative Details by Surgical Modality

32 (53.3)

28 (46.7)

mL). In 66.7% of craniectomies and 40% of
craniotomies, ICP monitoring was utilized as
the need for real-time ICP data is more
pronounced in patients with refractory cerebral
edema as shown in table 2.

Variable Craniotomy (n = 45) Craniectomy (n =15) Overall (n = 60)
Operative duration (min), mean + SD 110+ 25 145 + 20 120 + 30
Estimated blood loss (mL), mean = SD 400 £ 120 550 + 130 450 + 150
ICP monitoring used, n (%) 18 (40.0) 10 (66.7) 28 (46.7)
Despite meticulous technique, 38.3% of point three percent had postoperative seizures

patients experienced at least one major
postoperative complication. The emergency
nature of procedures and high caseload are
likely to have contributed to the 16.7%
incidence of surgical site infections. Thirteen-

that required escalation of antiepileptic therapy.
Hydrocephalus developed in 8.3% and all
required shunt insertion; 5.0% required
reoperation for recurrent hematoma. The more
frequent problems were CSF leak (3.3%) and
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wound dehiscence (1.7%), which have added to
their extended recovery time as shown in table
3.

Table-3: Postoperative Complications

Complication

n (%)

Surgical-site infection

Postoperative seizures

Hydrocephalus requiring a shunt

Reoperation for hematoma recurrence

CSF leak

Wound dehiscence

Length of stay analysis indicated that
craniectomy patients were more intensive:
mean ICU stay was 6.5 £2.3 days vs 4.8 £ 1.9
days for craniotomy; mean length of
hospitalization extended to 14.1 + 4.8 days vs

Table-4: Length of Stay by Procedure Type

Measure

Craniotomy (n = 45)

10 (16.7)
8 (13.3)
5(8.3)
3(5.0)
2(3.3)

1(1.7)

11.8 £4.0 days. Such differences emphasize the
greater resource utilization and prolonged
recovery in decompressive procedures as
shown in table 4.

Craniectomy (n =15) Overall (n = 60)

ICU stay (days), mean + SD

Hospital stay (days), mean + SD

Among those presenting with the lowest GCS
and extensive injuries, mortality was
concentrated at 16.7%. Sixty-six and two-thirds
of the survivors (66.7%) achieved a favourable

48+1.9

11.8+4.0

6.5+23 52+21

14.1+4.38 12.4+43

discharge status (GOS 4-5), being independent
or having moderate disability, while 33.3%
remained in the unfavourable range (GOS 1-3)
as shown in table 5.

Table-5: In-Hospital Mortality and Discharge Functional Status

Outcome

n (%) ‘

In-hospital mortality

10 (16.7)

Glasgow Outcome Scale at discharge

* GOS 1-3 (unfavourable)

* GOS 4-5 (favourable)

For craniectomized versus craniotomized
patients, stratified by procedure, mortality

20 (33.3)

40 (66.7)

(13.3% vs. 26.7%) and favourable outcome
(71.1% vs. 53.3%) were lower among
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craniotomy patients, because craniectomy was
reserved for the most critically ill subset as
shown in table 6.

Table-6: Outcome by Surgical Modality

Outcome category Craniotomy (n = 45)

Craniectomy (n = 15)

Mortality, n (%) 6 (13.3) 4 (26.7)
GOS 4-5, n (%) 32 (71.1) 8 (53.3)
GOS 1-3, n (%) 7 (15.6) 3(20.0)

Further analysis of our cohort brought
up a few interesting notes. The mortality rate for
the patients presenting with severe traumatic
brain injury (GCS 3 to 8) was 25% in the
hospital compared to 7.1% for the moderate
TBI group (GCS 9 to 12). This stark contrast
demonstrates the validity of the Glasgow Coma
Scale as a powerful prognostic indicator of
primary injury burden and outcome.

Second, we found a moderate positive
correlation (r = 0.45) between the intraoperative
blood loss and length of stay in intensive care
unit. The relationship implies that maintaining
hemodynamic  stability  during  surgery
(minimizing blood loss and transfusion) may
impact the early postoperative recovery
trajectory and reduce critical care requirements.

Secondly, there was no statistical
difference in overall complication rate between
patients injured in road traffic accidents
(41.7%) compared with those who had fallen or
been assaulted (34.5%). This finding indicates
that, in this setting, postoperative risk is mainly
driven by the magnitude of injury severity
rather than by the trauma mechanism alone.

DISCUSSION

This study has found that prompt surgical
intervention for moderate to severe traumatic
brain injury in  high-volume tertiary
neurosurgical settings can achieve meaningful
short-term functional recovery in the majority

of patients, and approximately two-thirds of
survivors are discharged without significant or
no disability [9]. Overall in-hospital mortality
of 16.7% compares favorably with reports from
other similar resource-limited environments
and provides evidence that structured surgical
pathways accompanied by vigilant
postoperative care can ameliorate some of the
constraints to patient care imposed by high
patient loads and limited intensive care capacity
[10].

For the craniotomy and decompressive
craniectomy outcomes comparison, it shows

that there is a tradeoff between these
procedures. Although there is a higher
perioperative ~ burden  associated  with

decompressive craniectomy—Ilonger operative
times, greater blood loss, more frequent need
for intracranial pressure monitoring, and longer
critical care stays—decompressive craniectomy
is still necessary for patients with refractory
intracranial ~ hypertension ~ [11].  These
differences in mortality and favourable
discharge status among the craniectomy and
hematoma evacuation alone groups are because
the craniectomy group has more diffuse injury
and greater intracranial pressure that cannot be
managed solely by hematoma evacuation [12].

Key areas for quality improvement are
identified through postoperative complication
rates. The most common adverse events were
surgical-site  infections, seizures, which
occurred in almost a third of patients [13].
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Changes in sterile technique protocols in the
emergency  settings, standardization of
perioperative antibiotics, and regular early EEG
monitoring may help to reduce these burdens.
While there is a moderate correlation between
intraoperative blood loss and ICU length of
stay, this implies that meticulous hemostasis,
precise transfusion strategies, and even the use
of intraoperative hemodynamic adjuncts may
shorten critical care requirements and free
resources for other urgent cases [14, 15].

For example, admission Glasgow Coma
Scale remains a strong predictor of outcome
with patients with severe injury (GCS 3-8)
experiencing considerably higher mortality
than those with moderate injury (GCS 9-12).
This is a reminder of the need to speed up the
neurological assessment and make rapid triage
decisions that influence both surgical planning
and family counselling [16]. Simple, bedside
prognostic tools can be used in conjunction
with available imaging and monitoring to
optimize patient selection for each surgical
approach and inform patient expectations for
their recovery trajectories [17, 18].

CONCLUSION

However, despite being in a resource-limited
environment, surgical management of
traumatic brain injury, either through hematoma
evacuation or decompressive craniectomy, had
acceptable mortality and a majority of
favourable short-term outcomes in this cohort.
Further gains may be achieved through
continued refinement of surgical protocols,
improved perioperative infection control,
improved blood loss management, and
investment in neurocritical care capacity. To
elevate the standard of TBI care and improve
patient survival and functional recovery,
prehospital stabilization and triage will need to
be strengthened, and critical hemostasis and
seizure prevention targeted training will be
essential.

Conflict of Interest:

The authors declare that no conflicts of interest
exist.

Funding:

No external funding was received for this study.
Acknowledgments:

We extend our sincere gratitude to our
colleagues and paramedical staff for their
invaluable support in making this study
possible.

Authors’ Contributions:

All authors contributed equally to this work.
Data Availability:

De-identified data are available from the
corresponding author upon reasonable request.

REFERENCES

G/Michael S, Terefe B, Asfaw MG, Liyew B.
Outcomes and associated factors of traumatic
brain injury among adult patients treated in
Amhara  regional  state  comprehensive
specialized  hospitals. BMC  Emergency
Medicine. 2023;23(1):109.doi: 10.1186/512873-
023-00859-x

Prasad GL, Anmol N, Menon GR. Outcome of
Traumatic Brain Injury in the Elderly
Population: A Tertiary Center Experience in a
Developing Country. World Neurosurgery.
2018;111:e228-e34.doi:
https://doi.org/10.1016/j.wneu.2017.12.034
Yathindra MR, Sabu N, Lakshmy S, Gibson CA,
Morris AT, Farah Fatima S, et al. Navigating the
Role of Surgery in Optimizing Patient Outcomes
in  Traumatic Brain Injuries (TBIs): A
Comprehensive Review. Cureus.
2024;16(10):e71234.doi: 10.7759/cureus.71234
Umerani MS, Abbas A, Sharif S. Traumatic
brain injuries: experience from a tertiary care
centre in  Pakistan. Turk  Neurosurg.
2014;24(1):19-24.doi: 10.5137/1019-
5149.Jtn.7080-12.1

Rahman FN, Das S, Kader M, Mashreky SR.
Epidemiology, outcomes, and risk factors of
traumatic brain injury in Bangladesh: a
prospective cohort study with a focus on road
traffic injury-related vulnerability. Frontiers in

Page 52 of 53


https://dmlsjournal.com/index.php/January2024/issue/view/MARCH-2025
https://doi.org/10.1016/j.wneu.2017.12.034

Vol. 2 No. 3 (2025): DEVELOPMENTAL MEDICO-LIFE-SCIENCES

Saud Ahmed et al.

10.

11.

12.

Public Health. 2025;Volume 13 - 2025.doi:
10.3389/fpubh.2025.1514011

Umerani M, Abbas A, Sharif S. Traumatic Brain
Injuries: Experience from a Tertiary Care Center
in Pakistan. Turkish neurosurgery. 2014;24:19-
24.doi: 10.5137/1019-5149.JTN.7080-12.1
Goel A, Bansal A, Rawat K. Head injury patients
at a tertiary health care center. International
Surgery  Journal. 2022;9(10):1706-9.doi:
10.18203/2349-2902.isj20222593

Dash HH, Chavali S. Management of traumatic
brain injury patients. Korean J Anesthesiol.
2018;71(1):12-21.doi:
10.4097/kjae.2018.71.1.12

Steinruecke M, Nair S, Venturini S, Siannis F,
Hutchinson PJ, Kolias A, et al. Clinical
Characteristics and Outcomes of Traumatic
Brain Injury in a High-Volume Tertiary Care
Center in India: A Prospective Observational
Cohort  Study.  Neurosurgery.  9900.doi:
10.1227/neu.0000000000003380

Khan KA, Choudhary M, Sinha VD, Gora N,
Bairwa M. Predictors of Outcome After
Traumatic Brain Injuries: Experience of a
Tertiary Health Care Institution in Northwest
India. World Neurosurgery. 2019;126:€699-
e705.doi:
https://doi.org/10.1016/j.wneu.2019.02.126
Yousefzadeh-Chabok S, Reihanian Z, Aghapour
SM, Alijani B, Bijani E, Jafari S, et al. The
Outcome of Surgical Versus Conservative
Management in Old Patients With Traumatic
Brain Injury. IrJNS. 2022;8(1):27 EP.doi:
10.32598/irjns.8.27

Kalhoro A, Hassan S, Bokhari |, Brohi GM,
Ahmed F, Ahmed T. The Role of Decompressive
Craniectomy in Traumatic Brain Injury: An
Institutional Experience in a Tertiary Care
Hospital. National Journal of Health Sciences.
2025;9(4):260-4.

13.

14.

15.

16.

17.

18.

Vaca SD, Kuo BJ, Nickenig Vissoci JR, Staton
CA, Xu LW, Muhumuza M, et al. Temporal
Delays Along the Neurosurgical Care
Continuum for Traumatic Brain Injury Patients
at a Tertiary Care Hospital in Kampala, Uganda.
Neurosurgery. 2019;84(1).doi:
10.1093/neuros/nyy004

Rahman U, Hamid M, Shan Dasti M, Nouman T,
Vedovelli L, Javid A. Traumatic Brain Injuries:
A Cross-Sectional Study of Traumatic Brain
Injuries at a Tertiary Care Trauma Center in the
Punjab, Pakistan. Disaster Medicine and Public
Health Preparedness. 2023;17:e89.doi:
10.1017/dmp.2021.361

Steinruecke M, Nair S, Venturini S, Hutchinson
P, Kolias A, Joseph M. 0202: Clinical
characteristics and outcomes of traumatic brain
injury in a high-volume tertiary hospital in India.
British Journal of Surgery.
2024;111(Supplement_2):znae046.63.doi:
10.1093/bjs/znae046.063

Havill JH, Sleigh J. Management and Outcomes
of Patients with Brain Trauma in a Tertiary

Referral Trauma Hospital without
Neurosurgeons on Site. Anaesthesia and
Intensive Care. 1998;26(6):642-7.doi:

10.1177/0310057X9802600605

Adedire A, Rabiu TB, Faniyi AJ, Oyeniyi AG,
Ojewuyi OO, Ogungbemi AO. Pattern of
traumatic brain injury in multiply injured
patients at a Nigerian tertiary hospital: a 5-year
retrospective study. Egyptian Journal of
Neurosurgery. 2025;40(1):46.doi:
10.1186/541984-025-00389-7

Kumar A, Jaiswal S, Ojha BK, Chandra A,
Srivastava C, Bajaj A, et al. Retrospective
Outcome Analysis of Geriatric Traumatic Brain
Injury Treated at a Tertiary Care Center in India.

Indian Journal of Neurosurgery.
2024;14(01):034-43.doi: 10.1055/s-0044-
1788254

This Article May be cited As: Ahmed S, Rehman MNU, Sharif H. Surgical Management

and Short-Term Functional Outcomes in Moderate-to-Severe Traumatic Brain Injury: A
Prospective Observational Study: TBI Surgical Management and Outcomes.
DEVELOPMENTAL MEDICO-LIFE-SCIENCES. 2025;2(3):46-53.

doi: 10.69750/dmls.02.03.0117

Publisher’s Note:

Developmental Medico-Life-Sciences remains

neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

DMLS
Publisten

Developmental Medico-Life-Sciences
Research and Publications Pvt Ltd.

Page 53 of 53


https://dmlsjournal.com/index.php/January2024/issue/view/MARCH-2025
https://doi.org/10.1016/j.wneu.2019.02.126

