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Objective: The beneficial effect of decompressive craniectomy in the treatment of severe traumatic brain injury (TBI) is
controversial, but there is no debate that decompression should be performed before irreversible neurological deficit occurs.
The aim of our study was to assess the value of ultra-early decompressive craniectomy in patients with severe TBI.
Methods: Total of 127 patients who underwent decompressive craniectomy from January 2007 to December 2013 was included in this study. Among them, 60 patients had underwent ultra-early (within 4 hours from injury) emergent operation
for relief of increased intracranial pressure. Initial Glasgow coma scale, brain computed tomography (CT) scan features by
Marshall CT classification, and time interval between injury and craniectomy were evaluated retrospectively. Clinical
outcome was evaluated, using the modified Rankin score.
Results: The outcomes of ultra-early decompressive craniectomy group were not better than those in the comparison group
( p=0.809). The overall mortality rate was 68.5% (87 patients). Six of all patients (4.7%) showed good outcomes, and 34 patients (26.8%) remained in a severely disabled or vegetative state. Forty of sixty patients (66.7%) had died, and two patients
(3.3%) showed good outcomes at last follow-up.
Conclusion: Ultra-early decompressive craniectomy for intracranial hypertension did not improve patient outcome
when compared with ‘‘early or late’’ decompressive craniectomy for managing severe TBI.
(Korean J Neurotrauma 2014;10(2):112-118)
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Introduction
Over 60% of severe traumatic brain injury (TBI) patients
are known to die or survive but with severe disability. High
intracranial pressure (ICP) or malignant brain swelling,
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proved by clinical and/or radiological point of view is
highly associated with poor outcomes and account for majority of deaths in TBIs (79.2%).5,11,17) To control the high
ICP, both medical and surgical treatment-decompressive
craniectomy-can be performed. As the latter is known to
provide significant improvement over cerebral compliance,
cerebral blood flow (CBF) and oxygenation with consequent improvement of the patient’s clinical outcome, when
medical treatment is considered futile, operation if performed to manage the high ICP.
To the best of our knowledge, there are few previous reports comparing clinical outcomes of early to delayed decompressive craniectomy after TBI and there is no set consensus on optimal time for surgery. In suggestion that differ-
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ences in surgical time could be the major factor affecting
mortality, we retrospectively analyzed the overall results
of 127 patients with severe TBI according to surgical time
at a single institution.

Materials and Methods
A retrospective review of data was performed using a
medical database of patients who had undergone decompressive craniectomy at the authors’ institution between
January 2007 and December 2013. A total of 1,896 head-injured patients over 18 years old was admitted during this period. Brain computed tomography (CT) scans were taken
on admission, and of them 127 cases (6.7%) were found to
have traumatic intracranial hemorrhage or severe brain
swelling that required emergent decompressive craniectomy.
Subjects who fulfilled the following inclusion criteria
were evaluated: over age of 18, with blunt head trauma, a
“severe TBI” patients with Glasgow coma scale (GCS)23) of
3-8 at admission. Patients with hypotension (systolic blood
pressure ＜90 mm Hg), hypoxia (PaO2 ＜70 mm Hg), dead
on arrival, whole brain ischemia (black brain), penetrating
injury, and concomitant life-threatening medical condition
unlikely to survive from craniectomy were excluded. Collected clinical profile for this study included initial GCS
score, patient demographics, injury mechanism, vital sign
at emergency room, CT scans, intracranial pathological finding, surgical procedure, intraoperative findings, treatment
outcome, and the time interval between injury and craniectomy. For evaluation of the brain CT, septum pellucidum was
assigned as the midline structure, and the brain shifting was
recorded on a 3-point scale as ＜10 mm, 10-20 mm, or ＞20
mm by measuring the longest distance from the midline to
the shifted brain parenchyme. Marshall CT classification
was also used for additional classification. Neurological outcome was evaluated following the modified Rankin scale
(mRS).19) The six mRS categories (good, mild disabled, moderately disabled, severely disabled, vegetative, dead) were
reduced into three groups-favorable, unfavorable and deadfor data analysis and a favorable outcome was defined as a
mRS of 0-2.
Time to Surgery was defined as the duration from the
onset of the trauma to the moment of the skin incision in the
operating room, with Ultra Early Surgery defined as Time
to Surgery within 4 hours of the trauma event onset. Patients
were selected at random. All patients were operated on by
using the same surgical technique: those with diffuse cerebral edema without midline shifting received bilateral
craniectomy, and those who presented with midline shifting

and mass effect by intracranial hemorrhage received ipsilateral unilateral craniectomy with combined duraplasty
using artificial dura. During the procedure, temporal bone
was removed as close to the base as possible to decompress
the brain stem. The cases with elevated ICP without massive intracranial hemorrhage were treated additionally by
mannitol administration, cerebrospinal fluid drainage, barbiturate coma therapy, or hypothermia when indicated. SPSS
version 18 was used for statistical analyses (SPSS Inc., Chicago, IL, USA). Statistical analyses were performed by use
of t-tests and one-way analyses of variance for continuous
variables, and χ2 or Fisher’s exact test for categorical variables. Differences were considered statistically significant
if p-values were less than 0.05.

Results
Patient data for severe TBI are described in Table 1. Most
of the patients (97 out of 127) were males, with mean age of
49.7 years (range, 18-90 years), and injury mechanisms
showed even distribution overall.
Neurological evaluation at the time of admission was performed using the GCS. Twenty seven patients had a GCS
of 3 and after having received decompressive craniectomy,
all had died. Forty-five patients had a GCS of 4 and 5, and
the mortality rate was 82.2% for this group. Fifty-five patients had a GCS of greater or equal to 6 and 37 patients (41%)
had died.
Eighty-five patients (66.9%) were consistent with Marshall CT classification 4, with majority of them diagnosed
of pure subdural hemorrhage (SDH) with 79 patients (62.2%),
and next common group was patients diagnosed of SDH or
epidural hemorrhage with contusion and brain laceration,
with number of forty-one patients (31.3%).
Sixty patients (47.2%) underwent ultra early surgical decompression after trauma (1 hr 53 min-3 hr 59 min, mean
2 hr 59 minutes). In 67 patients (52.8%), surgical decompression was performed after 4 hours of injury (4 hr-27 hr 13
min, mean 7 hr 41 minutes).
No statistically significant difference of age, sex, or initial GCS between ultra-early and early or delayed treatment
groups could be identified. Although ultra-early group tend
to show more portion of Marshall CT classification 4 than
other, this finding was also not statistically significant (Table 2). Analysis of the overall clinical outcomes revealed that
the younger age and lower initial GCS contributed to good
outcome, but gender, Marshall CT classification, degree of
midline shifting and injury mechanisms did not much affect the outcome (Table 3). Ultra-early decompressed group
http://www.kjnt.org
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TABLE 1. Clinical presentation and radiographic finding of all
traumatic brain injury patients
Parameters
Mean age (years)

TABLE 2. Epidemiology and radiographic finding of traumatic brain
injury patients according to the operating time

No. of patients (%)

＜4 hrs
(n=60)

＞4 hrs
(n=67)

p value

50.8

48.9

0.901

Male

44

53

Female

16

14

Parameters

49.7

Mean age (years)

Sex
Male

97 (76.4)

Female

30 (23.6)

Injury mechanisms

Sex

27 (21.3)

Injury mechanisms

Driver TA

14 (11.0)

Motor vehicle

Pedestrian TA

28 (22.0)

Driver TA

Fall down

20 (15.7)

Slip down

23 (18.2)
13 (10.2)

Motor vehicle

Rolling down
Assault

2 (1.6)

Initial GCS

0.729

0.996
15 (25%)

12 (17.9%)

6 (10%)

8 (11.9%)

Pedestrian TA

11 (18.3%)

17 (25.4%)

Fall down

10 (16.7%)

10 (14.9%)

Slip down

11 (18.3%)

12 (17.9%)

Rolling down

6 (10%)

7 (10.4%)

Assault

1 (1.7%)

1 (1.6%)

Mean GCS

0.299

3

27 (21.3)

4-5

45 (35.4)

3

13 (21.7%)

14 (20.9%)

6-8

55 (43.3)

4-5

25 (41.7%)

20 (29.9%)

6-8

22 (36.6%)

33 (49.2%)

Marshall CT classification

Marshall CT classification

0.071

2

15 (11.8)

3

27 (21.3)

2

4 (6.7%)

11 (16.4%)

4

85 (66.9)

3

10 (16.7%)

17 (25.4%)

4

46 (76.6%)

39 (58.2%)

Midline shift
＜10 mm

72 (56.7)

10-20 mm

45 (35.4)

＞20 mm

10 (7.9)

CT finding
SDH

79 (62.2)

EDH

3 (2.4)

Contusion

41 (32.3)

Brain swelling

4 (3.1)

GCS: Glasgow coma scale, CT: computed tomography, TA:
traffic accident, SDH: subdural hemorrhage, EDH: epidural
hemorrhage

showed a tendency to have less mortality rate than the other group, but this too had no statistical significance (65.0%
vs. 71.6%, p value 0.430). Of the total 127 TBI patients, only
6 patients showed favorable outcomes after decompressive
craniectomy, and they had initially presented with GCS over
6. Eighty-seven patients had expired after the surgery, and
of them sixty-eight (78.2%) died due to severe brain swelling (Table 4).

Discussion
TBI patients show poor outcome due to massive direct
parenchymal injury and initial insults such as shearing injury of the axons, but this is not the only pathophysiology.
The insulted area further get injured by hemorrhage and ac-
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GCS: Glasgow coma scale, TA: traffic accident, CT: computed tomography

companying cerebral edema, and the consequent brain
swelling may lead to uncontrollable increased ICP status,
or mass effect of extra- or intra-cerebral hematoma may increase to exacerbate ischemic injury that would end in poor
outcome.4,12,14) Especially in cases of multiple lesion trauma
patient with systemic complication, consequent systemic
hypoxemia, hypotension, hypercarbia and acidosis may be
induced to aggravate brain damage even further.4,14) No effective treatment for axonal shearing or stretching injury
has been publicized, but speculating from the observation
that pre-operative ICP of 24 mm Hg has effectively been
turned down to ICP of 14.6 mm Hg after surgical decompression,1,18) if the intracranial lesion can be removed by decompressive craniectomy before causing irreversible damage to the brain in addition to proper medical management,
secondary cerebral ischemic injury by mass effect and/or
high ICP is strongly thought considered controllable or preventable.4,14,20) With the initial presenting ICP of between 20
and 40 mm Hg, the perfusion pressure is considered enough
for adequate amount of CBF that standard therapy could
yield relatively good outcomes, whereas in ICP over 40 mm Hg
the treatment is less effective and require vigorous therapy,
and in ICP ＞60 mm Hg most of the patients had expired.
Based on these findings, Langfitt and Gennarelli14) had stat-
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TABLE 3. Postoperative clinical outcomes according to various predisposing factors
Parameters

No. of patients

Expire (%)

Unfavorable outcome (%)

Favorable outcome (%)

＜29

21

8 (38.2)

12 (57.1)

1 (4.7)

30-49

43

27 (62.8)

12 (27.9)

4 (9.3)

＞50

63

52 (82.5)

10 (15.9)

1 (1.6)

Male

97

65 (67.0)

27 (27.8)

5 (5.2)

Female

30

22 (73.3)

7 (23.3)

1 (3.4)

Motor vehicle

27

19 (70.4)

8 (29.6)

0 (0)

Driver TA

14

9 (64.3)

3 (21.4)

2 (14.3)

Pedestrian TA

28

21 (75)

6 (21.4)

1 (3.6)

Fall down

20

15 (75)

3 (15)

2 (10)

Slip down

23

15 (65.3)

7 (30.4)

1 (4.3)

Rolling down

13

8 (61.5)

5 (38.5)

0 (0)

2

0 (0)

2 (100)

0 (0)

3

27

27 (100)

0 (0)

0 (0)

4-5

45

37 (82.2)

8 (17.8)

0 (0)

6-8

55

23 (41.8)

26 (47.3)

6 (10.9)

2

15

9 (60)

5 (33.3)

1 (6.7)

3

27

24 (88.9)

2 (7.4)

1 (3.7)

4

85

54 (63.5)

27 (31.8)

4 (4.7)

＜10 mm

72

52 (72.3)

15 (20.8)

5 (6.9)

10-20 mm

45

28 (62.2)

16 (35.6)

1 (2.2)

10

7 (70)

3 (30)

＜4 hrs

60

39 (65.0)

19 (31.7)

2 (3.3)

＞4 hrs

67

48 (71.6)

15 (22.4)

4 (6.0)

p value

Age

0.001

Sex

0.687

Injury mechanisms

Assault

0.544

GCS

＜0.001

Marshall classification

0.42

Midline shift

＞20 mm

0.912

0 (0)

Time to op

0.43

GCS: Glasgow coma scale, TA: traffic accident

ed that ICP is a crucial factor in predicting clinical outcome.

TABLE 4. Cause of mortality
Parameter

Time to surgery
The reason for performing decompressive craniectomy
is to recover cerebral perfusion by surgically expanding intracranial space, consequently maintaining the cerebral perfusion pressure and reducing ICP to minimize secondary
damage. There is no consensus as to the optimal time to perform the decompressive craniectomy, but there is no question in that the operation should be performed before irreversible neurological deficit occurs. Some advocates that the
onset of brain swelling after TBI is within the first two to three
hours,16) and although opinions on the time duration for early surgical decompression may vary, there are many reports
which states that by having performed early decompressive
craniectomy, expected or initially secondary ischemia or axonal injury by refractory intracranial hypertension was pre-

Severe brain swelling

No. of patients (%)
68 (78.2)

Medical co-morbidity
Hepatic failure (LC/heavy alcohol)

3 (3.4)

Leukemia

1 (1.1)

Anticoagulant or antiplatelet

8 (9.3)

Renal failure

1 (1.1)

ARDS, sepsis

6 (6.9)

Total

87 (100)

LC: liver cirrhosis, ARDS: acute respiratory distress syndrome

ventable.1,4,21,26)
Albanèse et al.3) recommended early operation for those
with GCS lower than 6, with intracranial hematoma, and
brain swelling and cerebral herniation, whereas Seelig et
al.21) had stated that ultra-early surgery of within 4 hours had
showed mortality of only 30%, whereas those over the scope
http://www.kjnt.org
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of 4 hours had mortality of over 90%. Similarly, decompressive operation within 8 hours of TBI onset was considered
the golden time to gain effect, that time to operation room
was emphasized as an important factor for prediction of
clinical outcome.1,4) Rubiano et al.20) defined 12 hour point
as the timeline for ‘early surgery’, and 16 severe TBI patients
had undergone early surgery, whereas 20 patients first performed conventional approach with ventriculostomy and
performed craniectomy after the 12 hour timeline. Those
who had received early decompressive craniectomy were
found to have less mortality (4 out of 16 vs. 13 out of 20).
Akyuz et al.2) had noted that the 40 patients who had received early surgery as first tiers had much more portion of
better outcome than the other 36 patients operated as second tier (44.4% vs. 12.5%, p value 0.0018). Münch et al.17)
had reported the predictors of good outcome as high GCS,
rapid surgical decompression, and young age, and of them
early surgical decompression definitely improved the midline shifting (-4.8±6.0 mm vs. -0.4±6.3 mm) and mesencephalic cistern decompressed status, and the clinical outcomes
evaluated 6 months thereafter showed significant better results in the early decompressed group than the other group.
However, the proper timing and outcome after decompressive craniectomy in patients of severe TBI remain controversial. Our study showed that timing of operative intervention for decompression with regard to outcome was not
statistically significant. Kotwica and Brzeziński13) and Stone
et al.22) and several other authors have concluded that benefits in the early decompressed group do not differ much from
that of the late group.26,27) In case of acute subdural hematoma, the shear force at the time of trauma cause damage to the
cerebral vasculature and lead to immediate ischemic brain
damage, which subsequently lead to acute cerebral swelling,
which is probably why concomitant cerebral and vascular
lesion damaged at the time of trauma cannot be recovered
even if proper management and intervention is introduced in
early phase.15) At the initial stage of ischemia, when bloodbrain barrier is relatively intact, the hydrostatic pressure caused by interstitial pressure gradient between arterial blood
pressure and brain tissue can let the water pass through the
endothelium, but early decompressive craniectomy could
decrease such interstitial fluid pressure and lead to consequent hydrostatic pressure, further exacerbating brain swelling.9) Some author says that early decompressive surgery
may induce infarcts with hemorrhagic transformation that
could result in unfavorable outcome.6)
GCS and age
Factors that are most well-known for TBI patients’ out-
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come prediction are GCS and age. Ucar et al.24) have studied outcomes of 100 severe TBI patients depending on initial GCS, and the group with GCS 4-5, 96.6% had showed
unfavorable outcome, and the group with GCS 6-8, 65%
had showed unfavorable outcome. As 87.5% of the group
with favorable outcome was GCS 6 to 8, he concluded that
clinical outcome is well determined by initial GCS. Our hospital also showed mortality rate of 100%, 82.2%, 41.8% for
each respective GCS group GCS 3, 4-5, 6-8, and whereas
those under GCS 5 never showed any favorable outcome,
those over GCS 6 (two each from GCS 6, 7, 8) showed a
portion of 10.9% (p＜0.001). Therefore, we concluded that
we can expect to have a relatively favorable outcome in those
over GCS 6 with lower mortality, and that initial GCS is a
good predictor of clinical outcome. Many authors have reported of the relationship between old age and high mortality.13,27) Howard et al.10) had reported a mortality rate of
74% in those over 65 years old, in contrast to 18% mortality rate in those aged between 18 to 40, and Wilberger et al.27)
had also showed higher mortality rate in the over 65-yearold group with statistical significance (82% vs. 54%). Our
hospital yielded results similar to the mentioned studies.
Mortality rate was 38.2% in the patients under the age of 29
years and 82.5% mortality rate was observed in patients
over 50. Howard et al.10) has explained that the elderly patients tend to be exposed to more destructive injury, the elderly often have as much as 4 times the volume of control
group acute SDH, resulting in about twice the midline shifting. Also, for aging brains have less neurotrophic factors secreted after brain injuries compared to the younger brains,
with subsequent regenerative capacity decrement and speculated this is why the older age patients tend to have higher mortality rate. There have been people on the other side
as well.8) Aarabi et al.1) underwent retrospective evaluation
of 50 patients on age, GCS, papillary response, midline shift,
timing of decompressive craniectomy-and had concluded
that none of these factors have any statistical significance.
Mechanism of injury
Wilberger et al.27) have stated that the motorcycle accidents, which showed the highest mortality of 71% among
TBI patients, may have to do with concomitant cerebral
damage related to high velocity injury, especially impact
damages such as cortical contusions, lacerations, bone fragmentation, diffuse axonal injury, and brainstem injuries.
According to our data, although injury due to fall down and
driver traffic accident had relatively high favorable outcome, the sample size was too small to have any statistical
power and as the result, injury mechanism did not have sta-
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tistically significant meaning in relation to mortality rate
(p=0.544).
CT finding
Some have studied the relationship between the CT finding and its outcome. Kotwica and Brzeziński13) have reported that although 85% of patients with large unilateral brain
contusion have died, only 17% of those with small lesion
have died, and that the severity of midline shifting is associated with worse outcome. But data in our hospital, based
on the category of midline shifting under 10 mm, 10-20
mm, over 20 mm, did not show statistical significance (p=
0.912). Also, there have been reports that compression or
obliteration of mesencephalic cistern, or small sized or asymmetric ventricle can be associated with brain swelling and
herniation that these could be predictors for outcomes after
TBI.4,7,25) In our study, favorable outcome based on Marshall
CT classification showed statistical significance (p=0.021),
consistent with above mentioned report. Therefore, rather
than just making predictions base on solitary midline shifting, the compression status of mesencephalic cistern by the
high ICP-which is, the herniation of brainstem-seems to
be the more important predicting factor.
One of the advantages of this study is the relatively large
cohort. However, its retrospective characteristic led to less
complete and less accurate data on the rebound. Cohort was
still not large enough to represent all of the patients’ results,
and post-operative ICP control status was uncheckable for
not every patient had undergone perioperative ICP measurement. Furthermore, we had not so small portion of patients who presented with a GCS of 3 and fatal pons sign of
bilateral dilated pupils at the time of admission, which may
have contributed to relatively higher mortality.

Conclusion
Patients who undergo decompressive craniectomy within the first 4 hours following trauma may not have better
outcomes compared to those who undergo decompressive
craniectomy after 4 hours. Patient factors such as initial
GCS and age may be the most important factors affecting
the outcome, rather than factors such as time taken for decompression. Therefore, strict application of surgery within the first 4 hours of TBI onset does not seem mandatory.
■ The authors have no financial conflicts of interest.
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