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Abstract

Background Intracerebral hemorrhage (ICH) is a common stroke type with high morbidity and mortality. There are
mainly three surgical methods for treating ICH. Unfortunately, thus far, no specific surgical method has been proven
to be the most effective. We carried out this study to investigate whether minimally invasive surgeries with endo-
scopic surgery or stereotactic aspiration (frameless navigated aspiration) will improve functional outcomes in patients
with supratentorial ICH compared with small-bone flap craniotomy.

Methods In this parallel-group multicenter randomized controlled trial conducted at 16 centers, patients

with supratentorial hypertensive ICH were randomized to receive endoscopic surgery, stereotactic aspiration, or cra-
niotomy at a 1:1:1 ratio from July 2016 to June 2022. The follow-up duration was 6 months. Patients were randomized
to receive endoscopic evacuation, stereotactic aspiration, or small-bone flap craniotomy. The primary outcome

was favorable functional outcome, defined as the proportion of patients who achieved a modified Rankin scale (mRS)
score of 0-2 at the 6-month follow-up.

Results A total of 733 patients were randomly allocated to three groups: 243 to the endoscopy group, 247

to the aspiration group, and 243 to the craniotomy group. Finally, 721 patients (239 in the endoscopy group, 246

in the aspiration group, and 236 in the craniotomy group) received treatment and were included in the intention-
to-treat analysis. Primary efficacy analysis revealed that 73 of 219 (33.3%) in the endoscopy group, 72 of 220 (32.7%)
in the aspiration group, and 47 of 212 (22.2%) in the craniotomy group achieved favorable functional outcome

at the 6-month follow-up (P=.017). We got similar results in subgroup analysis of deep hemorrhages, while in lobar
hemorrhages the prognostic outcome was similar among three groups. Old age, deep hematoma location, large
hematoma volume, low preoperative GCS score, craniotomy, and intracranial infection were associated with greater
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odds of unfavorable outcomes. The mean hospitalization expenses were ¥92,420 in the endoscopy group, ¥77,351
in the aspiration group, and ¥100,947 in the craniotomy group (P=.000).

Conclusions Compared with small bone flap craniotomy, endoscopic surgery and stereotactic aspiration improved
the long-term outcome of hypertensive ICH, especially deep hemorrhages.

Trial Registration ClinicalTrials.gov Identifier: NCT02811614.
Keywords Intracerebral hemorrhage, Minimally invasive surgery, Endoscopic surgery, Stereotactic aspiration, Small-

bone flap craniotomy, Randomized controlled trial

Background

Stroke is a leading cause of mortality and disability world-
wide, and the economic costs of treatment and post-
stroke care are substantial [1, 2]. Although the prevalence
of intracerebral hemorrhage (ICH) is only approximately
one-quarter that of ischemic stroke, the cause-specific
death and years of life lost due to ICH exceed those of
ischemic stroke [3-5]. Death from ICH is estimated to
occur in 30% to 40% of cases, and most patients who sur-
vive ICH have disabilities and are at risk for recurrent
stroke [6]. The incidence of ICH increases sharply with
age and is therefore expected to remain substantial as the
population ages, even with improvements in blood pres-
sure control [7].

Theoretically, surgery has the advantages of reducing
hematoma volume and relieving perihematomal edema
compared with conservative treatment [8, 9]. However,
findings from randomized controlled trials (RCTs) have
shown that for most patients with supratentorial ICH, the
effectiveness of craniotomy for hemorrhage evacuation
to improve functional outcome or mortality is uncertain
[10, 11]. An important factor that affects the effective-
ness of craniotomy is the damage to normal brain tissue
caused by surgery. Compared with conventional crani-
otomy, minimally invasive surgery for ICH can minimize
the disruption of healthy brain tissue. Two main types
of minimally invasive surgery have been attempted for
hematoma removal: endoscopic surgery and stereotactic
aspiration [12, 13]. To date, except for some retrospec-
tive studies or meta-analyses [14—16], no large-scale RCT
comparing these three surgical interventions have been
reported. Therefore, we designed the minimally invasive
surgeries for spontaneous hypertensive intracerebral
hemorrhage (MISICH) trial to investigate whether endo-
scopic surgery and/or stereotactic aspiration (frameless
navigated aspiration) would improve functional out-
comes in patients with supratentorial ICH compared
with small-bone flap craniotomy.

Methods

Study design

MISICH is a multicenter, randomized controlled, open-
label, sequentially designed nonprofit study (ClinicalTrials.

gov ID: NCT02811614) involving 16 neurosurgical centers
across China. The study followed the Consolidated Stand-
ards of Reporting Trials (CONSORT) reporting guidelines
and was in accordance with the Declaration of Helsinki.
The study protocol was approved by the ethics commit-
tees of the Chinese PLA General Hospital (§2016-074—01).
Details about the trial design, conduct, and oversight
can be found in the trial protocol in Additional file 1 and
published elsewhere [17].

Participants

The inclusion criteria included supratentorial hyperten-
sive ICH patients who were 18 to 80 years of age, had a
hemorrhage volume > 25 mL, were admitted to the hospi-
tal within 24 h of ictus, had a Glasgow Coma Scale (GCS)
score > 5, and had a modified Rankin scale (mRS) score of
0 or 1 before hemorrhage. The exclusion criteria included
concurrent head injury or cerebral tumor, multiple bleed-
ing events, brain herniation at admission, hemorrhage
due to aneurysm or arteriovenous malformation, and
pregnancy. Detailed inclusion and exclusion criteria were
presented in Additional file 1. All the chief surgeons who
participated in this study had been involved in neurosur-
gery for more than 15 years and participated in training
programs held by the Chinese PLA General Hospital. All
the chief surgeons were proficient in all three surgical
methods before recruiting patients.

Randomization

Patients were randomly allocated to endoscopy group,
aspiration group, or craniotomy group at a 1:1:1 ratio
using a randomization system based on computer-gener-
ated number sequences after providing written informed
consent. Complete randomization was used to minimize
selection bias, and neither the neurosurgeons nor the
patients were familiarized with the grouping beforehand.
Randomization was completed within 24 h of hemor-
rhage, and patients were operated on within 12 h after
randomization. The independent study statistician was
blinded to the grouping information. Blinding of treating
neurosurgeons and investigators was infeasible due to the
nature of the surgery.
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Procedures

In contrast to the method used in previous studies, we
used the open-source software 3D Slier (http://www.
slicer.org/) to reconstruct and digitally measure the vol-
ume of hematoma since the traditional ABC/2 method
usually overestimates hematoma volume, especially for
irregular hematomas [18]. The process of hematoma 3D
reconstruction was presented in Appendix 1 in Addi-
tional file 2. Accurate measurement of hematoma volume
by computer could reduce estimation error and improve
the comparability of data between participating centers.
CT angiography (CTA) was performed when the under-
lying vascular pathology was suspected to be a source
of bleeding. The indications for CTA included lobar
hemorrhage in patients younger than 70 years, deep
hemorrhage in patients younger than 45 years, and suba-
rachnoid hemorrhage.

In the endoscopic surgery group, a bone flap approxi-
mately 2 cm in diameter was made according to the posi-
tion of the hemorrhage. Surgical approaches included the
middle frontal gyrus approach for basal ganglia hemor-
rhage, the parietooccipital approach for thalamic hemor-
rhage, and the subcortical approach for superficial lobar
hemorrhage. Using a self-developed neuro-endoport
(Chinese invention patent number: 201210066281.1), a
transparent working channel was made to evacuate the
hematoma under endoscopic surveillance [19]. Throm-
bolytic agents were not used after surgery. In the stereo-
tactic aspiration group, the target point was set near the
posterior edge of the hematoma on CT, which was the
location at which the largest expansion of the hematoma
occurred. Available commercial frameless neuro-naviga-
tion or free mobile-device-based navigation, rather than
stereotactic head frame, was used to improve the accu-
racy of catheter puncture [20]. Initial hematoma aspira-
tion was performed intraoperatively immediately after
catheter insertion. After confirmation of the catheter by
postoperative CT, urokinase (30,000 units every 12 h)
was injected through the catheter to dissolve residual
hematoma for 3-5 days [21]. The catheter was removed
when there was no additional blood drained or when the
catheter had been placed for 5 days. In the small-bone-
flap craniotomy group, the chief surgeon chose a suit-
able surgical approach based on the hemorrhage location
and made a minimal boneflap to evacuate the hematoma
as much as possible under microscope. Decompressive
craniectomy was performed only when the brain tis-
sue swelled significantly after hematoma evacuation. All
patients were then transferred to the neurosurgical inten-
sive care unit (NICU) until they were evaluated as stable
enough for the general ward. We followed the guidelines
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for the management of spontaneous ICH from the Amer-
ican Heart Association and American Stroke Associa-
tion, which enabled a standard schedule for monitoring
patients’ blood pressure, airways, sedation, and pharma-
cological treatment [22].

Outcomes

The primary outcome was the proportion of patients
who achieved a favorable outcome, defined as a mRS
score of 0—2 at 6 months after hemorrhage. Patients were
adjusted for group differences in the main baseline covar-
iates, such as sex ratio, age, preoperative GCS score, time
from onset to surgery, and hematoma volume. Secondary
outcomes included quality of life measured with the Bar-
thel Index at the 6-month follow-up, mortality rate at one
month, days of NICU stay, hospitalization time, intracra-
nial infection rate, hospitalization expenses, hematoma
clearance rate and operation time. The stroke-related
pneumonia rate was also recorded as a secondary out-
come. Patients were followed-up by investigators blinded
to the treatment allocation through online video inter-
views and questionnaires 1 month and 6 months after
treatment. A special case report form (see Appendix 2
in Additional file 2) was designed for data collection and
outcome assessment. Adverse events were reported by
the investigators throughout the study and were assessed
by an independent supervisor (JSZ). An independent
data safety and monitoring committee was appointed by
the study sponsor.

Statistical analysis

Our previous retrospective study indicated that an esti-
mated 38% of patients in the endoscopy group would
have an mRS score of 0-2, but only 17% of craniotomy
patients would have the same outcome [19]. We esti-
mated that 720 patients (240 patients in each treatment
group) would provide 90% power and a type I error
probability of 0.05 to detect an effect size of 12%, with
a 10% dropout rate taken into consideration. Statisti-
cal analysis was performed on an “intention-to-treat”
basis by treatment allocation. The primary outcome
analysis was a simple categorical frequency comparison
using the chi-square test for prognosis-based favorable
or unfavorable outcomes based on the mRS at 6-month
follow-up. The secondary outcome analysis consisted of
one-way analysis of variance (ANOVA) for continuous
variables and logistic regression analysis for age, gender,
preoperative GCS score, hematoma location, hematoma
volume, surgical method, and intracranial infection. A
two-sided P<0.05 was considered to indicate statistical
significance.
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Results

Clinical characteristics

Between July 1, 2016, and June 30, 2022, 1226 ICH
patients from 16 hospitals across China were screened
for eligibility; 733 patients were randomly allocated to
the three study groups. Among the 493 patients who
were excluded from the trial, 318 (64.5%) did not meet
the inclusion criteria, and 175 (35.5%) refused consent.
Further 12 patients were excluded due to ineligible hema-
toma volume or consent withdrawal before treatment and
were not included in the analysis. Finally, 721 patients
(239 in the endoscopy group, 246 in the aspiration group,
and 236 in the craniotomy group) received treatment and
were included in the intention-to-treat analysis (Fig. 1).
The demographic and baseline characteristics of patients
were summarized in Table 1. The results showed that 497
(68.8%) of 721 patients were men and 225 (31.2%) were
women (mean age 56.7 years, SD 11.3); 395 (54.8%) were
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left-sided hemorrhage and 326 (45.2%) were right-sided
hemorrhage. For hemorrhage location, 515 (71.4%) were
located mainly in the basal ganglia, 144 (20.0%) located
in the lobar region, and 62 (8.6%) located in the thalamus.
Forty-eight (20.1%) patients in the endoscopy group, 53
(21.5%) patients in the aspiration group, and 42 (17.8%)
patients in the craniotomy group involved intraventricu-
lar hemorrhage (P=0.598). The mean Graeb score of
these patients were 2.5 (SD 0.8) in the endoscopy group,
2.7 (SD 1.0) in the aspiration group, and 2.6 (SD 0.9) in
the craniotomy group (P=0.264). On admission, the
mean hematoma volume was 49.2 mL (SD 17.7, range
25.0-112.3), and the median GCS score was 9 (IQR
7-11). Medical conditions, past medical history, and the
proportion of patients taking anticoagulants were simi-
lar among three groups. The preoperative characteristics
of patients were balanced and comparable among three
groups.

1226 ICH patients screened for eligibility

493 excluded

A 4

y

318 did not meet inclusion criteria
175 refused consent

733 enrolled

Y A 4

A 4

243 assigned to
endoscopy group

247 assigned to
aspiration group

243 assigned to
craniotomy group

4 ineligible:
—» 2 hematoma<25mL —>
2 withdrew consent

1 ineligible:
1 withdrew consent

7 ineligible:
—» 2 hematoma<25mL
5 withdrew consent

A\ 4

239 endoscopy group
(baseline assignment)

246 aspiration group
(baseline assignment)

236 craniotomy group
(baseline assignment)

10 crossover to other
—»| treatment group —>
20 lost to follow-up

14 crossover to other

13 crossover to other
treatment group

26 lost to follow-up

\ 4 \4

treatment group
24 lost to follow-up

219 patients included
in prognosis analysis

220 patients included
in prognosis analysis

212 patients included
in prognosis analysis

Fig. 1 Trial profile
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Table 1 Demographic and baseline characteristics of recruited patients
Endoscopy group (n=239) Aspiration group (n=246) Craniotomy
group
(n=236)
Sex
Men 166 (69.5%) 170 (69.1%) 160 (67.8%)
Women 73 (30.5%) 76 (30.9%) 76 (32.2%)
Age (years) 56.6 (SD 11.0) 578(SD 11.0) 55.8(11.8)
GCS score 9.0(SD 3.1) 9.4 (SD 3.2) 89(SD 3.0)
Antiplatelet therapy 12 (5.0%) 22 (8.9%) 15 (6.4%)

BP at randomization
Systolic (mmHg)
Diastolic (mmHg)

Past medical history
Ischemic heart disease
Diabetes mellitus
Previous stroke
Chronic kidney disease

Time from ictus to surgery (h)

Side
Left
Right

Hematoma location
Basal ganglia
Lobar
Thalamus

ICH volume (mL)

176.1 (SD 32.2)

172.5(SD 32.1)

179.5 (SD 34.8)

100.0 (SD 19.4) 99.5(SD 18.9) 1013 (SD 22.7)
12 (5.0%) 15 (6.1%) 14 (5.9%)

9 (7.9%) 21 (8.5%) 22(9.3%)
20 (8.4%) 18 (7.3%) 17 (7.2%)
6 (2.5%) 8 (3.3%) 5(2.1%)
18 (IQR 6-25) 19 (IQR 6-29) 17 (IQR 6-26)
133 (55.6%) 134 (54.5%) 128 (54.2%)
106 (44.4%) 112 (45.5%) 108 (45.8%)
169 (70.7%) 177 (72.0%) 169 (71.6%)
45 (18.8%) 50 (20.3%) 49 (20.8%)
25 (10.5%) 19 (7.7%) 18 (7.6%)

49.1 (SD 20.3)

48.5(SD 14.9)

499 (SD 17.6)

GCS Glasgow Coma Scale, BP Blood pressure, ICH Intracerebral hemorrhage, SD Standard deviation

The mean hematoma clearance rate was 88.3% (SD
20.8) in the endoscopy group, 60.3% (SD 25.6) in the
aspiration group, and 86.5% (SD 17.9) in the craniotomy
group (P=0.000). The time required for surgery was
1.0 h in the aspiration group, 2.0 h in the endoscopy
group, and 3.5 h in the craniotomy group (P=0.000). In
terms of intraoperative blood loss, endoscopy (88 mL)
and aspiration (38 mL) was less than that of craniot-
omy (268 mL) (P=0.000). The percentage of patients
receiving intraoperative blood transfusion was 8.4%
(20/239) in the endoscopy group, 2.8% (7/246) in the
aspiration group, and 24.6% (58/236) in the craniotomy
group, with statistical significance (P=0.000). Nearly
one-third of patients in the craniotomy group (31.9%,
75/236) developed stroke-related pneumonia, which
was higher than that in the endoscopy group (22.6%,
54/239) and the aspiration group (18.3%, 45/246), the
difference was statistically significant (P=0.002). The
incidence of intracranial infection was 4.6% (11/239)
in the endoscopy group, 6.9% (17/246) in the aspira-
tion group, and 5.9% (14/236) in the craniotomy group,

with no statistically significant difference (P=0.553).
The median time in NICU was 5 days in the endos-
copy group, 4 days in the aspiration group, and 6 days
in the craniotomy group (P=0.042), though the median
hospitalization time were similar among three groups
(22 vs 23 vs 23, P=0.083). The mean hospitalization
expenses were ¥92,420 in endoscopy group, ¥77,351
in aspiration group, and ¥100,947 in craniotomy group
(P=0.000). Stereotactic aspiration was the most eco-
nomical surgical method. The general clinical results
were summarized in Table 2.

Functional outcome

Ten patients in the endoscopy group, 13 patients in the
aspiration group, and 14 patients in the craniotomy
group crossover to other treatment groups. The rea-
sons for cross-over contained refusal by relatives (18),
neurological deterioration (8), relative contradiction for
craniotomy or endoscopic surgery due to other major
clinical event (6), and reason not recorded (5). The statis-
tical analysis was based on initial grouping. At 6 months
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Table 2 Treatment variables
Variables Endoscopy group Aspiration group (n=246) Craniotomy group P value
(n=239) (n=236)
Operation time (h) 2.0(0.7) 1.0(0.7) 35(1.2) 0.000
Intraoperative blood loss (mL) 88 (84) 38 (71) 268 (228) 0.000
Hematoma clearance rate (%) 88.3(20.8) 60.3 (25.6) 86.5(17.9) 0.000
Stroke-related pneumonia 54 (22.6%) 45 (18.3%) 75 (31.9%) 0.002
Intracranial infection 11 (4.6%) 17 (6.9%) 14 (5.9%) 0.553
Time in NICU (days) 5(3-9) 4(1-8) 6 (3-9) 0.042
Hospitalization time 22 (14-37) 23 (14-35) 23 (15-33) 0.803
Hospitalization expenses (¥) 92,420 (50,330) 77351 (62,511) 100,947 (60,749) 0.000

Data are expressed as median (IQR), mean (SD), or n/N (%)

NICU Neurosurgical intensive care unit, IQR Interquartile range, SD Standard deviation

Table 3 Follow-up results at 6 months after hemorrhage

Variables Endoscopy group (n=219) Aspiration group (n=220) Craniotomy group (n=212) P value
Outcome
Favorable (mRS 0-2) 73 (33.3%) 72 (32.7%) 47(22.2%) 0.017
Unfavorable (mRS 3-6) 146 (66.7%) 148 (67.3%) 165 (77.8%)
Mortality
Dead 30 (13.7%) 36 (16.4%) 28 (13.2%) 0.601
Alive 189 (86.3%) 184 (83.6%) 184 (86.8%)
Barthel Index 75 (45-95) 75 (55-95) 70 (40-90) 0.019

Data are median (IQR), or n/N (%)

IQRInterquartile range

after ictus, 70 patients were lost to follow-up. Of the
651 patients with available mRS scores and BI scores
at 6-month follow-up, 73 (33.3%) of 219 patients in the
endoscopy group, 72 (32.7%) of 220 patients in the aspi-
ration group, and 47 (22.2%) of 212 patients in the crani-
otomy group achieved a mRS score of 0-2. The long-term
prognosis outcome was presented in Table 3. The propor-
tion of patients with favorable outcome in the endoscopy
group and the aspiration group was greater than that in
the craniotomy group (Fig. 2, P=0.017). Compared with
small-boneflap craniotomy, the prognostic advantage of
endoscopic surgery was 11.1% and that of frameless navi-
gated aspiration was 10.5%. The 6-month mortality was
13.7% (30/219) in the endoscopy group, 15.0% (33/220)
in the aspiration group, and 16.5% (35/212) in the crani-
otomy group. The difference was insignificant (P=0.717).
The median Barthel Index of alive patients at 6-month
follow-up was 75 (IQR 45-95) in the endoscopy group,
75 (IQR 55-95) in the aspiration group, and 70 (IQR
40-90) in the craniotomy group. Patients in the endos-
copy group and the aspiration group got better quality of
lives than those in the craniotomy group (P=0.019).

Age, gender, preoperative GCS score, hematoma loca-
tion, hematoma volume, surgical method, and intrac-
ranial infection were included in the non-conditional

logistic regression analysis to identify any variable that
correlated with patients’ functional outcome. Young
age, better preoperative GCS score, small hematoma
volume, lobar hematoma location, endoscopic surgery
or stereotactic aspiration, and no intracranial infection
were associated with higher odds of favorable outcome
(6-month mRS 0-2). The odds ratios for age, preopera-
tive GCS score, hematoma volume, endoscopic surgery,
stereotactic aspiration, and intracranial infection were
1.046 (P=0.000), 0.848 (P=0.00), 6.159 (P=0.000), 1.034
(P=0.000), 0.383 (P=0.000), 0.453 (P=0.003), and 6.518
(P=0.004), respectively (Table S1 in Additional file 2).
Further analysis showed that for patients with supraten-
torial deep hemorrhages (basal ganglia hemorrhages and
thalamus hemorrhages), the probability of achieving a
favorable outcome was 30.3% (54/178) for endoscopic
surgery, 28.4% (50/176) for stereotactic aspiration, and
14.8% (25/169) for craniotomy. The results had a sig-
nificant statistical difference (P=0.001). For patients
with supratentorial lobar hemorrhages, the probability
of achieving a favorable outcome was 46.3% (19/41) for
endoscopic surgery, 50.0% (22/44) for stereotactic aspi-
ration, and 51.2% (22/43) for craniotomy. The prognosis
of craniotomy surgery was slightly better, but the dif-
ference was not statistically significant (P=0.900). The
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Fig. 2 Modified Rankin Scale at 6-month follow-up

probability of achieving a favorable outcome was simi-
lar between left-sided ICH (30.0%, 88/293) and right-
sided ICH (29.6%, 106/358) (P=0.542). Among the 125
followed-up patients with a GCS score of greater than
or equal to 13 before surgery, 54.8% (23/42) in the endo-
scopic surgery, 53.5% (23/43) in the stereotactic aspira-
tion, and 42.5% (17/40) in the craniotomy achieved a
favorable outcome. The difference did not reach statisti-
cal significance (P=0.477).

Specified safety event (such as severe rebleeding or
sudden brain herniation) rates did not reach the prede-
termined review threshold throughout the trial. In the
endoscopy group, 9 of 239 (3.8%) patients experienced
rebleeding after surgery, and 6 patients underwent
reoperation. Furthermore, one patient received exter-
nal ventricular drainage because of hydrocephalus after
hemorrhage, one patient underwent third ventriculos-
tomy and fistulation of the entrapped temporal horn, and
one patient suffered from bleeding at tracheotomy. In the
aspiration group, 15 of 246 (6.1%) patients experienced
rebleeding after surgery, 4 patients underwent a second-
time stereotactic aspiration, and 2 patients underwent
craniotomy. Two patients received external ventricular
drainage because of hydrocephalus after hemorrhage. In

13.7%

50% 60% 70% 80% 90% 100%

m3 m4 =5 m6

the craniotomy group, 12 of 236 (5.1%) patients experi-
enced rebleeding after surgery, and 7 patients underwent
craniotomy again. Three patients received external ven-
tricular drainage because of hydrocephalus. Decompres-
sive craniotomy was performed in only 8 patients (3.4%)
in the craniotomy group. The percentage of patients suf-
fering from rebleeding did not reach statistical signifi-
cance. At the 1-month follow-up, the mortality rates were
similar among the three groups (17/239, 7.1% vs 20/246,
8.1% vs 19/236, 8.1%, P=0.898). Until 6-month follow-
up, 11 patients in the endoscopy group, 24 patients in
the aspiration group, and 20 patients in the craniotomy
group develop hydrocephalus that required shunt sur-
gery. The difference was insignificant (P=0.052).

Discussion

As the deadliest form of acute stroke, ICH has been a
great public health threat with persistently high mor-
tality in recent decades [4, 7, 23]. Novel treatments and
improved application of established approaches are
needed for ICH [22]. The usefulness of craniotomy for
most patients with spontaneous supratentorial ICH of
moderate severity remains uncertain [10, 11, 24-27].
For large supratentorial ICH accompanied with clinical
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deterioration and significant midline shift, decompres-
sive craniectomy with or without hematoma evacuation
is considered a lifesaving procedure [24, 28]. A variety
of possible reasons have been proposed for why craniot-
omy fails to improve ICH outcomes, including operation
beyond the optimal treatment time, insufficient sample
size, incomplete hematoma removal, and relatively high
cross rate between groups. The damage to normal brain
tissue caused by surgery and its impact on the postop-
erative recovery of patients have not been thoroughly
studied.

There is still a long way to go in the clinical research
of ICH. The STICH study compared early surgery with
initial conservative treatment for patients with ICH
and the results showed that early surgery had no ben-
efit compared with initial conservative treatment. The
STICH 1I study demonstrated that early surgery might
have a small but clinically relevant survival advantage
for patients with superficial ICH. The MISTIE III study
found that for moderate to large ICH, minimally inva-
sive catheter evacuation followed by thrombolysis did
not improve the proportion of patients who achieved a
good response 365 days after ICH compared with stand-
ard medical treatment. STICH and STICH II used the
8 point extended Glasgow Outcome Scale (GOS) and
MISTIE III used the modified Rankin Scale (mRS). The
proportion of patients with favorable outcome was 26%
and 24% in STICH, 41% and 38% in STICH II, and 45%
and 41% in MISTIE III [10, 11, 13]. Recently, minimally
invasive surgeries have the appeal of relieving hematoma
volume, reducing perihematomal edema, and minimiz-
ing disruption of healthy brain tissue. Minimally inva-
sive surgeries were reported to be helpful for reducing
mortality and improving functional outcomes compared
with conventional craniotomy or standard medical treat-
ment [12-16] [29-32]. Studies comparing minimally
invasive surgery with craniotomy were all small sam-
ple RCTs, retrospective data or meta-analysis. In this
multicenter large-scale RCT, endoscopic surgery and
stereotactic aspiration improved functional outcomes
compared with craniotomy in patients with supratento-
rial ICH. At 6-month follow-up, 33.3% patients in the
endoscopy group and 32.7% patients in the aspiration
group achieved a favorable outcome (mRS score 0-2),
which was significantly greater than that (22.2%) in the
craniotomy group. Patients who underwent minimally
invasive surgeries also got better quality of lives. The
prognosis advantage of endoscopic surgery and stereo-
tactic aspiration over craniotomy was mainly reflected
in patients with deep hemorrhages. For patients with
superficial lobar hemorrhages, there was no statistically
significant difference in the prognostic outcomes among
the three surgical methods. The proportion of patients
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with lobar hemorrhage in our study was relatively small,
and the results warranted further investigation.

There was no significant difference in mortality at 6
months after hemorrhage. Previous studies have shown
that for patients with supratentorial ICH and intraven-
tricular hemorrhage, endoscopic surgery or stereotac-
tic aspiration with or without thrombolytic use reduces
mortality compared with craniotomy [12, 13, 33, 34].
The reasons for the similar 6-month mortality in three
groups might be that the overall mortality of the enrolled
patients was relatively low, some patients were lost to
follow-up or crossed over, and our 6-month follow-up
did not record the specific cause of death. Furthermore,
our results provide important health economic evidence
that stereotactic aspiration is the most economical sur-
gical method. Our study provides important new evi-
dence for minimally invasive treatment of spontaneous
hypertensive ICH. Apart from deep hemorrhage loca-
tion, occurrence of intraventricular hemorrhage (IVH)
was also was an important predictor of poor outcome.
Post-hemorrhagic hydrocephalus develops in 30%-50% of
patients with IVH [35]. Endoscopic surgery was reported
to not only improve the prognosis but also reduce shunt
dependence after IVH [36]. Patients with pure IVH or
IVH volume exceeding 50% of the total hematoma vol-
ume were not included in our study, therefore, the pro-
portion of IVH in our series was low and the difference
did not reach statistical significance.

A follow-up rate of 90.3% was achieved, and the crosso-
ver rate was controlled to a relatively low level. The MIS-
ICH trial used the intention-to-treat principle; that is,
the analysis of outcomes was based on the patients’ ini-
tial randomization results rather than the final treatment
that the patient received to avoid the influence of human
factors that may influence the results. All three surgi-
cal methods were safe regarding serious rebleeding and
intracranial infection, and no obvious procedural risk was
reported in all groups. The potential impact of the tim-
ing of surgery for ICH on outcome remains controversial,
and the best therapeutic time window is unknown [32,
37]. STICH I and STICH II did not identify an early time
effect [10, 11]. In MISICH, surgery was performed at
6-48 h since hematoma expansion, an indication of unfa-
vorable outcome, occurred in nearly one third patients
and mostly occurred within 6 h after haemorrhage [38,
39]. No surgery was performed within 6 h in our study.
Further research evaluating the best surgery timing was
warranted. The relationship between hematoma clear-
ance rate and patient prognosis remains unclear. The
hematoma clearance rate of stereotactic aspiration was
lower than that of craniotomy, but the recovery of neu-
rological function was better, indicating that within a
certain range, increasing hematoma clearance rate could
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improve prognosis; however, when the hematoma is
cleared to a certain extent, further removal of hematoma
could not provide additional benefit. The cutoff clearance
rate is still unknown and it is generally recommended to
remove the hematoma until the residual hematoma vol-
ume is less than 15 ml [11, 13, 22, 24]. We conducted
subgroup analysis based on whether the residual hema-
toma volume was greater than 15 ml. The results showed
that 31.9% (151/475) of patients with residual hematoma
less than 15 ml achieved a favorable outcome (mRS 0-2)
versus 23.0% (41/178) of patients with residual hema-
toma more than or equal to 15 ml achieved a favorable
outcome (P=0.017).

This study has several limitations. First, insufficient
power might be an issue due to the moderate size of the
intention-to-treat analysis, while dichotomous variables
(favorable or unfavorable) usually require a large sample
size. Second, the inclusion criteria might exclude some
patients with unfavorable prognosis and whether patients
with GCS scores of 5 suitable for enrollment left room
for discussion. Third, the number of patients recruited
from participating centers differed, potentially resulting
in regional biases, which might be a confounding factor.

Conclusions

This prospective multicenter RCT demonstrated that,
compared with small-bone flap craniotomy, endoscopic
surgery and frameless navigated aspiration significantly
improved the functional outcomes and quality of life of
patients with moderate to large supratentorial hyperten-
sive ICH, especially deep hemorrhages. Frameless navi-
gated aspiration and endoscopic surgery were also more
cost-effective compared with small-bone flap craniotomy.
More powered clinical data are warranted to compare
endoscopic surgery with stereotactic aspiration.
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