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Abstract. In the present study, we aimed to assess and
analyze the predictive factors of 30‑day mortality in patients
with acute subdural hematoma (ASDH) who underwent
surgical intervention after traumatic brain injury (TBI). We
conducted a retrospective study, which included a cohort of
135 consecutive patients diagnosed with ASDH who required
surgical evacuation. We assessed the demographic and
clinical data, the imaging data of the hematoma described
by preoperative computed tomography (CT) and the type of
neurosurgical intervention for hematoma evacuation via either
craniectomy or craniotomy. The patients were followed up for
30 days after head trauma and the occurrence of death was
noted. Death was recorded in 63 (46.6%) patients at 30 days
after TBI. There was a significant number of deceased
patients who underwent craniectomy (71.4%). The Glasgow
Coma Scale (GCS) was statistically significantly lower in
patients who died (P<0.001), with a cut‑off value of ≤12,
under which the probability of death increased [AUC 0.830
(95% CI, 0.756‑0.889); Se 90.48% (95% CI, 80.4‑96.4);
Sp 66.7% (95% CI, 54.6‑77.3); P<0.001]. The midline shift
was statistically significantly higher in deceased patients
(P=0.005), with a cut‑off value of >7 mm, over which the prob‑
ability of death increased [AUC 0.637 (95% CI, 0.550‑0.718);
Se 38.1% (95% CI, 26.1‑51.2); Sp 86.1% (95% CI, 75.9‑93.1);
P= 0.003]. There were significantly more deceased patients
with intracranial hypertension, brain herniation, brain
swelling, intraparenchymal hematoma and cranial fracture. In
multivariate analysis only a Glasgow score ≤12 and a midline
shift >7 mm were independently linked to mortality. Brain
herniation and intraparenchymal hematoma were associated

Correspondence to: Dr Ioana Para, Department of Internal
Medicine, Faculty of Medicine, ‘Iuliu Hațieganu’ University of
Medicine and Pharmacy, 8 Victor Babes Street, 400012 Cluj‑Napoca,
Romania
E‑mail: ioana.para@yahoo.com

Key words: acute subdural hematoma, traumatic brain injury,
neurosurgery, predictive factors, mortality

with a higher probability of dying, but the statistical threshold
was slightly exceeded. The type of neurosurgery performed
for patients with ASDH was not an independent predictive
factor for 30‑day mortality. However, craniectomy was associ‑
ated with a higher mortality in patients with ASDH.
Introduction
Subdural hemorrhage often occurs in traumatic brain
injury (TBI) conditions and in some cases tends to have unfa‑
vorable clinical outcomes. By far, neurosurgery is still the most
important lifesaving procedure. As other studies have shown,
the neurosurgical management of TBI is challenging and
still requires more evidence (1,2). Some researchers explain
that the outcome of patients operated on for acute subdural
hematoma (ASDH) is dependent on their preoperative status.
Moreover, they studied some predictive factors of mortality in
patients with ASDH after TBI. For a long time, clinical data
showed a significant correlation between old age and poor
outcome (3). Recently, studies have found other key factors
involved in patient outcome. Status on admission, evaluated by
the Glasgow Coma Scale (GCS), is one factor which is correlated
with patient mortality (4). Initial computed tomography (CT)
findings such as midline shift, hematoma thickness, and brain
swelling were also found to be predictive factors for postopera‑
tive status (4,5). The context of polytrauma and the mechanism
of injuries are definitely significant for the status of patients and
for achieving independence of living at discharge (6). Traffic
accidents are the cause of the highest mortality rates in patients
due to head trauma (7). Finally, the mortality rate is high in
patients with associated pathologies (7).
Furthermore, researchers have discussed the best neuro‑
surgical procedure for the treatment of ASDH. Neurosurgical
guidelines contain surgical indications for the evacuation of
ASDH based on the size of the hematoma and the midline shift.
It is clear that patients with ASDH who present intracranial
pressure or neurological dysfunction require emergent surgical
decompression (1,8‑10). However, it is still unclear whether the
bone flap should be removed (craniectomy) or replaced (crani‑
otomy) when an extracranial herniation is expected to develop
after surgery (8). Also researchers have investigated whether
the surgical intervention is independently correlated with the
mortality rate, but the results are inconclusive (11‑13).
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Table I. Demographic and clinical data of the patients with ASDH.
Variables

Deceased (n=63)

Survivors (n=72)

P‑value

71 (59; 80)

71 (64; 77.7)

0.600

17 (27%)
46 (73%)

20 (27.8%)
52 (72.2%)

>0.999

45 (71.4%)
18 (28.6%)
4 (3; 8)

33 (45.8%)
39 (54.2%)
14 (8; 15)

0.005

6 (9.5%)
57 (90.5%)
18 (28.6%)
22 (34.9%)
5 (7.9%)
9 (14.3%)
11 (17.5%)

48 (66.7%)
24 (33.3%)
12 (16.7%)
29 (40.3%)
7 (9.7%)
6 (8.3%)
14 (19.4%)

Age (years)
Sex
Female
Male
Operation
Craniectomy
Craniotomy
GCS
GCS, n (%)
>12
≤12
Atrial fibrillation and atrial flutter, n (%)
Arterial hypertension, n (%)
Epilepsy, n (%)
Type 2 diabetes mellitus, n (%)
Chronic ethanolism, n (%)

<0.001
<0.001
0.146
0.644
0.952
0.410
0.941

ASDH, acute subdural hematoma; GCS, Glasgow Coma Scale.

In this study, we aimed to assess and analyze the predictive
factors of 30‑day mortality in patients with ASDH undergoing
surgery after TBI.
Patients and methods
The nature of this study was retrospective, longitudinal, analytical,
and observational. The study included a cohort of 135 consecutive
patients with ASDH admitted to the Department of Neurosurgery
of the Emergency County Hospital in Cluj‑Napoca, between
January 2018 and December 2019. Either the patients or their
families (where applicable) signed an informed consent form for
study inclusion. This study was approved by the Clinical Ethics
Committee of the ‘Iuliu Hațieganu’ University of Medicine and
Pharmacy in Cluj‑Napoca, Romania.
Patients diagnosed with ASDH after TBI who required
surgical evacuation (craniectomy or craniotomy) were eligible
for inclusion in this study. We excluded patients who suffered
from cardiorespiratory arrest before surgery (successfully
resuscitated or otherwise), patients with terminal diseases,
patients with a recent history (the last 30 days) of acute coronary
syndrome, decompensated heart failure, upper gastrointestinal
bleeding or major surgery.
We assessed the following parameters: The demographic
characteristics of each patient, comorbidities [atrial fibrilla‑
tion and atrial flutter, arterial hypertension, epilepsy, type 2
diabetes mellitus, alcohol use disorder (AUD)], mechanisms
of head injury, admission status of TBI according to the GCS,
radiographic characteristics of the hematoma on preoperative
CT, and surgical procedure (craniectomy or craniotomy).
Patients were followed up for 30 days after surgery, and the
occurrence of death was noted. The mechanism of head injury
was classified as follows: Fall from the same level, fall from
another level, traffic accidents, or an unknown mechanism.

The following imaging data were recorded: Thickness of the
subdural hematoma, midline shift, presence of brain swelling,
presence of brain herniation, signs of intracranial hypertension.
Other intracranial lesions caused by TBI were also logged:
Cranial fracture, extradural hematoma, subdural hemorrhage,
intraparenchymal hematoma, contusion and laceration.
The same preoperative management, intensive care unit,
anesthesia protocols and consent forms were applied for each
patient. Patients underwent one type of neurosurgical interven‑
tion: Hematoma evacuation via either craniectomy or craniotomy.
For craniotomy, the bone flap was placed back and secured with
multiple marginal sutures once the hematoma was evacuated
and rigorous hemostasis was achieved, in the event that brain
swelling was not significant. If considerable brain edema or signs
of brain herniation and severely increased intracranial pressure
occurred, the flap was typically larger and removed entirely.
Statistical analysis was carried out using the MedCalc
Statistical Software version 19.4.1 (MedCalc Software
Ltd., Ostend, Belgium; https://www.medcalc.org; 2020).
Quantitative data were tested for normality of distribution
using the Shapiro Wilk test and are characterized by median
and 25, 75 percentiles. Qualitative data are expressed as
frequency and percentage. Comparisons between groups were
performed using the Mann‑Whitney or the Chi‑square test,
whenever appropriate. Multivariate logistic regression was
used to evaluate the independent association between data and
mortality. Variables that achieved statistical significance in
univariate analysis were introduced in the predictive model. A
P‑value <0.05 was considered statistically significant.
Results
Death was recorded in 63 (46.6%) patients at 30 days after
TBI. Clinical and demographic data can be found in Table I.
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Table II. Imaging data of the patients with ASDH.
Variables
Intracranial hypertension, n (%)
Thickness of subdural hematoma (mm)
Localization of subdural hematoma, n (%)
Right
Left
Bilateral
Midline shift (mm)
Midline shift >7, n (%)
≤7
>7
Brain herniation, n (%)
Brain swelling, n (%)
Signs of meningeal irritation, n (%)
Mechanism of injury, n (%)
Unknown conditions
Falls at the other level
Falls at the same level
Traffic accidents
Extradural hematoma, n (%)
Cranial fracture, n (%)
Intraparenchymal hematoma, n (%)
Contusion and laceration, n (%)
No
Contusion
Contusion and dilaceration

Deceased (n=63)

Survivors (n=72)

P‑value

52 (82.5%)
21 (14; 28)

38 (52.8%)
18 (13; 26)

0.001
0.100

30 (47.6%)
28 (44.4%)
5 (7.9%)
6 (15; 11)

26 (36.1%)
34 (47.2%)
12 (16.7%)
4 (0; 6)

0.005

39 (61.9%)
24 (38.1%)
23 (36.5%)
51 (81%)
11 (17.5%)

62 (86.1%)
10 (13.9%)
5 (6.9%)
38 (52.8%)
7 (9.7%)

12 (19.0%)
12 (19.0%)
34 (54.0%)
5 (7.9%)
9 (14.3%)
25 (39.7%)
21 (33.3%)

7 (9.7%)
10 (13.9%)
52 (72.2%)
3 (4.2%)
6 (8.3%)
11 (15.3%)
10 (13.9%)

0.159

38 (60.3%)
6 (9.5%)
19 (30.2%)

57 (79.2%)
3 (4.2%)
19 (30.2%)

0.055

0.002
<0.001
0.001
0.287

0.410
0.001
0.013

ASDH, acute subdural hematoma.

Most of the patients who died underwent craniectomy (71.4%).
GCS was statistically significantly lower in patients that
died (P<0.001). For GCS, we found a cut‑off value of ≤12,
under which the probability of death increased [AUC 0.830
(95% CI, 0.756‑0.889); Se 90.48% (95% CI, 80.4‑96.4);
Sp 66.7% (95% CI, 54.6‑77.3); P<0.001].
The comparison between the deceased patients and survi‑
vors, regarding the imaging data, is summarized in Table II.
There were significantly more deceased patients compared
with survivors with intracranial hypertension [52 (82.5%) vs.
38 (52.8%); P=0.001], brain herniation [23 (36.5%) vs. 5 (6.9%);
P<0.001], brain swelling [51 (81%) vs. 38 (52.8%); P=0.001],
intraparenchymal hematoma [21 (33.3%) vs. 10 (13.9%),
P=0.013], and cranial fracture [25 (39.7%) vs. 11 (15.3%);
P=0.001]. For the midline shift, we found a cut‑off value of
>7 mm, over which the probability of death increased [AUC 0.637
(95% CI, 0.550‑0.718); Se 38.1% (95% CI, 26.1‑51.2);
Sp 86.1% (95% CI, 75.9‑93.1), P=0.003].
Multivariate analysis was performed in order to determine
which variables were independently associated with death
at 30 days after the head trauma (Table III). Variables that
achieved statistical significance in the univariate analysis were
introduced in the predictive model. Only a Glasgow score ≤12
and a midline shift >7 mm were independently linked to

mortality. Brain herniation and intraparenchymal hematoma
were associated with a higher probability of death, but the
statistical threshold was slightly exceeded.
Discussion
ASDH is a clinical entity occurring in different contexts of
head trauma. Compared to the past, the mortality rate of
ASDH has decreased and is currently around 14% (14). Despite
the developments in neurosurgery and the urgent intervention,
ASDH still has an unfavorable clinical outcome (15). The
literature data show that the outcome of ASDH after surgery is
dependent on multiple factors (16). In this study, we also aimed
to obtain an accurate early prediction for the clinical outcome
of ASDH in the context of head trauma.
We performed a statistical analysis of the supposed factors
for 30‑day mortality in patients who underwent surgery for
ASDH after TBI. In the univariate analysis, we compared the
number of deaths to that of survivors. Death was recorded in
63 (46.6%) patients at 30 days after the head trauma. In the
analysis of clinical and demographic factors, we found a statis‑
tically significant result for the Glasgow Coma Scale (GCS),
which was significantly lower in patients who died at 30 days
after head trauma (P<0.001). In our study, the probability of
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Table III. Multivariate analysis of the 30‑day mortality.
95% CI, for OR
	---------------------------------------------------B
P‑value
OR
Lower
Upper
Craniotomy
GCS ≤12
Intracranial hypertension
Midline shift >7 mm
Brain herniation
Brain swelling
Cranial fracture
Intraparenchimal hematoma
Constant

0.581
2.515
0.340
1.259
1.133
0.644
0.480
0.970
0.371

0.424
<0.001
0.567
0.037
0.071
0.416
0.372
0.085
0.416

1.788
0.430
7.428
12.369
3.915
39.079
1.405
0.439
4.496
3.521
1.079
11.489
3.104
0.907
10.625
1.903
0.404
8.958
1.616
0.563
4.637
2.639
0.875
7.963
1.449		

OR, odds ratio; CI, confidence interval; GCS, Glasgow Coma Scale.

death increased under a cut‑off value ≤12 for GCS (P<0.001).
In the analysis of imaging data, we found that patients who
developed secondary brain injuries such as intracranial hyper‑
tension, brain herniation, brain swelling had a significant risk
of dying at 30 days after TBI. Patients who presented associ‑
ated lesions such as intraparenchymal hematoma and cranial
fracture on admission also had a significantly high risk of
death. In our study, the midline shift was statistically signifi‑
cantly associated with death and had a cut‑off value of >7 mm,
over which the probability of death increased (P=0.003).
We performed a multivariate analysis of the variables
that were statistically significant in univariate analysis.
We wanted to ascertain which variable was an independent
predictive factor for 30‑day mortality. In our analysis, GCS
was independently correlated with mortality. GCS showed
the clinical severity on admission for our patients. In a wide
range of hospitals, this clinical scale is useful for assessing
the level of consciousness and coma (17). Lavrador et al found
in their study that a GCS ≤8 on admission was statistically
significantly correlated with a worse outcome (P<0.05) (6).
Prognosis of ASDH, particularly in the elderly, was evaluated
in a systematic review that included seven eligible studies. The
researchers investigated the predictive factors and modified
index and they found that an initial GCS of 3‑8 was the most
important predictive factor for a negative outcome (18). In
a retrospective study focusing on the criteria for surgery in
elderly patients with ASDH, a GCS of 3‑8 was a significant
indicator for high mortality (P<0.001) (19).
The second independent factor in our analysis was the
midline shift with a cut‑off value of >7 mm. As we observed
in other studies, the presence and size of the midline shift
was also an important determinant of the outcome in this
study (20). In a retrospective analysis with 67 patients, all over
70 years of age, a midline shift >20 mm was an independent
parameter for 10‑day mortality after surgery, with a median
survival rate of 3.5 days (range 2‑7) (21). In the same retro‑
spective study quoted by us (19), the researchers compared
the outcome, evaluated by the Glasgow Outcome Scale (GOS)
at discharge and the midline shift. There was a statistically
significant difference between the worst outcome mean GOS 1

(death), midline shift >10 mm and good recovery mean GOS 5,
midline shift 1.8 mm (range: 0‑10 mm) (19).
Multivariate analysis showed that brain herniation and
intraparenchymal hematoma were associated with a higher prob‑
ability of death as the P‑values (brain herniation P=0.071 and
intraparenchymal hematoma P=0.085) were close to the statisti‑
cally significant threshold. Probably, a higher number of patients
introduced in our analysis would yield the expected results.
Discussing the type of surgery that the patients underwent,
in our study we observed that craniectomy was more frequent
than craniotomy. Craniectomy showed a higher association
with mortality, but we could not prove its prediction for death.
There is a worldwide large variation regarding the initial
neurosurgical management of ASDH (22). Kolias et al reported
in their analysis that a higher proportion of neurosurgeons
from European countries (48/110; 44%) performed craniec‑
tomy in more than half of ASDH cases (P<0,001) compared
to UK/Irish neurosurgeons (29/138; 21%) (23). Some studies
did not report any therapeutic advantage of craniectomy vs.
craniotomy (24). Jehan et al showed that primary craniectomy
is not superior in outcome to craniotomy for the evacuation of
intracranial hemorrhage after TBI (25).
Regarding the limitations of the study, we consider that a
higher number of patients included in the study would provide
significant results for the variables, close to the statistically
significant threshold.
In conclusion, ASDH is a severe intracranial lesion in a
high percentage of cases. In our study, we confirmed that some
clinical and imaging data are predictive factors for mortality
at 30 days after TBI. The following data were statistically
significant: GCS with a cut‑off value of ≤12; secondary brain
injuries such as intracranial hypertension, brain herniation,
brain swelling; associated cranial lesions such as intraparen‑
chymal hematoma, cranial fracture and midline shift with
a cut‑off value >7 mm. Moreover, in multivariate analysis,
GCS ≤12 and midline shift >7 mm were independent predic‑
tive factors for 30‑day mortality after head trauma. The
type of neurosurgery had no statistically significant result
regarding mortality. However, we observed that craniectomy
was associated with a higher mortality in patients with ASDH.
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