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ABSTRACT

Background: A subdural hematoma is defined as clot formation in the subdural space after vessel rupture or
brain parenchyma damage. Several demographic and tomographic factors were associated to poor prognosis,
although some debate according to their specific roles still remains.

Methods: Retrospective cohort study of comatose patients admitted to a single-institution, tertiary hospital center,

*Corresponding author: between the years 2013 and 2019 with traumatic acute subdural hematoma requiring surgical evacuation were
Leonardo Favi Bocca, studied. Demographic and tomographic data were obtained from medical records. Univariate and multivariate
Department of Neurology and statistical analysis were performed, using a value of P < 0.05 for significance.
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evaluated. The overall mortality was 57.1% and achieved 100% at >75-years-old subgroup. Univariate analysis
only found young age as a good prognosis factor (P = 0.002). Gender (P = 0.784), abnormal pupillary response
leobocca5@gmail.com (P = 0.643), midline shift (P = 0.874), clot thickness (P = 0.206), compressed basal cisterns (P = 0.643), hematoma
side (P = 0.879), and subarachnoid hemorrhage (P = 0.510) showed no association. Multivariate analysis showed
no statistically significant association between covariates.
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Traumatic brain injury (TBI) is the major contributor to death and disability among all traumatic

injuries'® and is often described as a “silent epidemic”’(*”)

The TBI is classically divided into “closed” and “open,” the latter resulting from the loss of
integrity of the dura mater.”’ Among the several injuries resulting from trauma, extracerebral
hematomas are classified into extradural hematoma, subdural hematoma, and subarachnoid
hemorrhage.” In acute subdural hematoma, there is blood collection and clot formation in
the subdural space, that is, between the arachnoid and dura mater, in most cases due to the
stretching and rupture of bridge veins that drain the brain surface toward the dural venous
sinuses.”! The rupture of cortical arterial vessels and bleeding from cerebral contusions
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into the subdural space may also be responsible for this
condition.!®

A multitude of scores and scales can be used to classify the
TBI severity, ranging from neuropathological classifications,
clinical scales, and neuropsychological tests.! The most
widely clinical classification used is the Glasgow Coma Scale
(GCS),™! which reflects the severity of patient’s coma. The
severity classification based on the GCS is most commonly
performed for its practicality and replicability."! The severity
of TBI can be classified as severe (3-8 points), moderate (9-
12 points), and mild (13-15 points).!!!

The exact incidence of acute subdural hematoma is unknown;
however, 12-29% of patients with severe TBI have acute
subdural hematoma in the head computed tomography (CT)
exams, with an incidence of 11% when pooling all admissions
for TBI (mild, moderate, and severe).?

The clinical manifestations of acute subdural hematoma
may vary, ranging from an initial GCS of 8 or less, that is,
coma, from 37% to 80% of patients admitted to the hospital,
to cases with a “lucid interval,” when after a transient loss
of consciousness, a period of neurological normality is
established, followed by progressive deterioration and coma,
from 12% to 38% of patients.”! In some patients, cerebral
hypoperfusion resulting from intracranial hypertension can
lead to cerebral ischemia, more frequently in hemorrhages of
the posterior fossa, where the posterior cerebral arteries are
vulnerable to compression along the edge of the cerebellar
tentorium.?*

Head CT is the diagnostic study of choice for acute traumatic
injuries as it allows an adequate diagnosis of associated
brain and skull injuries and outlines the treatment of the
patient.”) Head CT is widely available, relatively inexpensive,
and sensitive for the identification of intracranial
hemorrhage.™ The typical finding of a hyperdense crescent-
shaped collection adjacent to the cerebral hemisphere,
usually adjacent to falx cerebri or cerebellar tentorium and
crossing the skull sutures, is diagnostic of acute subdural
hematoma.?

Even when present as isolated lesions, acute subdural
hematomas have a poor prognosis, with mortality rates
varying in the literature from 27% to up to 60%.71%1>21]

The surgical treatment for patients with acute subdural
hematoma is based on initial GCS score, pupillary
examination, comorbidities, tomographic findings, age, and
elevated intracranial pressure in the monitored patients.?
Tomographic imaging findings that resulted in late surgery
in patients initially treated conservatively included midline
shift greater than 5 mm and hematoma thickness >10 mm,
which may also be used as parameters for surgical indication
in patients with any GCS score.?
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Several clinical and demographic risk factors for progression
to a poor outcome, such as death or severe disability at
hospital discharge, have already been reported in the
literature and some independent makers on head CT exam
led to a worse prognosis, including hematoma thickness,
midline deviation, basal cisterns compression and the
presence of associated subarachnoid hemorrhage.!*20*

Despite being relatively frequent in the scenario of severe TBI,
the prognostic factors related to the demographic, clinical
and radiological data of patients are still not fully understood
in some subgroups of patients such as the elderly.® There is
also some incongruity of risk factors for the outcome, such as
patient’s age and gender. In our literature review, no specific
study of comatose subgroup individuals with acute subdural
hematoma (severe TBI) tried to evaluate prognostic factors.

MATERIALS AND METHODS
Study design

We performed a retrospective cohort study of patients admitted
to the Emergency Department a single-institution, tertiary
hospital center, between the years 2013 and 2019 who received
traumatic acute subdural hematoma (International Statistical
Classification of Diseases and Related Health Problems, ICD-
10 S06.5) as the main diagnosis, being clinically in a coma
(GCS less than or equal to 8 points) and who underwent
surgical treatment of the hematoma by craniotomy or
craniectomy. Indication of surgery and clot evacuation with or
without decompressive craniectomy was made by an assistant
neurosurgeon at hospital admission. There is not a standardized
institutional protocol guiding surgical technique indication, but
midline shift higher than hematoma thickness, brain bulging
out skull after dural opening and bilateral intraparenchymal
hematomas were indications to decompressive craniectomy.
However, when decompressive craniectomy is performed,
the institutional protocol requires large skull flap (at least 14
x 12 cm), dural opening with pericranium duroplasty and
temporal bone squamous part removal in all patients.

Inclusion and exclusion criteria

All patients older than 18 years, with a primary diagnosis
of traumatic acute subdural hematoma (ICD-10 S06.5) and
GCS less than or equal to 8 points at admission (prehospital
care or previous hospital care referred), with at least one head
CT exam before surgery were enrolled in the study. Patients
without surgical treatment or <l-year of follow-up were
excluded from this study.

Ethical considerations

Ethical approval was obtained from the Institutional Ethical
Committee (registered under CAAE 40234920.4.0000.5505,
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March 01, 2021). As a retrospective cohort study with results
showed as pooled data, patient’s consent was waived by the
ethical committee.

Data collection and measure procedure

Glasgow Outcome Scale (GOS) score at 1-year follow-up was
the primary outcome of this study. Patients with a GOS score
of 4 or 5 were classified as a good functional outcome and
those with a score of 1-3 were grouped as poor functional
outcome. Data was obtained retrospectively from the patient’s
medical record and the head CT performed preoperatively.
Demographic data (age and gender), medical history, other
traumas (polytrauma), and pupillary light response were
obtained from the patients medical record. Tomographic
data from the initial image (hematoma side, compressed
basal cisterns, midline shift at the septum pellucidum in
millimeters, thickness of the hematoma in millimeters,
presence of subarachnoid hemorrhage, and other associated
bleeding injuries) were obtained from and the measure done
using the RADIANT software version 2020.2 64-bit by one
senior author. The outpatient functional outcome data were
obtained from the patient’s medical record up to 12 months
after discharge and classified according to the GOS scale.
Before the statistical analysis, each patient received a random
identification number anonymizing the sample data.

Data analysis

Descriptive statistics (means with standard deviation for
continuous data and frequencies with proportions for
categorical data) were presented for the recovered data. For
univariate analysis, continuous variables were compared
with Student’s t test for data with normal distribution, while
categorical variables were analyzed by Pearson’s Chi-square
test or Fisher’s exact test when comparing groups (good and
bad prognosis). We removed from statistical analysis patients
without head CT measures when performing univariate
analysis.

A multivariate logistic regression model was performed to
identify the variables that were independently associated
with the worst outcome, with adjustment for age, gender,
mortality, functional status at discharge, and tomographic
variables.

For the statistically significant association, a value of P < 0.05
was used. All analyses were performed using the statistical
program IBM Statistical Package for the Social Sciences
version 26.

RESULTS

A total of 121 patients were admitted to our emergency
department with a main diagnosis of traumatic acute

subdural hematoma between 2013 and 2019 and underwent
clot evacuation surgery, with or without craniectomy. From
this group, 77 patients presented comatose to our first
evaluation (GCS 8 or less) and they were included in this
study. Twenty-seven (35%) patients had GCS 3 at first care.
Because our hospital receives referred patients from all
metropolitan area and there is no digital integration among
all hospitals, many patients underwent surgery without
repeating head CT at our hospital, limiting the number of
head CT exams able to be evaluated. A total of 37 (48%) head
CT exams were evaluated and underwent statistical analysis.

During hospital care, 44 (57.1%) patients evolved to death and
only 19 (24.7%) patients were classified as good prognosis,
or independent, at 1 year follow-up [Table 1]. The mean
population age was 52.9 (SD 2.185) years and 57 (74%) patients
were males. After dividing the population into age groups,
there were higher mortality rates among higher age groups,
especially true to the age group 275, with no survival [Table 2].

The association between younger age and good prognosis was
statistically significant (P = 0.002). All other variables studied,
gender (P = 0.784), abnormal pupillary response to light
(P = 0.643), midline shift (P = 0.874), clot thickness (P = 0.206),
compressed basal cisterns (P = 0.643), hematoma side (P = 0.879),
and associated subarachnoid hemorrhage (P = 0.510) showed no
statistically significant association to prognosis.

A binomial logistic regression was performed to verify the
effects of age, gender, multiple system trauma, pupillary
response, midline shift, clot thickness, compressed basal
cisterns, subarachnoid hemorrhage, and hematoma side on
the likelihood that participants have a bad prognosis. For this
study, only individuals with head CT measured variables were
selected. The logistic regression model was not statistically

Table 1: Functional evaluation at 1-year follow-up.
GOS1

Total 44 (57.1)
population

GOS 2
6(7.8)

GOS 3
8(10.4)

GOS 4
9(11.7)

GOS 5
10 (13)

GOS: Glasgow Outcome Scale. Values are expressed as number of
patients and percentage

Table 2: Prognosis according to age groups.

Age group (years) GOS1 GOS2-3 GOS4-5 Totaln
<30 4 (44.4) 0 5 (55.5) 9
30-39 6 (50) 2 (16.7) 4 (33.3) 12
40-49 4(30.8) 1(7.7) 8(7.4) 13
50-59 10(71.4) 2(143)  2(14.3) 14
60-74 11 (68.8) 1(6.3) 4(25) 16
275 13 (100) 0 0 13

GOS: Glasgow Outcome Scale. Values are expressed as number of
patients and percentage
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significant, x*(9) = 15,994, P = 0.067 [Table 3]. The model
explained 51.5% (Nagelkerke R2) of the variance in prognosis
and correctly classified 82.9% of cases. Each individual
covariate did not achieve statistical significance alone.

DISCUSSION

Traumatic acute subdural hematoma is associated with
severe TBI in 12-30% of patients!* and even in recent series
and in developed countries, it still presents with high hospital
mortality rates, reaching up to 27% of patients.”’ In addition
to high mortality, patients that survive and are discharged
suffer high morbidity rates, as in the multicenter study of a
prospective case series conducted by Leitgeb et al.'”! where
about 34% of patients who received hospital discharge had
an unsatisfactory outcome. Such morbidity rates can be even
higher when subgroups of elderly patients are analyzed, with
poor outcome rates reaching up to 63% of cases.’?

Similar to overall literature, we found a mortality rate of
57.1% and only 24.7% of patients were independent at
hospital discharge. Our lower good functional outcome
compared to literature can be explained by our worse initial
GCS score (only severe TBI patients included).

Demographic factors that negatively affect prognosis reported
include advanced age,!'"'4172% higher score at Injury Severity
Score,'"'7l hypoxia/arterial hypotension,*'”*?!  pupillary
reflex response absent,!"*'!7?2 and acute brain swelling.!'*!
Similarly to these reports, we found better prognosis related
to younger age (P = 0.002), but no difference comparing
other demographic and tomographic data. Leitgeb et al.
showed similar increased mortality results!'”! after stratifying
population into age groups, although compared patients with
conservative and surgical treatment together.

Some factors are still under discussion, as the worse
prognosis by male patients showed by Lavrador et al.l'
not being unanimous at literature."”? Summarized data are
showed in [Table 4].

The most recent consensus!”  suggests primary
decompressive craniectomy after acute subdural hematoma
evacuation when the brain is bulging beyond the inner table
of the skull intraoperatively, and replacement of bone flap
when the preoperative CT shows low risk of progressive brain
swelling (i.e. elderly, no or minimal parenchymal injury). Our
study did not aimed comparison between clot evacuations
associated or not with decompressive craniectomy. The small
sample size did not allow statistical analysis comparing these
two subgroups.

Table 3: Univariate analysis: outcomes according to GOS.
Variable Good outcome Poor outcome P value
Age 43.16 (3.2) 57.52(2.63)  0.002*
Male gender 19 (33.3) 38(73.1) 0.784
Associated 8(32) 12 (23.5) 0.431
polytrauma

Abnormal 14 (56) 32 (61.5) 0.643
pupillary response

Midline shift 9.92 (1.47) 9.54 (1.45) 0.874
Clot thickness 8.36 (1.15) 11.81(1.63)  0.206
Compressed basal 14 (56) 32 (61.5) 0.643
cisterns

Left side hematoma 13 (52) 28 (53.8) 0.879
Subarachnoid 11 (100) 25(96.2) 0.51
hemorrhage

GOS: Glasgow Outcome Scale, n: Number of patients, *Statistically
significant. Values are expressed as mean+standard deviation or number
of patients (%).

Table 4: Acute subdural hematoma series.

Author Year Sample size Significant outcome
factors

Trevisietal. 2020 213 Midline shift, GCS score,
fixed pupils, antiplatelet
drug use

Hiraizumi 2020 266 Age, GCS score, higher

etal. Injury Severity Scores
(only included mild and
moderate TBI)

Kerezoudis 2020 2508 GCS score, subarachnoid

etal. hemorrhage, midline shift

Lavrador 2018 69 pupillary response, gender,

etal. GCS score

Leitgeb 2012 360* Age, severity of TBI,

et al. neurological status

Kim KH 2009 256 Age, mechanism of injury,
pupillary abnormality,
GCS score on admission,
intraoperative acute brain
swelling

Servadei 2000 206 Age, hypoxia/hypotension,

etal. GCS motor score, pupillary
abnormalities, hematoma
thickness, midline shift,
status of the basal cisterns,
SAH

Kog et al.. 1997 113 Age, associated intracranial
lesions, severity of injury,
pupillary response

Zumkeller 1996 174 difference between the

etal. hematoma thickness and
the midline shift

Hatashita 1993 60 Age, GCS score, surgical

etal. technique (craniotomy vs.
burr hole)

SAH: Subarachnoid hemorrhage, GCS: Glasgow Coma Scale,

TBI: Traumatic brain injury. *738 patients with severe TBI, 360 with

acute SDH
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Identification of prognostic factors helps clinical decision-
making, especially when this decision needs to be made in
minutes, and based on data obtained in an emergency care
setting and with the patient himself being unable to express
his opinion. Thus, the existence of representative outcome
data can assist in the decision process made between the
assistant team and the patient’s family. Supporting the
high likelihood of acceptance to decompressive surgery
when indicated by an assistant physician, Clark et al.
asked acceptability to be enrolled into RESCUE-ASDH
trial. Results found 96% and 91% acceptance even when
surrogate consent by their next of kin and an independent
doctor, respectively, were the person doing the decision."!
Establishing a cutoff age to contraindicate surgical procedure
is not possible yet, but in our series, 0 out of 13 patients
older than 75 years survived. Therefore, we consider that
more studies about prognosis in operated elderly patients
with traumatic acute subdural hematoma and coma would
be valuable. The possession of this prognosis knowledge may
assist the decision-making process at emergency clinical
care setting.

The retrospective nature of our study was an important
limitation. Other data regarding CT parameters and more
detailed record’s information could improve establishment
of certainty of results. Despite indication to surgery was
done using current protocols, the surgical technique (clot
evacuation with or without craniectomy) used varied between
neurosurgeons and may contribute to prognosis. Regarding
prognosis, most patients were referred to our center from other
secondary hospitals and their prognosis may have been affected
by the time between trauma and treatment at our institution.
Finally, as our center limitation, about 52% of head CT exams
were unavailable to be evaluated, limiting the statistical power
of our results.

CONCLUSION

Traumatic acute subdural hematoma is a life-threatening
condition. Despite adequate surgical treatment, its mortality
and morbidity rates are significant. The most reliable attitude
to decrease its consequences remains on prophylactic
measures, as to all other TBI complications.

Even among severe TBI cases on this study, younger age was
the only independent prognostic factor contributing to good
prognosis. More research is needed to establish imaging and
demographic markers as definitive prognostic factors and
possibly supporting a decision-making guideline.
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