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A B S T R A C T   

Background: Acute subdural hematoma (ASDH) is one of the most common and devastating lesions in traumatic 
brain injury with a mortality rate upto 60 % especially in low-income countries. The present study aimed to 
determine the clinical characteristics and functional outcomes and the associated factors of surgically treated 
head trauma patients with ASDH. 
Methods: Between January 2018 and January 2021 we identified 140 head trauma patients with ASDH who 
underwent surgical evacuation in three tertiary hospitals. Epidemiological data were collected; the six-month 
functional outcome was studied using an extended Glasgow outcome score (EGOS) and associated factors 
were also studied. Univariate analysis was performed at first, and variables with a P-value of <0.05 were entered 
into the multivariable logistic regression model. 
Results: Male predominance was seen accounting for 87 % and assault was the most common mechanism of 
injury (35.7 %). Sixty-five (56.5 %) of patients achieved favorable functional recovery (EGOS of 5–8) and 50 
(43.5 %) of patients had unfavorable recovery (EGOS of 1–4) after 6 months of follow-up. In multivariate logistic 
regression models, GCS <5, Pupillary abnormality, hypotension, oxygen saturation <90 at presentation, and 
hospital-acquired pneumonia were the independent factors associated with unfavorable functional outcomes. 
Conclusion: In our setup, most of the patients are male from assault injuries. There is still a high rate of unfa
vorable outcomes in patients with acute subdural hematoma. GCS <5, pupillary abnormality, hypotension and 
desaturation at presentation, and postoperative hospital-acquired infection are predictors for unfavorable 
functional outcomes.   

1. Introduction 

Acute subdural hematoma is one of the most prevalent traumatic 
brain injuries in which a blood clot fills up the subdural space.1–4 It is 
found in one-third of all severe head injuries, and the fatality rate rises as 
high as 60 %.4,5 However, mild to moderate traumatic brain injury ac
counts for up to 86 % of all ASDH that require hospitalization.4 

Furthermore, mortality rates of ASDH have recently begun to drop 
roughly to 14 % as a result of advances in neurosurgery and early 
therapies, however, in low-income countries, the prognosis continues to 
be poor.2,6–9 

GCS score, pupillary abnormalities, systemic blood pressure, respi
ration rate, glycemic status, length of hospital stay, hypoxia, concomi
tant subarachnoid bleed, and intraventricular hemorrhage are some of 
the predictors of prognosis.7 Mortality is influenced by age, mechanism, 
and severity of the injury, associated craniocerebral injury, prompt 
surgical evacuation and technique, and postoperative care.2,6,7,10 Sur
gery is recommended when there is a loss of consciousness, neurological 
symptoms, a hematoma thickness of more than 1 cm, or a midline shift 
of more than 5 mm. Therefore, this study aimed to identify the 
socio-demographics, clinical presentation, and functional outcome of 
head trauma patients who were operated on when the acute subdural 
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hematoma had surgical indication according to the existing literature. 

2. Patients and methods 

We retrospectively identified 140 head trauma patients who were 
surgically treated for an acute subdural hematoma in the Department of 
Neurosurgery at AaBET Hospital, Minilik II referral hospital, and St 
Peter’s Specialized Hospital, Addis Ababa, Ethiopia between January 
2018 and January 202. Of these 115 fulfilled the inclusion criteria and 
were included in the study. The indications of surgery in our institution 
were the presence of one or more of the following: hematoma thickness 
1 cm and above, midline shift >5, asymmetric or fixed dilated pupils. 
The surgery of choice for hematoma evacuation was either craniotomy 
or decompressive craniectomy if there is intraoperative brain swelling. 
The Diagnosis was confirmed by a CT scan in all patients. The Exclusion 
criteria included1 Pediatric patients aged less than 14 years2; patients 
with missing data. 

2.1. Patients characteristics 

The following clinical data were analyzed: Age, sex, mechanism of 
injury, presenting GCS, Oxygen saturation, Mean arterial pressure 
(MAP), pupillary size and reactivity, time from injury to surgery, other 
comorbidities, and other site injuries. EGOS (Extended Glasgow 
outcome scale) at 6 months expressed as favorable and unfavorable were 
studied. 

2.2. CT imaging evaluation 

All patients had a Head CT at presentation and the following pa
rameters were identified: hematoma side, midline shift, maximum width 
of the hematoma, and associated other head CT findings. 

2.3. Surgical management and follow-up 

Patients’ surgical data included are as follows: time from injury to 
surgery; duration of surgery; type of procedure performed whether 
craniotomy or decompressive craniectomy and post-operative 
complications. 

2.4. Statistical analysis 

All analyses were performed using SPSS (version 26.0, IBM Corp.) 
The statistical significance was defined as a P– P-value <0.05. All tests 
were 2-sided. Data were described using means (standard deviations) 
and numbers of patients (percentages) for continuous and categorical 
variables, respectively. Categorical variables were compared using the 
chi-square test, continuous variables were assessed using the student’s t- 
test. Variable with a P-value of <0.05 in univariable analysis were 
entered into a multivariable logistic regression model to identify the 
factors associated with the outcome of ASDH. 

3. Results 

A total of 140 procedures for ASDH were done and 115 met the in
clusion criteria and were included in the study. The sociodemographic 
and clinical characteristics are presented in Table 1. There were 100 
males (87 %) and 15 females (13 %), and the male/female ratio was 6.7 
The mean at diagnosis was 35.9 years (ranging from 15 to 86 years). 
Assault with a stick and stone was the most common mechanism of 
injury in 41 (35.7 %) followed by road traffic accidents for 29 (25.2 %). 
The mean arterial pressure at presentation was below 70 mmhg in 43 
patients (37.4 %) and 45 patients (39.1 %) were desaturating with ox
ygen saturation below 90 %. A majority (75.7 %) of the patients had no 
associated medical illness identified. 

Amongst the patients, 28.7 % arrived at our tertiary center without 

any prehospital care while the rest received different levels of care. At 
emergency 35 (30.4 %) patients were intubated and put on mechanical 
ventilators. The mean duration from the time of injury to the start of 
surgery was 32.2 h (with a range of 1–210 h) Only 10.4 % of the patients 
were taken to surgery within 4 h of the injury. The mean duration of 
surgical procedures was 232.8 min (ranging from 60 to 500 min). 
Decompressive Craniectomy was done for 48 patients (41.7 %) and 
craniotomy was done for the remaining 67(58.3 %). Post-operative 
complications occurred in 59 patients (51.3 %) with hospital-acquired 
pneumonia and surgical site infections accounting for the majority. 

The Glasgow outcome score is presented in Table 2 and Table 3. In- 
hospital mortality occurred in 20 patients (17.4 %) and another 5 (4.3 
%) had mortality within 6 months of discharge. The means GCS at 
discharge was 13 with a range of 9–15. The average hospital stay was 
20.85 days (ranging from 1 to 500 days). The extended Glasgow 
outcome score was 5 and above (favorable outcome) at 6 months follow- 
up in 65 patients (56.5 %). From the favorable outcome group, patients 
with upper and lower good recovery were 36(31.3 %) and 19(16.5 %) 
respectively. 

Univariate analysis revealed that GCS at presentation, duration of 
surgery, MAP, and oxygen saturation were significantly related to 
outcome. A multivariate logistic regression analysis result is shown in 
Table 4. It showed that GCS <5 (OR,2.26; CI 1.94–27.17; P-value 
<0.003), abnormal pupillary response (OR, 2.44; CI, 1.09–5.42; P-value 

Table 1 
Sociodemographic and clinical characteristics (n = 115).    

Frequency Percentile 

Sex Male 100 87 % 
Female 15 13 % 

Age 14–20 19 16.5 % 
21–40 66 57.4 % 
41–60 24 20.9 % 
61–80 6 5.2 % 

Mechanism of injury RTA 29 25.2 % 
FDI 24 20.9 % 
Assault 41 35.7 % 
PBI 7 6.1 % 
Other causes 14 12.2 % 

GCS at presentation ≤8 50 43.5 % 
9–12 40 34.8 % 
≥13 25 21.7 % 

Pupillary reaction at 
presentation 

Abnormal response 58 50.4 % 
Normal response 57 49.6 % 

Midline shift <5 mm 24 20.9 % 
>5 mm 90 78.3 % 

ASDH thickness <1 cm 62 53.9 % 
≥1 cm 53 46.1 % 

Additional brain CT findings SAH 27 23.5 % 
Hemorrhagic 
contusions 

59 51.3 % 

DAI 6 5.2 % 
ICH 35 30.4 % 
AEDH 17 14.8 % 

Another site Injury Spine injury 8 7 % 
Chest injury 6 5.2 % 
Long bone Fracture 6 5.2 % 
Abdominopelvic injury 1 0.9 %  

Table 2 
Glasgow outcome score of the study participants.  

GOSE  Frequency Percent 

1 Death 25 21.7 % 
2 Persistent vegetation state 10 8.6 % 
3 Severe disability lower 4 3.4 % 
4 Severe disability upper 11 9.5 % 
5 Moderate disability lower 5 4.3 % 
6 Moderate disability upper 5 4.3 % 
7 Good recovery lower 19 16.5 % 
8 Good recovery upper 36 31.3 %  
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= 0.029), MAP <70 mmHg (OR, 48.75; CI, 14.665–162.05; P-value =
<0.01), oxygen saturation <90 (OR,18.5, CI, 7.06–48.45; P-value =
<0.001) and presence of postoperative pneumonia (OR, 11.89; CI, 
4.82–29.34; P-value=<0.001) were independent risk factors for unfa
vorable outcome. 

4. Discussion 

Despite the significant number of cases, the outcome of surgically 
treated traumatic brain injury patients with ASDH and factors associated 
are not studied in our setup. We were relying on the data from other 
centers in the literature. Therefore, this study aimed to determine clin
ical characteristics, functional outcomes, and associated factors of sur
gically treated adult head trauma patients with acute subdural 
hematoma. 

Acute subdural hematoma (ASDH) is one of the common causes of 
severe traumatic brain injury.4,11 Its mortality rate can range from 6.8 % 
to 60 % depending on the advancement of the setup.7,8,12 The mortality 
rates are reported to be the highest in the elderly population. In our 
study, the overall mortality rate was 22 %, the majority of which was 
in-hospital mortality. Also in the elderly population (age >60) mortality 
was 50 % compared to 18.5 % in the age group <60. A similar pattern of 
higher mortality in the elderly was seen in other studies which found 
that mortality was 35 % in those below 80 years and 53 % for those over 
80 years.13,14 In addition, patients with low GCS were shown to have a 
higher rate of mortality.4,10,15,16 In our study 57.1 %12 of patients with 
initial GCS 5 and below ended up with hospital mortality similar to a 
study done by Alagoz et al which found that patients who died were old 
and had low GCS scores. 

In our study, 56.5 % of the patients had a favorable outcome which is 
significantly better than a study done by Igbokwe et al in Abuja, Nigeria 
which found that only 26.7 % had functional recovery post-operatively 
and a study done by Wilberge JE et al which found overall mortality rate 
was 66 % and 19 % had functional recovery.8,17 Functional recovery is 
defined by GOS as those patients with a good recovery or disabled yet 
functionally independent.17 Our finding was comparable to a study done 
by Chen et al where 52.8 % of patients achieved functional recovery 
(GOS of 4 or 5) after 1 year of follow-up.2 The functional outcome was 
significantly associated with the GCS 5 and below, MAP at presentation, 
oxygen saturation, pupillary response, and postoperative complication. 
This finding was comparable to other studies which found a strong as
sociation between outcome and age, GCS at presentation, surgical type, 
and associated CT scan finding.7,13,16 

It is reported that age has a direct relationship with the outcome of 
acute subdural hematoma patients.7,13,18 However, in our study patients 

between the age group 20–40 years had more favorable outcomes 44 
(66.7 %) compared to patients below 20 years of age 7(36.8 %) and 
those above 40 years of age 14(46.7 %). Despite this finding, a statisti
cally significant relationship between age and outcome was not found 
(p = 0.167). We ascribed this to the fact that the majority of our patients 
were below the age of 40 denuding the statistical significance. 

In this study we found a higher number of male patients with a male- 
to-female ratio of 6.7:1. This correlates to previous studies which show a 
significantly high number of male patients sustain traumatic ASDH.4,8 

This result explains our social culture that males are more exposed to 
unskilled high-risk jobs and exposed to the external environment for 
trauma than females. In this study, the proportion of favorable outcomes 
in both sexes was nearly even (M: F 57 %: 53.3 %) similar to a study done 
by Mushkudiani et al no gender differences in outcome were found (OR: 
1.01; CI 0.92–1.11).18 

Traffic accidents and fall accidents were the major mechanisms of 
trauma in patients with ASDH.12,19 However, in our study assault by 
stick and stone, 41(35.7 %) was a major cause of trauma. Those patients 
who sustained road traffic accident had a higher number of unfavorable 
outcome compared to other mechanisms but was not statically signifi
cant (chi-square p = 0.187). Similar to our finding a study on morbidity 
and mortality of ASDH was done by Wilberger JE et al. The worst 
outcome was seen in motorcycle accidents with a 71 % mortality rate 
and no survivors with functional recovery.17 

In this study, we found that the mean GCS was 9 ± 3 which was 
better than a study done by Chen et al mean coma scale score of 5.9 ±
1.1.2 Fifty (43.5 %) of patients were comatose at presentation GCS below 
8. It is comparable to the study done by Daniel et al on the survival 
pattern of ASDH stated that over half of the patients were comatose at 
presentation (53 %).20 Higher mean GCS in a favorable group (10 ± 3) 
than the unfavorable group (8 ± 3) which is statically significant (t-test 
p < 0.001). In multivariate analysis, we found that patients presenting 
GCS 5 and below had significant prognostication association on func
tional outcome. Similar to studies by Kemal et al and Trevisi et al. The 
most important predictors of outcome were GCS score in ASDH in their 
study.3,21 Twelve (57.1 %) of patients with initial GCS 5 and below end 
up with hospital mortality. Better than to study done by Abdelfatah et al 
on the prognosis of ASDH in patients with an extension or no motor 
response to pain motor response found that all patients died within 1 
month.19 

Normal pupillary finding on initial evaluation was significantly 
higher in favorable outcome group 52(91.2 %) than in unfavorable 
group 5(18.8 %) (p = 0.000). In multivariate analysis, pupillary light 
response on initial evaluation had an independent prognostication effect 
on functional outcome (p = 0.007). Similar to studies that showed fixed 
pupil patients never had a favorable outcome.3,6,22,23 

As part of secondary brain injury mean arterial pressure and oxygen 
saturation at presentation had significant differences between favorable 
and unfavorable outcome groups. Both had prognostic effects on func
tion outcomes which are supported by other studies that show that 
unfavorable outcomes increase to 70.6 % in the hypoxic group and 78.8 
% in the hypotensive group.24,25 Additional brain CT finding was found 
in 88.7 % of the patients with the most common finding being hemor
rhagic contusion similar to a study done in Turkey.6 However, in other 
studies SAH was the most common finding.7,19 In addition, hemorrhagic 
contusion was found significantly higher in unfavorable outcome group 
31(52.5 %) (Chi-square p = 0.044). 

Decompressive craniectomy was done in 48(41.7 %) of patients in 
our study. The unfavorable outcome group accounts for 62.5 % of 
decompressive craniectomy which is statically significant (chi-square p 
< 0.001). It can relate to brain swelling which determines the replace
ment of bone flap intraoperatively. In univariate analysis, decom
pressive craniectomy significantly prognosticates unfavorable outcome 
COR 3.917(1.788–8.582) (p < 0.001). This was not repeated in multi
variate analysis. Similar to the study done by Chen et al types of oper
ation were not significantly associated with functional outcomes.2 

Table 3 
Glasgow outcome scale extended and Mortality.    

Frequency Percentile 

GOSE Favorable 65 56.5 %  
Unfavorable 50 43.5 % 

Mortality Hospital 20 17.5 %  
Within 6 months post-discharge 5 4.3 %  

Table 4 
Multivariate logistic regression analysis of factors related to the unfavorable 
outcome.  

Factors Odd 
ratio 

95%CI P value 

GCS <5 2.26 1.94–27.17 0.003 
Abnormal pupillary response 2.44 1.09–5.42 0.029 
MAP <70 48.75 14.66–162.05 0.01 
Oxygen saturation <90 18.5 7.06–48.45 0.001 
Post-operative hospital-acquired 

pneumonia 
11.89 4.82–29.34 0.001  
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Patients undergoing decompressive craniectomy account for 80 % of 
hospital mortality. Similarly, a study done by Monsivais et al found that 
those who underwent craniectomy were 5.7 times more likely to die 
than compared to those with craniotomy.13 In addition, of those who 
underwent decompressive craniectomy 33 % of them ended up dead and 
29.1 % of them had a vegetative state, and severe disability at upper and 
lower levels. This was in contrast to the trial of decompressive cra
niectomy for traumatic intracranial hypertension which stated that 
decompressive craniectomy in patients with TBI and refractory ICP 
resulted in lower mortality and higher rates of vegetative state.26 

The mean time from injury to surgery was 32.2 ± 33.87 h. Lower 
than the study done by Igbokwe et al in Nigeria whose average total 
delay was 49.8 ± 75.3 h.8 But significantly higher than a study done by 
Chen et al which mean TIS was 162.5 ± 45.6 min.2 The poor referral 
system in the country is one of the reasons for delayed presentation since 
71.2 % of the study population was given some kind of treatment from 
other centers and then was referred to our centers. Significant differ
ences were not found between the functional outcome group in terms of 
mean TIS (t-test, p = 0.611). In contrast, a study done by Chen et al 
stated that mean TIS in functional and poor recovery groups signifi
cantly differs (p = 0.002).2 The absence of association between TIS and 
functional outcome can be because most of our patients had delayed 
presentation. Twelve (10.4 %) of patients had TIS below 4 h. Compare 
this to the study done by Abdulfetah et al and Alagoz et al where all 
patients arrived at the hospital before 2 h and the median time was 2 h 
respectively.4,19 

Postoperative complications occurred in 51.3 % of the patients and 
69.5 % of these patients are from the unfavorable outcome group. It was 
high compared to a study done by Laeke et al in which postoperative 
complications occurred in 17 % of patients.9 The high level of 
post-operative complication can be due to late presentation with low 
GCS in most of our patients. From postoperative complication, HAP 32 
(27.8 %) and Electrolyte disturbance 31(27 %) was the most common 
ones. Similar to a study done by Chen et al pneumonia account for 28(40 
%) of postoperative complication.2,27 In multivariate analysis, HAP had 
significant prognostication on functional outcomes. Patients with HAP 
were 11 times at risk of unfavorable outcomes (p = 0.009*). Similar to 
the study done by Kesinger et al, hospital-acquired pneumonia is an 
independent predictor of poor outcomes in TBI. HAP was independently 
associated with low GOSE scores at follow-up 1 year: AOR 6.39; 95 % 
[CI].27 

5. Conclusion 

This study emphasized that traumatic ASDH is a fatal condition. In 
this study, more young patients were involved with ASDH with a mean 
age of the study population of 35.6 years and more male patients with M: 
F 6.7:1. Assault with stick and stone accounts for a majority of mecha
nism. Most patients were comatose (GCS≤8) at presentation. Mortality 
and function outcome was comparable to most studies done in different 
areas. Initial GCS below 5, pupillary finding, MAP, oxygen saturation, 
and development of HAP are independent predictors for functional 
outcome in traumatic acute subdural hematoma. We found that those 
patients with GCS 5 and below and those with decompressive craniec
tomies had higher mortality. Age, gender, midline shift, the thickness of 
ASDH, mechanism of injury, TIS, type of surgery, hemorrhagic contu
sion, and mean duration of surgery had no significant association with 
functional outcomes. 
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