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Purpose: This study aimed to assess and compare the in-hospital recovery times between two groups: those exposed to early 
intervention and those with late intervention in a cohort of Traumatic Brain Injury (TBI) patients requiring urgent neurosurgical 
intervention in ALERT Trauma Center in Addis Ababa, Ethiopia.
Methods: The study was conducted over seven consecutive months, from March 14, 2020, to October 13, 2020. Patients were 
consecutively recruited from the emergency department until the final sample size was fulfilled. The recovery time between the early 
and late surgery groups was compared using the Log rank test. The Cox proportional hazard model was used to analyze the event data, 
with the assumption of proportional hazards being checked. The measure of effect was reported using the adjusted hazard ratio, and 
a stepwise approach was used to build the final model.
Results: A total of 117 TBI patients undergoing urgent neurosurgical intervention were observed and the median survival time for the 
early surgery group was 4.1 days, and for the late surgery group, it was 6.4 days, with no statistically significant difference (CHR: 
0.73; 95% CI; 0.47–1.11). On the other hand, severe TBI grade emerged as a significant independent predictor, indicating an 86% 
lower rate of recovery compared to mild TBI cases. Additionally, higher diastolic blood pressure within the range of 50 to 100 was 
associated with a 24% increased rate of recovery.
Conclusion: This study identified factors influencing recovery outcomes and predictors of prolonged recovery, specifically severe 
TBI grade and lower diastolic blood pressure. The results emphasize the importance of timely intervention and provide specific 
considerations for optimizing patient outcomes in TBI cases and guiding further research in the area.
Keywords: Glasgow outcome score, severe, TBI, neurosurgery

Introduction
Traumatic Brain Injury (TBI) is a major cause of death and disability in Africa, with an incidence in Sub-Saharan Africa 
of 150–170/100 000 compared with a global average of 106/100 000 and associated with high mortality.1,2 Despite the 
growing incidence of TBI in Sub-Saharan Africa, there is a lack of comprehensive studies that map the current burden of 
the disease on the continent and investigate patients’ outcomes and access to timely surgery.2 This study aimed to address 
this gap by assessing how the time between hospital admission and surgery impacts the recovery and outcome of TBI 
patients in one of the trauma centers in Ethiopia and by investigating how this time interval relates to patient factors like 
age, injury severity, and pre-existing medical conditions.
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Traumatic Brain Injury (TBI) is a type of brain damage caused by an external mechanical force, such as a forceful 
blow, bump, or jolt to the head or body, or by an object that penetrates the skull and enters the brain,3 this injury can 
result in temporary or permanent impairment of brain function.3 In clinical practice and epidemiologic studies traumatic 
brain injury is graded into three to measure its severity. This is done by a widely used clinical scoring system called the 
Glasgow Coma Score (GCS). It ranges from 3 to 15 and the lower the scale the higher the severity. Based on this, TBI is 
classified as mild injury (GCS 13–15), moderate injury (GCS 9–12), and severe injury (GCS 3–8).4,5

Traumatic Brain Injury (TBI) is a commonest reason for emergency visits, requiring prompt care and a collaborative 
team approach. It is a leading cause of disability and mortality worldwide, particularly affecting the younger 
population.6,7 In Low- and Middle-Income Countries (LMICs), trauma-related deaths account for 89% of total deaths, 
with head injuries being the primary cause, resulting in long-term health, psychosocial, and economic consequences for 
injured individuals and their families.8,9

Mechanisms of recovery from TBI are poorly understood and there is much variability in the patterns of recovery. 
People with mild TBIs are expected to recover more quickly. Nonetheless, some might have psychological consequences 
which will require assessment and management. Most people with mild TBI recover fully within a few days to months, 
but a small percentage (1–20%) of them continue to experience symptoms 3 months after the injury.10 Recovery from 
moderate or severe TBI shows a negatively accelerating curve, which was seen to be most rapid in the first 3–6 months.11

Traumatic Brain Injury (TBI) is considered a neurosurgical emergency when clinical signs of brain herniation or 
suggestive radiographic findings are present on a CT scan.12 Managing this emergency requires a consistent and 
uninterrupted chain of care for the trauma patient, starting from the scene of the incident to the hospital, with prompt 
neurosurgical intervention crucial for preventing irreversible brain damage.13 However, the impact of time intervals, 
specifically from the incident site to hospital admission and from hospital admission to surgery, on the recovery process 
of TBI patients, particularly in low-resource settings, remains largely unknown. By providing information on the clinical 
profiles, the cause of injury, the severity, and the importance of timely intervals for TBI patients, this study is expected to 
contribute to the limited amount of evidence available regarding TBI management, as well as guide future healthcare 
policy and intervention in these settings.

Methods
Study Design, Study Period and Sampled Population
This study is undertaken in accordance with the principles stated in the declaration of Helsinki. Prior to the conduct of the 
study ethical approval was obtained from the Ethical Review Committee of College of Health Sciences, Mekelle 
University (reference number ERC 1534/2020). The committee has reviewed and approved all aspects of the study 
protocol including the conduct of the study with an informed verbal consent. Permission letter was also sought from 
ALERT Trauma Center. This study takes place in ALERT Trauma Center from March 14, 2020, to October 13, 2020. 
The hospital was initially established in 1934 as Princess Zenebework Memorial Hospital and was renamed as ALERT 
(All African Leprosy Rehabilitation and Training Center) on December 11, 1965, G.C. Currently it is also serving as one 
of the Trauma Center located in the city of Addis Ababa. We used a cohort study design to investigate how the timing of 
surgical intervention, either early or late, affects the recovery time and hospital discharge among traumatic brain injury 
patients. We prospectively selected 120 patients who had undergone urgent neurosurgical intervention, three were 
excluded from analysis due to failure to ascertain exposure group. Patients who had undergone minor surgery were 
excluded from the study, and no other exclusion criteria were applied.

The study employs an accrual period of six months and two weeks (ending on September 29), followed by a two- 
week follow-up period. We used Epi info software to determine the final sample size with an 80% power and 5% lost to 
follow-up. The total sample size was 114 and with a 5% non-respondent rate the final sample size was estimated as 120. 
To measure the time to recovery, we recorded the number of days from the date of surgery (Day 0) until the patient 
achieved a recovery score of 7 or 8 and was discharged from the hospital. Overall, this study aimed to provide evidence- 
based guidelines for optimal patient care and improving patient outcomes in this population.
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Primary Outcome
This study investigate time to recovery as a primary outcome which is defined as the length of time (in days) it took for 
a patient to be discharged from the hospital with an Extended Glasgow Outcome score (EGOS) of 7 or 8, which represent 
lower and upper good recovery outcomes respectively. The EGOS score ranges from 1 to 8, with higher scores indicating 
better outcomes. The assessment of outcomes varies along the range of scores, with the worst outcomes being death 
(score 1) and vegetative status (score 2), while scores 7 and 8 represent different levels of good recovery.14

Definitions of Operational Terms
Failure: The occurrence of the event (recovery) as defined by a EGOS score of 7 or 8.

Censured: Nonoccurrence of the event during the study period. This happens when the exact timing of recovery as 
defined by the EGOS score could not be known during the follow-up. This includes patients who were discharged with 
a EGOS score of less than or equal to 6, or end of study (at October 13, 2020, this one is also known as administrative 
censoring) before patient gets discharged.

Minor surgery: any procedure that can be safely performed in an outpatient setting, without the use of general 
anesthesia or the need for cardiac or respiratory assistance.

In-hospital mortality: defined as death of a patient during the follow-up period before discharge.
Early group: Patients were classified into the early group if surgery was started within four hours starting from 

admission to the hospital.
Late group: Patients were classified into late group if surgery was done after four hours starting from admission to the 

hospital.
Prehospital time: An estimate of the number of hours starting from the onset of injury until patient reach to the 

hospital (arrival to the triage or Emergency department in the hospital).

Data Collection, Management, and Analysis
Data were collected using a standardized data abstraction checklist which was prepared after reviewing different previous 
literature and customized based on the local practice and the objectives of the study. The checklist was prepared in 
English language with three forms including admission form, intraoperative form, and discharge form. Prehospital 
information in admission form were translated to local language (Amharic language). The forms involve sociodemo-
graphic factors, TBI event-related factors, clinical factors, neurologic and perioperative factors and outcome status.

Data was collected from emergency department of ALERT Trauma Center, medical records and trauma registry. 
Before enrollment to the study verbal informed consent was obtained from patients if they are capable to decide or via 
substitute decision maker or kin. Patients were followed until discharge with recovery, death or until censuring. To assure 
the quality of data, close supervision was done by the study investigators. Any ambiguities during the data collection 
process were resolved by discussion with data collectors, principal investigator, and the duty clinical staff and in return 
feedback was given on daily bases.

We use Stata version 15 and RStudio statistical software for data cleaning and statistical computations. Descriptive 
summary measures were done using tables, graphs and statistical summary measures. For numeric variables, median with 
interquartile range was used and for the categorical variables frequency with percentage was used. Survival curves were 
plotted using the Kaplan Meier’s estimates.

We used four hours as a cut point for grouping patients into early and late time which is near to the median time to 
surgery. A similar cut off point has also been used in previous studies to classify patients timing of surgery.15,16

Time to recovery was measured from the day of surgery until the last day of hospital admission (discharge day) or 
censoring. The overall cumulative incidence rate of recovery was computed. The recovery rate was also determined for 
each group. The outcome status of patients was tabulated with the observed frequency and percentage in each category. 
The cumulative survival rate after surgical intervention was estimated by the Kaplan-Meier survival analysis method at 
each distinct ordered failure times. The Log rank test was used to compare differences in survival time between the early 
and late surgery groups.
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To assess the association between baseline variables and recovery, two strategies were used. First, for each baseline variable 
Cox Proportional Hazards (CPH) regression model done. Second, a multivariable CPH model was fitted using a stepwise 
approach. The cox model has many advantages that makes it more popular, here the cox model was preferred over the other 
because; It will yield estimates which are comparable with the parametric models without specifying the baseline hazard. For 
example, if the appropriate model was the Weibull model it will yield estimates which are comparable with the Weibull model. In 
addition to this, the CPH model, unlike parametric models, will not be biased with misspecification of the baseline hazard 
parameters.17

The assumptions of proportional hazards were checked by the following procedures: Log (-log (St) plots (for 
categorical variable) and Global test. When the proportional hazards (PH) assumptions do not seem to keep graphically, 
the goodness of fit test followed by inclusion of interaction with time was assessed. Since the results from the graphs are 
too subjective,17 the latter two methods were done following the graphical method for final decision. In this way, all 
variables appear to satisfy the proportional hazard assumption. For model building, a non-automatic stepwise approach 
was done as follows.

Step 1: Fitting a model that contain each of the significant variables one at a time.
Step 2: The variables that show important change in −2 log L from Step 1 are then fitted together.
Step 3: Adding Variables that were not important in step 1 one at a time.
Step: A final check to ensure that no term in the model can be omitted.
In step 1 all the significant variables in the univariate cox model were compared individually against the null 

model and the change in the partial log likelihood was assessed at a p-value of 0.15 using the likelihood ratio test 
for the nested models. In addition, those significant variables in step 1 were used in step 2. Those significant 
variables from step one together fitted a model and then backward elimination was applied, variables were omitted 
from the model one at a time when their removal does not make a significant change in −2 log L at a significant 
p-value of 0.15. In Step 3 forward selection was applied and six variables which were not significant by themselves 
became significant when added to the model in step 2. In step 4 backward elimination was applied to the full model 
from step 3. The full model was reduced with elimination of two variables. A p-value of 0.15 was applied 
throughout the stepwise procedure and a p-value of 0.05 was used for the final model. All possible interaction 
terms were also assessed one at a time and there was no significant interaction term found. The model adequacy for 
the final model was checked using the goodness of fit test through martingale’s residuals and mathematically the 
final model can be denoted as follows:

Whereas,
h (t) = The hazard at time t
h0 (t) = The baseline hazard at time t
β1 = The coefficient for the variable x1

β2 = The coefficient for the variable x2

x1 = Variable one in the model
x2 = variable two in the model
βp = The coefficient for the pth variable
xp = The pth variable included in the model

Results
We analyzed the survival data of 117 patients who underwent urgent neurosurgical interventions for traumatic brain 
injury at ALERT Trauma Center, in Addis Ababa from March 14, 2020, to September 29, 2020. The patients were 
divided into two groups, early and late surgery, with 58 subjects in the early group and 59 in the late group. Three 
patients who had incomplete follow-up or unknown exposure status were excluded from the analysis, resulting in a 2.5% 
attrition rate from the estimated sample size. The median age of the participants was 30, with an interquartile range (IQR) 
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of 25–48. The age distribution was comparable between the two groups, with median ages of 35 and 30 in the early and 
late groups, respectively.

Of the total 117 patients, 93 (79.4%) were male. The distribution of sex also had little difference between the early 
and late surgery groups, with 75.8% versus 83.0% male and 24.1% versus 16.9% female in each group, respectively. 
Regarding marital status, 37 (33.0%) were married, 35 (31.2%) were single, and the remaining 40 (35.7%) fell into other 
categories. A higher proportion of participants, 48 (41.7%), had an elementary or lower academic status (Table 1).

Prehospital Conditions
Regarding mode of arrival 67.3% in the early surgery group and 62.2% in the late surgery group arrived by ambulance. 
Private care was used by 11.5% in the early surgery group and 20.7% in the late surgery group, while taxi and other 
modes constituted smaller percentages. It was also observed that 48.2% were referred from another facility in the early 
surgery group, whereas 64.4% were referred in the late surgery group while the remaining patients have made a direct 
visit to the hospital.

As for the cause of injury, falls accounted for 35.0%, assaults for 34.2%, road traffic accidents (RTC) for 28.0%, and 
other causes for 2.6%. In the early surgery group, falls affected 31.5%, assaults 35.0%, and RTC 29.8%. Out of 104 
patients for whom the type of injury was confirmed, the majority (89.4%) had blunt injuries and the remaining had 
penetrating injuries. In the early surgery group, blunt injuries account for 92.5%, similarly it accounts for 86.0% of 
injuries in the late surgery group.

On the other hand, the distance from the scene to the hospital was within a 10 km radius for 37.8% of the overall 
study participants, whereas 39.7% were over 40 km away. In the early surgery group, 42.8% were within 10 km, while 
37.5% were within 40 km. In contrary to this, majority of patients in the late surgery group came from far (41.8% from 
over 40km versus 32.7% from within 10km). 41.5% of the overall injuries occurred during daytime on weekdays, while 
48.5% occurred during the nighttime on weekdays, and 9.9% occurred on weekends (Table 2).

Table 1 Sociodemographic Characteristics of Surgically Managed TBI Patients at ALERT Trauma 
Center, Addis Ababa from March 14, 2020, to September 29, 2020

Socio-Demographic Characters All Cases  
n =117

Early Surgery  
Group n =58

Late Surgery  
Group n =59

n (%) n (%) n (%)

Age Age ≤30 59(50.4) 25(43.1) 34(57.6)

Age >30 58(49.5) 33(56.8) 25(42.3)

Sex Male 93(79.4) 44(75.8) 49(83.0)
Female 24(20.5) 14(24.1) 10(16.9)

Marital Status Married 37(32.1) 16(27.5) 21(35.5)

Single 35 (31.3) 22(37.9) 13(22.0)
Divorced 32(29.5) 18(31.0) 24(40.6)

Other 8(6.9) 1(1.7) 7(11.8)

Academic status Elementary 46(41.0) 28(48.2) 18(30.5)
High school 24(21.4) 4(6.8) 20(33.8)

Illiterate 29(25.8) 17(29.3) 12(20.3)

Other 13(11.6) 9(15.5) 4(6.7)
Occupational status Private work 29 (27.8) 17(29.3) 12(20.3)

Government employed 5 (4.8) 5(8.6) a

Unemployed 17(16.2) 10(17.2) 7(11.7)
Other 53(50.9) 20(34.4) 32(54.2)

Note: aNo observation falls in the given category.
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Clinical and in Hospital Findings
The median time it took for patients to undergo surgery was 4.8 hours, with a range of 0.26 hours to 51.9 hours. The data 
was skewed to the right, indicating that majority of patients had shorter wait times. The early group had a median time to 
surgery of 1.7 hours, while the late group had a median time of 14.8 hours.

The time it took for the first CT scan to be performed was measured in minutes. The median time was 64 minutes, 
with a range of 30 to 228 minutes. The data was skewed to the right, indicating that there were some longer waiting 
times. Seven observations were identified as potential outliers or data entry errors and were excluded from the analysis. 
When these outliers were removed, the median time for the CT scan was 60 minutes. The median time from the first CT 
scan to surgery was 293 minutes, with a range of 30 to 228 minutes.

The median duration of surgery was 180 minutes. There was no difference in duration between the early and late 
surgery groups; both had a median duration of 180 minutes. The length of stay for patients ranged from less than a day to 
35 days, with a median of 4.6 days. The early group had a median length of stay of 3.4 days, while the late group had 
a median of 5.4 days. The overall median in-hospital recovery time was 4.2 days, with an interquartile range of 2.1 to 6.7 
days. Furthermore, the time components are summarized in Table 3 including time to CT scan, time from CT scan to 
surgery, time to surgery, and duration of surgery, for the total number of observations, as well as separately for the early 
and late surgery groups.

Pre-Operative Vital Signs
The median systolic blood pressure for all patients was 120 mmHg, with an interquartile range (IQR) of 110–126 mmHg. 
The early surgery group had a slightly lower median systolic blood pressure of 120 mmHg (IQR: 110–125 mmHg), while 
the late surgery group had a slightly higher median of 125 mmHg (IQR: 115–130 mmHg). The median diastolic blood 
pressure for all patients was 70 mmHg, with an IQR of 65–75 mmHg. Both the early and late surgery groups had similar 
median diastolic blood pressure values of 70 mmHg (IQR: 65–73 mmHg for the early group and IQR: 60–75 mmHg for 
the late group).

Table 2 TBI Event-Related Characteristics of Surgically Managed TBI Patients at ALERT Trauma Center, Addis Ababa from 
March 14, 2020, to September 29, 2020

Prehospital Conditions All 
Observations

Early Surgery 
Group

Late Surgery 
Group

n (%) n (%) n (%)

Mode of admission: (N=117) Referred from other facility 66(56.4) 28(48.2) 38(64.4)
Direct visit 51(43.1) 30(51.7) 21(35.5)

Mode of transportation: (N= 105) Ambulance 68(64.7) 35(67.3) 33(62.2)

Private care 17(16.1) 6(11.5) 11(20.7)
Taxi 14(13.3) 8(15.3) 6(11.3)

Other 6(5.7) 3(5.7) 3(5.6)

Cause of injury: (N= 114) Fall 40(35.0) 18(31.5) 22(38.5)
Assault 39(34.2) 20(35.0) 19(33.3)

RTC 32(28.0) 17(29.8) 15(26.3)

Other 3(2.6) 2(3.5) 1(1.7)
Distance from trauma place: (N=111) ≤ 10 km 42(37.8) 24(42.8) 18(32.7)

11km-40km 25(22.5) 11(19.6) 14(25.4)

>40km 44(39.7) 21(37.5) 23(41.8)
General time frame at the scene: (N=101) Day time (Monday to Friday) 42(41.5) 21(39.6) 21(43.7)

Nighttime (Monday to Friday) 49(48.5) 31(58.4) 18(37.5)

Weekends (Any time) 10(9.9) 1(1.8) 9 (18.7)
Type of injury: (N=104) Blunt 93(89.4) 50(92.5) 43(86.0)

Penetrating 11(10.5) 4(7.4) 7(14.0)

Notes: N refers to the number of total observations (participants) based on which the variable is summarized. This number varies due to missingness.
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The median respiratory rate for all patients was 18 breaths per minute, with an IQR of 16–20 breaths per minute. Both 
the early and late surgery groups had a median respiratory rate of 18 breaths per minute (IQR: 16–20 breaths per minute). 
The median oxygen saturation level for all patients was 96%, with an IQR of 93–98%. The early surgery group had 
a slightly higher median oxygen saturation level of 97% (IQR: 94.2–98%), while the late surgery group had a median 
saturation level of 96% (IQR: 93.0–97.0%).

The median temperature for all patients was 36.3°C, with an IQR of 35.8–36.6°C. The early surgery group had 
a lower median temperature of 35.8°C (IQR: 34.0–36.5°C), while the late surgery group had a slightly higher median 
temperature of 36.5°C (IQR: 36.2–36.7°C).

The data for the vital signs were found to be right-skewed, indicating that there were more patients with values on the 
lower end of the range. Furthermore, this information is presented in Table 4, which shows the clinical parameters, and 
median values for the overall patient group, as well as separate values for the early and late surgery groups.

Neurologic and Intraoperative Findings
According to the Glasgow coma score, 52 patients (44.4%) had mild TBI, 51 patients (43.5%) had moderate TBI, and 14 
patients (11.9%) had severe TBI. Among these, 46.5% of the mild TBI cases were in the early group and 42.3% were in 
the late group. Similarly, 39.6% of the moderate TBI cases were in the early group and 47.4% were in the late group. 
Additionally, 13.7% of all TBI cases were from the early group and 10.1% were from the late group.

In terms of surgical procedures, 53 patients (45.2%) received a craniotomy, 34 patients (29.0%) underwent elevation 
procedures, and 30 patients (25.6%) had treated with bur hole procedures. Among the patients who received craniotomy, 
64.1% were in the early group and 35.8% were in the late group. For bur hole procedures, 70.0% were in the late group 
and 30.0% were in the early group. The difference in the number of elevation procedures between the two groups was 
only 11.7%, with 44.1% in the early group versus 55.8% in the late group.

The CT scan findings showed that acute subdural hematoma was the most common type of TBI, with higher 
prevalence in the early group compared to the late group. In contrast, chronic subdural hematoma was more common 
in the late group. The occurrence of epidural hematoma was relatively comparable between the two groups as shown in 
Table 5.

Table 3 Summary of Different Time Components During Service Delivery in TBI Patients at ALERT Trauma 
Center, Addis Ababa from March 14, 2020, to September 29, 2020

Time Variable Total Observations  
(Median time)

Early Surgery Group  
(Median Time)

Late Surgery Group  
(Median Time)

Time to CT scan (minutes) 64 (IQR: 30–228) 50 (IQR: 30–135.5) 88 (IQR: 30–454.5)

Time from CT scan to surgery (minutes) 324 (IQR: 67–945) 67 (IQR: 50–240) 909 (IQR:382.5–1158)
Time to surgery (hr.) 4.8 (IQR: 1.7–14.8) 1.7 (IQR: 1.0–2.6) 14.8 (IQR: 7.9–18.2)

Duration of surgery (minutes) 180(IQR: 120–240) 180 (IQR: 120–240) 180 (IQR: 135–240)

Table 4 Preoperative Clinical Finding in Surgically Managed TBI Patients at ALERT Trauma Center 
from March 14, 2020, to September 29, 2020

Clinical Parameters Total Observations  
Median

Early Surgery Group Late Surgery Group

Systolic blood pressure 120 (IQR: 110–126) 120(IQR:110–125) 125(IQR:115–130)
Diastolic blood pressure 70 (IQR:65–75) 70 (IQR:65–73) 70(IQR:60–75)

Respiratory rate 18 (IQR: 16–20) 18(IQR: 16–20) 20(IQR:18–20)

Temperature 36.3 (IQR: 35.8–36.6) 35.8(IQR:34.0–36.5) 36.5(IQR:36.2–36.7)
Oxygen saturation 96 (IQR:93–98) 97.0(IQR:94.2–98.0) 96.0(IQR:93.0–97.0)
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In Hospital Outcome
The most common outcome observed among the participants was recovery. Overall, 78.6% of the patients experienced 
in-hospital recovery. In the early surgery group, 81.0% of the patients achieved recovery, while in the late surgery group, 
the proportion was 76.2% (Table 6). The overall incidence rate was found to be 141 per 1000 persons days of 
observations, with a 95% confidence interval between 115 up to 173 per 1000 persons days. In the early surgery 
group, the incidence rate was 152 per 1000 persons days of follow-up, and in the late surgery group, it was 131 per 
1000 persons days of follow-up.

Effect of Time to Surgery on Recovery Time
The median survival time was found to be 4.1 days for the early surgery group and 6.4 days for the late surgery group. 
However, this observed difference was not statistically significant at a p-value of 0.1, according to the log rank test. This 
indicates that the timing of surgery did not have a significant impact on the time to recovery.

The time to surgery was also analyzed as a continuous measure in hours but was not found to be statistically significant as 
a predictor of time to recovery, with a p-value of 0.06. This suggests that the exact timing of surgery, measured in hours, did not 
significantly affect the recovery time. The incidence rate ratio of recovery for the exposed group (early surgery) compared to the 
non-exposed group (late surgery) was 0.86. However, this finding was statistically insignificant. Figure 1 shows a survival curve 
estimated by the Kaplan-Meier method, indicating the overall survival to EGOS 7/8 at discharge. The median survival time for all 
patients included in the study was 5.1 days. Figure 2 displays the adjusted survival curves for the early and late surgery groups. 
Although there appears to be a difference in survival to EGOS 7/8 at discharge between the two groups, indicating that patients in 
the early group are more likely to be discharged earlier in the first few days, this difference was not statistically significant. 
Overall, there is no adequate information to measure a noticeable impact of early surgical interventions on the recovery time of 
the studied population.

Table 5 CT Scan Findings on the Type of Traumatic Brain Injury in Surgically Managed 
TBI Patients at ALERT Trauma Center from March 14, 2020, to September 29, 2020

CT-Findings Total  
Observations

Early Surgery  
Group

Late Surgery  
Group

n (%) n (%) n (%)

Acute Subdural hematoma 28(23.9) 22(37.9) 6(10.1)
Chronic Subdural hematoma 25(21.3) 10(17.2) 15(25.4)

Epidural hematoma 26(22.2) 13(22.4) 13(22.0)

Table 6 Outcome Assessment of Surgically Managed TBI Patients Using GOSE 
at ALERT Trauma Center from March 14, 2020, to September 29, 2020

GOSE Total  
Observations

Early Surgery  
Group

Late surgery  
Group

N=117 N= 58 N= 59
n (%) n (%) n (%)

Death 4 (3.4) 4 (6.8) a

Low severe disability 3(2.5) 2 (3.4) 1(1.6)

Upper severe disability 4(3.4) a 4(6.7)

Lower moderate disability 10 (8.5) 3 (5.1) 7(11.8)
Upper moderate disability 4(3.4) 2 (3.4) 2(3.3)

Lower good recovery 49(41.8) 23(39.6) 26(44.0)

Upper good recovery 43 (36.7) 24(41.3) 19(32.2)

Note: aNo observation fell in the given category.
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Predictors of Time to Recovery
The multivariable cox proportional hazards model (Table 7) showed that TBI grade (severe) and diastolic blood pressure 
were found to be independent predictors of time to recovery. A severe TBI grade was associated with a significantly 
reduced hazard of recovery (AHR: 0.14, 95% CI: 0.04–0.50), indicating that patients with severe head injury had an 86% 
lower rate of recovery compared to those with mild head injury. Additionally, for every five-unit increase in diastolic 
blood pressure within the range of 50 to 100, the rate of recovery at discharge increases by 24% (AHR: 1.24, 95% CI: 
1.072–1.45). These findings suggest that the severity of TBI and blood pressure levels play a paramount role in 
determining the time it takes for patients to recover.

Figure 1 Cumulative (unadjusted) survival plot based on Kaplan Meier estimates among TBI patients who underwent urgent surgical interventions at ALERT Trauma Center 
from March 14, 2020, to October 13, 2020.

Figure 2 Kaplan Meier estimates based on the time to surgery duration among TBI patients who underwent urgent surgical interventions at ALERT Trauma Center from 
March 14, 2020, to October 13, 2020.
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Discussion
This study analyzed the in-hospital survival data of 117 patients who underwent urgent neurosurgical interventions for 
traumatic brain injury at ALERT Trauma Center in Addis Ababa from March to September 2020 and provided insights 
into factors influencing surgical outcomes for traumatic brain injury patients. Patients were categorized into early (n=58) 
and late (n=59) surgery groups. Socio-demographic characteristics, prehospital conditions, clinical parameters, neurolo-
gic findings, intraoperative details, and in-hospital outcomes were assessed. While there were differences in mode of 
arrival, cause of injury, and distance from the trauma site between the groups, factors such as age, sex, and marital status 
showed minimal variation. The median time to surgery, CT scan findings, and vital signs were evaluated, and most 
patients experienced recovery as an outcome. However, the timing of surgery did not significantly impact recovery time, 
and predictors of recovery included TBI grade and diastolic blood pressure.

The median age of the TBI patients in this study (30 years) is slightly lower than the reports in other studies (ranging 
from 31.5 to 34.3 years).18,19 These findings suggest that the age distribution of TBI patients in this study is comparable 
to that of previous studies conducted at TASH.20 However, it is important to note that the slight difference in age could be 
attributed to various factors, such as sample size or the selection criteria. On the other hand, males are more commonly 
affected by TBIs compared to females, which is consistent with previous studies conducted across the country and at 
TASH. This could be due to various factors, such as differences in driving patterns, a higher incidence of assault and risk- 
taking behavior in males, and occupational exposure, as these are also shown in different studies.21,22 Cultural and 
societal norms may also contribute to the higher incidence of TBIs among males.23 These norms can influence the types 
of activities and occupations that males engage in, increasing their risk of experiencing a traumatic brain injury.

In this study, only 43.3% of the patients were diagnosed with mild head injury whereas from other studies on the 
epidemiology of head injury, it was known that 70 to 90% of head injuries are mild (25). This huge difference could be 
because in this study the inclusion of patients who require neurosurgical interventions may have skewed the percentage 
of mild head injuries reported compared to other epidemiological studies that encompass a broader range of cases that 
may have been treated with non-surgical interventions. There is a notable difference of 2% in the recovery rate between 
the early and late surgery groups. This difference could potentially stem from two main factors. Firstly, the higher 
recovery rate within the early group might be attributed to prompt treatment initiation compared to the late group. 
Alternatively, this variance could be linked to a reduced prehospital delay in the early group, considering that 10% more 
patients in this group arrived at the trauma center compared with the same patients in the late group who were within 10 
kilometers. This suggests that early treatment and reduced prehospital delay may contribute to the higher recovery rate in 

Table 7 Bivariable and Multivariable Cox Regression Result for Predictors 
of Time to Recovery in Surgically Managed TBI Patients at ALERT Trauma 
Center from March 14, 2020, to October 13, 2020

Predictor CHR (95% CI) AHR (95% CI) P-value

TBI grade (Severe) 0.18 (0.07, 0.43) 0.14 (0.04, 0.50) 0.002 **

TBI grade (Moderate) 0.63 (0.41, 0.98) 0.69 (0.39, 1.20) 0.215
TBI grade (Mild) 1.00a 1.00a -

Oxygen saturation 1.09 (1.03, 1.15) 1.05 (0.97, 1.12) 0.155

Diastolic blood pressure 1.01 (0.99, 1.03) 1.04 (1.01, 1.07) 0.003 **
Prehospital time (≥3 hours) 1.06 (0.66, 1.70) 1.62 (0.87, 3.01) 0.112

Prehospital time (< 3 hours) 1.00a 1.00a -
Cause of injury (Fall down) 0.94 (0.57, 1.55) 0.81 (0.44, 1.49) 0.513

Cause of injury (RTC) 0.60 (0.34, 1.05) 0.65 (0.33, 1.29) 0.171

Cause of injury (Other) 0.34 (0.08, 1.43) 0.40 (0.09, 1.80) 0.480
Cause of injury (Assault) 1.00a 1.00a -

Type of injury (Penetrating) 0.51 (0.20, 1.28) 0.40 (0.12, 1.33) 0.134

Type of injury (Blunt) 1.00a 1.00a -

Notes: **Statistically significant with a P-value <0.001. aReference category. 
Abbreviations: CHR, crude hazard ratio; AHR, adjusted hazard ratio; CI, confidence interval.
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the early group, as these are found to be crucial elements in improving recovery and reducing hospital stays for TBI 
patients.16 Additionally, it is important to consider other factors, such as the severity of injuries and the quality of medical 
care provided, to determine the exact reasons behind this difference in recovery rates.

Regarding time up to surgery versus functional in-hospital recovery, previous studies suggest lower functional 
recovery among the early groups (24% versus 51%).15 However, in this study, early versus late classification was not 
significant regarding hospital recovery in nearly equal proportion. The lower functional recovery observed in the former 
study could probably be because the study participants in the previous study were isolated subdural hematoma brain 
injuries unlike this one. In another study, the presence of isolated subdural hematomas showed patients were more likely 
to have worse outcomes.24 The less functional recovery observed in the previous study could be because timely 
intervention might have been given for patients who are assumed to have complicated clinical conditions.15 In another 
study, patients were compared as early versus late to surgery groups at 200 minutes as a cutoff point and a higher rate of 
mortality was observed among the late group unlike this study.25 Whereas in this study all (the four) deaths were among 
the early surgery group. This observed difference could be because the previous study was conducted among isolated 
severe head injury patients and a late surgical intervention to severe head injury could undoubtedly result in a higher 
mortality rate.

This study illustrates that TBI grade and diastolic blood pressure to be an independent predictor of time to recovery. 
Several studies suggest TBI grade as an important predictor of recovery, which is in line with this study.25,26 In 
a previous study, SBP instead of DBP were found to be statistically significant outcome predictor.27 This difference 
could be due to the different time points used to take vital signs between the two studies. In this study, vital signs were 
assessed immediately before surgery once the patient get resuscitation at the emergency department. In general, this study 
suggests there is no statistically significant difference in early recovery between early (within four hours) and lately (after 
four hours) treated TBI patients. In line with this, we recommend future studies and researchers to reassess the impact of 
timing of surgical interventions with a higher level of statistical power at a wider range. Moreover, this study identifies 
TBI grade, oxygen saturation, prehospital time, mechanism of injury, and type of injury as predictors of time to recovery.

One of the strengths of this study is that variables that were neglected in previous studies were addressed. Eg, the 
dependent variable itself and time variables. On the other side a more similar cohort of patients were studied. Ie, patients 
with neurosurgical interventions alone were recruited. Data were captured longitudinally, and most importantly 
a prospective cohort study design was used.

There were also some limitations; due to the emergence of the COVID-19 pandemic at the start of the study which 
had put a limit on transportation, perhaps road traffic collisions as a cause of injury could be underestimated in this study. 
Some of the study variables that demand active involvement by the data collector during clinical procedures, Eg, 
anesthesia duration, were collected from documented patient records due to feasibility issues. The follow up in this study 
was limited to an in-hospital stay and this study does not assess long-term functional recovery due to high financial and 
time limitations.

Conclusion
This study assessed factors affecting surgical outcomes in 117 traumatic brain injury (TBI) patients treated at Addis 
Ababa’s ALERT Trauma Center. While the timing of surgery did not significantly impact recovery time, predictors of 
prolonged recovery included TBI grade and lower diastolic blood pressure. Observations noted a 2% recovery rate 
difference between early and late surgery groups, potentially attributed to prompt treatment initiation and reduced 
prehospital delay in the former. The study, contrary to some previous findings, emphasized the independent predictive 
value of TBI grade and diastolic blood pressure for recovery. Notable strengths included addressing variables neglected 
in prior studies and employing a prospective cohort design, while limitations included pandemic-related challenges and 
a short-term follow-up period. Overall, this research contributes nuanced insights into TBI outcomes, laying a foundation 
for future investigations with increased statistical power and broader scope.
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