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outcome of mMMCAI patients.

Background: Decompressive craniectomy (DC) has been the classical management for malignant middle cerebral
artery infarctions (mMCAI) in clinical practice. However, the association between DC and mMCAI remains unclear.
This review went to evaluate the efficacy of DC in treating mMCAI patients.

Methods: Studies were entirely searched since the foundation dates of multiple databases to June 2016. All major
databases were involved, including Cochrane Central Register of Controlled Trials, EMBASE, MEDLINE, and other
sources. the bias risk of studies involved were evaluated. Modified Rankin Scale was defined as Primary outcome,
Odds Ratio and 95% confidence intervals was taken as measurements. T2 (tau-squared) test, 12 test, and chi-square
tests were used for statistical heterogeneity evaluation for each meta-analysis result, followed by fixed-effect model.
Mantel-haenszel method was used in the process of summary estimations. All of the meta-analysis was conducted

Results & Conclusion: One thousand one hundred forty-five records of data were critically identified and collected
through databases and 14 studies were finally involved. Result suggested that DC can ameliorate the suboptimal

Keywords: Decompressive craniectomy, Malignant middle cerebral artery infarction, Meta-analysis

Background

Decompressive craniectomy (DC) has been the classical
management for traumatic brain swelling since the time
of Hippocrates [1]. Cushing was the forerunner who
managed intracranial hypertension with modern surgical
techniques [2]. Nowadays DC has been widely used in
variety of cerebral diseases accompanied with critical
high intracranial pressure state, such as traumatic brain
injury, malignant middle cerebral artery infarctions
(mMCALI) and intracerebral hematoma [3]. DC could re-
lease extra subcutaneous space for swelling brain tissue
and make intracranial pressure decreased.
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The pathological mechanism of mMCALI is explained
as the chain effect of middle cerebral arterial( MCA)
embolization caused by clotting or embolus. The
embolization of MCA leads to significant encephale-
dema, as well as the increasing of intracranial pressure,
which might induce deterioration of consciousness and
fatal outcomes. The mortality rate could be up to 80%, if
medical intervention was not acquired immediately.
Fatal herniation and life-threatening situation could be
occurred due to the mass effect of the swelling tissues
[4]. The mortality rate hovers as high as 30%, even if all
kinds of decompressing therapies, such as hyperventila-
tion, mannitol, hypertonic saline, and decompressive
craniectomy, were performed [5]. As one of mature
therapeutic strategy to mMCAI [6], DC has been
inscrolled into guidelines as a common practice [7].
Although DC survives patients during the acute stage of
mMCAI the survival quality remains suboptimal and
has become the focus of disputes [8]. This systematic
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review attempts to figure out the role of DC in the man-
agement of mMCALI, based on previous studies.

Methods

Literature-search strategy

Studies were entirely searched since the foundation dates
of multiple databases to the same cut-off date of June
2016. All major databases were involved, including
Cochrane Central Register of Controlled Trials,
EMBASE, MEDLINE, and other sources. The key words
were ‘decompressive craniectomy, ‘decompressive hemi-
craniectomy, ‘middle cerebral artery infarction;, ‘middle
cerebral artery infarction occlusion’. with MeSH ex-
tended to broaden the search. Retrieved studies, review
articles, and conference abstracts were excluded.

Inclusion and exclusion criteria
Inclusion criteria: 1) 2-arm studies consist of both DC
group and control group (control group was defined as
the participants underwent conventional management);
2) 218 years old with a defined diagnose of mMCAI
according to clinical or radiological evidences; 3) >1 out-
come of interests was involved in the literature. The pri-
mary outcome was defined as the alteration of mRS
score. The secondary outcomes include the scores of
National Institute of Health Stroke Scale (NIHSS) and
Barthel Index Score(BIS).

Excluded criteria: editorials, letters to the editor, re-
view articles, case reports, and animal experimental
studies were excluded.

Quality assessment and statistical analysis

According to the criteria of Centre for Evidence-Based
Medicine in Oxford, UK [9], all the studies involved
were rated into different level. RCTs were assessed refer-
ring to Cochrane risk of bias tool in six aspects [10], in-
cluding generation of random sequence, allocation
concealment, blinding, incomplete outcome data, select-
ive reporting, and other bias.

Newcastle-Ottawa Scale(NOS) [11, 12] was applied in
the qualitative evaluation of retrospective and prospect-
ive cohort studies. The rule of star-grading was defined
as following: selection of subjects(4 stars), comparability
of groups (2 stars) and measurement of exposure (3 stars).
The total score of NOS was nine stars. High-grade was
identified as stars ranked > 6.

After risk bias assessment, meta-analysis was per-
formed through Review Manager 5.3 (Cochrane Collab-
oration, Oxford, UK). Odds Ratio and 95% confidence
intervals was taken into account as the measurements of
Dichotomous. T2 (tau-squared) test, I? test, and chi-s-
quare tests were used for statistical heterogeneity evalu-
ation for each meta-analysis result. An I*><25%
represents little heterogeneity, and An I* between 25
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Table 1 Modified Rankin Scale
Score performance

1. No disability

2. No significant disability; able to carry out all activities despite symptoms

3. Slight disability: no assistance but unable to carry out previous activities

4. Moderate disability: requiring some help, but able to work

5. Moderate severe disability: requiring assistance to walk and to attend
to own bodily needs

6. Severe disability: bedridden, incontinent, and requiring constant nursing care

7. Death

and 50% represents moderate heterogeneity, in which
fixed-effect model would be conducted secondly. Mean-
while, significant heterogeneity was defined as an I*>
50%, and random effects models would be conducted.
Mantel-haenszel method was used in the process of
summary estimations. The results got statistical significance
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Fig. 1 The Flowchart of selecting the included studies
.
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when P <0.05. Publication bias was mapped referring to
Runnel plots.

Outcome measurements

Modified Rankin Scale (mRS) had been widely used,
as a daily activity-based scale, in the measurement of
neurological deficit patients induced by stroke or
other neurological diseases (Table 1). The scale was
completed by the clinical physicians. It runs from 0,
which refers to perfect health without symptoms, to
6, which means death. According to the scale, sub-
optimal outcome was defined as mRS >3, which
suggested that patient was suffering from at least
three moderate disabilities. Because of the declaration
of mismatching between mRS score and clinically

Table 2 Characteristics of included studies
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symptom, equivalent scales were added in secondary
outcomes as supplements [13].

Results

Search results: an assessment of risk of bias

According to the Literature-search strategy, 1145 records
of data were critically identified and collected through
databases (Fig. 1). Fourteen of them were finally included
to the meta-analysis, including eight RCT [14-21] and six
retrospective cohort studies [22-27]. The 423 DC cases
and 389 conservative managed cases were involved. The
features of included studies were shown in Table 2.
Although some of the trials declared themselves random-
ized studies, the random performance bias and allocation
concealment were not that clear (Fig. 2a, b). The trial

Study design  No. of patients ~ Age Sex Time to treatment ~ Duration of ~ NIHSS
(DC/total) (Mean + SD) (Male/Female) follow-up

DECIMAL 2007 [13] RCT 20/38 435+9.7 I 12-36 h 6,12 225 (16-35)
433+7.1 9/9 234 (17-398)

DESTINY 2007 [14] RCT 17/32 432+97 8/9 12-36 h 6,12 21 (19-26)
46.1£84 7/8 24 (19-31)

DESTINY 1l 2014 [15] RCT 49/112 70 (62-82) 25/24 <48 h 6,12 20 (15-40)
70 (61-80) 31/32 21 (15-38)

HAMLET [16] RCT 32/64 500£83 20/12 <96 h 3,612 23 (17-34)
474+98 18/14 24 (20-36)

HAMLET 11 [17] RCT 32/64 500+83 20/12 <9 h 3,6,12,36  23(17-34)
474+98 18/14 24 (20-36)

HeADDFIRST [18] RCT 14/24 52.3 (45-59) 9/5 <96 h 6 N/A
57.9 (45-66) 6/4

Slezins 2012 [19] RCT 11/24 57.2 (49-81) N/A <48 h 12 21.2 (16-28)
65.0 (49-81) 20.8 (17-24)

Zhao 2012 [20] RCT 24/47 63.5 (29-78) 6/18 <48 h 6,12 N/A
64.0 (32-80) 7/16

Mohammed 2014 [21] R 90/125 538+7.1(34-35 N/A <24 h 3,6 N/A

Rai 2014 [22] P 36/60 443+£1223 27/16 <148 h 3,6,12 190+33
57.12+£19.28 184+38

Tsai 2012 [23] P 37/79 655+158 18/19 <48 h 6 N/A
7594138 22/20

Yang 2015 [24] R 10/24 587+193 5/5 120 h 3 16.1+19
659+16.5 10/4 165+24

Yu 2012 [25] R 58/131 6211124 35/23 <48 h 6 16.2
726+94 36/37 16.8

Rahamnian 2014 [26] P 30/60 590+ 135 22/29 <48 h 3 N/A
62.1+11.0 16.14

R Retrospective, P Prospective, DECIMAL decompressive craniectomy in malignant middle cerebral artery infarction, DESTINY Decompressive Surgery for the Treatment of
Malignant Infarction of the Middle Cerebral Artery, HAMLET Hemicraniectomy in older patients with extensive middle-cerebral-artery stroke, HSADDFIRST Hemicraniectomy

and durotomy upon deterioration from infarction-related swelling trial
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would be considered incomplete if some important data
were inadequate, such as the follow-up information in 6th
month or later. Unfortunately, most of the retrospective
studies demonstrated a low quality due to failing to
complete the double-blind in researches and inappropriate
random sequence generation (Fig. 2c).

Incidence of unfavorable outcome

Fourteen studies included (8 RCTs and six retrospective
studies) were analyzed to evaluate the incidence of sub-
optimal outcomes of MCAIs. The longest follow-up
span was 36 weeks. No statistical heterogeneity was
found among these studies (12 = 15%, P> 0.1). A fixed ef-
fect model (Mantel-Haenszel method) was applied as
well. The combined odds ratios and 95% CI were 0.23
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(0.15, 0.35), P<0.01, indicating that DC was relevant to
the reducing incidence of suboptimal outcomes (Fig. 3).
No significantly asymmetry was found in the shape of
funnel plot in our study. Furthermore, the studies were di-
vided into several subgroups according to their different
follow-up time. Pooled effect value was calculated between
five studies with a follow-up of 3 months and the same
analysis was performed on nine studies with a follow-up
of 6 months and seven studies with 12 months’ follow-up.
No statistical heterogeneity was found between three sub-
groups, and the pooled OR values (95%CI) of DC and un-
favorable outcome were 0.07 (0.02, 0.21) , 0.20 ( 0.12,
0.33) (Fig. 4). Another subgroup analysis which grouped
by ages (age <60 years and age >60 years) was carried
(Fig. 5), unfavourable outcome was applied to outcome
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Fig. 2 a Risk of bias summary showing our judgments about each risk of bias item for each included study. Green plus sign = low risk; red minus
sign = high risk; yellow question mark = not reported; blank = unclear risk. b Risk of bias graph showing our judgments about each risk of bias item
for each included study. ¢ Quality assessment of four observational studies with NOS
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Test for overall effect: Z = 6.88 (P < 0.00001)

DC Medical Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
DECIMAL 2007 15 20 17 18 4.9% 0.18 [0.02, 1.69] —
DESTINY 2007 9 17 11 15 5.4%  0.41[0.09, 1.81] —
DESTINY 11 2014 44 47 59 62 3.2% 0.75 [0.14, 3.87] T —
HAMLET 2009 16 21 14 18 3.5% 0.91[0.20, 4.09] —_—t
HAMLET 112014 16 21 14 18 3.5% 0.91[0.20, 4.09] —r
HeADDFIRST 2014 5 6 4 4 1.1% 0.41[0.01, 12.64] —
Mohammed 2014 32 90 29 35 26.3%  0.11[0.04, 0.30] —
Rahmanian 2014 21 30 29 30 8.5%  0.08(0.01, 0.68] - S—
Rai 2014 29 36 24 24 5.8%  0.08[0.00, 1.48] T~
Slezins 2012 6 11 13 13 5.6%  0.04[0.00, 0.92] —_——
Tsai 2012 32 37 42 42 5.6%  0.07 [0.00, 1.30] B
Yang 2015 3 5 14 14 3.4% 0.05[0.00,1.25)] ——————7
Yu 2012 39 58 65 73 18.4%  0.25(0.10, 0.63] ——
Zhao 2012 18 24 21 23 5.2% 0.29[0.05, 1.60] —_—
Total (95% CI) 423 389 100.0% 0.23 [0.15, 0.35] ©
Total events 285 356

Heterogeneity. Chi? = 15.32, df = 13 (P = 0.29); I = 15%

Fig. 3 Forest plot with OR estimating with Overall odds ratio and 95% Cl; unfavourable outcome was defined as mRS > 3

0.001 0.1

1 10 1000
DC Standard Care

across all groups. The funnel plot shows approximately
symmetrically ranged around the overall effect size esti-

mate, shown by the dashed line in the center (Fig. 6).

Discussion

This meta-analysis suggests that DC has a positive effect
on the decreasing of suboptimal outcomes of mMCAI,

even though the morbidity rate still remains unclear.
This study has included all the latest study of MCAI and

made some progress in the analytic process. The studies
involved were not exactly the same as previous meta-
analysis works. Some of the studies, quoted by previous

meta works as RCTs, were downgrade precisely to
quasi-RCTs [28] in our study, for their potential bias

Test for overall effect: Z = 8.73 (P < 0.00001)

Test for subgroup differences: Chi? = 6.00, df = 2 (P = 0.05), I* = 66.7%

DC Medical Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 3 months follow-up
HAMLET 2009 5 6 4 4 0.7% 0.41[0.01, 12.64] —
Mohammed 2014 46 90 3¢ 35 15.9% 0.03[0.00,0.23) ——«—
Rahmanian 2014 21 30 29 30 5.8% 0.08[0.01, 0.68) —_—
Rai 2014 35 36 24 24 0.8% 0.48[0.02, 12.35) —
Yang 2005 3 5 14 14 2.3%  0.05[0.00, 1.25] -
Subtotal (95% CI) 167 107 25.4% 0.07 [0.02, 0.21] i
Total events 110 105
Heterageneity. ChiZ = 2.09, df = 4 (P = 0.54); I? = 0%
Test for overall effect: Z = 4.64 (P < 0.00001)
1.2.2 6 months follow-up
DECIMAL 2007 15 20 17 18 3.0%  0.18[0.02, 1.69] —
DESTINY 2007 9 17 11 15 3.6% 0.41 [0.09, 1.81] —1
DESTINY 11 2014 46 49 61 63 2.2%  0.50(0.08, 3.13] —
HAMLET 2009 4 6 3 4 0.8% 0.67[0.04, 11.29] ——
Mohammed 2014 32 30 29 35 17.8% 0.11 [0.04, 0.30] —
Rai 2014 30 36 24 24 3.4% 0.10(0.01, 1.78] —_—
Tsai 2012 32 37 42 42 3.8% 0.07[0.00, 1.30] r
Yu 2012 39 58 65 73 12.5% 0.25[0.10, 0.63] e
Zhao 2012 19 24 22 23 3.1% 0.17[0.02, 1.61] —
Subtotal (95% CD 337 297 50.2% 0.20 [0.12, 0.33] @
Total events 226 274
Heterogeneity: Chi? = 4.85, df = 8 (P = 0.77); I = 0%
Test for overall effect: 2 = 6.28 (P < 0.00001)
1.2.3 12 months follow-up
DECIMAL 2007 10 20 14 18 4.9%  0.29(0.07, 1.18] —
DESTINY 2007 9 17 11 15 3.6%  0.41[0.09, 1.81] e
DESTINY 11 2014 44 47 59 62 2.2% 0.75 [0.14, 3.87) —
HAMLET 2008 16 21 14 18 2.4%  0.91[0.20, 4.09] I
Rai 2014 29 36 24 24 3.9% 0.08 [0.00, 1.48] ~
Slezins 2012 6 11 13 13 3.8% 0.04 [0.00, 0.92]
Zhao 2012 18 24 21 23 3.6%  0.29(0.05, 1.60] ——=
Subtotal (95% CI) 176 173 24.3% 0.34 [0.18, 0.62] <
Total events 132 156
Heterogeneity. Chi? = 5.42, df = 6 (P = 0.49); I? = 0%
Test for overall effect: 2 = 3.46 (P = 0.0005)
Total (95% CI) 680 577 100.0% 0.20 [0.14, 0.29] L 2
Total events 468 535

i 2 = - - - 12 = I I I I

Heterogeneity. Chi® = 18.08, df = 20 (P = 0.52); I° = 0% Jo02 o1 T % 500

DC Standard Care

Fig. 4 Subgroup analysis grouped by follow-up: Forest plot with OR estimating with Overall odds ratio and 95% Cl; DC = decompressive craniectomy;
OR = odds ratio; Cl = confidence interval; mRS:modified Rankin Scale
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DC
Events Total

Medical

Study or Subgroup Events Total

Weight M-H, Fixed, 95% CI

1.3.1 age(<60 years)

DECIMAL 2007 15 20 17 18 11.9%
DESTINY 2007 9 17 11 15 14.7%
HAMLET 11 2014 13 32 19 32 30.1%
Tsai 2012 6 13 6 6 12.4%
Zhao 2012 4 8 7 10 8.3%
Subtotal (95% CI) 920 81 77.5%
Total events 47 60

Heterogeneity: Chi? = 1.91, df = 4 (P = 0.75); I> = 0%

Test for overall effect: Z = 3.07 (P = 0.002)

1.3.2 age(>60 years)

DESTINY 11 2014 44 47 59 62 8.7%
Tsai 2012 22 24 38 38 8.0%
Zhao 2012 14 16 13 13 5.8%
Subtotal (95% ClI) 87 113 22.5%
Total events 80 110

Heterogeneity: Chi? = 1.33, df = 2 (P = 0.51); I* = 0%

Test for overall effect: Z = 1.51 (P = 0.13)

Total (95% CI) 177 194 100.0%

Total events 127 170
Heterogeneity: Chi? = 3.27, df = 7 (P = 0.86); I* = 0%
Test for overall effect: Z = 3.42 (P = 0.0006)

Test for subgroup differences: Chi? = 0.02, df = 1 (P = 0.88), I> =

Fig. 5 Subgroup analysis grouped by age: unfavourable outcome with mRS > 3
A

0Odds Ratio 0Odds Ratio
M-H, Fixed, 95% CI

0.18[0.02, 1.69] —
0.41[0.09, 1.81] —_—
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0.43 [0.06, 2.97] ——
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0.75 [0.14, 3.87] S p—
0.12 [0.01, 2.54] +
0.21[0.01, 4.89] +
0.38 [0.11, 1.32] B o
0.35 [0.19, 0.64] B

0.01 01 10 100
0% Favours [DC] Favours [Medical]

that might have influence on results. The QuasiRCT is
defined as allocating the studies throughout some gen-
eral characteristics of cases, such as date of birth, day of
the week, medical record number, and month of the
year, among others. The mismatching between mRS
score and clinically manifestation is common in clinical
practical [13]. Although Bathel Index score and NIHSS
[15, 16] can make disability or dependence of stroke pa-
tients in daily activities quantifiable, Modified Rankin
Scale is an more acceptable and pragmatic Scale to
quantify their outcome. In this study, the suboptimal
outcome was defined as a mRS score >3. The reducing
of mRS score indicates an improvement of patients’
neurological function when DC is performed.

Some retrospective cohort studies were involved in our
study to increase the sample size, for the participants of

RCTs were not sufficient relatively. Some high quality
retrospective studies were involved critically [29]. The
retrospective studies are coincidence with the real-world
researches [30].

However, some issues of DC remain controversial.
Current research appears to validate such a view that dif-
ferentiating outcome between adult patients (<60 years)
and elderly patients (>60 years). Most studies developed
the claim that age was a independent factor affecting the
prognosis. Some studies’ finding lend support for that the
benefit of DC on functional outcome may exist in adult
patients, not in elder patients. The age of patients can be
prognostic factors independently, while tragedy always
happened in ageing. Some well-designed study which fo-
cused elder patients only, DESTINY II, for example, favors
medical care more than other studies which focused both
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adults and the old. However, Grouped by ages, subgroup
analysis show slight difference between adult patients and
elderly patients in unfavorable outcome (Odds Ratio =
0.34, 95%CI[0.17,0.68];0R =0.38, 95%CI[0.11, 1.32], re-
spectively). The effectiveness of DC in the elderly
subpopulation remain questionable. It is difficult to
achieve a consensus about the indication of DC and
intraoperative technology nodes. The operative indica-
tion draws most of focus among those disputations.
In clinical practice, DC is the “trump card” when all
other managements fails or fatal situation presents,
such as intractable intracranial hypertension. For its
important role, the operative indication should be
evaluated strictly and prudently.

For traumatic brain injury, positive early decompression
management could reduce the incidence of secondary in-
jury [31]. And the age always act as an independent risk
factor of prognosis, suboptimal outcome appears in those
elder participants. Recent registry studies have proved
more strong prognostic predictors, including type of in-
farction occlusion and blood sugar level.

The conclusion drawn from this study is limited for
the heterogeneity of different studies involved in. Further
researches are urgently needed in both clinical trials,
such as RCTs and real-world researches, and fundamen-
tal researches, including molecular mechanism studies,
pathological researches, and animal experimentations.
Not only for the developing progress of mMCAI, but
also for the protecting mechanism of DC, in purpose of
provide evidence-based operative indication, timing se-
lection principle and perioperative management strategy.

Conclusions

In conclusion, according to the available evidence, our
study demonstrated DC can ameliorate the suboptimal
outcome of mMCALI patients.
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