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Abstract

Background Trauma patients with Glasgow Coma Scale

(GCS) of 3 and bilateral fixed dilated pupils (BFDP) usu-

ally have dismal outcome, and neurosurgeons are less

likely to treat such patients aggressively. In this work, the

authors assessed whether emergency decompressive cra-

niectomy (EDC) can change the poor outcome of these

patients.

Methods We reviewed all patients with GCS of 3 and

BFDP admitted to our neurosurgical unit from January

2004 to January 2008. Injury data, prehospital times,

findings on brain computed tomography (CT) scan, pro-

cedures, and outcomes were recorded.

Results During this period, 21 patients were admitted

with GCS of 3 and BFDP following traumatic brain injury

(TBI). Brain CT scan showed diffuse brain edema in 17

patients (81%), and in 13 patients (62%) it showed dif-

ferent types of intracranial hemorrhage. All patients

received conservative medical treatment. Urgent decom-

pressive bifrontal craniectomy was performed in five

patients at a mean of 4.6 h (range 2–6 h) from time of

injury. Intracranial pressure (ICP) was recorded hourly by

intraparenchymal sensor (Codman, Johnson & Johnson).

Although decompressive craniectomy was effective in

controlling ICP, all patients with GCS of 3 and BFDP died

within 30 days of trauma.

Conclusions Despite control of ICP following emergency

decompressive craniectomy in patients with severe TBI,

GCS of 3, and BFDP, this did not change the dismal out-

come of these patients; on the contrary, it may increase the

suffering for patients and their families and add unneces-

sary medical burden. We propose that these patients have

irreversible severe brain insult.

Keywords Severe brain injury � Decompressive

craniectomy � GCS of 3 � Fixed dilated pupils

Introduction

Traumatic brain injury remains the leading cause of death

and disability in young adults. Multiple independent risk

factors have been shown to predict mortality in severe TBI,

including age, GCS, papillary abnormalities, hypotension,

and findings on brain CT scan [1–4]. One of the strongest

predictors of mortality, however, remains an initial GCS

score of 3. Fearnside et al. [5] found that patients with GCS

score of 3 had 65% mortality rate. Phuenpathom reported

100% mortality among those patients with GCS of 3 from

acute subdural hematoma [6].
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Pupillary status is another important indicator of mor-

tality in severe TBI. Bilateral fixed dilated pupils is

regarded as an indirect sign of herniation and brainstem

injury [7]. Braakman et al. [8] have reported that the

finding of BFDP in severe TBI is associated with mortality

of 90%.

The presence of bilateral fixed dilated pupils in patients

with GCS of 3, should therefore intuitively predict mor-

tality close to 100%. As such, there may be a certain

temptation to manage these patients conservatively, with-

out aggressive intervention.

Intracranial hypertension is also closely correlated to the

outcome of severe head injury. A report published by Saul

and Ducker [9] indicated an 84% death rate when ICP was

greater than 25 mmHg despite maximum medical man-

agement. Decompressive craniectomy has been proven to

reduce ICP that is resistant to maximum medical treatment,

improve brain elasticity, improve cerebral perfusion pres-

sure, increase brain tissue PO2, and reduce midline shift

and brainstem compression, following severe TBI, by

increasing intracranial volume [10–22].

In this work, the authors conducted a retrospective study

to determine whether aggressive management of patients

with GCS of 3 and BFDP following severe traumatic brain

injury with urgent decompressive craniectomy can change

their dismal outcome.

Patients and methods

Patient population

From January 2003 to January 2008, 21 patients (16 males,

5 females) with GCS of 3 and BFDP following traumatic

head injury arrived at King Abdulla University Hospital,

Irbid, Jordan. Patient age ranged from 8 months to 40 years

(18.6 ± 12.6 years). GCS was measured at time of

admission and before the patient received any sedative

drug. After the primary survey and resuscitation, CT scan

of the brain along with full laboratory panel (complete

blood cell count, electrolyte panel, coagulation panel,

blood type and cross-match) were checked. Patients’ clin-

ical and radiological data are presented in Table 1. None of

the patients had significant extracranial injury and none had

surgeries for extracranial injuries. The neurosurgeon on

call discussed the option of decompressive craniectomy

with the patient’s family. The family was clearly informed

about the critical condition of the patient and that the

patient was in early stage of brain death and surgery might

not change their dismal outcome. Informed consent for

decompressive craniectomy was obtained in 5 of the 21

patients, and those 5 patients underwent bifrontal decom-

pressive craniectomy in addition to conservative medical

management; the remaining 16 patients were managed

conservatively. There were no clinical or radiological dif-

ferences between the two groups. An intraparenchymal

sensor (Codman, Johnson & Johnson) was inserted in eight

patients (three decompressive craniectomy, five conserva-

tive) to measure ICP, which was recorded hourly; the ICP

was obtained as the mean of the recorded values.

Conservative medical treatment

Medical management included intubation, ventilation, head

elevation (30–458), fluid resuscitation, sedation with either

midazolam (1–2 mg/h) or fentanyl (25–100 lg/h), mild

hyperventilation (PCO2 30–35 mmHg), and osmotherapy

(0.25 mg/kg mannitol every 4–6 h). Blood pressure was

supported when necessary with dopamine (2–5 lg/kg/min).

The craniectomy procedure

Decompressive craniectomy was done within 12 h post

injury. The objective was to perform as wide a decom-

pression as possible; bifrontal craniectomy was performed.

The dura mater was always opened, and duraplasty was

performed whenever possible. The superior sagittal sinus

was sutured and ligated before opening the dura, and the

falx at the anterior skull base was sectioned. The craniec-

tomy bone flap was preserved at -5�C. In two patients

subdural hematoma (SDH) was evacuated in addition to

decompressive craniectomy.

Results

The overall mortality rate in patients with GCS of 3 and

BFDP following severe TBI was 100%. All patients died

within 30 days of injury. Brain death was the cause of death

in all cases. Mean survival time was longer for patients

who underwent decompressive craniectomy in addition

to conservative medical treatment compared with patients

who were treated conservatively [12.4 ± 10.4 days (range

3–30 days) versus 5.6 ± 4.3 days (range 1–13 days),

respectively; p \ 0.05] (Table 2).

Among the eight patients who had an ICP monitor,

patients who had decompressive craniectomy had signifi-

cantly lower ICP readings than those who were managed

conservatively (23.3 ± 6.1 mmHg versus 35.8 ± 7.0

mmHg, respectively; p \ 0.05).

Discussion

In this retrospective study, we found that patients with

initial GCS of 3 and bilateral fixed dilated pupils had a
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100% in-hospital mortality rate. Aggressive management

of those patients by performing decompressive craniec-

tomy may reduce ICP and prolong survival; however, it did

not change their dismal outcome. Our patients had emer-

gency decompressive craniectomy within 2–6 h from

injury, which implies that the time of intervention did not

influence the outcome of these patients.

The combined finding of GCS of 3 and BFDP is a highly

reliable predictor of mortality, similar to the findings of

Liberman et al. [23], who also reported 100% mortality in

a cohort of 104 patients with GCS of 3 and BFDP. We

suggest that these patients had suffered a dangerous

mechanism of injury: they were more often pedestrians

who were struck by a vehicle, and more likely to have

CT evidence of severe brain edema, midline shift, and

herniation.

Although capable of interrupting uncontrollable ICP, the

effectiveness of decompressive craniectomy in improving

outcome following severe traumatic brain injury is still

questionable [24]. Jagannathan et al. [25] retrospectively

analyzed the outcome of 23 decompressive craniectomies

in children with severe traumatic brain injury, finding that

decompressive craniectomy was effective in controlling

ICP in the majority of patients; however, the mortality rate

was still high. Figaji et al. [26] demonstrated that decom-

pressive craniectomy is effective in preventing secondary

brain injury due to increased ICP. In our small series, de-

compressive craniectomy was effective in reducing ICP;

however, it did not change outcome, and all patients died

within 30 days of injury. We believe that patient selection

is critical. Decompressive craniectomy should be done

Table 1 Clinical and radiological characteristics, and survival of patients with GCS of 3 and BFDP

No. Age/sex Mechanism

of injury

Time of

arrival (h)a
CT findings Method of

treatment

Survival

(days)

1 12/M RTA 8 DBE, SAH Conservative 4

2 20/M RTA 2 DBE, SAH, IVH, SDH Conservative 3

3 34/M RTA 4 DBE, DAI Conservative 2

4 10/F RTA 18 DBE, SAH Conservative 5

5 35/M RTA 6 DBE, SAH, SDH, multiple

brain contusion

Conservative 6

6 18/M RTA 24 DBE, EDH, DAI Conservative 7

7 34/M RTA 4 DBE Conservative 12

8 5/F FD 12 DBE, EDH Conservative 13

9 26/M RTA 12 DBE, SDH, EDH, ICH Conservative 2

10 12/M RTA 24 ICH, DAI Conservative 1

11 8 months/F RTA 6 DBE, SAH, IVH Conservative 5

12 25/M RTA 24 DBE, EDH, DAI Conservative 13

13 33/M RTA 6 DBE, DAI Decompressive craniectomy 3

14 25/M RTA 6 DBE Conservative 11

15 2/M FD 24 DBE, SDH, DAI Conservative 2

16 2/F RTA 24 DBE, DBI Conservative 1

17 28/F RTA 6 SDH, DAI Decompressive craniectomy 7

18 17/M RTA 6 SDH, DAI Conservative 3

19 40/F RTA 2 DBE, SDH, SAH Decompressive craniectomy 12

20 6/M RTA 6 DBE Decompressive craniectomy 30

21 6/M RTA 3 DBE Decompressive craniectomy 10

M male, F female, RTA road traffic accident, FD falling down, DBE diffuse brain edema, SAH subarachnoid hemorrhage, IVH intraventricular

hemorrhage, SDH subdural hematoma, DAI diffuse axonal injury, EDH epidural hematoma, ICH intracerebral hemorrhage
a From time of injury

Table 2 Comparison of clinical data and outcome in patients who

underwent decompressive craniectomy and control group

Conservative

treatment

DC and conservative

treatment

P value

(t test)

Number 16 (M:13, F:3) 5 (M:3, F:2)

Age (years) 17.4 ± 11.7 22 ± 15.7 [0.05

ICP (mmHg) 35 ± 7.0 23 ± 6.1 \0.05

Survival (days) 5.6 ± 4.3 12.4 ± 10.4 \0.05

DC decompressive craniectomy, M male, F female, ICP intracranial

pressure
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prophylactically before the patient develops irreversible

brain damage; it is not effective for patients with severe

primary injury who present with GCS of 3 and BFDP.

Aarabi et al. [27] demonstrated that patients with severe

head injury and GCS greater than 6 are good candidates for

decompressive craniectomy. Patients with GCS of 3 and

BFDP most likely will not benefit from this procedure.

Neurosurgeons in general have a tendency to triage

patients with GCS of 3 and BFDP to conservative therapy,

despite the presence of surgically treatable hemorrhage

[28]. To date, there is no evidence in the literature

regarding how outcomes may be affected if these patients

had all been aggressively treated. Our findings demonstrate

that aggressive treatment of those patients may prolong

survival but did not change outcome, since all patients who

received aggressive treatment by decompressive craniec-

tomy died within 30 days of injury. However, the number

of patients in the present study is small. The authors

became very reluctant to aggressively manage patients with

GCS of 3 and BFDP following severe TBI, since aggres-

sive treatment is highly demanding and increases suffering

for patients and their families and adds unnecessary med-

ical burden.

Conclusions

Our study raises the hypothesis that patients with GCS of 3

and BFDP following traumatic brain injury have no rea-

sonable chance of survival, even with aggressive inter-

vention. The poor outcome in these patients is mostly due

to the severity of their initial head injury.
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