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ABSTRACT

BACKGROUND: Despite rapid diagnosis and aggressive neurosurgical intervention, acute subdural hematoma (ASDH) is a severe 
type of head injury that can result in high morbidity and mortality. Although surgical procedures, such as craniotomy and decompres-
sive craniectomy (DC), can be effective, the preferred approach for treating an ASDH remains controversial. The aim of this report 
was to evaluate factors associated with mortality in patients with ASDH and determinants of outcome in those with ASDH who 
underwent DC.

METHODS: The demographic details and clinical and radiological characteristics of a total of 93 patients with ASDH who underwent 
DC during a 60-month period from 2012 to 2017 were evaluated to determine the effect on mortality and any association with the 
Glasgow Coma Scale (GCS) score recorded on arrival.

RESULTS: Sixty-five male and 28 female subjects with a mean age of 59.82±19.49 years (range: 16–88 years) were included in the 
study. Sixteen patients (17.2%) died following the surgery. Older age (p=0.007) and lower GCS scores (p=0.022) were statistically 
significantly associated with the mortality rate. The mean hematoma thickness was 15.46±5.73 mm, and the mean midline shift was 
9.90±4.84 mm. The mortality rate was positively correlated with an excessive midline shift (p=0.011; r=0.262) and age (p=0.022; 
r=0.237) in patients with ADSH. A midline shift of ≥10 mm and a hematoma thickness of ≥15 mm was significantly associated with 
mortality (p=0.014; p=0.039). The etiology of the trauma; comorbidities of subarachnoid, epidural, or intracranial hemorrhage; com-
pression fractures; or contusions were not significantly correlated.

CONCLUSION: The results indicated that there was a higher mortality rate among older patients and those with a GCS score 
of <6 on arrival. A midline shift of ≥10 mm and a hematoma thickness of ≥15 mm were significantly related to mortality. Our study 
supports the conclusion that DC may help prevent further midline shift and be associated with a lower mortality rate compared with 
a craniotomy.
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injury, and it leads to serious public health, social, and eco-
nomic concerns. Because of its complicated pathophysiol-
ogy, ASDH is associated with high morbidity and mortality 
rates. It is a space-occupying lesion that causes an increased 
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INTRODUCTION

Acute subdural hematoma (ASDH) is diagnosed in approx-
imately one-third of patients with severe traumatic brain 
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intracranial pressure and is modified by cerebral blood flow 
changes, coagulopathy, and delayed hematomas.[1,2] To mini-
mize secondary brain damage, ASDH with brain compression 
and herniation should be urgently evacuated via craniotomy 
with or without decompressive craniectomy (DC).[3]

Mortality due to ASDH is affected by many variables. Although 
an effective surgical technique has not been well established 
yet, DC is among the most preferred surgical procedures 
for the treatment of patients with severe traumatic brain in-
jury to prevent intracranial hypertension caused by cerebral 
edema.[4–6] DC helps in controlling of increased intracranial 
pressure and preventing disturbed cerebral blood flow and 
edema caused by vasoparesis to maintain the metabolism of 
the injured brain.[7]

Previous studies have reported that the mortality rate was 
higher in patients with ASDH with lower Glasgow Coma 
Scale (GCS) scores, a greater hematoma thickness, an exces-
sive midline shift, and in those who were younger.[1,8–10] Fur-
thermore, some studies indicate a higher mortality rate in pa-
tients with additional traumatic lesions, particularly in those 
having experienced out-of-vehicle traffic accidents.[8,11,12] 
Although DC has become more popular in recent years, its 
use has not been generally accepted yet. Although the GCS 
scores, age, and neurological examination and neuroimaging 
study results are strongly correlated with the outcome, the 
role of these factors has not yet been clearly defined.[1] In the 
current study, we retrospectively reviewed 93 consecutive 
patients with ASDH to identify and predict the preoperative 
clinical prognostic factors influencing mortality and to assess 
the correlation with the GCS score and demographic, clinical, 
and radiological characteristics.

MATERIALS AND METHODS

This retrospective cross-sectional study was approved by 
the ethics committee of University of Health Sciences, Sisli 
Hamidiye Etfal Training and Research Hospital and was per-
formed in accordance with the Declaration of Helsinki. We 
reviewed the records of 93 patients having undergone sur-
gical intervention for ASDH, who were admitted within 3 h 
of injury to the emergency room during a 60-month period 
from 2012 to 2017. We excluded the data of 24 patients with 
a GCS score of 3, who had died immediately and 26 patients 
with ASDH who were treated conservatively. All patients 
were treated according to the guidelines for the management 
of patients with severe traumatic brain injury, third edition.
[13] The patients’ demographic characteristics (age, sex), infor-
mation on trauma, the GCS score on admission, brain com-
puted tomography (CT) findings, neurological examinations, 
and postoperative complications were recorded.

The unilateral, bilateral, or bifrontal DC using the usual tech-
niques was performed based on the presence of the lesion 
or diffuse brain swelling. After the duraplasty, using a dura 

graft that was excised from the galea, the temporal muscle 
was sutured loosely above the dura. Following the surgery, all 
patients were followed up in the neurosurgical intensive care 
unit for postoperative monitoring. A control brain CT was 
performed in all patients after the surgery. The patients were 
transferred to the ward after their vital signs were stable. 

Statistical Analysis
In this study, all statistical tests were performed with the Sta-
tistical Package for the Social Sciences (SPSS) 23.0 software 
(IBM Corp., Chicago, USA). Descriptive statistics (mean, 
standard deviation, frequency, and percentage) were used for 
the demographic and clinical characteristics. Categorical data 
were compared using the chi-squared test or Fisher’s exact 
test. A multivariate logistic regression analysis was performed 
for the in-hospital mortality to determine the clinical predic-
tors. A p-value of <0.05 was considered to be statistically 
significant.

RESULTS

During the 5-year period, 93 patients were treated for ASDH 
due to head injuries. These injuries were treated with DC, 
which was performed at our neurosurgery department. The 
mean age of the subjects was 59.82±19.49 years (range, 
16–88 years). There were 65 male patients. The in-hospital 
mortality rate was 17.2%. Trauma due to fall (46.2%) was the 
most common etiology, and the mean time from the emer-
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Table 1. Demographic and clinical characteristics of patients 
with ASDH undergoing decompressive craniectomy

Characteristics Number of patients

Age 59.82±19.49

Sex Male/female: 65/28

GCS scores GCS 4–5: n=23 (24.7%)

 GCS 6–10: n=22 (23.7%)

 GCS 11–15: n=48 (51.6%)

Etiology of trauma Car crashes: n=19 (23.7%)

 Fall: n=43 (46.2%)

 Other: n=31

Additional pathology Epidural hematoma: n=15

 Subarachnoid hemorrhage: n=10

 Compression fracture: n=7

 Intracranial hematoma: n=5

 Contusion: n=3

Thickness (mm) of SDH,

mean±SD 15.46±5.73 mm

Midline shift (mm), mean±SD 9.90±4.84 mm

Mortality 16 (17.2%)

GCS: Glasgow Coma Scale; SDH: Subdural hematoma; SD: Standard deviation.
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gency department admission to surgical intervention was 3 
h. Forty-three patients (46.2%) had co-existing pathologies, 
such as epidural hematoma, traumatic subarachnoid hem-

orrhage, compression fracture, and contusion. None of the 
patients had a history of alcohol abuse. Four patients had 
a history of multiple falls. Three patients were treated with 
anti-aggregants and/or anticoagulants. Intracranial pressure 
(ICP) monitoring was not done because of the acute surgical 
operation. 

The mean hematoma thickness was 15.46±5.73 mm. The 
ASDH thickness was not correlated with the GCS score 
(p=0.136). There was no statistically significant relationship 
between the mean ASDH thickness and the mortality rate. 
The mean midline hematoma shift was 9.90±4.84 mm. The 
midline shift was correlated with the GCS score and mortal-
ity rate (p=0.022). The demographic, radiologic, and clinical 
characteristics of the patients are given in Table 1.
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Table 2. Association analysis of mortality and demographic and clinical variables

Variables Groups within the variable Number of patient (n) p*

GCS groups of patients*** Group 1: GCS 4–5 G1:23 0.022**

 Group 2: GCS 6–9 and GCS 10–16 G2:70 

Age groups Group 1: Younger patients (≤60) G1:46 0.007**

 Group 2: Older patients (>60) G2:47

Sex groups Group 1: Male G1:65 0.191

 Group 2: Female G2:28

Etiology of trauma Group 1: Fall G1:43 0.926

 Group 2: Car accident G2:19

 Group 3: Other G3:31

Subarachnoid hemorrhage Group 1: Yes G1:10 0.201

 Group 2: No G2:83

Epidural hematoma Group 1: Yes G1:15 0.454

 Group 2: No G2:78

Intracerebral hematoma Group 1: Yes G1:5

 Group 2: No G2:88 0.380

Contusion Group 1: Yes G1:3 0.564

 Group 2: No G2:90

Compression fracture Group 1: Yes G1:7 0.600

 Group 2: No G2:86

*Chi-squared test or Fisher’s exact test was applied for the association analysis. **There is a relation b/w variables at the 5% level of statistical significance. GCS: Glasgow 
Coma Scale.

Table 3. Correlation analysis of mortality and age, the 
hematoma thickness, and midline shift

Variables Correlation Coefficient* p

Age 0.262 0.011**

Thickness  0.156 0.136

Midline shift 0.237 0.022**

*Spearman’s rho correlation coefficient. **There is a relation b/w variables at the 
5% level of statistical significance.

Table 4. Association analysis of the hematoma thickness and midline shift (mm) on the mortality rate 

Variables Groups within the variable Number of patients (n) p

Midline shift (10 mm) Group 1: Shift <10 mm G1:37 0.014*

 Group 2: Shift ≥10 mm G2:56

Thickness  (15 mm) Group 1: Thickness <15 mm G1:39 0.039*

 Group 2: Thickness ≥15 mm G2:54

*Chi-squared test.



The most common complication of the surgery was the de-
velopment of meningitis, which occurred in 5 (15%) patients. 
Sixteen (17.2%) patients died after surgery. An improvement 
in the GCS scores was noted in 68 patients at the follow-up 
during the hospital stay.

The analysis of association between mortality and demo-
graphic and clinical characteristics is given in Table 2. The 
administration of blood thinners did not show a statisti-
cally significant association with an increased risk of mortal-
ity (p=0.071). Neither additional pathology nor etiology of 
trauma had a significant relationship with the mortality rate.

The mortality rate was positively correlated with an excessive 

midline shift (p=0.011, r=0.262) and age (p=0.022, r=0.237) 
(Table 3). Patients with the midline shift ≥10 mm and patients 
with a hematoma thickness ≥15 mm had a significant associ-
ation with the mortality rate (p=0.014, p=0.039). An asso-
ciation analysis of the hematoma thickness and midline shift 
(mm) on the mortality rate was presented in Table 4. We 
developed a multiple logistic regression model to assess the 
relationship between the mortality rate and clinical variables. 
Among the used variables, the GCS scores lower than 6 and 
older age were associated with greater odds of mortality in 
the logistic regression analyses (Table 5).

Illustrative Cases
Figure 1 shows the serial cranial axial CT scans of a 22-year-
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Table 5. Results of the logistic regression analysis

Predictor variable Beta coefficient Standard error Wald Significance (p) Variable values

GCS scores 4–5 -1.72 0.66 6.91 0.009 0: Other patients

     1: Patients with a low GCS (4–5)

Shift* -0.10 0.64 2.55 0.110 –

Age -0.56 0.21 6.89 0.009 –

Constant 6.88 1.74 15.54 0.000 The model constant

*Variable is eliminated from the logistic regression model due to an insignificant beta coefficient.

Figure 1. (a) Cranial axial CT scan of a 22-year-old female patient with right-sided ASDH and a midline shift. (b and c) A right DC followed 
by a left craniectomy was performed. (d) The patient required a ventriculo-peritoneal shunt due to hydrocephalus.

(a) (b) (c) (d)

Figure 2. (a-c) Show the serial cranial axial CT scan of a 35-year-old male patient with left-sided ASDH, traumatic subarachnoid haemor-
rhage with midline shift. Cranioplasty was performed after 3 months.

(a) (b) (c)



old female patient who developed ASDH due to experienc-
ing a car crash and who had a GCS score of 4. A right DC 
followed by a left craniectomy was performed. The patient 
required a ventriculo-peritoneal shunt due to hydrocephalus. 
She was neurologically intact by the third month following 
discharge.

Figure 2 shows the serial cranial axial CT scan of a 35-year-
old male patient with left-sided ASDH and traumatic sub-
arachnoid hemorrhage with a midline shift. Cranioplasty was 
performed after 3 months.

Figure 3 shows the cranial axial CT scan of a 54-year-old male 
patient with left-sided ASDH. Cranioplasty was performed 
after 3 months.

DISCUSSION
This study aimed to demonstrate the outcomes pertaining to 
the management of ASDH after DC and to assess which pa-
rameters were significant in predicting the patient mortality. 
Our logistic regression analysis demonstrated that the older 
age and lower GCS scores were related to higher mortality 
rates. Moreover, our results indicate that the presence of an 
additional pathology and etiology of trauma had no significant 
relationship with the mortality rate. Patents with the mid-
line shift ≥10 mm and patients with a hematoma thickness 
≥15 mm showed a significant correlation with the mortality 
rate. Furthermore, the mortality rate was positively corre-
lated with age and the midline shift. In this study, all patients 
underwent hematoma evacuation via DC immediately upon 
admission. Different surgical techniques, namely, twist drill 
trephination/craniostomy procedures, burr hole trephination, 
craniotomy with or without dural grafting, and subtempo-
ral DC, have been used for the evacuation of an ASDH.[14] 
Although the indications for the operation methods have not 
been clearly established in ASDH, there are limited studies 
investigating the effect of procedure types on outcomes. The 
choice between craniotomy and DC techniques may depend 
on the neurosurgeon’s expertise and training. A progression 
in the neurological deficit (altered mental status, pupillary 
asymmetry, etc.) and radiological changes over time are other 
important factors considered to decide the type of surgical 

treatment. Similar to our department, some centers treat all 
subdural hematomas (SDHs) with DCs[15,16] to prevent herni-
ation from compressing the brain and brainstem.

In a study analyzing the association of surgical methods and 
outcomes of ASDH patients, Vilcinis et al.[2] recently reported 
a higher mortality rate and worse discharge outcomes for 
patients with ASDH who had undergone DC, independent 
of clinical severity compared with the rate and outcomes for 
those who had undergone osteoplastic craniotomy. The au-
thors explained that these worse outcomes in DC patients 
were caused by a greater brain injury severity. Similar to pre-
vious studies, they preferred DC as the surgical method for 
younger patients presenting with severe brain damage.[17,18] 
In our study, we did not divide the patients into groups ac-
cording to their ages. Furthermore, the mortality rate was 
found to be lower in the younger subjects in our sample. Our 
findings demonstrate that younger patients also benefit from 
this procedure. According to our experience, enlarging the 
craniectomy may help in controlling the intracranial pressure 
and brain damage and decrease the mortality and morbidity 
rates. Koç et al.[19] reported on 113 patients who underwent 
craniotomy for traumatic ASDH; these patients were followed 
up for 3 months after admission and showed a mortality rate 
of 60%. Leitgeb et al.[11] demonstrated a higher mortality rate 
and found that nonoperative management was associated with 
a significantly higher mortality rate. Our mortality rate was 
only 18%; thus, we can conclude that immediate and adequate 
DC procedures prevent symptoms of brain damage, such as 
brain swelling, neurological deterioration, infarction, and acute 
edema, following a massive infarction. In this study, we aimed 
to share our DC experience in patients with ASDH to iden-
tify and predict the preoperative clinical prognostic factors on 
the mortality rate. Our results demonstrate that performing 
DC among older individuals and lower GCS scores are asso-
ciated with a higher mortality rate. In addition, it should be 
kept in mind that patients with the midline shift ≥10 mm and 
a hematoma thickness ≥15 mm on the radiological evaluation 
are associated with higher mortality rates.

We subsequently investigated the clinical prognostic indica-
tors associated with patient outcomes. Complications re-
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(a) (b) (c)

Figure 3. (a-c) Show  cranial axial CT scan of a 54-year-old male patient with left-sided ASDH. Cranioplasty was performed after 3 months.



lated to DC include brain parenchyma herniation, hygroma 
and hydrocephalus, contralateral subdural hematoma, in-
traparenchymal hemorrhage, infection, and brain edema.[20] 
Meningitis was the most common complication reported in 
our series. Despite the importance of the time of surgery 
in ASDH, research on this aspect is limited. Shabani et al.[21] 
reported that neurologic deterioration occurred within the 
first 24 h in 70% of delayed ASDH patients. Wilberger et 
al.[22] demonstrated that the mortality in DC patients oper-
ated on within 4 h of injury was 59% and that the mortality in 
patients operated on more than 4 h after injury was 69%. In 
our patients, the mean time between injury and operation did 
not show a statistically significant relationship with mortality. 
Although these findings suggest that the time of surgical in-
tervention for SDH does not primarily affect the mortality, 
to the best of our knowledge, early intervention is necessary 
to prevent a substantial impact of brain injury regardless of 
the GCS score. Similar to our results, comorbid intracranial 
and extracranial lesions have been reported in larger series to 
occur in 47%–57% of patients with ASDH with GCS scores 
between 3 and 15 and in 65%–82% of those with GCS scores 
less than 10.[13] We did not identify a correlation between 
sex, the cause of accident, hematoma thickness, comorbid 
hemorrhage, and additional pathological findings, similar to 
the findings of previous case series.[4,8] Moreover, we did not 
detect statistically significant differences in the mortality rate 
between the group of patients using blood-thinning medica-
tion and that of patients not using the medication. The lack 
of statistical significance can be explained by the small num-
ber of patients treated with anticoagulants and/or antiplatelet 
drugs. 

The ICP monitoring is clinically useful after a secondary DC 
procedure for controlling the ICP and neurosurgical manage-
ment of brain injury. However, it is still unclear whether ICP 
monitoring is practical after primary DCs.[23] In their study, 
Huang et al.[24] elucidated the relationship between the ICP 
monitoring and outcomes in patients undergoing primary DC 
for traumatic brain injury. They reported that neurological 
outcomes did not differ between the patient groups with ICP 
monitoring and without ICP monitoring. On the contrary, in 
a retrospective study by Picetti et al.,[25] authors evaluated 
the clinical follow-up in 34 patients after primary DC follow-
ing emergency hematoma evacuation. They noted that the 
knowledge of ICP values might be helpful in guiding therapy 
after primary DC. In our clinical practice, we did not perform 
ICP monitoring due to acute phase surgical operation and 
extensive DC and duroplasty procedures.

This study has some limitations. First, because it was a retro-
spective study, only eligible data in the charts were evaluated. 
Second, the study was performed at a single center. However, 
recording long-term outcomes is the strength of this study. 
In addition, our hospital is one of the well-equipped trauma 
centers in Istanbul, and it treats medically complicated cases 
with traumatic injuries.

In conclusion, our findings show that older age and lower 
GCS scores among patients with ASDH who underwent DC 
are associated with a high mortality rate in regression analy-
ses. Although several studies have reported that DC is gen-
erally preferred in older patients with lower GCS scores, we 
suggest that the enlargement of DC be considered depending 
on the severity of cerebral edema to minimize complications 
regardless of the patient’s age.
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Akut subdural hematomda mortaliteye etki eden faktörler:
Dekompresif kraniyektomi faydalı mıdır?
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AMAÇ: Hızlı tanı ve agresif  nöroşirürjik müdahalelere rağmen, akut subdural hematom (ASH), yüksek morbidite ve mortalite oranlarına neden 
olmaktadır. Kraniyotomi ve dekompresif  kraniyektomi (DK) gibi cerrahi prosedürler etkili görünmemelerine rağmen, ASH’nin tedavisinde tercih 
edilen yaklaşım halen tartışmalıdır. Bu yazıda, DK uygulanan ASH hastalarında mortalite ile ilişkili faktörlerin değerlendirilmesi amaçlanmıştır.
GEREÇ VE YÖNTEM: 2012’den 2017’ye kadar 60 aylık bir dönemde ASH tanılı 93 olgunun mortalite, Glasgow Koma Skoru (GKS), demografik 
özellikleri, klinik ve radyolojik özellikleri değerlendirildi. Mortaliteyi öngörmede lojistik regresyon modelleri kullanıldı.
BULGULAR: Yaş ortalaması 59.82±19.49 (dağılım, 16–88) olan 65 erkek ve 28 kadın olgu alındı. On altı hasta (%17.2) ameliyatı takiben hayatını 
kaybetti. İleri yaş (p=0.007) ve düşük GKS skorları (p=0.022) mortalite oranları üzerinde anlamlı bulundu. Ortalama hematom kalınlığı 15.46±5.73 
mm, orta hat kaymasının ortalaması 9.90±4.84 mm idi. ADSH hastalarında mortalite oranı aşırı orta hat kayması (p=0.011, r=0.262) ve yaş 
(p=0.022, r=0.237) ile pozitif  korelasyon gösterdi. Orta hat kayması ≥10 mm olan ve hematom kalınlığı ≥15 mm olan hastalarda mortalite oranı ile 
anlamlı bir ilişki vardı (p=0.014, p=0.039). Ayrıca travma, subaraknoid, epidural ve intrakranial hemoraji komorbiditeleri, kompresyon kırıkları ve 
kontüzyonun etiyolojisi anlamlı olarak korelasyon göstermedi.
TARTIŞMA: Bulgularımız, DK’nin 65 yaş üzeri hastalarda ve GKS skoru <6 olanlarda daha yüksek mortalite oranları ile ilişkili olduğunu göster-
mektedir. Orta hat kaymasının ≥10 mm ve hematom kalınlığının ≥15 mm ve üzerinde olması mortalite ile anlamlı derecede ilişkilidir. Çalışmamız 
DK’nin ileri orta hat kaymasını önlemede yardımcı olabileceği ve kraniotomi ile kıyaslandığında daha düşük bir mortaliteyle birlikte olduğu sonucunu 
desteklemektedir.
Anahtar sözcükler: Akut subdural hematom; dekompresif  kraniektomi; mortalite; sonuç. 
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