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Hemorrhagic stroke is currently the most common cause of disability and results
in high mortality compared to ischemic stroke. Surgical technique for treating supratentorial
spontaneous intracerebral hemorrhage are varied. There are two procedure that still
controversial which are decompressive craniectomy and craniotomy osteoplasty. In this
study, we performed meta analysis to compare functional outcome between two procedures
in managing spontaneous supratentorial intracerebral hemorrhage. We performed systematic
electronic searching in PubMed database. We included all full-text study in Bahasa or
English. Glasgow Outome Scale was used to compared functional outcome between these two
procedures. Meta analysis was performed using software Review Manager 5.3. We found five
eligible articles that met our inclusion and exclusion criteria. We performed meta analysis with
random effect model because of high heterogeneity between studies (12 = 85%; X2 = 26.47). We
found that pooled risk ratio between decompressive craniectomy and craniotomy osteoplasty
on poor outcome was 1.12 (p = 0.30; 95% CI: 0.90 - 1.41). There is no superiority between
both procedures regarding management of acute spontaneous supratentorial intracerebral
hemorrhage.
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Hemorrhagic stroke is a major cause
of long-term disability and is associated with
higher mortality compared to ischemic stroke.'
Arteriosclerotic hypertension is the most common
cause of primary hemorrhage followed by other
causes such as vascular malformations and amyloid
angiopathy.? Clot evacuation is the treatment of
choice in indicated patients. Evacuation of clot
is favourable because the rationale to prevent the

toxic effects of clot degradation and the mass effect
of hematoma.’

Operative treatment provide favourable
outcome compared to conservative treatment
in patients with indication. The indication are
patients with presenting GCS*~ 8, volume of 31
— 60 ml, presence of midline shift more than 5
mm, an intraventricular extension, and without
pupillary asymmetry.* Surgical treatment was also
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reported capable to reduce short term and long term
mortality compared to conservative treatment.’

Craniotomy with hematoma evacuation
is preferred for the surgical management of ICH
because it provides favourable clinical outcome
in patients with supratentorial spontaneous
intracerebral hemorrhage (sICH).® However,
evacuation of hematoma alone may not be enough
to relieve intracranial hypertension. The ICP can
increase again and reach pathological value after
hematoma evacuation because of loss of cerebral
autoregulation.’

Decompressive craniectomy also seems
to provide promising result regarding management
of supratentorial SICH.*'* DC was able to reduce
rate of in-hospital mortality and provide better
functional outcome compared to non operative
patients.®* However, the benefits of DC must be
weighed against the risks. Various complications
can occur after DC. They are epidural and subdural
hematomas; subdural effusions or hygromas;
brain herniation, wound infection and prolong
healing; hydrocephalus; trephined syndrome;
bone flap resorption and others. Survivors have to
undergo a second surgical intervention to repair the
cranial defect (cranioplasty) after decompressive
craniectomy. '’

However, the superiority between
these procedures is still controversial in treating
supratentorial SICH. This study aimed to compare
the functional outcome between two procedures in
managing supratentorial sSICH through systematic
review and meta-analysis.

METHODS

Eligibility Criteria

The eligibility criteria for the included
studies are based on the PICO framework. The
PICO criteria can be seen in Table 1.

We included all studies comparing
decompressive craniectomy and osteoplasty
craniotomy in supratentorial sICH patients.
Exclusion criteria were review, cadaveric, anatomy,
animal, qualitative and economic studies. Articles
made by similar authors at similar institutions are
subject to critical evaluation to prevent sample
duplication. Articles in Bahasa and English were
included in this review. Other languages ??were
first translated and decided by the author whether
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included or not. We do not limit articles based on
year of publication.

We included articles with participants
aged 18 years or older of both genders with
supratentorial SICH. Supratentorial SICH was
defined as an acute hematoma in the brain
parenchyma that is confirmed by hyperdense
lesions on a CT scan of the head without a history of
trauma. We include participants from all countries
and setting.

The intervention of interest were
decompressive craniectomy and craniotomy
osteoplasty. Craniotomy osteoplasty was defined
as a procedure to open the skull and evacuating
blood clots followed by direct bone replacement
on the defect. Decompressive craniectomy is
defined as the procedure of removing a portion of
the skull temporarily after blood clot evacuation.
Articles that did not explain the surgical procedure
and combined the techniques of interest with other
techniques were excluded.

The outcome in this review was the
Glasgow Outcome Scale (GOS) after the surgical
procedure. GOS is dichotomized into favorable and
poor outcome. Favorable were defined as GOS 4-5,
while poor were defined as GOS 1-3.

Search Strategy

We extract the eligibility criteria (PICO)
into keywords using the Boolean operator. We
performed a systematic search using keywords
((craniotomy) AND (craniectomy) AND
(spontaneous intracerebral hemorrhage)) in the
PubMed database to find eligible studies.

Study selection was carried out by WN
and EM to reduce the possibility of excluding
relevant studies. When disagreement occured
between the two authors, the decision of the other
authors were used to reach a conclusion. Duplicate
article notes were removed. Titles and abstracts are
then filtered and irrelevant studies were removed.
Further evaluation was carried out in the article for
compliance with inclusion and exclusion criteria.
Finally, studies were evaluated for quality before
being included in this review.

Data Collection Process

Data collection was done by using an
electronic data collection form. The collected data
were combined and managed with software Review
Manager 5.3.
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Data Items

We collected data items such as the
author’s name, year of publication, research
method, sample size, participant diagnosis, age,
surgical technique, and GOS. GOS is dichotomized
into favorable and poor outcome. The risk ratio
(RR) of each study was calculated and a meta-
analysis was conducted.
Assessment of Quality of Study

Studies that pass the inclusion and
exclusion criteria were assessed for quality to
ensure the validity and reliability of research. We
conducted quality assessments using standardized
critical assessment tools to minimize the possibility
of bias in the selection of studies by two independent
authors. We used the Joanna Briggs Institute (JBI)
critical assessment tool based on research designs
to conduct quality assessments. The third author’s
decision was used when disagreement occured.

We used cut off point to determine the
quality of study. The cut point in was half of the
total score in each JBI critical assessment checklist.
Low-quality study was defined as scores below
the cut-off point while conversely was referred as
high-quality studies.
Synthesis of Result

The RR of outcome of each study were
pooled and analysed. We used software Review
Manager 5.3 to perform meta analysis. We
performed random effect model because of high
heterogeneity among studies.

RESULTS

We found five articles that met our
inclusion and exclusion criteria after systematic
searching in Pubmed database (Figure 1). Four of
the articles were observational study, while one
article was randomized controlled trial. All of 5
articles were considered as good quality based on
JBI critical appraisal checklist. Summary of finding
and complete characteristic of study can be seen in
Table 2, Table 3, and Table 4.

We performed random effect model
analysis with high heterogeneity (12 = 85%; X2
= 26.47) and we found pooled risk ratio between
decompressive craniectomy and craniotomy
osteoplasty on poor outcome was 1.12 (p = 0.30;
95% CI: 0.90 — 1.41) (Table 5). The forest plot of
the meta analysis can be seen in Figure 2.
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DISCUSSION

Hemorrhagic stroke is mostly cause by
hypertensive arteriosclerosis.? Hypertension could
cause degenerative changes in small perforating
arteries. It is thought that these changes could lead
to increase likelihood of rupture. It was supported
by the fact that hypertensive hemorrhage has a
tendency to occur in the deep brain structures
supplied by these vessels.'®

Beside the hypertension, increased
alcohol intake could cause brain hemorrhage
also. Alcohol intake was postulated to produce
platelet / coagulopathy dysfunction and endothelial
damage which subsequently caused rupture of
blood vessels. Increased high density lipoprotein
cholesterol, low total cholesterol, and high non-
density lipoprotein cholesterol are also associated
with sICH.'¢

Cerebral amyloid angiopathy is also
a cause of hemorrhagic stroke. Deposition of
B-amyloid in cortical blood vessels is the main
cause of this angiopathy. Blood vessels continue
to weaken and the tendency to rupture increases.
This pathogenesis makes CAA an independent risk
factor for lobar sICH. The presence of E2 and E4
alleles of apolipoprotein E is associated with an
increase in B-amyloid deposition in the vessel wall
and, consequently, the risk of bleeding. In addition,
secondary sICH can occur due to coagulopathy,
vascular malformation rupture, cerebral venous
thrombosis, mycotic aneurysm rupture, moyamoya,
tumors, hemorrhagic conversion from ischemic
stroke, or vasculitis.'®

In this meta analysis, we found that
both procedure provide similar clinical outcome
to patients with supratentorial SICH. However,
we provide several theoritical pathopyhsiology
of intracerebral hematoma that can be used as
consideration to choose the surgical technique.

The development of PHE and cerebral
dynamic autoregulation disturbance should be

Table 1. PICO criteria of the study

Patient Supratentorial sSICH
Intervention Decompressive Craniectomy
Comparator Craniotomy Osteoplasty
Outcome Glasgow Outcome Scale




NIRYANA et al., Biomed. & Pharmacol. J, Vol. 13(3), 1261-1269 (2020)

1264

W 09 < SwnN[oA

[eL1) [edrur[o

s HOI da1suoepadAy pa[jonu0d
owooino 100d Z1 :0D ouoydsruay a81e[ ‘pjo paziwopuel [s11910C
‘owooyno 1ood 7 :DQ 02 0D 02 oa s1e0k (08 — 81 WOy peSy aAnpoadso1g ‘I 12 BSSNOJA]
UOTJBIOLIS}OP 110400
[eo130j01nsu pidex oAnoadsonar
owooino 100d §¢ :0D pue aFeyroway erdued ‘Apmys [¥1] 0102
‘owooino 100d (¢ :DQ 9 0D 8¢ oa Jeseq snoouejuodg q1 [euOnBAIISqO ‘v 12 BN
110400
oAnoadsonor
owooino 100d SOT :0D o3eyriowoey ‘Apmys [e1] €102
‘owooyno 100d (9 :DQ 681 0D 89 oa er3ues [eseg q1 [euUOnBAIISqO VCEZRY|
plo s1eak 68 — O¢
o3e ‘smor oy Jo
SINOY $ UIYIIM UOIIBNOBAD 110400
[eo13InS ‘W ()G < SWN[OA aAnadsonar
awoono 100d 171 :0D HOI ‘LD £q pawiguod “Aprys [c1] T10T
‘owoomo 1ood [Z] : DA 6€1 (020)] scl od HDI snoauguodg ql [eUONBAISSqQQ 7P 2 10T W
"O[OLIJUOA
P14} JO [9A3] 9y} 1B YIYS
QUI[PIW UO PIseq J091J
SSBW JO 9OUIPIAD JO/pUE
[W O < QWNJOA BUWIOJRWIAY 110400
‘SSOUSNOIOSUOD PIGINISIP aAnoodsod
awoano 1ood £ :00 MM T - § SOD ‘HOI ‘Apms  [11]800€ 77 22
‘owooino 100d 1 :DQ 12 0D ST oa Teuojusjexdns snosuejuodg q1 [euOnBAIdSqO ey
Q0UAPIAY
owoonQO u [onuo) U UOHUIAIU] uonIpuo)) 302fqng  Jo [0A9] Apmg o odAT, loyny Apmg

uosLredwoo urew 9y} 10§ sSurpuy Jo Arewwung *g [qeL



NIRYANA et al., Biomed. & Pharmacol. J, Vol. 13(3), 1261-1269 (2020)

considered when choosing surgical technique
of supratentorial sSICH. All of these can cause
detrimental effect even when the hematoma
has been evacuated. Understanding of these
pathophysiological event can provide better
outcome of supratentorial sICH patients.

When bleeding occurs, initial tissue
injury activates many secondary injury pathways,
including the release of toxic hemolysis products,
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oxidative stress, and inflammatory response, which
results in the development of perihematomal
edema (PHE) in the initial acute stage.'”" PHE is
associated with poor outcome of sSICH patients.'®%
Two aspects can contribute to the possible adverse
effects of PHE. First, an increase in volume with
tissue shifts and herniation has been recognized
as a possible consequence of PHE and factors
affecting mortality. Second, the pathophysiological

Table 3. Characteristics of study of Ghani ef a/. and Kim ef al.

Functional outcome at 6 months in surgical treatment of spontaneous supratentorial intracerebral haemorrhage.

(Ghani et al. 2008)[11]
Methods Prospective cohort
Participants Inclusion criteria:

« Patients with evidence of spontaneous supratentorial ICH on intial CT brain
* GCS 5 — 12 with obvious hemiplegia or disturbed consciousness
* CT brain with hematoma volume > 30 ml and/or evidence of mass effect based on midline

shift at the level of third ventricle.
Exclusion criteria

» Hemorrhage was due to an aneurysm and/or angiographically proven arteriovenous

malformation

* Intracerebral hemorrhage secondary to trauma or tumour

* Cerebellar or brainstem haemorrhage

* Severe preexisting physical or mental disability

* Severe comorbidity

Intervention Intervention group

* Decompressive craniectomy: 15 patients

Comparison group

* Craniotomy clot evacuation: 21 patients

Outcomes

Primary outcomes is Glasgow Outcome Scale (GOS) at six months

Comparison of craniotomy and decompressive craniectomy in large supratentorial intracerebral hemorrhage. (Kim

etal 2018)[12]
Methods
Participants

Retrospective cohort
Inclusion criteria:

« Patients with spontaneous ICH confirmed by CT

« ICH volume > 50 ml

* Surgical evacuation within 24 hours of the ictus;

* Age 30 — 85 years old
Exclusion criteria

* Coagulopathy including INR >1.2 and anticoagulation therapy

* Traumatic ICH
« Intracranial or systemic infection

« Severe cardiac, hepatic, renal, or pulmonary dysfunction

* Neoplasm leading to ICH

* History of stroke with neurological deficits
* Intracranial aneurysm or other vascular malformation
Endoscopic or stereotactic guided hematoma aspiration

Intervention Intervention group

* Decompressive craniectomy: 125 patients

Comparison group

Craniotomy clot evacuation: 139 patients

Outcomes

Primary outcomes is GOS at 12 months after surgery.
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background of PHE includes several pathways
of destruction leading to damage and death of
neurons, for example, excitotoxicity and release
of glutamate (cytotoxic edema), induction of
inflammatory and pro-apoptotic pathways, brain
barrier damage (vasogenic edema), release of toxic
blood decomposition products and thrombin, or
early perihematomal hypoperfusion, so PHE can
represent the process of neuron damage.?!
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Several studies have shown us that PHE
can be predicted. Wagner ef al., found that PHE is
associated with higher sICH radioopacity on head
CT scan.”? The absence of ipsilateral vein filling
is also observed in about one third of patients
with acute ICH, which may be associated with
hypoperfusion after ICH and is strongly associated
with the development of PHE. Identification of the
status of cerebral venous filling may be a promising

Table 4. Characteristics of study of Li ef al., Ma et al., and Moussa et al.

Surgical treatment for large spontaneous basal ganglia hemorrhage: retrospective analysis of 253 cases. (Li et al.

2013)[13]
Methods Retrospective cohort
Participants Inclusion criteria:
« Patients with basal ganglia haemorrhage
Exclusion criteria
¢ Traumatic brain injury
* Typical aneurysm
* Vascular malformation hemorrhage
Intervention Intervention group
* Decompressive craniectomy: 68 patients
Comparison group
* Craniotomy osteoplasty: 185 patients
Outcomes

Primary outcomes was GOS at 3 months post operatively

Decompressive craniectomy in addition to hematoma evacuation improves mortality of patients with spontaneous

basal ganglia hemorrhage. (Ma et al. 2010)[14]
Methods Retrospective cohort
Participants Inclusion criteria:

« Patient with spontaneous basal ganglia hemorrhage identified by non contrast CT

* Rapid neurological deterioration
Exclusion criteria

* ICH from cerebral aneurysm, arteriovenous malformation, brain tumor or head trauma

Intervention Intervention group

* Decompressive craniectomy: 38 patients

Comparison group

* Craniotomy clot evacuation: 46 patients

Outcomes GOS at 6 months post operatively

Decompressive craniectomy and expansive duraplasty with evacuation of hypertensive intracerebral hematoma, a

randomized controlled trial. (Moussa et al. 2016)[15]
Methods

Participants Inclusion criteria:

« Patient aged from 18 — 80 years old

Prospective randomized controlled trial

* Confirmed large hemispheric hypertensive ICH that had a measured hematoma volume at

least 60 ml on CT
Exclusion criteria

« Patients with associated major comorbidity such as cancer, long term uncontrolled diabetes
mellitus, severe dementia, renal, hepatic or respiratory failure

Intervention Intervention group

* Decompressive craniectomy: 20 patients

Comparison group

* Craniotomy clot evacuation: 20 patients

Outcomes

Primary outcomes is GOS at three and six months post operation
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imaging marker for PHE and potential therapeutic
targets on ICH."” Feng et al reported that presence
of Jugular Venous Reflux (JVR) is associated with
PHE volume in sICH patients. It is plausible that
JVR retrogradely transmits venous hypertension

3 of additional
records
identified
through other
sources

283 of records
identified
through
database
searching

| |
!

286 of records after
duplicates removed

279 of records
excluded

286 of records
screened

2 of full-text
articles
excluded, with
FEASONS

7 of full-text
articles assessed
for eligibility

e}

5 of studies
included in
qualitative
synthesis

5 of studies
included in
quantitative
synthesis
(meta-analysis)

Fig. 1. PRISMA study flow diagram
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into the brain.? Leasure et al., found that intensive
blood pressure reduction could decrease PHE
expansion in deep sSICH.*

The cerebral dynamic autoregulation is
also disturbed because of the hematoma. Larger
hematoma volume is likely to independently
predict poorer cerebral autoregulation status
ipsilateral to hematoma.?

The PHE and disturbed cerebral dynamic
autoregulation are the rationale of performing
decompressive craniectomy in sICH patients
because the ICP can increase to pathological value
again even after hematoma evacuation and result
in performing another operation. Decompressive
craniectomy can provide additional room for the
edema brain so the ICP is kept in normal value
during acute phase. When the brain has relaxed,
we can perform cranioplasty to replace the bone
flap again as second procedure. However, a
variety of complications can occur following DC.
They include epidural and subdural hematomas;
subdural effusions or hygromas; brain herniation;

Risk Ratio
M-H, Random, 95% CI

10
Favours [CQ)

0.1 1
Favours [DC)

0.01 100

Fig. 2. Forest plot

Table 5. Pooled meta-analysis of included study

Study DC CcO Risk RatioM-H,

Events Total Events Total Weight Random, 95% CI
Ghani 2008[11] 14 15 17 21 21.3% 1.1510.90, 1.48]
Kim 2018[12] 121 125 121 139 28.0% 1.11 [1.04, 1.19]
Li 2013[13] 60 68 105 185 25.4% 1.55[1.33, 1.81]
Ma 2009[14] 30 38 38 46 22.9% 0.96 [0.77, 1.18]
Moussa 2016[15] 2 20 12 20 2.4% 0.17 [0.04, 0.65]
Total (95% CI) 266 411 100.0% 1.12[0.90, 1.41]
Total events 227 293

Heterogeneity: Tau? = 0.04; Chi® = 26.47, df =4 (P < 0.0001); I> = 85%

Test for overall effect: Z =1.04 (P =0.30)
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wound healing problems; hydrocephalus, trephined
syndrome, bone flap resorption and others."

Regarding the operating time, surgical
management of sICH should be performed within
7 —24 hours. If earlier, there is a higher rebleeding
rate and if later, there is risk of being burdened by
severe complications.?® In patients with poor GCS
scores (3-4), the surgical approach loses evidence
of efficacy. Similarly, surgery is not indicated in
patients with higher GCS admission scores (> 13),
for whom the initial approach should be medical.
Hematoma evacuation should be considered,
instead, in all patients with GCS admission scores
ranging between 5 and 12.%

CONCLUSION

There is no superiority between two
procedures regarding clinical outcome of
acute spontaneous supratentorial intracerebral
hemorrhage. Further studies are needed to provide
better evidence regarding this controversy.
We suggest that the first surgical planning for
treating supratentorial sICH should be done
with craniotomy osteoplasty technique, however
surgeon should make preparation to perform
decompressive craniectomy when severe brain
edema occurred. The surgeon also need to assess
preoperative risk factors of brain edema based on
what have been described above.
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