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Abstract
Background Many previous studies have reported that
decompressive craniectomy has improved clinical outcomes
in patients with intractable increased intracranial pressure
(ICP) caused by various neurosurgical diseases. However
there is no report that compares the effectiveness of the
procedure in the different conditions. The authors per-
formed decompressive craniectomy following a constant
surgical indication and compared the clinical outcomes in
different neurosurgical diseases.
Materials and methods Seventy five patients who under-
went decompressive craniectomy were analysed retrospec-
tively. There were 28 with severe traumatic brain injury
(TBI), 24 cases with massive intracerebral haemorrhage
(ICH), and 23 cases with major infarction (MI). The
surgical indications were GCS score less than 8 and/or a
midline shift more than 6 mm on CT. The clinical outcomes
were assessed on the basis of mortality and Glasgow
Outcome Scale (GOS) scores. The changes of ventricular
pressure related to the surgical intervention were also
compared between the different disease groups.

Findings Clinical outcomes were evaluated 6 months after
decompressive craniectomy. The mortality was 21.4% in
patients with TBI, 25% in those with ICH and 60.9% in MI.
A favourable outcome, i.e. GOS 4–5 (moderate disability or
better) was observed in 16 (57.1%) patients with TBI, 12
(50%) with ICH and 7 (30.4%) with MI. The change of
ventricular pressure after craniectomy and was 53.2
(reductions of 17.4%) and further reduced by 14.9% (with
dural opening) and (24.8%) after returning to its recovery
room, regardless of the diseases group.
Conclusions According to the mortality and GOS scores,
decompressive craniectomy with dural expansion was
found to be more effective in patients with ICH or TBI
than in the MI group. However, the ventricular pressure
change during the decompressive craniectomy was similar
in the different disease groups. The authors thought that
decompressive craniectomy should be performed earlier for
the major infarction patients.

Keywords Decompressive craniectomy . Intracranial
pressure . Traumatic brain injury . Cerebral infarction .

Intracerebral haemorrhage

Introduction

Despite highly developed medical and neurosurgical treat-
ments, the mortality and morbidity for patients who have
intractable increased intracranial pressure remains a chal-
lenge. The initial strategy for managing these patients is to
repair the primary cause and to lower the intracranial
pressure (ICP) to minimise subsequent brain damage.

Since ICP elevation is a major predictor of death in these
patients, it is logical to conclude that a maximum effort
aimed toward preventing intracranial hypertension is
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warranted [16, 72]. Many previous authors have reported
the benefits as well as limitations of decompressive
craniectomy in patients with hypertensive intracerebral
haemorrhage [4, 5, 26, 29, 34, 74], severe traumatic brain
injury [10, 11, 13, 16, 43, 45, 46, 59, 69, 70] and major
infarction [12, 15, 20, 30, 31, 33, 43, 49, 50, 52, 55, 61, 66,
71, 72]. Some reports indicate that decompressive surgery
might be more effective in patients with infarction, because
the biomechanics of traumatic brain injury may be more
diffuse than that of infarction [12, 49].

However, there are no reports in the literature that
compare the effect of decompressive craniectomy on
different neurosurgical diseases. Therefore, the authors
performed decompressive craniectomy with dural expan-
sions in severe traumatic bran injury (TBI), massive
intracerebral haemorrhage (ICH) and major infarction
(MI) patients following the same indications for the
surgery. The patient outcomes in terms of mortality and
Glasgow Outcome Scale (GOS) as well as the ventricular
pressure changes during the decompressive craniectomy
were compared between the different disease groups.

Methods and material

Patient population

Seventy-five patients who underwent decompressive cra-
niectomy due to increased intracranial pressure due to
severe TBI, massive ICH and MI were included in this
retrospective analysis. Standard management included

completion of a CT scan as rapidly as possible at the time
of presentation to the emergency room or when the
neurological deterioration was discovered. In all the
patients, a pre-operative brain CT scan was performed
within 3 hours of the decompression surgery. In patients
whose neurological and radiological findings were better
than our indications for decompression craniectomy, crani-
otomy was performed in TBI and ICH patients and other
medical treatment such as intravenous or intraarterial
thrombolysis was performed in major infarction patients.
Thereafter, decompressive craniectomy was performed only
if their neurological and radiological findings were appro-
priate for our decompression surgical criteria (Fig. 1).

Indications for surgery

The indications for decompressive craniectomy with dural
expansion were (1) the appearance of definite unilateral or
bilateral brain swelling on the CT scan e.g. midline shift of
more than 6 mm and/or obliteration of the cisternal
structures on the CT scan and/or a (2) patients with an
initial Glasgow Coma Scale (GCS) score of less than 8 or
worsening of the neurological status (GCS score less than
8). Patients with primary fatal brainstem failure, as
indicated by a GCS score of 3 and had no spontaneous
respiration did not undergo surgical intervention. The
differential indication for either a hemicraniectomy or bilateral
decompression where decided. Unilateral oedema/swelling
and opening ventricular pressure less than 25 mmHg were
treated by hemicraniectomy over the swollen hemisphere,
whereas bilateral diffuse oedema/swelling or opening ventric-

Fig. 1 Therapeutic algorithm
for decompressive craniectomy
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ular pressure more than 25 mmHg were treated by bilateral
decompression. The above indications were constantly
applied for all the patients in this study. For patients with a
major infarction, if the initial neurological condition suited our
surgical indications, decompressive craniectomy was per-
formed as the first treatment (n=9). If the neurological status
was were better than our surgical indications, other medical
treatments such as intravenous or intraarterial thrombolysis
were administered before considering decompression surgery.

Operative procedures

In all patients a ventricular puncture was performed at
Kocher’s point on the side opposite the main lesion, before
the craniectomy (at least 10×12 cm size). An external
ventricular drein (EVD catheter; Yushin Medical, Seoul,
Korea) was connected to the continuous cerebral perfusion
pressure monitor (CPP-monitor; Spiegelberg, Hamburg,
Germany) via a transducer device (Druckmesset; Smiths
Industries, Kirchseeon, Germany). This monitoring system
can continuously measure the mean ventricular pressure

changes during the decompression surgery, bilateral de-
compression was performed using large bicoronal skin
flaps. The skin flaps were placed just behind the parietal
eminence, extending inferiorly to the zygoma on both sides
and curving anteriorly towards the midline. This was
reflected subperiosteally to the level of the supraorbital
ridges. The reference points used for the bone flaps were at
the pterion of frontal bone, the parietal eminence and in the
temporal squamous areas. After the ventricular ICP was
stabilised, the burr holes were connected using a pneumatic
saw, with subsequent removal of the bone flap. A frontal
median segment of the bone, measuring about 3 to 4 cm in
width along the sagittal sinus, was saved to avoid damage
to the sagittal sinus and to serve as a framework for later
cranioplasty. Additional bone was removed at the temporal
region to the floor of the middle fossa (Fig. 2). Ten or
fifteen minutes after completion of the craniectomy, the
ventricular pressure became stabilised. The dura was then
opened with a large cruciated or curved Z-shaped incision,
in the areas involving the frontal, temporal and parietal
lobes. When the dura was opened, the underlying brain or

Fig. 2 Representative axial
head computed scans obtained
in a patient with right middle
cerebral artery infarction. a Pre-
operative CT scan demonstrat-
ing the right middle cerebral
artery infarction with midline
shift. b Early post-operative CT
scan demonstrating massive
brain swelling. Radiolucent thin
gel-foam layer can be seen
between the dura and scalp. c
Follow-up CT scan obtained
3 weeks postoperatively, when
massive brain swelling had sub-
sided. d Brain CT scan obtained
after the autologous cranioplasty
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haematoma typically herniated outwards. In MI patients,
cortical resection was not performed. In TBI patients, the
epidural or subdural haematoma was removed but haema-
toma mixed with contused brain parenchyma was not
evacuated. In all patients, artificial dura (Lyoplant; B.
Braun Melsungen AG, Melsungen, Germany) was placed
underneath the incised dura, and secured with several
sutures to allow the brain to herniated outward in a more
controlled manner, and to prevent cortical adhesion. After
insertion of an ICP sensor (Air-pouch system; Spiegelberg,
Germany) at the posterior temporal bone margin for
epidural ICP monitoring, the temporalis muscle and skin
flap were then reapproximated with sutures. Thin large gel-
foam (less than 5 mm thickness and 4×5 cm size) pieces
were placed between the dura and muscle layer for post-
operative bleeding control and prevention of adherence
between the dura and temporalis muscle. This gel-foam
layer facilitated the dissection plane for the cranioplasty to
be performed later.

Postoperative management and additional operation

After the decompressive surgery, conventional medical
management, including hyperosmotic agents, and ventricu-
lar drainage (EVD), were initiated if the ventricular

pressure exceeded 20 mmHg for 2 h. If the ventricular
pressure exceeded 30 mmHg more than 2 h, regardless of
previous mentioned medical therapy, mild hypothermia
(rectal temperature, 32–34°C) a cold blanket and/or
barbiturate coma therapy were initiated.

The bone flap was usually reimplanted 1–3 months
after the craniectomy, having been stored under sterile
conditions at −70°C (Fig. 3). A ventriculo-peritoneal
shunt was performed if the diagnosis of hydrocephalus
was confirmed.

Data collection

Ventricular pressure was monitored using the CPP-monitor
and printed at a speed of 30 cm/hour during and after the
decompression surgery in order to minimise the bias caused
by cerebrospinal fluid (CSF) pulsation. The opening ICP
readings, which were observed after ventricular tapping for
15 min were considered to be the highest sustained
pressures. The ventricular pressure obtained after the
craniectomy and opening of the dura were considered to
be decompressive craniectomy and dura opening ICP,
respectively. The ventricular pressure values were collected
using continuous monitoring during surgery and the post-
operative period (range 2-7 days).

Fig. 3 3D-reconstructed brain CT. Upper: After the initial operation, large bilateral craniectomy defects can be seen. Lower: Views obtained after
cranioplasty performed using autologous bone and bone cement
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The presence of a midline shift was measured by a
neuroradiologist, on CT scans obtained within 3 hours prior
to decompressive craniectomy. This was measured by
observation of the distance of the anterior septum that deviated
from the line between the anterior and posterior edges of the
falx at its attachment to the inside of the calvarium.

Statistical analysis

All data are presented as the mean±SD. Comparisons
between data groups were computed using the ANOVA or
Chi-square tests. And if the ANOVA test showed a
statistical difference, the unpaired T-test was performed
for further analysis. Statistical significance was defined as a
probability value of less than 0.05.

Results

From March 2002 to February 2007, a total of 135 patients
had undergone decompressive craniectomy. Of these, 60
patients were excluded from this study. They included six
patients lost to follow up, four who did not have ventricular
pressure monitoring during and after the decompression
surgery, five of paediatric age (less than 16 years) and 45
having other diseases such as brain abscess or vasospasm
after the aneurysmal subarachnoid haemorrhage. The
remaining 75 patients were included in this retrospective
analysis; 28 patients had severe traumatic brain injury, 24
had a massive hypertensive intracerebral haematoma, and
23 patients have suffered major infarction (Table 1). There
were 52 males and 23 females with a mean age of 54.9
years (range 40–82 years). The age distribution and gender
in each group showed no statistical difference.

Ventricular ICP changes seen in accordance
with decompression steps

The opening ventricular pressures were variable from 13.5
to 85 mmHg. After craniectomy with intact dura, the
ventricular pressure decreased to 53.2 (17.4% of the
opening ICP. After the dura was opened, the ventricular
ICP decreased further to 20.5 (14.9% of the opening
ventricular ICP). Finally the ventricular pressure being
measured in the recovery room was down to 28.2 (24.8% of
the opening ventricular ICP (Table 2 and Fig. 4). Intrace-
rebral haematoma removal in the ICH group showed a
further decrease in the ventricular pressure, ranging from
0 mmHg to 9.5 mmHg.

The amount of ventricular pressure change during
decompression surgery was similar in all study groups.
The opening ventricular ICP did not correlate with the
amount of midline shift, but the amount of ventricular ICP
changes from opening ICP to dura opening ICP was
correlated with the GOS scores. (T=−2.87, p=0.01)

Neurological outcome

The pre-operative clinical condition according to GCS was
similar in all study groups. The clinical outcomes were
evaluated at 6 months after the decompressive surgery by
other neurosurgeons who had no information about the
patients. Mortality was 21.4% in TBI, 25% in ICH and
60.9% in the MI group. A favourable outcome of GOS 4–5
(moderate disability or better) was observed in 16 patients
with TBI, 12 with ICH and seven in the MI group. A poor
outcome was a GOS of 1–3 (death, vegetative state, or
severe disability) and was observed in 12 patients with TBI,
12 with ICH and 16 with MI groups (Table 3).

Table 1 Demographic characteristics of the three different disease groups undergoing decompression surgery

Trauma Haemorrhage Infarction

Number of patients 28 24 23
Age (years)a 52.3±10.3 56.2±10.8 56.7±12.3
Gender (male/female) 21/7 18/6 13/10
Time (hours) to surgeryb 9.6±6.9 8.3±5.0 33.3±22.5
Craniectomy side (Bi-/unilateral) 20/8 18/6 16/7
GCS score at surgerya

More than 8 8 5 10
6–7 8 7 8
3–5 12 12 5
Midline shift (mm) on CT scana 10.0±4.7 13.1±4.3 13.0±3.5
Shunt operation (Incidence) 4 (14.3%) 6 (25%) 0 (0%)

Data presented as mean±SD
aNo statistical difference between the study groups (ANOVA, p>0.05).
b Infarction group shows statistical difference from the other groups (unpaired T-test, p<0.05).
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Time lapse from the symptom onset and decompressive
surgery

The mean time between onset of symptoms and surgery
was 9.6±6.9 and 8.3±5.0 h in TBI and ICH, respectively
whereas for infarction patients it was 33.3±22.5. The
correlation between the time lapse and clinical outcome
shows no statistical significance, in the three groups.

Post-operative complications

A consistent finding was the presence of cerebral oedema
significant enough to result in bulging out of the craniec-
tomy site and some degree of hygroma both conditions
improving spontaneously. (Fig. 2). Five patients (10.2%)
had wound infection after reimplantation of the bone flap
(n=49). There were ten patients (13.3%) who required a
ventriculo-peritoneal shunt for hydrocephalus (Table 1).

Discussion

Over the past two decades, many studies have shown that
decompressive craniectomy is an effective treatment strat-

egy in patients with intractable increased intracranial
pressure caused by a variety of neurosurgical diseases
[2, 17, 19, 20, 24, 29, 44, 51, 53, 58, 60, 70, 75].

Since the brain is encased in the unyielding vault of the
skull, the increased volume of brain and blood result in
increased ICP [10, 11, 35, 57]. Decompressive craniectomy
with dura expansion involves removing a defined portion of
the skull with loose closure of the dura and skin layers. The
surgery is intended to increase the volume of the space
available for expansion of oedematous brain tissue and
thereby increase compliance which will result in a shift to
the right of the pressure-volume curve [10, 16, 18, 35, 39,
43]. This results in effective lowering of the increased ICP,
improvement in cerebral oxygenation and prevention of
secondary brain damage [10, 20, 24, 25, 30, 39, 40, 43, 48,
55, 62, 63].

Early reports of craniectomy, performed as a salvage
procedure for the relief of increased ICP after TBI, were not
promising [9, 27]. According to the Traumatic Coma Data
Bank (TCDB) study, patients with a GCS score of 8 or less
on admission have an overall mortality of 33%, with 14%
in the vegetative state, and only 7% achieving a good
outcome [10, 11, 16, 37].

Recent studies have reported an improved outcome using
decompressive craniectomy after the development of refrac-
tory intracranial hypertension. One to two thirds of the
surviving patients have been reported to have a favourable
outcome and the mortality has been reported as less than 20%
[1, 6, 10, 11, 13, 22, 25, 32, 40, 45, 46, 53, 65, 69, 70].

In our study, decompressive craniectomy was performed
as the first treatment, if the patients had our specific criteria
indicating surgery. The mortality was 21.4% and favourable
outcome was 57.1% in the TBI patients.

Table 2 Ventricular pressure changes during decompression surgery

Trauma Haemorrhage Infarction

Ventricular pressure changes (mmHg)
Opening pressure 37.9±15.9 41.9±14.8 35.3±16.9
After craniectomy 19.4±11.5 23.2±11.3 20.1±12.1
After dura opening 7.9±5.3 7.9±4.9 6.6±5.3
In recovery room 9.2±5.9 6.5±6.4 13.5±11.9

Fig. 4 Graph shows ventricular
pressure changes according to
the stages of decompressive
craniectomy
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Despite the improved control of systemic hypertension,
massive ICH is still one of the most devastating forms of
cerebrovascular disease [4, 74]. Maria et al. reported that
ICP increases again, a few hours after removal of the
haematoma because the heamorrhage itself triggers a series
of negative pathogenic mechanisms, the final result of
which is the loss of cerebral autoregulation and develop-
ment of oedema [34].

The role of surgery in the management of primary
supratentorial ICH has been the subject of controversy for
many years [26, 34, 56, 67, 74]. The aim of surgery is to
reduce the mass effect on the brain resulting from both
haematoma as well as post-haemorrhagic oedema [34].

In our study, the mortality and favourable outcome in
massive ICH patients were 25% and 50%, respectively. The
authors feel that early decompressive craniectomy in
massive ICH patients could improve the mortality and
clinical outcome.

“Malignant or major” middle cerebral artery (MCA)
infarction is defined as an infarction of at least two thirds or
more of the MCA territory [15, 52, 61]. These complete
MCA infarctions are life-threatening and occur in up to
10% of all stroke patients. Most of these patients will
experience associated unilateral brain swelling and brain
distortion which may lead to transtentorial herniation and
has an 80% mortality rate [3, 8, 15, 20, 28, 55, 61, 70].

Surgical decompression accompanied by removal of
infarcted brain areas or mass lesions has previously been
shown to be effective in selected patients with cerebellar
lesions [23, 29, 30, 33, 47, 67]. A recent literature review
concluded that the significant mortality rate reduction
(studies reporting a 40–50% reduction in mortality rate), a
wide therapeutic window (2–5 days), and a low incidence
of intraoperative complications make decompressive cra-
niectomy a relevant treatment in patients with a major
infarction [15, 17, 20, 21, 28, 48, 52, 54, 55, 61, 70]. The
recent reports on this subject have found that most clinical
series have a more favourable surgical outcome [8, 21, 42,
48, 52, 55, 61, 70, 72]. A displacement of brain tissue
caused by increased ICP is probably the most likely cause
of the initial decrease in consciousness and further
neurologic deterioration [20]. Decompressive craniectomy

increase the space available for upward and outward brain
shift and prevents brain stem compression [20, 43, 46]. This
surgical procedure has been shown to reduce the patient
mortality from 80% in conservatively treated patients to
between 20%-35% in surgically treated patients [30, 52, 54,
66, 71, 75]. Schwab et al. [55], showed that severe
handicap occurred in only 13% of patients, and Carter et
al. [7], reported a favourable outcome in 72% at 1 year
follow up. Another recent report, emphasises that decom-
pressive craniectomy within 48 h of the onset of malignant
MCA infarction increased the number of patients with a
favourable functional outcome [68].

In our study, mortality was 60.9% and favourable
outcome was only 30.4% in patients with major infarction.
The authors thought that in our study, decompressive
craniectomy was delayed until the neurological condition
matched the surgical indication (GCS less than 8) and this
delayed surgical time may have resulted in a poor clinical
outcome than prior studies that performed decompressive
surgery earlier [15, 20, 21, 30, 52, 55, 66].

In our opinion, the surgical indication which was
followed in this study (GCS score less than 8) caused
delay and earlier surgical intervention should be performed
for the better neurologic outcome in major infarction
patients. A well planned prospective study is needed to
established the optimum surgical timing and avoid unnec-
essary operation in major infarction patients.

The ventricular ICP changes during decompression
surgery were similar with our previous report [73]. There
are many controversies concerning the correlation between
the ICP and midline shift [10, 21, 28, 43, 54, 75].
According to the data reported by Eisenberg et al. [14],
midline shift is a very strong predictor of abnormal ICP, and
the risk of death is greater as the midline shift becomes
larger. Conversely, the investigations of Miller et al. [41]
and Tabaddor et al. [64], found no correlation or only a
poor correlation between midline shift and ICP. In our
study, the opening ventricular ICP was not correlated with
the amount of midline shift and the clinical outcomes.

The incidence of hydrocephalus after severe head trauma
or in patients with major infarction, who underwent
decompressive surgery, has been reported to range from
0.75% to 20%. However, the diagnosis of true hydroceph-
alus is not always simple [18, 36, 38]. In our study, the over
all incidence of shunt surgery for hydrocephalus after
decompressive craniectomy was 13.3%.

Conclusions

In patients with a comparable neurological status, decom-
pressive craniectomy with dural expansion was more
effective in patients with traumatic brain injury and massive

Table 3 Comparison of GOS scores between the groups

No. of patients Favourable outcome Unfavourable outcome

Group (GOS Score 4–5) (GOS Score 1–3)
Trauma 16 (57.1%) 12 (42.9%)
Haemorrhage 12 (50.0%) 12 (50.0%)
Infarction 7 (30.4%) 16 (69.6%)

Statistical difference between groups according to the chi-square test
{2=0.344>2.135 [2 for = 0.05]}.
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intracerebral haemorrhage than those with major infarction.
For patients with severe traumatic brain injury or massive
intracerebral haemorrhage, decompressive craniectomy was
a good first treatment modality. For patients with major
infarction, surgical management should be attempted as
early as possible.
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Comment

“This study aims to add to the now extensive literature on
observational series following decompressive craniectomy. It provides
further data with good numbers but does attempt to pool results from
three different indications with concerns over pooling of ICP data.
While the indications for this operation following malignant middle
cerebral artery infarction have become more clearly defined following
the publication of the combined results of the DESTINY, DECIMAL
and HAMLET studies in Lancet Neurology (March 2008), the
randomised studies addressing the role of decompressive craniectomy
following traumatic brain injury are on-going (www.RESCUEicp.
com, DECRA)”

Dr. Hutchinson
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