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Objective : Massive intracerebral hemorrhage (ICH) and major infarction (MI) are devastating cerebral vascular diseases.
Decompression craniectomy (DC) is a common treatment approach for these diseases and acceptable clinical results have been
reported. Author experienced the postoperative intracranaial pressure (ICP) trend is somewhat different between the ICH and MI
patients. In this study, we compare the ICP trend following DC and evaluate the clinical significance.
Methods : One hundred forty-three patients who underwent DC following massive ICH (81 cases) or MI (62 cases) were analyzed
retrospectively. The mean age was 56.3±14.3 (median=57, male : female=89 : 54). DC was applied using consistent criteria in both
diseases patients; Glasgow coma scale (GCS) score less than 8 and a midline shift more than 6 mm on brain computed tomography.
In all patients, ventricular puncture was done before the DC and ICP trends were monitored during and after the surgery. Outcome
comparisons included the ictus to operation time (OP-time), postoperative ICP trend, favorable outcomes and mortality.
Results : Initial GCS (p=0.364) and initial ventricular ICP (p=0.783) were similar among the ICH and MI patients. The postoperative
ICP of ICH patients were drop rapidly and maintained within physiological range if greater than 80% of the hematoma was
removed. While in MI patients, the postoperative ICP were not drop rapidly and maintained above the physiologic range (MI=18.8
vs. ICH=13.6 mmHg, p=0.000). The OP-times were faster in ICH patients (ICH=7.3 vs. MI=40.9 hours, p=0.000) and the mortality rate
was higher in MI patients (MI=37.1% vs. ICH=17.3%, p=0.007).
Conclusion : The results of this study suggest that if greater than 80% of the hematoma was removed in ICH patients, the
postoperative ICP rarely over the physiologic range. But in MI patients, the postoperative ICP was above the physiologic range for
several days after the DC. Authors propose that DC is no need for the massive ICH patient if a significant portion of their hematoma
is removed. But DC might be essential to improve the MI patients’ outcome and timely treatment decision.
Key Words : Cerebral infarction ∙ Decompressive craniectomy ∙ Intracranial hemorrhage ∙ Intracranial pressure ∙ Neurologic
outcome.
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INTRODUCTION
Massive intracerebral hemorrhage (ICH) with hematoma’s
larger than 80 mL, and major infarction (MI) with more than
2/3 of middle cerebral artery (MCA) territory or MCA or intracarotid artery occlusion, are devastating cerebral vascular
accident12,16). The management of massive brain swelling
caused by ICH or MI, remains an unsolved problem in the
field of neurology. Because elevated intracranaial pressure
(ICP) is a major predictor of secondary brain injury and poor
outcome in these patients, it seems logical to do maximum effort toward preventing intracranial hypertension is warranted1,3,4,12,16,19,21,22,27,29,31,34,38-40). Many reports focused on the treatment of ex treme cases of massive ICH or MI, using
decompression craniectomy (DC), show that it is effective in
managing the uncontrolled increased ICP and acceptable clinical outcome has been reported1,3,11,16,19,21,23,27,29,34,38-40).
Since the brain is encased in the unyielding vault of the
skull, the increased volume of brain and blood due to cerebrovascular accident causes results in increased ICP. DC remove
the large areas of the skull bone, and convert the intracranial
space as a ‘closed box’ with a finite volume into an ‘open box’
and thereby increases compliance that will shift to the right of
the pressure-volume curve4,9,18,22-25,34,36,38,42). These pathophysiological processes result in effective lowering of the increased

ICP, improvement in cerebral perfusion and prevention of
secondary brain damage.
Many previous studies have reported on the benefits and
limitations of DC in various neurosurgical diseases, such as
ICH, MI, subarachnoid hemorrhage (SAH), traumatic brain
injury (TBI) and others. Postoperative monitoring of ICP in
TBI is recommend for the timely and proper additional treatment decision 21,42). In authors’ institutes DC surgery performed frequently on various neurosurgical diseases, and reported treatment effect of DC on various neurosurgical
diseases22,42). In this study, authors would like to compare the
postoperative ICP trend in massive ICH and MI following DC
surgery and clinical significance of postoperative ICP monitoring in these patients.

MATERIALS AND METHODS
The treatment protocol (Fig. 1) was approved by our institutional review board. All patients or their representatives provided informed written consent for surgical management.
This study is a retrospective observatory data analysis, comparing the time to operation-time (OP-time), postoperative
ICP trend, and clinical outcomes between the ICH and MI
patients with DC.

Intracerebral hemorrhage
major infarction

Initial GCS>8, and
(-) IICP sign on brain CT

Medical treatment
: general supportive cares head up
position, analgesics and sedatives,
hyperventilation, osmotics and diuretics,
moderated hypothermia

Initial GCS≤8, and/or
(+) IICP sign on brain CT

ICP>25 mmHg

Decompressive craniectomy
: stupors mental status (GCS≤8), space
occupying lesion ≥30 mL, midline shift ≥6 mm,
obliteration of cistern structures
ICP>15 mmHg
Osmotic agents±CSF drainage
ICP>25 mmHg
Moderate hypothermia, coma Tx,
→ if needed
additional opposite side decomoressive
craniectomy

Fig. 1. Treatment protocol outline. GCS :
Glasgow coma scale, IICP : increased intracranaila pressure, CT : computed tomography,
ICP : intracranaila pressure, CSF : cerebrospinal ﬂuid, Tx : treatment.
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Patient selection
One hundred forty-three patients who underwent DC following massive ICH (81 cases) and MI (62 cases) were analyzed retrospectively (Table 1). Mean patients’ age was
56.3±14.3 (median=57) and male to female ratio was 89 : 54.
Unilateral and bilateral DC was applied in 97 cases and 46
cases, and repeated surgery was done 7 cases for removing the
remained ICH (with 4 ending in death and the remaining 3
considered unfavorable). In MI patients, if the postoperative
ICP increased high, additional medical treatment and metabolic therapies (hypothermia or coma therapy) applied rather
than reoperation. But in 6 cases of MI patients, additional DC
of the opposite side after initial DC was done, in these 6 cases
data were not included in this analysis, because their operation indication were not constant and hard to analyze clinical
result (with 3 ending in death and the remaining 3 considered
unfavorable).

Surgical indication for decompressive craniectomy and postoperative management
DC was indicated in cerebrovascular patients with Glasgow
coma scale (GCS) score less than 8 due to an intracerebral
hemorrhage with a volume of over 80 mL, and a midline shift
greater than 6 mm due to massive brain swelling and/or obliteration of cistern structures on computed tomography scan
because of increased ICP. DC surgery was performed as an
initial treatment option in ICH patients and it as an additional
treatment after medical treatment in MI patients. Patients
manifesting other systemic disease (such as malignancy, severe heart problems, etc.), GCS score of 3, no self-respiration,
and family refusing aggressive treatment, were excluded from
this study42). After DC surgery, ICP targeted conventional
medical management included hyperosmotic agents, and if
ventricular pressure exceeded 15 mmHg, opened the extraventricular drainage (EVD). And if the ICP was over 25
mmHg, tied metabolic therapy, or reoperation for ICH, or opposite side DC were attempted.

Table 1. Patients clinical features and clinical outcomes

Major infarction

Massive ICH

Total cases

62

81

143

Patients no.
Age (years)
Male sex
OP-time

57.2±13.3 (56)
30 (48.4)
40.9±44.9 (31.5)

Initial GCS

6.7±1.7

55.6±14.9 (57)
59 (72.8)
7.3±3.4 (6.0)
6.4±2.0

56.3±14.5 (57)

p-value
0.652

89 (62.2)
26.3±37.7 (16.0)
6.5±1.9

0.001
0.694

Initial ICP (mmHg)

32.3±18.2 (27.4)

45.2±18.7 (42.0)

37.8±19.4 (32.0)

0.783

Post-OP ICP (mmHg)

18.8±15.5 (11.8)

13.6±9.9 (11.3)

15.9±12.8 (11.4)

0.000

Midline shift (mm)

12.3±5.0 (12.0)

13.2±3.6 (13.0)

12.7±4.4 (13.0)

0.394

GOSE
8

4

2

6

7

9

10

19

6

7

7

14

5

3

15

18

23 (37.1)

34 (42.0)

57 (40.0)

4

4

12

16

3

11

13

24

2

1

8

9

Unfavorable

16 (25.8)

33 (40.7)

49 (34.3)

1=dead

23 (37.1)

14 (17.3)

37 (25.9)

Favorable

0.163

0.007

Values are presented as mean±standard deviation (median) or number (%) unless otherwise indicated. ICH : intracerebral hemorrhage, OP-time : time
from ictus to operation, GCS : Glasgow coma scale, ICP : intracranaial pressure, Post-OP : post-operation, GOSE : Glasgow outcome scale extend
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Surgical procedures

Data collection and neurologic evaluation
Data collected included age, sex, initial GCS, initial ICP,
postoperative ventricular ICP, and clinical results. Initial ICP
was defined as the intracranial pressure immediately following ventricular puncture. Postoperative ICP data were collected every two hours for at least 3 days after the surgery (range,
3–10 days).
Neurologic outcomes were evaluated at 6 months after the
initial treatment by a neurosurgeon who was not involved in
the patients’ initial management. Neurologic outcomes were
quantified using the extended Glasgow outcome scale (GOS)
(favorable outcome : Glacow outcome scale extented [GOSE]
5–8; unfavorable outcome : GOSE 2–4 and mortality rate).

Statistical analyses
All data are presented as the mean±standard deviation and/
or the median. A Wilcoxon signed-rank sum test was used to
analyze GCS and GOSE. Comparisons among CPP grading
values were computed using the unpaired t-test and Fisher exact test. Statistical analyses for each outcome were analyzed
with SPSS software version 12 (SPSS Inc., Chicago, IL, USA).
For all statistical analyses, significance was defined by a p≤
0.05.

100

100

80

80

Intracranial pressure (mmHg)

Intracranial pressure (mmHg)

In all patients, operations were carried out under general
endotracheal anesthesia and in the supine position. The ventricular puncture was routinely performed at Kocher’s point
on the right side but left side ventricle was punctured when
the hematoma or massive brain edema placed on the right
side, if it make difficult to right side ventricular puncture. The
EVD tube (EVD catheter; Yushin Medical, Seoul, Korea) was
connected to the continuous monitor (CPP-monitor; Spiegelberg, Munich, Germany) via a transducer device (Druckmeßset; Smiths industries, Munchen, Germany). A large bicoronal
or unilateral skin flap was made according to the underlying
pathologic brain condition. After the initial ventricular ICP
was stabilized, the burr holes were connected with a pneumatic saw and the bone flap with a diameter of at least 15×12
cm was subsequently removed. Additional bone was removed
at the temporal region to the floor of the middle fossa (Fig. 2)
as far as the surgical position permitted. After the craniectomy was completed, the dura was opened in a large cruciated
or curved Z-shaped incision, in the areas involving the frontal,
temporal and parietal lobes. In all patients, artificial dura was
placed underneath the incised dura, securing it with several
sutures, to allow the brain to herniate outward in a more controlled manner. And thin surgicel pieces were placed between
the skin f lap and dura to prevent cortical adhesion and it
make easy to dissection for later cranioplasty. The temporalis
muscle and skin f lap were then reapproximated with sutures8,23,38,42). Typically, the bone flap was maintained in wet

gauze at -70°C until reinsertion, which occurred 1–3 months
after the initial surgery. This study was not a randomly controlled trial and the decision to apply unilateral or bilateral
DC was determined by the operating surgeon.

60

40

20

40

20

0

A

60

0

Post-operative time lapse (hours)

B

Post-operative time lapse (hours)

Fig. 2. Postoperative intracranaial pressure trends. A : Intracerebral hemorrhage. B : Major infarction. Red line : expired patients, Dotted line : reoperation cases.
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RESULTS
Compare the initial clinical features between the
MI and ICH patients
The initial clinical features were similar among both groups
(Table 1). Age (years) was 57.2±13.3 years (mean=56.0) in MI
patients and 55.6±14.9 years (mean=57.0) in ICH patients
(p=0.652). Initial GCS was 6.7±1.7 in MI patients and 6.4±2.0
in ICH patients (p=0.364). Initial ventricular ICP was
32.3±18.2 mmHg (mean=27.4) in MI patients and 45.2±18.7
mmHg (median=42.0) in ICH patients (p=0.783).

Compare the OP-time, postoperative ICP trend
and clinical outcomes between the MI and ICH
patients
The OP-time, time lapse from ictus to DC was significantly
different among the two groups (40.9 ±44.9 hours; median=31.5, MI patients vs. 7.3±3.4 hours; median=6.0, ICH patients, p=0.000).
The postoperative ICP values of ICH patients were maintained within the physiological range if greater than 80% of
the hematoma was removed. In MI patients, however, the
postoperative ICP values were higher on average (18.8 mmHg,
MI patients vs. 13.6 mmHg, ICH patients, p=0.000) and more

A

B
Fig. 3. 3-dimensional brain computed tomography after craniectomy. A : Bilateral decompression. B : Unilateral decompression.
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irregular than ICH patients (Fig. 2).
The mortality rate was higher in MI patients (MI patients=37.1% vs. ICH patients=17.3%, p=0.007) than ICH patients, but the likelihood of favorable outcomes was not significant different among the two groups (p=0.163).

Compare the clinical outcomes between the unilateral and bilateral DC surgery patients
Ninety-seven patients underwent unilateral DC and 46 patients underwent bilateral DC (Fig. 3). Initial neurologic status
evaluated by GCS was similar among the groups (GCS=6.6 in
unilateral DC vs. GCS=6.3 in bilateral DC, p=0.810). And
when clinical outcomes were compared, the likelihood of a favorable outcome (χ2, p=0.207) was not significantly different
among the two groups. Mortality, however was significantly
higher in bilateral vs. unilateral DC patients (χ2, p=0.000).

DISCUSSION
Many authors have reported on the benefits and limitations
of DC in patients with various neurosurgical diseases, such as
ICH11,29,38,40), SAH5,6,14,30,33,35,36), MI1,16,19,21,23,34,39), and severe
TBI4,8,10,17,23,36). In authors’ institutes DC performed on various
neurosurgical diseases for the management of increased
ICP22,42).
DC involves removal of the large areas of the calvarium, and
converting the intracranial space from a ‘closed system’ with a
finite volume into an ‘open system,’ thereby shift to the right
of the pressure-volume curve and improve the brain physiology4,9,18,22-25,34,36,38,42). These pathophysiological processes result
in effective lowering of increased ICP, improvement in cerebral perfusion and prevention of secondary brain damages4,9,10,13,15,18,23,34,36,38,41). Some reports indicate that DC might be
more effective in MI than TBI patients, because the biomechanics of TBI may be more diffuse than that of MI. But according to the author’s previous report, DC surgery was found
to be more effective in patients with ICH and TBI than MI22).
Massive ICH, MI and SAH are devastating cerebral vascular
accident associated with high mortality and morbidity, despite
optimum management2,3,16,37). In this analysis, postoperative
ICP trend of the ruptured SAH was not include. Because some
SAH patients developed vasospasm 5–7 days after the initial
operation, the ICP trend hardly saved for the limitation of

EVD maintenance duration. And it was difficult to evaluate
the clinical outcome, because it was influenced mainly not by
ICP rather by delayed neurologic deficit caused from vasospasm.
In massive ICH patients, the postoperative ICP dropped
rapidly and maintained within the physiological range after
DC surgery if the hematoma was removed more than 80%.
However, in patients with postoperative ICP exceeding 25
mmHg, an insignificant amount of the hematoma was removed (less than 80%), increased hematoma amount by rebleeding or massive brain swelling caused by hematoma contents. In 7 ICH patients, hematoma was not removed enough
(less than 80%) required second operation to remove the remained hematoma because of high postoperative ICP trend.
Despite the improved control of systemic hypertension,
massive ICH is still one of the most devastating forms of cerebrovascular disease5,27,29,44). According to the previous clinical
and animal study reports, that ICP increases for 3 days again
after a few hours after removal of the hematoma because the
hemorrhage itself triggers a series of negative pathogenic
mechanisms and brain edema, the final result of which is the
loss of cerebral autoregulation and development of edema7,9,12,20,27,28). Besides hematoma volume, perihemorrhagic
edema may cause secondary deterioration of ICH patients32,43).
Driven by recent promising results of DC in ischemic stroke,
DC could also be promising for treatment of space occupying
ICH12,19,39). Our results show that in ICH patient treated with
DC surgery, postoperative ICP trend remain stable and within
the physiologic range with conventional additional medical
management if the hematoma removed greater than 80%.
While in MI patients, the postoperative ICP did not
dropped as rapidly as the ICH patients and usually it was
maintained above the physiologic level for several days after
DC. Postoperative ICP trend in MI patients was a good indicator for the additional treatment application, such as hyperosmotic diuretics, cerebrospinal fluid drainage, or metabolic
therapy.
According to previous papers, MI is accompanied by a vicious cycle where ischemic insult leads to further edema, and
thus to increases the ICP and reduction of regional cerebral
blood flow26,34). Patients with malignant MCA infarction in
who DC was undertook within 48 hours of stroke onset, experience reductions in mortality and an increase in the likelihood of a favorable functional outcome3,16,26,38). ICP should be
J Korean Neurosurg Soc 61 (1) : 42-50
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monitored in patients undergoing DC to better understand
the ongoing risk of cerebral edema, herniation and timely application of additional treatment.
There is a possibility that surgical decompression raises the
risk of rebleeding, particularly in DC patients showed increasing hematoma following surgery12). In our study, some patients
showed hematoma regrowth in ICH patients and hemorrhagic
transformation in MI patients but the risk of hematoma enlargement or formation were within the natural course12).
Until now, there were no reports comparing the effectiveness between unilateral and bilateral DC. Our study was not
intended to compare the effectiveness of unilateral or bilateral
DC. And the unilateral or bilateral DC was decided by the operating surgeon, not by randomized method. Unilateral DC
was applied in 97 cases, while bilateral DC was applied in 46
cases. The initial GCS was not different between the unilateral
and bilateral DC patients, but the clinical outcomes were better in unilateral DC patients. We can’t conclude the superiority
of the unilateral or bilateral DC surgical methods. But we
would like to hypothesize that massive ICH or MI, most significant ICP might be developed at the basal ganglia and tempo-parietal lobe, that cause increased ICP was focused on one
side (not diffuse), so wide decompression on the pathologic site
might be more important than total area of decompression.
There are several limitation to this study, it was a retrospective, observational study with a small number of patients and
did not include a control group, precluding generalization of
these findings to all patients who undergo DC following ICH
or MI. On this paper, author can’t prove the significance of
hematoma removal more than 80%, because of the case limitation of this study (reoperation cases was 6 patients) and ICH
patients with small amount (about 30–80 mL hematoma volume) undertook hematoma puncture with catheter or hematoma remove operation without monitoring. Nevertheless, we
suspect that this study can valuably contribute to discussions
regarding the clinical significance of postoperative ICP monitoring in patients with massive ICH and MI.
According to our findings, if a significant enough portion of
the hematoma is removed from patients experience ICH, craniotomy can be applied rather than craniectomy. Additionally,
if the postoperative ICP increases again after a stable period,
additional medical treatment and/or additional DC surgery
should be considered. From this study, authors suggest that in
increased ICP patients with cerebral vascular disease, wide
48
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unilateral craniectomy with sufficient temporal base decompression is more important than total area of decompression.

CONCLUSION
From this study, the observed trends in postoperative ICP
were different between ICH and MI patients. In massive ICH
patients, the postoperative ICP values dropped rapidly and
were maintained within physiologic levels if a significant
enough portion (more than 80%) of the hematoma was removed during DC. In such ICH cases, authors recommend
craniotomy rather than craniectomy. While in MI patients,
postoperative ICP values did not drop as rapidly as ICH patients and in most cases required additional treatment. Postoperative ICP monitoring was useful to decision making for
the additional treatment.
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