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ABSTRACT

Background: This study is aimed to find a critical volume of operated giant or massive extradural hematoma
(EDH) that affects outcome significantly and analyze them with respect to their clinical, surgical, and outcome
perspective.

Methods: This retrospective study includes 253 patients operated for EDH in emergency in the Department of
Neurosurgery of IMS BHU, Varanasi, India, a tertiary care center, between August 1, 2018, and November 1, 2019.
Giant EDH critical volume was evaluated. Twenty-nine patients with giant EDH with clot volume > 80 ml were
further analyzed for clinical, surgical, and outcome predictive factors. Statistical analysis was done using Prism
GraphPad ver. 8.0.0. P value was taken at 0.05.

Results: Dichotomized group analysis with Glasgow Outcome Score (GOS) 4-5 versus GOS 1-3 for testing
clot volume revealed significance difference with P < 0.001. Mean volume of GOS 1-3 came out to be 79.68
ml. Hence, we took clot volume >80 ml for further analysis. The most common age group was 20-40 (55.17%).
M2 (31.03%) was the most common best motor response in operated giant EDH cases. Most of them were
having severe (79.31%) head injury. Glasgow Coma Scale (GCS) at admission (P < 0.0001), pupillary changes
(P = 0.0032), and best motor response (P < 0.0001) was significantly (P < 0.05) associated with outcome
following surgery for giant EDH.

Conclusion: Giant EDH with volume > 80 ml is associated with poorer outcome. GCS at admission, pupillary
changes, and best motor response is predictors for surgical outcome of giant EDH.

Keywords: Best motor response, Extradural hematoma, Giant extradural hematoma, Glasgow outcome score,
Massive extradural hematoma

INTRODUCTION

Extradural hematoma (EDH) is a collection of blood clots between the outer layer of dura and
inner table of skull. It is usually caused due to rupture of middle meningeal artery, but can also be
caused by ruptured dural venous sinuses, diploic veins, meningeal vein, or fracture line bleeding.
Its origin is almost always traumatic and usually associated with a skull fracture.!" EDH accounts
for 5-15% of fatal head injuries.?

CT scan is the investigation of choice to detect intracranial injury after trauma.™ It also identifies
additional features that affect the outcome, namely, midline shift (MLS), traumatic subarachnoid
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hemorrhage, and obliteration of the basal cisterns, thickness
of blood clot and hematoma volume, cerebral contusion, and
fracture of skull bone [Figure la and b].

The associated brain damage is mainly caused by local
ischemia due to mass effect or direct brain injury or
hampered venous outflow. Ischemic cerebral damage is a
very important prognostic factor in the pathology of EDH
and may be due to mass effects of the hematoma and raised
intracranial pressure (ICP), leading to compromised cerebral
perfusion pressure (CPP).

The accompanying brain damage beside EDH is responsible
for poor neurological function after injury. Outcome of EDH
depends most importantly on preoperative Glasgow Coma
Scale (GCS) and neurological status.®!

Giant or massive EDH [Figure 2] is an extradural collections
that is big enough to cause immediate midline shift, herniation,
and brainstem compression, leading to mortality and morbidity
in the patient. It is a neurosurgical emergency, requiring rapid
removal of EDH and stabilization of the patient.

Operative outcome of EDH depends on multitude of factors,
namely, multiple comorbidities, coexisting brain injury,
cerebral ischemia, antithrombotic therapy, and geriatric age
group. A correct identification of outcome predictive factors
is crucial for appropriate neurosurgical intervention.

Figure 1: (a) Axial section of non contrast computed tomography (CT)
head showing giant extradural hematoma (EDH), (b) Axial section of
non contrast CT head showing giant EDH with midline shift.

Figure 2: Intraoperative image of giant EDH after trephine parietal
craniotomy. A = Large hematoma of giant EDH, B = Trephine Craniotomy
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In this study, we evaluated a critical volume of giant or
massive EDH that causes enough mass effect leading to
significant immediate deterioration of neurological status and
resultant poor outcome. It is also aimed at analyzing operated
giant EDH cases with respect to their clinical, operative, and
outcome perspective. There is a paucity of literature review
over determination of critical volume of giant EDH.

MATERIALS AND METHODS

This retrospective observational study includes analysis
of 253 patients operated for EDH on emergency basis in
the Department of Neurosurgery of IMS BHU, Varanasi,
India, a tertiary care center, between August 1, 2018, and
November 1, 2019. Analysis of 253 patients was done for
the evaluation of giant EDH critical volume. Based on this
analysis, 29 patients with giant EDH with clot volume >80 ml
were further analyzed for clinical, surgical, and outcome.
The outcome of 253 operated cases of EDH with respect to
clot volume calculated on NCCT head was done making
dichotomized group using Glasgow Outcome Score (GOS)
in death/dependent!" versus independent.”*! Based on
that critical volume of giant, EDH was worked out. Each of
the patient with giant EDH was evaluated in terms of age,
sex, mode of injury, best motor response, severity of injury,
localization of hematoma, clinical presentation, CT findings,
volume of clot evacuated, source of bleeding, and outcome at
discharge/death.

The inclusion criteria were all patients admitted to trauma
center, IMS BHU, Varanasi, India, and submitted surgical
evacuation of EDH in the Neurosurgery Department
between August 1, 2018, and November 1, 2019. Patients
who underwent surgery in the first 2 h of reporting to trauma
center were included in the study. The exclusion criterion
was unknown data concerning the study variables and
conservatively managed EDH cases and those who did not
give consent for surgery. Two hundred and fifteen patients
were included in the study.

Surgical technique used was craniotomy with EDH
evacuation. In cases of temporal EDH or comminuted
skull fracture, craniectomy was done. In patients on
anticoagulation therapy, fresh frozen plasma was used to
correct the INR, and in those under antiplatelet therapy,
pools of platelets were used according to surgeon preference.
Postoperative ICU care was provided. Informed consent was
taken from all operated cases by patient or patient attendants
(in cases, in which patient was not able to consent, namely,
poor GCS).

Data were collected retrospectively by analyzing medical,
surgical, and radiological records, of 253 operated
patients submitted in medical record department, IMS
BHU, Varanasi, India, between August 1, 2018, and
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November 1, 2019. Statistical tests were done using
GraphPad Prism version 8.3.0 software. P value was taken
at 0.05. Null hypothesis of no significant difference in mean
and alternative hypothesis of significant difference between
means was taken. Test of significance was done using
unpaired t-test with Welch’s correction. Outcome analysis
of giant EDH was done using Pearson’s Chi-square test and
one-way ANOVA test.

The volume of the EDH (EDHV) was calculated using the
Peterson and Espersen equation.!')

Volume of EDH=ax b x cx 0.5

Where, a, b, and ¢ represented diameters of the hematoma in
the sagittal, axial, and coronal planes.

RESULTS

Dichotomized GOS analysis of GOS 4-5 versus GOS 1-3
with respect to clot volume

Average mean clot volume of GOS 4-5 was 43 ml (n = 230)
while that for GOS 1-3 was 79.68 ml (n = 23). There was a
significant (P < 0.001) difference in means between two
groups. Based on it, we took clot volume >80 ml for further
analysis of giant EDH [Table 1].

Analysis of giant EDH (volume > 80 ml)
Age distribution

In this study, the most common patients operated for giant
EDH were in the age group of 20-40 (n = 16, 55.17%)
followed by the age group of 40-60 (n = 7, 24.14) [Table 2].

Table 1: Outcome with respect to clot volume in dichotomized
group GOS death/dependent (1-3) versus independent (4-5).

GOS 4-5 GOS 1-3 (n=23) P value
(n=230)
Clot volume: 43 ml (SD=5) 79.68 ml (SD=4.14) <0.001
mean (SD) (significant)
GOS: Glasgow outcome score
Table 2: Age and sex distribution.
Number of patients %
Age group
<20 5 17.24
20-40 16 55.17
40-60 7 24.14
>60 1 3.45
Sex
Male 28 96.55
Female 1 3.45

Sex distribution

In this study, most of the patients operated for giant EDH
were males (n = 28, 96.55%). Male-to-female ratio was 28:1
[Table 2].

Mode of injury

In this study, most common mode of injury was RTA (n =23,
79.31%) followed by assault (n = 5, 17.24%) and fall from
height (n =1, 3.45%).

Best motor response (M status)

In this study, most common M status was M2 (n = 9,
31.03 %) followed by M3 (n = 7, 24.14 %) and M4 (n = 7,
24.14), respectively.

Severity of injury

In this study, patients with giant EDH were having moderate,
GCS 9-13, (n = 6, 20.69%) and severe, GCS < 8 (n = 23,
79.31 %). No patient was having mild head injury, GCS 14-15.

Clinical signs

In this study, pupillary changes (bilateral) were present in
19 patients (65.52%), pupillary changes (unilateral) were
present in 10 patients (34.48%), and bradycardia was present
in 7 patients (24.14%).

Site of giant EDH

In this study, most common site of giant EDH was
frontotemporoparietal (n=10, 34.48%) followed by frontoparietal
(n =15, 17.24%) and parietal (n =4, 13.79%) [Table 3].

Side of giant EDH

In this study, the right-sided giant EDH was present in
12 patients (41.38%), left-sided giant EDH in 11 patients
(37.93%), and bilateral giant EDH was seen in 6 patients
(20.69%).

Table 3: Site of giant EDH.

Site Number of patients %
Bilateral 5 17.24
Parieto-occipital 2 6.90
Parietal 4 13.79
Frontotemporoparietal 10 34.48
Frontoparietal 5 17.24
Temporoparietal 1 3.45
Temporoparieto-occipital 2 6.90
EDH: Extradural hematoma
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Source of bleeding in giant EDH

In this study, the source of bleeding was dural venous sinus
bleed in 20 patients (68.96%) followed by middle meningeal
arterial bleed in 9 patients (31.04%) [Table 4].

Volume of clot evacuated during surgery

Intraoperative clot evacuated was >140 ml in 10 patients
(34.48%), 120-140 ml in 7 patients (24.14%), 100-120 ml in
8 patients (27.59%), and 80-90 ml in 4 patients (13.79%).

CT findings

In all patients, midline shift and herniation were present.

GOS

In this study, GOS of 1 was observed in 10 patients (34.48%),
GOS of 2 was seen in 6 patients (20.69%), GOS of 3 was
seen in 5 patients (17.24%), GOS of 4 was seen in 7 patients
(24.14%), and GOS of 5 was seen in 1 patients (3.45 %).

In this study, we found that GCS at admission (P < 0.0001),
pupillary changes (P = 0.0032), and best motor response
(P < 0.0001) was significantly (P < 0.05) associated with
outcome following surgery for giant EDH. In contrast, age,

Table 4: Source of bleeding in giant EDH.

Source of bleeding Number of patients %
Dural venous sinus bleed 20 68.96
(SSS/sigmoid sinus)

Middle meningeal artery/ 9 31.04

meningeal artery

EDH: Extradural hematoma

gender of patients, and severity of injury were not found to
be significantly associated with outcome following surgery
[Table 5].

DISCUSSION

EDHs are usually located in vicinity of skull fracture. EDH
formation is usually rapid over span of few hours from the
time of injury but may run a chronic course, detected only
days after injury.” Giant EDH or massive EDH is extradural
collections that are big enough to cause immediate midline
shift, herniation, and brainstem compression, leading to
mortality of the patient. It is a neurosurgical emergency,
requiring rapid removal of EDH and stabilization of patient.

In patients operated on for giant EDH, age was ranged from
6 years to 75 years. Highest numbers of the victims were in
the most active period of life, that is, 20-40 years age group
(n = 16, 55.17%) followed by 40-60 years age group (n = 7,
24.14%). There is a paucity of data in literature regarding
giant EDH age distribution pattern. However, in reported
series comprising all EDHs, peak incidence of EDH being in
the second decade and the mean age of patients with EDH
is between 20 and 30 years of age.®” We observe a similar
pattern of age distribution in giant EDH patients too.

In the present study, male-female ratio of 28:1 is reflection of
our social culture where most of our females are not exposed
to external works. We found male dominance (n = 28,
96.55%) over female counterparts (n = 1, 3.45%) in patients
operated for giant EDH. There is a paucity of literature
regarding sex dominance in patients having giant EDH.
In reported series of all EDH cases, the male dominance is
recognized over female.'"”” We observe a similar pattern of
male dominance in our study group of giant EDH too.

Table 5: Variables of operated giant EDH cases — Glasgow outcome score.

Characteristics 1 (n=10) 2 (n=6)
Age 43.1(18.82) 31(13.31)
Gender (%)

Male 10 (100%) 5 (83.33%)

Female 0 (0 %) 1(16.67%)
Mode of injury

RTA 8 (80%) 5(83.33%)

FFH 1(10%) 0

Assault 1(10%) 1(16.67%)
Best motor response 1.6 (0.52) 2.17 (0.75)
Pupillary changes 10 (100%) 6 (100%)
Severity of injury

Mild 0 0

Moderate 0 0

Severe 10 (100%) 6 (100%)
GCS at admission 3.7 (0.67) 4.67 (1.21)

3 (n=5) 4 (n=7) 5 (n=1) p
31.2 (10.03) 33.14 (10.43) 20 (0) 0.3161

5 (100 %) 7 (100 %) 1(100 %) 0.4100
0 0 0

5(100 %) 4(57.14%) 1 (100 %) 0.5722
0 0 0
0 3(42.86%) 0

3.4 (0.55) 3.71 (0.49) 5(0) <0.0001*

3 (60%) 2 (28.57%) 0 0.0032*
0 0 0 0.8743
0 5 (71.43%) 1(100)

5 (100%) 2 (28.57%) 0

7.2 (1.09) 9.14 (1.46) 12 (0) <0.0001*

EDH: Extradural hematoma, RTA: Road traffic accident, * - Statistically significant (P < 0.05)

Surgical Neurology International « 2020 « 11(236) | 4



Singh, et al.: Clinical, operative, and outcome analysis of giant extradural hematoma

In this study, road traffic accidents (RTAs) were the most
common cause (1 = 23, 79.31%) of injury followed by assault
(n =5, 17.24%), leading to the development of giant EDH.
It is comparable with many other published series®!”! that
include all cases of EDH.

In various reported series, EDH is more frequently located in
the temporoparietal and temporal region as compared with
other locations."!! There is a paucity of literature regarding
site of giant EDH in literature. According to our findings,
location of giant EDH is highest in the frontotemporoparietal
region (n = 10, 34.48%) followed by frontoparietal (n = 5,
17.24%) and parietal region, respectively (n = 4, 13.79%).
High mortality has been reported in association with EDH in
the temporal region.

In this study, we observed the most common best motor
response of M2 in 9 patients (31.03 %) followed by M3
(n=7,24.14 %) and M4 (n = 7, 24.14 %). We observed
poor outcome in operated patients in proportion to low
M status. Best motor response at presentation has been
identified as the important factors determining outcome in
patients of EDH.[®7]

In this study, most of the head injury cases leading to giant
EDH were severe (n = 23, 79.31%) followed by moderate
(n =6, 20.69%) head injury. Volume of giant EDH was not
statistically correlated with severity of injury in our study.

Bilateral pupillary changes (n = 19, 65.52%) and unilateral
pupillary changes (n = 10, 34.48%) in patients with giant
EDH indicate herniation and brainstem compression due
to very large size of giant EDH hematoma. Bradycardia was
present in 7 patients (24.14%) and was also indicative of
brainstem compression.

Most common source of bleeding leading to giant EDH in our
study was rupture of dural venous sinuses (n = 20, 68.96%)
followed by middle meningeal artery (n = 9, 31.04%). In a
recent report on EDH in 102 pediatric patients and 387
adults, arterial bleeding identified as the source of EDH in
36% of adults and in 18% of children with EDH.!"*!

Independent predictors of poor surgical outcome as reported
in studies are low GCS, associated intracranial lesion,
pupillary abnormalities, and raised ICP?'"! GCS before
surgery is an important predictor of surgical outcome.!!]
The other significant factors in various studies were age, clot
volume, and site of EDH. It is found the pupillary abnormality
and lower GCS score (<9) was associated with poor
outcome. !

The significant clinical factor associated with unfavorable
outcome in this study was GCS at admission, best motor
response, and pupillary status. Age, gender of patients,
and severity of injury were not found to be significantly
associated with outcome following surgery for giant EDH.

GCS at the time of admission or GCS before the surgery is
the single most important predictor of outcome in patients
with EDH undergoing surgery.!¢!

In this study, there were 10 mortalities (34.48%) with GOS
of 1. These indicate poor outcome and increased mortality
in postoperative cases of giant EDH (=80 ml). There is a
paucity of literature in regarding postoperative mortality of
giant EDH.

CONCLUSION

From this study, we conclude that giant EDH with volume
>80 ml causes immediate midline shift leading to herniation
and brainstem compression leading to raised percentage
of mortality and morbidity. Early evacuation of giant EDH
carries better prognosis.

Poor GCS at admission, low best motor response status, and
pupillary changes are associated with unfavorable outcome
in patients with giant EDH.

Male dominance with male:female ratio of 28:1 and peak
incidence in 20-40 years of productive population are some
other salient features.

Volume of giant EDH was not statistically correlated with
severity of injury in our study.
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