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Abstract

Background
Decompressive craniectomy (DC) is commonly performed to control refractory intracranial hypertension after traumatic brain injury (TBI). This study
aimed to identify the clinical, radiological, and perioperative factors associated with functional outcomes following DC among patients with TBI
treated at tertiary hospitals in Addis Ababa, Ethiopia.

Methods
A prospective multicenter cohort study was conducted among consecutive patients with TBI who underwent decompressive craniectomy at four
teaching hospitals affiliated with the Addis Ababa University. Sociodemographic, clinical, radiological, intraoperative, and postoperative data were
collected. Functional outcomes were assessed using the Extended Glasgow Outcome Scale (EGOS) at discharge, 3, and 6 months. Univariate and
multivariate logistic regression analyses were performed to determine the factors associated with poor outcomes.

Results
A total of 94 patients were included (mean age 38.9 ± 15 years), with a predominance of male patients (88.3%). Road traffic accidents were the
leading cause of injury (54.3%). At 6 months, mortality was 33%, whereas 59.6% of patients achieved a favorable functional outcome (EGOS 5–8). On
multivariable analysis, admission Glasgow Coma Scale (GCS) independently predicted poor outcomes. Compared with patients with GCS 13–15,
those with GCS < 5 (adjusted OR 8.07; 95% CI 2.25–23.7) and GCS 5–8 (adjusted OR 27.06; 95% CI 3.92–29.83) had significantly higher odds of poor
outcomes (likelihood ratio test, p = 0.001). In addition, surgery performed 24–72 h after injury was independently associated with poor outcomes
compared with surgery within 24 h (adjusted OR 5.98; 95% CI 1.47–30.38; p = 0.02).

Conclusion
Decompressive craniectomy provides acceptable survival and functional outcomes in patients with traumatic brain injury in resource-limited settings.
Admission GCS and timing of surgical intervention were the most important independent predictors of outcome.

Introduction
Traumatic brain injury (TBI) is a leading cause of death and long-term disability worldwide and represents a significant public health burden in low-
and middle-income countries (LMICS) (1,2). In Ethiopia, neurotrauma accounts for a substantial proportion of trauma-related mortalities. A
retrospective hospital-based study conducted at Tikur Anbessa Specialized Hospital (TASH) between 2002 and 2006 demonstrated that head injuries
were responsible for approximately 60% of trauma-related deaths among surgical inpatients (3). National data in Ethiopia indicates that 20% of
trauma patients sustain TBI (4).

Globally, TBI is associated with an estimated annual mortality rate of 10.4 per 100,000 population, with more than 1.7 million new cases reported
annually in the United States, resulting in approximately 52,000 deaths(5,6). Worldwide, injury-related mortality exceeds that of HIV, tuberculosis, and
malaria combined, with the World Health Organization estimating 5.8 million injury-related deaths annually, 90% occur in LMICs(7–9). In Africa, up to
one-third of patients with head injuries experience unfavorable outcomes, and mortality among patients with severe TBI is twice that reported in high-
income countries(10,11). These disparities are attributable to limited access to prehospital care, advanced neurocritical care, and timely neurosurgical
intervention(11).

Following TBI, elevated intracranial pressure (ICP) commonly results from intracranial hematomas, cerebral contusions, diffuse brain swelling, or
hydrocephalus. Raised ICP compromises cerebral perfusion pressure and precipitates secondary ischemic injury and brain herniation(12). Numerous
studies have demonstrated a strong association between post-traumatic intracranial hypertension and increased mortality(2,13–15) . Accordingly,
effective control of ICP remains a central component of severe TBI management, despite the limited availability of level 1 evidence supporting many
ICP-directed interventions(14,15).

The Brain Trauma Foundation guidelines advocate a tiered approach to ICP management(10,16). Initial measures include head elevation, optimization
of ventilation, sedation, and analgesia. First-tier therapies involve hyperosmolar agents, cerebrospinal fluid diversion, and temperature control.
Second-tier therapies include barbiturate coma and decompressive craniectomy (DC). When indicated, the guidelines recommend performing a large
frontotemporoparietal decompressive craniectomy (≥12 × 15 cm or 15 cm diameter) to optimize ICP reduction and survival(10).

Decompressive craniectomy involves the removal of a portion of the skull with dural opening to accommodate cerebral swelling and reduce ICP(17).
Although DC has demonstrated efficacy in reducing mortality among patients with refractory intracranial hypertension, its effect on long-term
functional outcomes remains controversial. Pivotal randomized controlled trials, including DECRA and RESCUE-ICP, have yielded differing conclusions



Page 3/13

regarding functional recovery despite a survival benefit, underscoring the importance of patient selection, timing of intervention, and perioperative
factors (6,18,19).

Despite its widespread use, the optimal timing, patient selection, and perioperative factors influencing outcomes after decompressive craniectomy
(DC) remain uncertain. Conflicting evidence from randomized trials and observational studies contributes to variability in practice, which in resource-
limited settings may expose patients to surgical morbidity without clear benefit. This study aims to evaluate clinical, radiologic, and perioperative
factors associated with outcomes following DC for traumatic brain injury, to inform evidence-based decision-making, develop locally applicable
prognostic tools, and improve neurotrauma care in comparable LMIC settings.

Methodology
Study Design and Population

This was an institution-based prospective cohort study conducted at four teaching hospitals affiliated with Addis Ababa University: ALERT Hospital,
Black Lion Hospital (BLH), Menelik II Comprehensive Specialized Hospital (MCM), and Zewditu Memorial Hospital (ZMH). The study population
consisted of all consecutive patients with traumatic brain injury (TBI) who underwent decompressive craniectomy (DC) during the study period and
met the predefined inclusion criteria. The source population included all TBI patients presenting to the participating hospitals with an indication for
surgical intervention. Patients or their legally authorized representatives who declined to provide informed consent were excluded. All eligible patients
were enrolled consecutively to minimize selection bias.

Study Variables

Outcome (Dependent Variable)

The primary outcome was functional outcome following decompressive craniectomy (DC), measured using the Extended Glasgow Outcome Scale
(EGOS) and categorized as:

Death

unfavorable outcome (EGOS 1–4)- this includes death 

Good outcome (EGOS 5–8)

Outcomes were assessed at hospital discharge, 3 months, and 6 months postoperatively.

Exposure and Covariates (Independent Variables)

Independent variables were grouped a priori into sociodemographic, clinical, radiological, intraoperative, and postoperative factors:

Sociodemographic and baseline factors: age, sex, comorbidities, and mechanism of injury

Preoperative clinical and radiological factors: admission Glasgow Coma Scale (GCS), pupillary reaction, presence of motor weakness,
preoperative use of osmotic diuretics, and computed tomography (CT) characteristics, including lesion type, lesion site, and Rotterdam CT score

Intraoperative factors: type of DC (primary vs secondary), surgical site, duration of surgery, estimated blood loss, type of dural opening, use of
duraplasty, and occurrence of intraoperative hypotension or vasopressor use

Postoperative factors: intensive care unit (ICU) admission, need for mechanical ventilation, and immediate postoperative GCS

Operational Definitions

Primary decompressive craniectomy: removal of the bone flap during the initial emergency surgery for hematoma evacuation or control of acute
brain swelling

Secondary decompressive craniectomy: DC performed after failure of maximal medical management for intracranial hypertension

Extended Glasgow Outcome Scale (EGOS): an eight-point functional outcome scale ranging from death to upper good recovery

Rotterdam CT score: a prognostic CT-based scoring system assessing mortality risk using midline shift, basal cistern status, presence of epidural
hematoma, and intraventricular hemorrhage or traumatic subarachnoid hemorrhage

Data Collection

Data were collected prospectively by trained neurosurgical residents using a pretested electronic data collection tool. Information was obtained from
patients or attendants, emergency department records, neurosurgical operative notes, and critical care charts. Follow-up assessments were
conducted at discharge and at 3 and 6 months postoperatively. Data collectors received two days of standardized training before study initiation.
Supervisors and the principal investigator performed daily data review to ensure completeness, consistency, and accuracy. Data cleaning, cross-
checking, and double data entry were performed before analysis.
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Statistical Analysis

Coded data were analyzed using R statistical software. Continuous variables were summarized using means and standard deviations, while
categorical variables were presented as frequencies and percentages. Univariable analyses were performed to identify factors associated with
outcome following decompressive craniectomy (DC). Variables with a p-value < 0.25 in univariable analysis were entered into a multivariable
regression model to control for potential confounding.

Heterogeneity of associations across key subgroups was assessed using interaction terms, and model fit was evaluated using likelihood ratio tests.
Multicollinearity among independent variables was assessed prior to multivariable modeling using variance inflation factors (VIFs), with VIF values
>10 considered indicative of significant collinearity. Variables demonstrating substantial collinearity were excluded or combined based on clinical
relevance. Statistical significance was set at p < 0.05, and results were reported as odds ratios (ORs) with 95% confidence intervals (CIs).

Results
Sociodemographic and Injury-Related Characteristics

A total of 94 patients were included, with a mean age of 38.9 ± 15 years and a male predominance (88.3%). Road traffic accident was the most
common mechanism of injury (54.3%), followed by assault (21.3%) and falls (14.9%). Comorbidities were present in 4.3% of patients (Table 1).

Table 1: Sociodemographic and injury-related characteristics of patients undergoing decompressive craniectomy

Variable   Frequency Percentage

Age of the patient (years), mean ± SD 38.9 ± 15  

Sex Male 83 88.3

  Female 11 11.7

Mechanism of Trauma Road traffic accident 51 54.3

Assault 20 21.3

Falling accident 14 14.9

Motor vehicle accident 7 7.4

  Penetrating TBI 2 2.1

Comorbidity  Yes 4 4.3

  No 90 95.7

Perioperative Clinical, Neurological, and Radiological Characteristics
Most patients presented within 8 hours of injury (62.1%). On admission, 62.8% had mid-sized reactive pupils, while 21.3% had nonreactive pupils.
Admission Glasgow Coma Scale (GCS) scores were 13–15 in 20.2%, 9–12 in 38.3%, 5–8 in 26.6%, and <5 in 14.9% of patients. Focal neurological
deficits were absent in 47.9% of patients, while 37.2% presented with contralateral weakness. Hemodynamic instability at presentation was observed
in 12.8% of patients, and mannitol was administered to 97.9% of them. Computed tomography demonstrated Rotterdam CT scores of classes III
(30.9%) and IV (28.7%) in the majority of patients. Multiple intracranial lesions were the most common finding (51%), followed by acute subdural
hematoma (29.8%), with supratentorial involvement (96.8%) (Table 2).

Table 2: Preoperative clinical and radiological characteristics of patients undergoing decompressive craniectomy
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Variable Frequency Percentage

GCS on Admission

 

GCS <5 14 14.9

GCS 5–8 25 26.6

GCS 9–12 36 38.3

GCS 13–15 19 20.2

Pupillary Reaction Mid-sized and reactive                        59 62.8

  Midsized and non-reactive               2 2.1

  Anisocoric and reactive                        13 13.8

Anisocoric and non-reactive                     9 9.6

  Dilated and non-reactive bilaterally           11 11.7

Mannitol use  Yes 92 97.9

  No 2 2.1

Duration of trauma upon arrival

Less than 4 hrs.             29 30.9

4-8hrs                      35 37.2

8-16hrs                     10 10.6

16-24hrs                     12 12.8

24-36hrs                      3 3.2

36-72hrs                      2 2.1

  Greater than 72hrs           3 3.2

Weakness during presentation

Bilateral weakness   4 4.3

Unilateral weakness   6 6.4

Contralateral weakness    35 37.2

Lower extremity weakness      4 4.3

  No weakness               45 47.9

Hemodynamic disturbance during presentation

Yes 12 12.8

  No   82 87.2

Rotterdam CT score Class I          9 9.6

Class II        25 26.6

Class III       29 30.9

Class IV        27 28.7

Class V          2 2.1

  Class VI         2 2.1

Type of Lesion ASDH 28 29.8

Bilateral ASDH 1 1.1

CONTUSION 10 10.6

EDH 1 1.1

Multiple Lesion 48 51

  TICH 6 6.4

Location of the lesion Supratentorial  91 96.8
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  Supratentorial and Infratentorial 3 3.2

Surgical intervention was performed within 24 hours in 48.9% of patients and between 24 and 72 hours in 40.4%. The duration of surgery exceeded
120 minutes in 94.7% of cases, with 50% lasting more than 180 minutes. Estimated blood loss was between 500 and 1000 mL in 50% of cases.
Intraoperative hypotension occurred in 37.2%, and 24.5% required vasopressor support. A cruciate dural opening was most commonly used (73.4%),
and primary decompressive craniectomy was performed in 85.1% of cases (Table 3).  

Table 3: Intraoperative characteristics of patients undergoing decompressive craniectomy

Variables Frequency Percentage

Surgery to trauma Interval Less than 24hrs       46 48.9

24-72hrs             38 40.4

  Greater than 72hrs   10 10.6

Duration of surgery Less than 90min         2 2.1

90min- 120 min          3 3.2

120-180min             42 44.7

  Greater than 180min    47 50

Estimated Blood Loss Less than 500ml        10 10.6

500-1000ml            47 50

1000-2000ml            24 25.5

  Greater than 2000ml   13 13.8

Intraoperative hypotension Yes 35 37.2

  No 59 62.8

Intraoperative vasopressor used Yes 23 24.5

  No 71 75.5

Dural opening during surgery  Cruciate 69 73.4

Stellate 22 23.4

curvilinear        2 2.1

  Other 1 1.1

Type of decompressive craniectomy Primary 80 85.1

  Secondary 14 14.9

Postoperative Course and Functional Outcomes
Postoperatively, 75 patients (79.8%) required intensive care unit (ICU) admission with mechanical ventilation, while 17 patients (18.1%) were managed
in the ICU without mechanical ventilation. Intraoperative mortality occurred in 2 patients (2.1%). At discharge, 17 patients (18.1%) had died, and 39
patients (41.5%) had an unfavorable Extended Glasgow Outcome Scale (EGOS) outcome. At the 3-month follow-up, mortality increased to 29 patients
(30.9%), with 42 patients (44.7%) experiencing an unfavorable outcome. At 6 months, 31 patients (33.0%) had died, and 38 patients (40.4%) had an
unfavorable outcome. (Figure 1). 

Table 4: Postoperative course and extended Glasgow Outcome Scale (EGOS) outcomes at discharge and 3-month follow-up

Factors Associated with Unfavorable Outcome

Univariate and multivariate logistic regression analyses were performed to identify factors associated with unfavorable outcomes following
decompressive craniectomy. The final multivariable logistic model demonstrated a good fit, and the Hosmer–Lemeshow test was (χ² (8, n = 94) =
13.3, p = 0.12). Multicollinearity was not a concern, with a maximum variance inflation factor (VIF) of 4.2. On univariate logistic regression analysis,
pupillary reaction was significantly associated with poor outcome (p = 0.003), with markedly increased odds observed in patients with anisocoric non-
reactive pupils (OR 7.97, 95% CI 1.73–57.17) and bilaterally dilated non-reactive pupils (OR 10.25, 95% CI 2.36–71.86), compared with mid-sized
reactive pupils. Admission Glasgow Coma Scale (GCS) showed a strong association with outcome (p < 0.001); patients with GCS <5 (OR 21.25, 95%
CI 3.87–182.25) and GCS 5–8 (OR 26.92, 95% CI 5.69–205.32) had significantly higher odds of poor outcome compared with those with GCS 13–15.
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Additional factors associated with poor outcome on univariate analysis included presence of weakness at presentation (OR 2.95, 95% CI 1.28–7.04; p
= 0.01), hemodynamic disturbance at presentation (OR 4.45, 95% CI 1.23–21.21; p = 0.02), and higher Rotterdam CT score, with Rotterdam class ≥IV
showing increased odds of poor outcome (OR 6.36, 95% CI 1.28–47.99; p = 0.03). Intraoperative hypotension (OR 4.04, 95% CI 1.69–10.06; p = 0.001)
and intraoperative vasopressor use (OR 3.96, 95% CI 1.49–11.48; p = 0.005) were also significantly associated with poor outcome. Time from trauma
to surgery showed a trend toward significance, with surgery performed at 24–72 hours associated with higher odds of poor outcome (OR 2.58, 95% CI
1.08–6.36; p = 0.09).

On multivariate logistic regression analysis, admission GCS remained an independent predictor of poor outcome (p = 0.001). Compared with GCS 13–
15, patients with GCS <5 (adjusted OR, 8.07; 95% CI, 2.25–23.7) and GCS 5–8 (adjusted OR, 27.06; 95% CI, 3.92–29.83) had significantly increased
odds of a poor outcome. The time from trauma to surgery was also independently associated with outcome (p = 0.02); surgery performed 24–72
hours after trauma was associated with a poorer outcome (adjusted OR, 5.98; 95% CI, 1.47–30.38). Other variables did not retain statistical
significance after adjustment. (Table 4)

Table 4: Univariate and multivariate logistic regression analyses of factors associated with unfavorable outcome following decompressive
craniectomy
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  Univariate logistic regressions Multivariate logistic regression

          Poor Outcome   LRT Poor Outcome    LRT

 Variables  N   Prev
(%)

OR   (95%CI)   P
value

adj
OR

  (95%CI)   P
value

Sex

 

 

 

0.77

Male  83   41.0 0.82 ( 0.44 ; 1.07 ) - - -  

  Female  11 36.4 1  

Mechanism of Trauma 0.26  

Assault    20 50.0 1  

Falling
accident

14 21.4 0.27 ( 0.05 ; 1.19 ) - - -  

penetrating
TBI  

2 50.0 1.00 ( 0.04 ; 27.7 ) - - -  

  Road Traffic
Accident

58 43.1 0.76 ( 0.27 ; 2.12 )

pupillary Reaction 0.009 0.5

Mid-sized and
reactive          
            

59 30.5 1

Midsized and
non-reactive  
           

2 50.0 2.28 ( 0.09 ; 59.78 ) 4.03 ( 0.03 ; 36.7 )

Anisocoric
and reactive  
                    

13 53.8 2.66 ( 0.78 ; 9.36 ) 1.47 ( 0.27 ; 8.38 )

Anisocoric
and non-
reactive          
         

9 77.8 7.97 ( 1.73 ; 57.17 ) 2.11 ( 010 ; 6.48 )

  Dilated and
non-reactive
bilaterally      
   

11 81.8 10.25 ( 2.36 ; 71.86 ) 6.60 ( 0.67 ; 12.06 )

GCS on Admission <0.001 0.001

Less than 5    
    

14 92.5 110.50 ( 13.06 ; 272.83 ) 60.60 ( 4.93 ; 195.15 )

5 to 8 25 64 15.11 ( 3.34 ; 110.24 ) 7.79 ( 1.27 ; 70 )

9 to 12 36 19.4 2.05 ( 0.44 ; 14.84 ) 1.9 ( 0.34 ; 15.43 )

  13-15            
  

19 10.5 1 1

Weakness During
presentation 

<0.001 0.11

Yes 49 59.2 5.80 ( 2.37 ; 15.3 ) 3.29 ( 0.78 ; 15.46 )

  No 45 20 1 1

Hemodynamic disturbance
during presentation

  <0.001 0.07

Yes 12 83.3 9.64 ( 2.34 ; 65.61 ) 1.56 ( 0.18 ; 9.73 )

  No 82 34.1 1 1

Comorbidity 0.69

No 90 40 1

  Yes 4 50.0 1.50 ( 0.17 ; 12.97 ) - - -
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Rotterdam Brain CT score 0.02 0.32

Class I       9 22.2 1

Class II     25 24.0 1.11 ( 0.20 ; 8.76 ) 0.75 ( 0.04 ; 10.65 )

Class III    29 37.9 2.14 ( 0.42 ; 16.12 ) 0.67 ( 0.07 ; 10.44 )

  >=Class IV 31 61.3 5.54 ( 1.12 ; 41.59 ) 0.92 ( 0.05 ; 14.64 )

Time of surgery
(intraoperative) 

0.21 0.18

≤ 3 hours  47 38.3 1 1

  > 3 hours 47 51.1 1.68 ( 0.74 ; 3.86 ) 1.22 ( 0.52 ; 3.47 )

Time trauma to surgery  0.09 0.02

< 24 hours  46 34.8 1 1

24-72 hours  38 52.6 2.08 ( 1.08 ; 5.09 ) 2.97 ( 1.50 ; 5.98 )

  > 72 hours  10 20.0 0.47 ( 0.07 ; 2.15 ) 0.61 ( 0.05 ; 5.25 )

Estimated Blood Loss 0.26

Less than
500ml       

9 44.4 1

500-1000ml  
        

24 54.2 0.51 ( 0.12 ; 2.34 ) - - -  

1000-2000ml
          

48 29.2 1.48 ( 0.31 ; 7.32 ) - - -

  Greater than
2000ml  

13 53.8 1.46 ( 0.26 ; 8.51 )

Intraoperative hypotension <0.001 0.4

No 59 23.7 1 1

  Yes 35 68.6 7.01 ( 2.84 ; 18.48 ) 1.56 ( 0.18 ; 7.73 )

Intraoperative vasopressor
use

0.001 0.2

No 71 31.0 1 1

  Yes 23 69.6 5.09 ( 1.90 ; 14.93 ) 1.16 ( 0.12 ; 9.55 )

Type of decompressive
craniectomy

                  0.43              

  Primary 80   38.8 1                          

  Secondary 14   50 1.58 ( 0.50 ; 5.04 )   -   -   -    

Mannitol
use 

                    0.38              

     NO 2   50.0 1.80 ( 0.05 ; 32.10 )                

     YES 92   44.6 1                          

Location of the lesion                   0.8              

  Supratentorial 91   40.7 1                          

  Supra and
Infratentorial 

3   33.3 0.73 ( 0.03 ; 7.89 )                

Discussion
This prospective multicenter cohort study evaluated clinical, radiological, and perioperative factors influencing outcomes following decompressive
craniectomy (DC) for traumatic brain injury (TBI) in four tertiary hospitals in Addis Ababa, Ethiopia. At 6 months, the mortality rate was 33%, while
59.6% of patients achieved a favorable functional outcome (EGOS 5–8). These findings underscore both the life-saving potential of DC and the
persistent burden of poor outcomes in resource-limited settings.
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The observed six-month mortality rate of 33% is comparable to reports from other low- and middle-income countries (LMICs), where mortality
following DC for severe TBI ranges from 25% to 45%(20–23). Similar mortality rates have been reported in Ethiopia and sub-Saharan Africa, reflecting
shared challenges such as delayed presentation, limited prehospital care, and constrained neurocritical care resources(4, 24). In contrast, randomized
controlled trials from high-income countries, such as the RESCUE-ICP trial, reported mortality rates of approximately 26% at six months, albeit with
higher rates of severe disability among survivors (19). These differences reflect variations in patient selection, timing of intervention, postoperative
rehabilitation, and intensive care capacity. The proportion of patients achieving a favorable outcome in our cohort (55.3%) is encouraging and aligns
with findings from observational studies in Asia, Latin America, and Africa, where favorable outcomes after DC range between 40% and 60% (25–28).
This suggests that, even in resource-constrained environments, carefully selected patients can derive meaningful functional benefit from DC.

Admission GCS emerged as the strongest independent predictor of outcome in this study. Patients presenting with GCS < 5 and 5–8 had significantly
higher odds of poor outcomes compared with those with GCS 13–15. This finding is consistent with extensive literature identifying admission GCS as
one of the most robust predictors of mortality and functional outcome after TBI and DC(8, 25, 27, 29). Large cohort studies and prognostic models,
including the IMPACT study, have consistently demonstrated that lower admission GCS reflects the severity of primary brain injury and predicts
limited neurological recovery despite aggressive surgical intervention(16, 29). Our findings reinforce the importance of admission neurological status
in guiding surgical decision-making and counseling families regarding expected outcomes, particularly in settings where advanced neuromonitoring is
limited.

Time from trauma to surgery was independently associated with outcome, with DC performed 24–72 hours after injury associated with poorer
outcomes compared with surgery within 24 hours. This observation aligns with prior studies suggesting that delayed surgical decompression may
allow progression of secondary brain injury, including cerebral edema, ischemia, and irreversible neuronal damage(1, 30, 31). Early intervention has
been associated with improved intracranial pressure control and better survival in selected patients, particularly those with mass lesions or malignant
cerebral swelling(23, 30). However, the optimal timing of DC remains controversial. While some randomized trials, such as DECRA, failed to
demonstrate functional benefit with very early DC for diffuse injury(18), observational studies from LMICs often show improved outcomes with earlier
surgery, reflecting differences in case mix and delayed access to care(25, 31, 32). In our context, delays may be attributable to referral barriers, limited
imaging availability, and operating room constraints, highlighting system-level targets for improvement.

Although pupillary reactivity, Rotterdam CT score, hemodynamic instability, and intraoperative hypotension were associated with poor outcomes on
univariate analysis, these factors did not retain independent significance in multivariate analysis. Pupillary abnormalities and high Rotterdam CT
scores are well-established markers of severe primary brain injury and increased mortality(33, 34). The lack of independent association in our study
may reflect collinearity with admission GCS, limited sample size, or heterogeneity in injury patterns. Intraoperative hypotension and vasopressor use
were also strongly associated with poor outcomes on univariate analysis, consistent with evidence that secondary insults such as hypotension
exacerbate cerebral ischemia and worsen prognosis(14, 19). Although these variables did not remain significant after adjustment, their high
prevalence underscores the importance of meticulous intraoperative and perioperative physiological optimization, particularly in settings without
advanced neurocritical monitoring.

Most patients in this cohort underwent primary DC (85.1%), reflecting common practice in LMICs where DC is frequently performed concurrently with
hematoma evacuation to preempt intracranial hypertension. Consistent with previous studies, no significant difference in outcome was observed
between primary and secondary DC after adjustment(35, 36). Evidence comparing primary and secondary DC remains mixed, with outcomes
influenced by indication, timing, and patient selection rather than the classification alone(35, 37).

The findings of this study have important implications for neurotrauma care in Ethiopia and similar LMIC contexts. First, admission GCS and timing of
surgery are practical, readily available predictors that can inform surgical decision-making and prognostication. Second, reducing delays to definitive
surgical care and minimizing secondary insults such as hypotension may yield substantial improvements in outcomes. Finally, the high proportion of
favorable outcomes supports the continued use of DC as a life-saving intervention when appropriately indicated, even in resource-constrained
environments.

Conclusion
In this multicenter prospective cohort from a resource-limited setting, decompressive craniectomy for traumatic brain injury was associated with
acceptable survival and functional outcomes at three months. Admission Glasgow Coma Scale was the most important independent predictor of
outcome, and delayed surgery beyond 24 hours after injury was associated with significantly worse functional results. These findings highlight the
importance of early neurological assessment and timely surgical intervention in patients undergoing decompressive craniectomy. Optimization of
referral pathways and perioperative care may further improve outcomes. Larger studies with longer follow-up are needed to refine patient selection
and establish context-appropriate guidelines for decompressive craniectomy in low- and middle-income countries.
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