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Minimally Invasive Surgery for Spontaneous Supratentorial
Intracerebral Hemorrhage
A Meta-Analysis of Randomized Controlled Trials

Xinyu Zhou, MD; Jianjun Chen, MD; Qi Li, PhD; Gaoping Ren, MD; Guoen Yao, PhD;
Ming Liu, MD; Qiang Dong, PhD; Jing Guo, MD; Leilei Li, PhD; Jing Guo, MD; Peng Xie, MD

Background and Purpose—There has been a nonstandard surgical procedure and extensive international controversy in
minimally invasive surgery (MIS) for the management of spontaneous supratentorial intracerebral hemorrhage. This
meta-analysis assessed the effectiveness of MIS as compared with other treatment options, including conservative medical
treatment and conventional craniotomy, in patients with supratentorial intracerebral hemorrhage.

Methods—PubMed, Embase, Cochrane Controlled Trials Register (CCTR), Web of Science, European Association for
Grey Literature Exploitation (EAGLE), National Technical Information Service (NTIS), Current Controlled Trials,
Clinical Trials, International Clinical Trials Registry, Internet Stroke Center, Chinese Biomedical Literature Database
(CBM), Chinese National Knowledge Infrastructure (CNKI) (last searched December 2011) were searched. Randomized
controlled trials on MIS in patients with computed tomography-confirmed supratentorial intracerebral hemorrhage were
included. We excluded low-quality randomized controlled trials. The death or dependence at the end of follow-up was
defined as the primary outcome, and the death at the end of follow-up was defined as the secondary outcome.

Results—The 313 randomized controlled trials met the included criteria. We only analyzed 12 high-quality randomized
controlled trials involving 1955 patients. The quality of the included trials was consistently high. OR of the primary
outcome and secondary outcome of MIS both showed significant reductions (OR, 0.54, P<0.00001; OR, 0.53, P<0.00001).

Conclusions—Patients with supratentorial intracerebral hemorrhage may benefit more from MIS than other treatment options.
The most likely candidates to benefit from MIS are both sexes, age of 30 to 80 years with superficial hematoma, Glasgow
Coma Scale score of 29, hematoma volume between 25 and 40 mL, and within 72 hours after onset of symptoms. Our
study could help select appropriate patients for MIS and guide clinicians to optimize treatment strategies in supratentorial
intracerebral hemorrhage. (Stroke. 2012;43:2923-2930.)
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conservative treatment has still been the focus of international

E ;pontaneous intracerebral hemorrhage is a common sub-
controversy.”® A previous systematic review, published in

type of stroke with high incidence rates and mortality

worldwide of which over two thirds of deaths are in develop-
ing countries, where are >100 000 deaths and approximately
300 000 disabilities annually in China.'* Supratentorial spon-
taneous intracerebral hemorrhage (SICH), which accounts
for 78% to 88% of intracerebral hemorrhages, is primarily
caused by spontaneous rupture of small vessels in individuals
with arterial hypertension.* Since the first successful surgery
of SICH in 1908, many scholars have done research on the
management of SICH.>® The choice between surgery and

2007, reported that surgery could possibly benefit more in
patients with SICH compared with conservative medical treat-
ment.” However, its evidence was not very robust and some
recent randomized controlled trials (RCTs) appeared to pro-
vide novel views on this issue.!*!

In the last 20 years, minimally invasive surgery (MIS)
techniques, including endoscopic surgery and stereotactic
aspiration, have been widely used in the treatment of patients
with SICH.”® In China, there are >150 000 patients with
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SICH for MIS treatment every year. Advantages of MIS for
treatment of SICH are not only suitable for minimal surgical
trauma, but also associated with a shorter operative time
and the potential to use local anesthesia.'* A high-quality
trial reported significantly improved functional outcomes in
patients with SICH treated with minimally invasive cranio-
puncture, a modified procedure of stereotactic aspiration
form China, compared with conservative medical treatment.'?
However, some scholars believed that MIS could not com-
pletely remove hematomas compared with conventional cra-
niotomy because of reducing surgical exposure. There is a
potential risk for rebleeding related to the use of fibrinolytics
and an increased risk of infection related to prolonged use of
indwelling catheters.'® The results of 2 studies demonstrated
that the outcome of endoscopic evacuation and stereotactic
aspiration were not better than those of conservative medi-
cal treatment.'”!® This controversy challenges clinicians and
scholars to engage in innovative thinking of selecting the
appropriate treatment strategies for SICH.

In our previous studies, we have investigated the epidemi-
ology, prevention, and management strategies for stroke in
China."'"*? In addition, we also participated in a prospective
randomized controlled study, which compared the effective-
ness of minimally invasive stereotactic puncture therapy ver-
sus conventional craniotomy in SICH.'® Recently, several large
RCTs on the management of SICH have been published,??
and there is an urgent need for additional systematic review to
assist clinicians in establishing an optimal treatment strategy.

Methods

Search Strategy and Selection Criteria

We searched relevant international databases (PubMed, Embase,
Cochrane Controlled Trials Register [CCTR], and Web of Science), 2
gray databases (European Association for Grey Literature Exploitation
[EAGLE] and National Technical Information Service [NTIS]), 2
Chinese databases ( Chinese Biomedical Literature Database-disc and
Chinese National Knowledge Infrastructure [CNKI]), and relevant
web sites (Current Controlled Trials, Clinical Trials, International
Clinical Trials Registry, and Internet Stroke Center) up to December
2011 with different combinations of the following key words: “in-
tracerebral” or “intracranial” or “cerebral” or “brain” or “putaminal”
or “intraparenchymal” or “basal ganglia hemorrhage” or “thalamic”
or “h(a)emorrhagic stroke” and “h(a)emorrhage” or ‘“h(a)emato-
ma” and “minimally invasive” or “minimal surgical procedures” or
“endoscopy(ic)” or “stereotaxy(ic)” or “aspiration” or “keyhole” or
“craniopuncture.” We obtained additional relevant articles by scan-
ning conference summaries and reference lists of articles identified in
the initial searches and contacted authors to obtain additional infor-
mation for relevant trials.

Inclusion criteria were as follows: (1) CT-confirmed diagnosis of
SICH; and (2) RCTs comparing MIS (endoscopic evacuation or ste-
reotactic aspiration) with other treatment options, including routine
medical treatment or craniotomy. Exclusion criteria were as follows:
(1) hemorrhage caused by brain injury, brain tumor bleeding, coagu-
lopathy, intracranial aneurysm, cerebral arteriovenous malformation,
subdural hemorrhage, epidural hemorrhage, subarachnoid hemor-
rhage, or pituitary apoplexy; (2) infratentorial intracerebral hemor-
rhage, including cerebellar hemorrhage or brain stem hemorrhage;
and (3) a total study quality assessment score of <2. Patients with
infratentorial hematomas were not included because treatment seems
to be associated with an unpredictable and high-risk outcome and
there has been a consensus among experts.

The study quality assessment referred to the Cochrane criteria: (1)
random sequence generation (“yes”’=2, “unclear’=1, and “no”=0);

(2) allocation concealment (“yes”=2, “unclear’=1, and “no”=0); (3)
blinding of outcome assessment (“yes”’=2, “unclear’=1, and “no”=0);
and (4) incomplete outcome data reported (“yes”’=1 and “no”=0). We
viewed studies with a total score of <2 as low-quality literature.

Data Extraction

Two review authors (JJ.C., X.Y.Z.) independently identified the
articles by inclusion and exclusion criteria, assessed the quality of
the articles, and completed a standardized data extraction form. Any
disagreements were resolved by discussion.

We used the composite outcome of death or dependence in activities
of daily living at the end of follow-up as the primary outcome. Death
at the end of follow-up was considered as the secondary outcome.
These were chosen because clinicians not only want information on
patient survival, but also pay more attention to survivors whether they
are functionally dependent or independent.* In this review, patients’
dependence or independence was classified by certain activities of
daily living scales. The cutoff points of dependence in the activities
of daily living scales were a Barthel Index (score of <60, modified
Rankin Scale score of >2, and a Glasgow Outcome Scale score of
<3.%2¢ However, in the Auer 1989 study, dependence was considered
to be Grade 5 according to its own scale.!” If there was more than one
scale to evaluate the patients’ functional outcome within one article,
we first selected the Barthel Index as the assessment scale, then the
modified Rankin Scale and Glasgow Outcome Scale.”

Statistical Analysis

The summary OR was used as the effect parameter for the meta-analysis,
and the 95% CI was used to interpret the results. We assessed het-
erogeneity using the > test and I°. A probability value of <0.10 was
taken as statistically significant, and an I? of 25%, 50%, and 75% rep-
resented low, moderate, and high heterogeneity, respectively.”® With
low heterogeneity for outcome data, we used a fixed-effect model
to analyze it. On the other hand, we used a random-effect model
to analyze the pooled data with moderate or high heterogeneity.
Considering the possibility that effectiveness may differ according
to the surgical technique used, we conducted 2 subgroup analyses
according to the type of MIS techniques and the type of other treat-
ment options. We also conducted subgroup analysis regarding age,
Glasgow Coma Scale (GCS) score, hematoma volume, and the tim-
ing of surgery. Inverted funnel plots and a regression test were used
to assess the potential presence of publication bias. The protocol of
the systemic review followed the recommendations for conducting a
meta-analysis. We used Statistical Analysis System (Version 9.0; SAS
Institute, Cary, NC) and RevMan5 software (Cochrane Information
Management System) for all statistical analyses. All tests were
2-sided, and statistical significance was defined as a probability value
of <0.05 if not specially stated otherwise.

Results

We initially retrieved 5602 potentially relevant studies. Of these,
3788 articles were excluded because the titles did not meet the
inclusion criteria. One thousand one hundred fifty-six trials
were removed by reviewing the abstracts. A total of 345 stud-
ies were excluded after 2 reviewers independently read the full
texts (J.J.C., X.Y.Z.). Then 313 RCTs of included criteria were
assessed the total score of study quality. Finally, a total score of
<2 was the cutoff for study quality, which resulted in the exclu-
sion of 301 studies. Thus, 12 trials of 1955 patients were consid-
ered to be eligible for inclusion in the meta-analysis (Figure 1).

In our study, there were 2 primary outcome data and one sec-
ondary outcome data available to incomplete data. In the Hosseini
study,” the authors did not evaluate the patients’ independence
or dependence by any activities of daily living scales. Moreover,
despite our best efforts such as by searching other related refer-
ences, e-mail, and fax to all authors, we could not acquire the
complete data of the Cho study and the Mendelow study.***!
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Figure 1. Literature search.

In the MIS group, 8 trials involved stereotactic aspiration,
2 involved endoscopic surgery, and 2 involved both stereotac-
tic aspiration and endoscopic surgery. In the other treatment
group, 9 trials involved conservative medical treatment and
3 involved conventional craniotomy (Table 1). In additional,
the main baseline characteristics, including age, hematoma
location, hematoma volume, GCS score and timing of sur-
gery, and the score of quality assessment of all trials, are
shown in Table 2.

Data on death or dependence at final follow-up were available
for 10 studies (Figure 2A). MIS was associated with a significant
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reduction in death or dependence at the end of follow-up. The
value of OR was 0.54 (95% CI, 0.39-0.76). Statistically signifi-
cant moderate heterogeneity was among the studies (P=0.01,
PP=59%). However, after excluding the Mendelow study, there
was statistically nonsignificant low heterogeneity (P=0.12,
PP=38%), and the value of OR was 0.48 (95% CI, 0.36-0.63).

Data on death at final follow-up were available for 11 stud-
ies (Figure 2B). We found that MIS was associated with a sta-
tistically significant reduction in the OR of death at the end of
follow-up. The value of OR was 0.53 (95% CI, 0.40-0.71).
Heterogeneity among the studies was statistically nonsignifi-
cant low (P=0.30, P=15%).

We conducted subgroup analyses based on the type of MIS:
stereotactic aspiration or endoscopic surgery (Figure 3A),
and the type of other treatment options: conservative medical
treatment or conventional craniotomy (Figure 3B). Besides,
we performed subgroup analysis regarding some main base-
line characteristics, including age, GCS score, hematoma vol-
ume, and the timing of surgery (Figure 4).

In this review, 8 studies (66.7%) were allocation conceal-
ment, and all studies reported incomplete outcome data or
did intention-to-treat analysis. As far as we know, blinding
is difficult in a surgical trial, but 5 studies (41.7%) blinded
the outcome assessment. Thus, all included studies in this
review were consistently high quality. Moreover, we visually
inspected the inverted funnel plots of these studies, which
appeared to be approximately symmetrical. Because the total
number of studies was too small to show clear asymmetry, we
performed the Egger test and the results showed the primary
outcome (1=0.95, P=0.377) and secondary outcome (=—0.26,
P=0.805) were not influenced by publication bias.

Table 1. Design Characteristics of the Included Trials
Treatments Outcomes
Trials MG 0G Primary (MG:0G) Secondary (MG:0G)
Zhou 2011 Minimally invasive craniopuncture Conventional craniotomy with 12 mo BI 12 mo death
large bone flap (24/90:38/78) (17/90:19/78)
Sun 2010% Minimally invasive craniopuncture Conventional craniotomy with 30 mo BI 3 mo death
small bone flap (90/159:93/145) (23/159:36/145)
Wang 2009 Minimally invasive craniopuncture Conservative medical treatment 3mo Bl 3 mo death
(56/195:82/182) (13/195:16/182)
Kim 2009" Stereotactic aspiration Conservative medical treatment 6 mo mRS 6 mo death
(67/204:109/183) (11/204:7/183)
Miller 2008 Endoscopic surgery Conservative medical treatment 3 mo mRS (6/6:4/4) 3 mo death (1/6:2/4)
Cho 2006 Endoscopic surgery plus Stereotactic aspiration Conventional craniotomy N 6 mo death
(2/60:4/30)
Mendelow 2005°' Endoscopic surgery plus Stereotactic aspiration Conservative medical treatment 6 mo BI (51/69:58/86) N
Hattori 2004 Stereotactic aspiration Conservative medical treatment 12 mo mRS 12 mo death
(60/121:82/121) (9/121:20/121)
Hosseini 2003% Stereotactic aspiration Conservative medical treatment N 12 mo death
(3/20:9/17)
Teernstra 2003* Stereotactic aspiration Conservative medical treatment 6 mo mRS 6 mo death
(33/36:29/34) (20/36:20/34)
Zuccarello 1999* Stereotactic aspiration Conservative medical treatment 3 mo BI (0/4:7/11) 3 mo death (0/4:3/11)
Auer 1989"7 Endoscopic surgery Conservative medical treatment 6 mo outcome 6 mo death
(28/50:37/50) (21/50:35/50)

MG indicates minimally invasive surgery; OG, other treatment options group; mo, months of follow-up; Bl, Barthel Index (score of <60 was viewed as dependent);

mRS, modified Rankin Scale (score of >2 was viewed as dependent); N, not available; m, months of follow-up.
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Table 2. Characteristics of Patients and Quality Assessments of the Included Trials
Baseline Characteristics Literature Quality
GCS Score ICHV/mL Timing of ~ Randomized  Outcome  Incomplete Allocation Total

Trials Age, y/Year ICHL (MG/0G) (MG/0G) (MG/0G) Surgery/h  Generation Blinding Data Concealment  Score
Zhou 20117° 40-75 Basal ganglia; >4 (8.1/8.4) 30-100 (—) <24 2 0 1 0 3

brain lobe
Sun 2010% 40-75 Basal ganglia N 30-80 (52.3/21.7) <72 1 2 1 2 6
Wang 2009 40-75 Basal ganglia >9(11.7/12.3)  25-40 (33.8/31.3) <72 2 2 1 2 7
Kim 2009" 30-80 Basal ganglia; >13 <30 (24.3/21.0) <120 1 0 1 2 4

thalamus (14.2/14.3)
Miller 20082 >18 Supratentorial >4 (12/11) >15 (56.4/35.5)* <24 1 0 1 0 2
Cho 2006* N Basal ganglia 91013 (9.68/9.32) >25 (43.8/42.1) <24 1 0 1 0 2
Mendelow 2005°' 19-93 Supratentorial >5 Diameter >2 cm <24 2 2 1 2 7
Hattori 2004 35-85 Putaminal N — (48/40) <24 2 2 1 2 7
Hosseini 2003% 30-73 Supratentorial N 40-120 (-) <24 1 1 1 1 4
Teernstra 2003 >45 Supratentorial >4 (9.5/10) >10 (66/52) <72 2 0 1 2 5
Zuccarello 1999 >18 Brain lobe; >4 >10 (29/38) <24 2 0 1 2 5

putaminal; thalamus; (14.5110.1)*
basal ganglia

Auer 1989"7 30-80 Subcortical; putaminal; N >10 (—) <48 1 0 1 0 2

thalamus

ICHL indicates intracerebral hematoma location; MG, minimally invasive surgery group; OG, other treatment options group; GCS, Glasgow Coma Scale; ICHV,

intracerebral hematoma volume; N, not mentioned; —, no significant difference.
*Significant difference.

Discussion

This review first reported that death and dependence of MIS
were significantly lower than those of other treatment options
in patients with SICH. Moreover, we showed the characteristics
of the most likely candidates to benefit from MIS, including
sex, age, hematoma location, GCS score, hematoma volume,
and the timing of surgery. Although a previous systematic
review reported that the effectiveness of surgery was better than
routine medical treatment, its evidence was not very robust and
did not emphasize the role of MIS in the management of SICH.’

We have included almost all relevant RCTs in this review.
However, some studies published in journals that were not
indexed by international databases might have been missed.
Fortunately, these studies are likely to be of low quality and
would not significantly affect the results of this review.*
Moreover, we excluded the low-quality RCTs with total
quality assessment score of <2. These excluded studies,
mostly from China, always lacked truly randomization and
analysis of complete data, resulting in a potential risk of
gross imbalance. On the other hand, these numerous RCTs
studies reflected the severe challenges of Chinese clinicians
and the important role of MIS in the management of SICH.?*

In our study, the missing data of 2 articles would not signifi-
cantly affect the results of this review. Although dependence
data were lacked in the Cho study,* the Barthel Index was sig-
nificantly better in the endoscopic group (50.45+28.59) than
in the craniotomy group (16.39+20.93; P=0.006), and mor-
tality rates were significantly lower in the endoscopic group
(3.3%) than in the craniotomy group (13.3%). Therefore, we
have reason to speculate that the primary outcome in the Cho
study was statistically lower in the endoscopic group than in
the craniotomy group, which is consistent with the conclu-
sion of this review. In addition, the incomplete data in the
Mendelow study was only a secondary outcome, which would
not significantly affect the result of this review.!

There was statistical heterogeneity for the primary outcome,
whereas there was low heterogeneity for the secondary out-
come. After a sensitivity analyses by excluding the Mendelow
study,’' however, the primary outcome did not show significant
heterogeneity (P=0.12, ’=38%) and there was no difference in
the overall effect. A possible reason is that the inconsistency
of the main baseline in this trial, resulting from a considerable
number of patients in the MIS group, was deteriorating patients
from the medical arm. Because this study was an international
multicenter trial, the difference in surgical approach and con-
servative treatment in many countries with different medical
levels may have led to potential heterogeneity.

In this review, MIS was associated with a 46% relative
reduction in the OR of death or dependence and a 47% rela-
tive reduction in the OR of death. Although the control event
rate is high, these relative risk reductions are still consider-
able. Furthermore, the relative risk reductions, which may
better reflect the efficacy, were 21% for death or dependence
and 36% for death. Both of them demonstrated that MIS has
a significant benefit compared with other treatment options.
In addition, we demonstrated that stereotactic aspiration was
more effective in preventing death or dependence compared
with endoscopic surgery, and conservative medical was more
effective than conventional craniotomy in the death or depen-
dence by subgroup analyses.

It is possible that the benefit is greater than that indicated
because the 2 most important prognostic factors, hematoma vol-
ume and GCS score on admission,* differed between the MIS
group and the other treatment options group. The baseline in 6
trials showed that the hematoma volume of the MIS group was
larger than that of the conservative medical group. The GCS
of the MIS group in 4 trials was less than that in the conserva-
tive medical group. Although most of these imbalances were
not significant in individual trials, the cumulative effect might
have been significant. So it is possible that an underestimation
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oG
Auer 1989 28 50 kT 50 9.2%
Hattori 2004 60 121 82 121 14.3%
Kim 2009 67 204 109 183 16.4%
Mendelow 2005 51 69 58 86 11.2%
Miller 2008 6 6 4 4
Sun 2010 90 159 93 145 154%
Teernstra 2003 33 36 29 34 4.1%
Wang 2009 56 195 82 182 16.1%
Zhou 2011 24 90 38 78 121%
Zuccarello 1999 0 4 7 11 1.1%
Total (95% CI) 934 894 100.0%
Total events 415 539

Heterogeneity: Tau® = 0.14; Chi® = 19.48, df =8 (P = 0.01); I* = 58%

Test for overall effect: Z = 3.55 (P = 0.0004)

Auer 1989 21

Cho 2006 2 60 4 30 3.8%
Hattori 2004 9 121 20 121 13.8%
Hosseini 2003 3 20 9 17 6.2%
Kim 2009 11 204 7 183 52%
Miller 2008 1 6 2 4 1.5%
Sun 2010 23 159 36 145 24.0%
Teernstra 2003 20 36 20 34 6.8%
Wang 2009 13 195 16 182 11.5%
Zhou 2011 11 90 15 78  10.5%
Zuccarello 1999 0 4 3 11 1.4%
Total (95% CI) 945 855 100.0%
Total events 114 167

Heterogeneity: Chi* = 11.82, df = 10 (P = 0.30); = 15%
Test for overall effect: Z = 4.39 (P < 0.0001)
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Figure 2. Primary outcome and secondary outcome: OR of death or dependence. A, Comparison of minimally invasive surgery versus
other treatment options for primary outcome: death or dependence at end of follow-up. B, Comparison of minimally invasive surgery ver-
sus other treatment options for secondary outcome: death at end of follow-up. MG indicates minimally invasive surgery group; OG, other

treatment options group.

of the benefit of MIS occurred. In addition, the management of
routine medical treatment may play a role in the benefit of MIS.
As we know, differences in this management exist in individ-
ual trials depending on doctors’ experience and the quality of
medical service.*3 Strictly speaking, excellent routine medical
treatment will improve the outcome of SICH treatment.

The most likely candidates to benefit from MIS are both
sexes, age of 30 to 80 years with superficial hematoma, GCS
score of =9, hematoma volume between 25 and 40 mL, and
within 72 hours after onset of symptoms. We should emphasize
that these clinical characteristics of patients would not become
the limitation for MIS treatment in patients with SICH. Under
some circumstances, clinicians could be appropriate to expand
the indications according to the patient’s condition.

In our subgroup analysis, the patients who were aged =18
years had no statistical difference between MIS and other
treatment options, but the patients undergoing MIS aged =30
years had a significantly beneficial outcome. We consider that
the patients aged 18 to 30 years would recommend having
conservative medical treatment although there was a lack of
relative studies. Because most of included trials limited the
age to <80 years, we suggest that the appropriate age is 30 to
80 years. In this review, we ignore the issue of MIS applying
to the patients aged <18 years.

Patients with superficial hematoma are likely to benefit more
from endoscopic surgical removal. An early study demon-
strated that patients with subcortical hematomas benefited from
endoscopic surgical removal by subgroup analysis, whereas
those with putaminal or thalamic hemorrhage did not."”
Another trial showed that hematomas at a <1 cm depth from
the cortical surface were more suitable for surgical treatment.’!
Because of a lack of enough evidence from subgroup analysis
of hematoma location, this potential benefit of hematoma loca-
tion for SICH needs more related studies for confirmation.

The impact of the GCS score on the benefit of MIS may
be closely related to the volume of SICH. With a GCS score
of >4, the treatment choice in patients with SICH is largely
controversial.”*! Cho et al reported that, with a GCS score
of 4 to 12, the mortality rate of MIS was lower than that of
conservative treatment with the hematoma volume >30 mL.
However, when the intracerebral hemorrhage volume was
<30 mL, the mortality rates were the opposite.’” This study
supported our subgroup analysis result, which in the MIS
group would not be better than other treatment options with a
GCS score of 24. Interestingly, with a GCS score of 29,
the MIS group showed it to be significantly beneficial. In
additional, 2 studies have shown no difference in good out-
comes between conservative medical treatment and MIS
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Figure 3. Subgroup analyses: type of minimally invasive surgery (MIS) and other treatment options. Subgroup analyses according to:
(A) type of MIS: endoscopic or stereotactic. B, Type of other treatment options: conservative medical or conventional craniotomy. MG
indicates minimally invasive surgery group; OG, other treatment options group; CM, conservative medical; CC, conventional craniotomy.

in patients with a GCS score of 13 to 15."# None of the stud-
ies included patients with GCS score of <4; therefore, whether
surgery will benefit individuals who undergo surgery with a
GCS score of <4 is still unknown.

Wideinternational variation exists in terms of whathematoma
volume is suitable for MIS. The majority of scholars believed
that surgical treatments, including MIS and craniotomy, are
suitable for patients with SICH with a hematoma volume of

230 mL.'%>22In this subgroup analysis, MIS of hematoma vol-
ume =25 and <40 mL were both significantly better as far as pri-
mary outcome than other treatment options. Thus, we think the
patients with hematoma volume between 25 and 40 mL would
benefit most from MIS; however, because only few studies
used this limit, the validity of this analysis is limited. Because
there were wide controversies on this issue and its benefit
would be influenced by other baseline characteristics,'”*’
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Figure 4. Subgroup analyses: main baseline characteristics. Subgroup analyses according to: (A) age; (B) GCS score; (C) ICHV; (D) tim-
ing of surgery. MG indicates minimally invasive surgery group; OG, other treatment options group; GCS, Glasgow Outcome Scale; ICHV,

intracerebral hemorrhage volume.

the hematoma volume could not become only one standard to
triage patients for MIS or other treatment options.*

Some clinical studies have reported a classification of the
surgery timing, that is from the onset of symptoms to the
time of operation, ranging from within 24 hours (ultraearly
stage), within 24 to 72 hours (early stage), and up to 72 hours
(deferred stage).*“° In our study, ultracarly surgery might be
more beneficial for patients with SICH. However, this seems
not to be better in earlier surgery. A small, single-center ran-
domized study showed that the rebleeding rate of craniotomy
within 4 hours of symptom onset was higher than that within
12 hours.*! In this review, the patients undergoing MIS within
72 hours would significantly improve the primary outcome
compared with other treatment options.**** Because only
one small study was involved in deferred staged surgery, we
could not demonstrate whether patients will benefit from MIS
beyond 72 hours of onset.

Summary
This meta-analysis first provides powerful evidence from
high-quality RCTs that the effectiveness of MIS was signifi-
cant better than those of other treatment options, including

craniotomy and conservative treatment. Furthermore, we
described the characteristics of the most likely candidates
to benefit from MIS. Above all, this review would guide cli-
nicians to judge treatment options and appropriate patients
for minimally invasive surgery in SICH. Promisingly, some
recruiting studies (Surgical Trial in Lobar Intracerebral
Hemorrhage [STICH] II, Minimally Invasive [stereotac-
tic] Surgery Plus rtPA for ICH Evaluation [MISTIE]) have
been in progress and these results may strengthen our
conclusion.*
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