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Decompressive Craniectomy Following Severe Traumatic
Brain Injury with an Initial Glasgow Coma Scale Score of 3
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Abstract

Background: Decompressive craniectomy is a surgical management option for severe Traumatic
Brain Injury (TBI). However, few studies have followed patients with TBI who have a Glasgow
Coma Scale (GCS) score of 3 or 4 (out of 15). Decompressive craniectomy has been avoided in such
patients owing to poor outcomes and poor functional recoveries in previous cases of treatment
using this method.

Clinical Presentation: Two patients are presented in our case series. The first suffered severe TBI
following an aggression, with a GCS score of 3 and bilaterally dilated unreactive pupils. Brains CT
scan showed right frontal fracture, bifrontal hematoma contusion, a fronto-temporo-parietal acute
Subdural Hematoma (SDH) with a thickness of 14 mm on the right side, traumatic subarachnoid
hemorrhage, with 20 mm of midline shift to the left side, and diffuses brain edema. The second
presented with severe TBI following an automobile accident, with a GCS score of 4 and iso-
reactive pupils. A brain CT scan showed bilateral fronto-temporal fracture, diffuse brain hematoma
contusion, traumatic subarachnoid hemorrhage, right Extradural Hematoma (EDH) and bilateral
fronto-temporo-parietal acute SDH that was more pronounced on the right side.

Conclusion: Follow-up after the operations showed an Extended Glasgow Outcome Scale (EGOS)
score of 8 and a very good functional recovery for both patients. Our case series suggests that in
patients with severe TBI and a GCS score of 3 or 4; decompressive craniectomy can be performed
with good long-term neurological outcomes. The speed with which a decision of surgical indication
is made may affect neurological outcomes.

Keywords: Decompressive craniectomy; Functional recovery; Glasgow coma scale; Traumatic brain
injury; Extended glasgow outcome scale
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Background

Decompressive craniectomy has been used as a treatment option for severe Traumatic Brain
Injury (TBI) since 1971 [1]. Early outcomes of decompressive craniectomy were predictably poor,
with high mortality and poor functional outcome rates in survivors [1-3]. However, several studies
report good outcomes and reduced mortality when decompressive craniectomy is performed early
following traumatic brain injury [4-6]. Other studies have demonstrated that clinical outcomes of
decompressive craniectomy are worse in patients with poor Glasgow Coma Scale (GCS) scores (<
8 out of 15). Few studies have followed patients with TBI and a GCS score of 3 or 4 [7,8]. Tien
et al,, [9] reported an overall mortality rate of 100% in patients with a GCS score of 3 who had
fixed and dilated pupils. Cooper et al., [10] reported that decompressive craniectomy in patients
with severe TBI and bilateral non-reactive pupils were associated with poor outcomes and death.
Decompressive craniectomy has been avoided in patients with the most severe injuries (GCS score
of 3 or 4) owing to the very poor outcomes and functional recoveries reported previously [11]. The
two cases presented here demonstrate that decompressive craniectomy can be performed in the
management of patients with GCS scores of 3 or 4, with good neurological outcomes and good
functional recoveries. Informed consent was obtained from both patients.

Remedy Publications LLC., | http://clinicsinsurgery.com/ 1 2019 | Volume 4 | Article 2503



Afif AFIF

Clinics in Surgery - Neurosurgery

Figure 1: Cerebral CT-scan of the first patient. 1) Initial CT-scan, (a) acute
Subdural Hematoma (SDH); 2 and 3) Postoperative CT-scan; 4) Poste
replace of the cranial flap (b); 5) CT-scan shows the cranial flap infection: (c)
extradural collection, (b) cranial flap infected; 6) Cranial flap was replaced by
artificial flap (d).

Case Presentations

Casel

A 20-year-old man (S.M.) suffered severe TBI following a blow to
the head with a cane. The clinical evaluation by emergency physicians
before intubation was a GCS score of 4 with decerebrate response
to stimulations. Soon afterwards, clinical aggravation led to a GCS
of 3 and bilaterally dilated unreactive pupils, no blood toxic and
alcoholism were found. The patient was intubated and sedated by
emergency physicians before arrival at the hospital. Initial vital signs
were systolic blood pressure of 100 mmHg, pulse of 45 beats per min,
before intubation oxygen saturation of 99% and body temperature
of 37.3°C. Initial blood analyses were glucose of 6.5 mmol/L, serum
sodium of 137 mmol/L, and serum potassium of 3.5 mmol/L. After
intubation oxygen saturation was 100%. A brain CT scan performed
in the hospital’s emergency department showed right frontal fracture,
bifrontal hematoma contusion, a fronto-temporo-parietal acute
Subdural Hematoma (SDH) with a thickness of 14 mm on the right
side, traumatic subarachnoid hemorrhage, with 20 mm of midline
shift to the left side, diffuse brain edema with effacement of adjacent
cortical sulci and basal cisterns, and start of engagement of the
cerebellar tonsils (Figure 1.1). Intracranial Doppler echocardiography
showed a large decrease in blood flow on the right side of the brain.
The surgical indication was proposed and the patient was transported
to the operating room and operated 4 h after the assault and 30 min
after the neurological hospital admission. The patient underwent a
wide right fronto-temporo-parietal decompressive craniectomy and
right SDH evacuation and wide duroplasty (with a Gore-tex graft)
(Figures 1.2 and 1.3). After the operation, immediate regression of
the bilateral pupil dilation was noted, and the patient was transferred
to the Intensive Care Unit (ICU). A follow-up brain CT scan, 8 hours
afer the operation, showed the disappearance of the right acute
SDH, reduction of the edema, and stability of the brain contusion
(Figures 1.2 and 1.3). Sedation was stopped 36 h after of the surgery,
and extubation was performed 12 days after the operation. 36 days
after the operation, the patient was transferred to the neurosurgery
department, with a GCS score of 15, partial quadriplegia and
spasticity that was more pronounced on the left side. The patient
was then transferred to a rehabilitation department. Three months

later, the patient showed good recovery of the muscular force in all
four limbs, and in relation to memory and intellectual capacity (the
patient was able to walk unaided, to write a letter, and to pose and
answer questions). Replacement of the cranial flap was performed 4
months after the initial operation (Figure 1.4). Three weeks later, the
cranial flap became infected with Staphylococcus aureus, and a brain
CT scan showed the collection of pus in the extradural space and flap
fragmentation (Figure 1.5). The patient therefore underwent a further
operation to remove the infected flap, and treatment with antibiotics
was continued for 6 weeks. The removed cranial flap was replaced
a few months later by an artificial flap (Figure 1.6). A follow-up 31
months after the operation showed an Extended Glasgow Outcome
Scale (EGOS) score of 8 and a very good functional recovery [12].

Case 2

A 20-year-old man (P.K.) presented with severe TBI following an
automobile accident, the clinical evaluation by emergency physicians
before intubation was a GCS score of 4 with iso-reactive pupils, and
was found to have blood alcohol of 1.2 g/L, no blood toxic found.
Initial vital signs were blood pressure of 132/64 mmHg, pulse 90
beats per min, before intubation oxygen saturation of 100% and
body temperature of 37.6°C. Initial blood analysis were glucose
of 6 mmol/L, serum sodium of 141 mmol/L, serum potassium of
3.7 mmol/L and measured serum osmolality of 279 mosm/kg. The
patient was intubated and sedated by emergency physicians before
arrival at the hospital. After intubation oxygen saturation was 100%.
A brain CT scan was performed in the emergency department, and
showed bilateral fronto-temporal fracture, diffuse brain hematoma
contusion, traumatic subarachnoid hemorrhage, right extradural
hematoma and bilateral fronto-temporo-parietal acute SDH that
was more pronounced on the right side (Figures 2.1 and 2.2). No
midline shift was reported. X-rays showed a right clavicle fracture.
A transcranial Doppler echocardiogram showed a decrease in blood
flow especially on the right side. The patient was transported to the
operating room and operated 7 h after the accident and 2 h after the
neurological hospital admission. The patient underwent a wide right
fronto-temporo-parietal decompressive craniectomy, right frontal
extradural hematoma evacuation and right SDH evacuation and wide
duroplasty (with a Gore-tex graft) (Figure 2.3). After the operation,

Figure 2: Cerebral CT-scan of the second patient. 1) Initial CT-scan. (a)
Extradural Hematoma (EDH), (b) acute Subdural Hematoma (SDH); 2)
Intra capsular hematoma confusion (c); 3) Postoperative (decompressive
craniectomy) CT-Scan; 4) CT-scan, three months postoperative, shows a
right chronic hematoma (d); 5) CT-Scan post chronic subdural hematoma
evacuation; 6) CT-scan, post replace of the cranial flap (e).
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the patient was transferred to the hospital’s ICU.

A follow-up brain CT scan, 14 h after the operation, showed
disappearance of both the right acute SDH and right acute extradural
hematoma, a reduction of the edema, and stability of the brain
contusion. The extubation was performed 9 days after the operation.
A Staphylococcal pneumonia was treated with antibiotics in the ICU.
The patient was transferred to the neurosurgery department 24 days
after the operation, with aphasia, hypotonic voice, kinetic hypotonia,
a GCS score of 11 and right central facial paralysis. One week later,
the patient was transferred to a rehabilitation department, with a
GCS score of 15. Post repeated falls, a follow-up brain CT scan was
carried out 3 months after the operation. This showed a right chronic
SDH (Figure 2.4), and therefore evacuation of this hematoma was
performed. A follow-up brain CT scan 1 month later showed the
disappearance of the right chronic SDH (Figure 2.5). Replacement
of the cranial flap was performed 7 months after the initial operation,
without complications (Figure 2.6). The patient showed good
recovery of the movement of the four limbs and of the right side of
the face, and in terms of intellectual capacity. A follow-up 26 months
after the operation showed the disappearance of aphasia and right
central facial paralysis, and an EGOS score of 8 with a good functional
recovery.

Discussion

Decompressive craniectomy is used in the management of
patients who suffer from severe TBI. Several studies report good
outcomes and reduced mortality when decompressive craniectomy
is performed early following TBI [3-5]. However, previous studies
have reported that decompressive craniectomy results in good long-
term neurological outcomes only in patients with an initial GCS score
of >5 [13]. Other studies have demonstrated poor clinical outcomes
(very high morbidity and mortality rates) for patients who have
undergone decompressive craniectomy who had poor initial GCS
scores (< 8) [7,8]. Tien et al,, [11] reported that the mortality rate was
100% in patients with a GCS score of 3 and with bilaterally unreactive
pupils. Severe TBI with a GCS score of 3 or 4 has been considered
an extreme challenge in terms of both neurosurgery and intensive
care for both child and adult patients. Therefore, surgical treatment
by decompressive craniectomy has often been avoided owing to
the very poor outcomes and low chance of functional recovery that
have been reported [11]. Our cases series demonstrates that surgical
treatment with a wide decompressive craniectomy, hematoma
evacuation (if present) and a wide duroplasty can be performed
and can be beneficial (after 4 h or 7 h in the cases presented here),
in patients with severe TBI with a GCS score of <5. In contrast with
a previous study, good neurological outcomes were obtained (at
follow-up at 24 and 19 months for case 1 and 2, respectively) in these
patients with a GCS score of 3, a midline shift exceeding 20 mm and
bilaterally dilated unreactive pupils (in the first case) [7]. At follow-
up, EGOS scores were 8, with a good functional recovery. The good
neurological outcomes in the two cases raise the question of the
reliability of the GCS in the surgical indication decision for severe
TBI with a GCS score of <5, particularly in young patients (less than
40 years). A wide unilateral fronto-temporo-parietal decompressive
craniectomy, and perhaps also hematoma evacuation if necessary,
can be used to rapidly reduce intracranial edema and pressure, and
to improve the blood flow in the brain. This is in contrast to previous
studies that reported no differences in the clinical outcomes of those
undergoing immediate decompressive craniectomy and those in

whom decompressive craniectomy was delayed [8,14,15]. Our case
series seems to suggest that the factors that have a crucial role in
good long-term neurological outcomes of severe TBI treated with
surgery are: 1) The early performance after injury of presurgical and
surgical procedures; 2) Adequately wide fronto-temporo-parietal
decompressive craniectomy, hematoma evacuation (if a hematoma
is present) and a wide duroplasty; 3) Good experience of care in a
neurological intensive care unit.

Conclusion

The data in our case series demonstrate that surgical treatment by
adequately wide fronto-temporo-parietal decompressive craniectomy,
hematoma evacuation and a wide duroplasty can be beneficial in
patients with severe TBI with a GCS score of 3 or 4. An appropriate
and rapid decision regarding surgical indication standard of care in
the ICU and good physical rehabilitation may play a very important
part in improving long-term neurological outcomes. The results may
enable neurosurgeons and ICUs to improve management procedures
for, and hence neurological outcomes in severe TBI. However, further
and larger studies are required to address the inclusion criteria of the
surgery indication, and to better understand long-term outcomes of
severe TBI treated with decompressive craniectomy.

Consent for Publication

Written informed consent was obtained from the patients for
publication of this case report and any accompanying images. A copy
of the written consent is available for review by the Editor-in-Chief
of this journal.
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