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Abstract
Objectives: The aim of this study was to test the hypothesis that decompressive hemicraniectomy
(DHC), compared with craniotomy with evacuation of hematoma, and would improve clinical
outcomes of patients with supratentorial intracerebral hemorrhage (SICH). Methods: We compared
patients (November 2008–February 2014) with supratentorial ICH treated with DHC without
hematoma evacuation and craniotomy with hematoma evacuation. DHC measured at least 150 mm
and included opening of the dura. We analyzed clinical, radiological, and surgical characteristics.
Outcome at 6 months was divided into good (modified Rankin Scale 0–4) and poor (modified
Rankin Scale 5–6). Results: Fifteen patients (mean age 58 years) with ICH were treated by DHC.
Median hematoma volume was 61 ml and mean preoperative Glasgow Coma Scale (GCS) was 7.
Ten patients had good and five had poor outcomes. In hematoma evacuation group 29 patients were
treated. Median hematoma volume was 55 ml and mean preoperative Glasgow Coma Scale (GCS)
was 8. Seventeen patients had good and twelve had poor outcomes. Conclusions: DHC is more
effective than hematoma evacuation in patients with SICH. Based on this small cohort, DHC may
reduce mortality. Larger prospective study is warranted to assess safety and efficacy.
Introduction
Decompressive hemicraniectomy (DHC) is
applied for space-occupying lesions such as
major ischemic stroke, cerebral sinus venous
thrombosis,
aneurysmal
subarachnoid
hemorrhage, and traumatic brain injury.1-4 DHC
is performed to prevent raised intracranial
pressure. Of the few published reports on DHC
in intracerebral hemorrhage (ICH), most of the
reports focus on a combined treatment of
hematoma evacuation plus DHC.5–9 Reports on
DHC as the only treatment for ICH are rare, and
the surgical decompression in these cases was
smaller than a standardized DHC.10 The

rationale for evacuation of ICH is to prevent the
toxic effects of hematoma degradation and the
mechanical complication of mass effect.11
Because DHC beneficially addresses mass
effect, we evaluated whether DHC of sufficient
size without clot evacuation is safe and feasible
in patients with ICH.
Non traumatic SICH represents 10%-15% of all
strokes and often carries a poor prognosis.
12,13,14 In general, we consider surgical
intervention for patients who are relatively
young; who have a large, symptomatic SICH;
who have some preservation of brainstem
function; and who can undergo surgery very
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soon (within a few hours at most) after their
initial neurological deterioration. Under these
circumstances, we operate on deep basal
ganglia hemorrhages and on more superficial
lobar hemorrhages. Unfortunately, even among
this select group of patients, clinical outcomes
remain poor.
Thus, the neurosurgical community continues
to seek ways to improve outcomes for the
subset of patients who meet the criteria for
surgical evacuation. Clinical and laboratory
research has demonstrated that SICH is
followed by injury to the surrounding brain;
this secondary injury might result from various
mechanisms including excitotoxicity, direct
toxicity
of
the
hematoma,
and
inflammation.15,16 These various forms of
secondary injury cause cytotoxic edema, which
can cause increased mass effect and tissue
damage. On the basis of these studies and our
own observations of the occasional need for
further surgery after evacuation of SICH via
small craniotomies, we hypothesized that
surgical treatment for SICH might be optimized
by larger DHCs, analogous to the treatment of
mass effect caused by cytotoxic edema in the
setting of head trauma and ischemic stroke. To
test this hypothesis, we performed a
retrospective chart review to compare
outcomes after DHC and evacuation of SICH
with craniotomy and replacement of the bone
flap.
Materials and methods
We identified 44 patients with supratentorial
SICH who had undergone DHC (15 patients)
and hematoma evacuation (29 patients) during
2008-2014. According
to
review
of
preoperative CT images, patients were
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classified as having had basal ganglia or lobar
hemorrhage. Review of medical records and
CT images provided preoperative and
intraoperative clinical data and postoperative
outcome data. To determine the hematoma
volume and maximal midline shift, we
reviewed radiologists’ reports, when the
midline shift was not specified in a report, it
was measured at the foramen of Monro by
using digital measuring tools available on our
viewing software.
Surgical Procedures
For craniotomy and evacuation case, the goal
was evacuation of the hemorrhage, usually
assisted by microscope. Endoscopic procedures
and stereotactic guided hematoma aspiration
were not performed during the study period.
For all cases of basal ganglia hemorrhages were
approached by using the operating microscope.
The small craniotomies were generally
standard pterional craniotomies intended to
facilitate exposure of the sylvian fissure;
Patients who underwent DHC only, without
evacuation of the hematoma, the DHCs were
generally trauma-type flap intended to
maximize decompression of the cerebral
hemisphere. The opening of the dura was
performed in a stellate fashion, and the exposed
brain was covered by augmentive duraplasty
with Galea Aponeurotica.
Results
During the study period, 15 patients were
treated with DHC without clot evacuation for
spontaneous supratentorial ICH. Mean age was
58 years, and 11 patients were male and 4
patients were female. The hemorrhage
lateralized to the left in 10 patients and to the
right in 5 patients, The ICH was lobar in 7
17
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Table I: Mean distribution of volume in different location between two groups

Location

Decompressive hemicraniectomy
Mean±SD

Haematoma evacuation
Mean±SD

Basal ganglia (BG)

58.75±10.31

56.26±10.79

Lobar

65.42±23.15

50.66±50.66

Table II: Mean variables

Decompressive
hemicraniectomy
Mean±SD

Haematoma evacuation
Mean±SD

Volume

61.86±17.17

55.68±10.43

Midline shift

10.80±3.16

10.79±1.82

Admission GCS

7.93±3.12

8.10±2.51

Discharge GCS

5.13±3.06

5.13±4.20

6 month FU mRS

3.26±1.90

4.10±1.89

Table III : Outcome between two groups

Group

Haematoma P value
Decompressive hemicraniectomy evacuation
mRS
Total

18

0-4

10

12

5-6

5

17

15

29

0.112
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Table IV: Summary of literature on hematoma evacuation and DHC in SICH.
No. of
cases

Dominant
side

>60ml

mortality

Term

Good
outcome

Term

Dierssen et al.,
1983

73

53%

unknown

33%

2 yrs

45%

2yrs

Ma et al., 2010

38

unknown

unknown

32%

1 month

55%

6 months

Maira et al.,
2002

15

unknown

unknown

20%

1 yr

73%

1 yr

Murthy et al.,
2005

12

8%

67%

8%

discharge

50%

17 months

Present series

29

44%

32%

41%

6 months

41%

6 months

Ramnarayan et
al., 2009

23

43%

30%

13%

3 months

56%

3 months

Fung et al.,
2012
Present series

12

58%

50%

25%

6 months

50%

6 months

10

66%

60%

26%

6 months

33%

6 months

Authors
& year
Hematoma
evacuation

DHC

patients and basal ganglia in 8 patients. On
admission mean GCS score was 7 (range 5-13),
mean hematoma volume was 61 ml (range
35-90 ml), mean midline shift was 10 mm
(range 6-16mm). 29 patients were treated with
craniotomy and clot evacuation for
spontaneous supratentorial ICH. Mean age was
57 years, and 18 patients were male and 11
patients were female. The hemorrhage
lateralized to the left in 13 patients and to the
right in 16 patients. The ICH was lobar in 3
patients and basal ganglia in 26 patients. On
admission, the mean GCS score was 8 (range
5–13), and the mean ICH volume was 55 ml
(range 42–82 ml), the mean midline shift was
10 mm (range 8–16 mm).
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Outcome
Outcome was assessed by the modified Rankin
Scale, when patients returned to our outpatient
clinic after 6 months. Good outcome was
defined as modified Rankin Scale of 0 to 4 and
bad outcome as modified Rankin Scale of 5-6.
Ten patients (66%) in the DHC group had good
and 5 (34%) had poor outcome. In hematoma
evacuation group, 12 patients (41%) had good
and 17 patients (59%) had poor outcome.
Mortality in DHC group was 26% and in
evacuation group was 41%.
Discussion
ICH is devastating with mortality rates up to
44% at 30 days.17,18 Despite the International
Surgical Trial in Intracerebral Haemorrhage
19
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(STICH), surgical treatment in ICH remains a
matter of debate and attempts to improve
outcome using surgical therapy are ongoing.
Trauma of open craniotomy and especially
trauma to the brain parenchyma for hematoma
evacuation were considered to outweigh the
benefits of surgery.19 Therefore, many efforts
were made to minimize the invasiveness of
operative procedures related to clot
evacuation.20-22 Driven by recent promising
results of DHC in ischemic stroke, DHC could
also be promising for treatment of
space-occupying ICH. Advantages of DHC
include no trauma to brain, ease and speed of
the procedure and no issues of brain
parenchymal hemostasis.
Complications
Complications in DHC group were observed in
5 of 15 patients. Among 5 patients, 2 patients
had subdural hygroma, 2 of them had increased
hematoma and perihemorrhagic edema and 1
developed
hydrocephalus.
Similar
complications have been reported after DHC
and are probably not specifically related to
DHC in ICH.23,24 Complications in hematoma
evacuation group were observed in 8 patients. 4
of them rebled with increased size of
hematoma, 2 developed hydrocephalus and 2
developed brain swelling following hematoma
evacuation. In addition, 15 medical
complications occurred in both group (6 in
DHC and 9 in evacuation). However, such
medical complications are common in a
neurointensive care unit. Our results show that
DHC after ICH is feasible and may also be safe.
There were no deaths related directly to surgery
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and all complications were manageable without
long-term sequelae. Besides hematoma
volume, perihemorrhagic edema may cause
secondary deterioration of ICH patients.
Kollmar et al showed that mild hypothermia
prevented the increase of edema25 and Zazulia
et al26 reported an increase in edema formation
measured by an increasing midline shift.
Although the direct effect of DHC on
perihemorrhagic edema remains unknown, our
data show that DHC significantly reduced
midline shift, thereby possibly counteracting
the space-occupying effects of the hematoma
and edema formation.
The limitations of our study are its
retrospective design, the small sample size, and
the heterogeneity of the patient with respect to
the origin of ICH. Nevertheless, our
preliminary results are encouraging and justify
the initiation of a prospective study.
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