
  55Guo W, et al. J NeuroIntervent Surg 2020;12:55–61. doi:10.1136/neurintsurg-2019-014962

Original research

Comparison of endoscopic evacuation, stereotactic 
aspiration, and craniotomy for treatment of basal 
ganglia hemorrhage
Wei guo,1 haixiao liu,1 Zhijun Tan,2 Xiaoyang Zhang,1 Junmei gao,1 lei Zhang,1 
hao guo,1 hao Bai,1 Wenxing cui,1 Xunyuan liu,1 Xun Wu,1 Jianing luo,1 Yan Qu1

Hemorrhagic Stroke

To cite: guo W, liu h, Tan Z, 
et al. J NeuroIntervent Surg 
2020;12:55–61.

 ► additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
neurintsurg- 2019- 014962).

1Department of neurosurgery, 
Tangdu hospital, Fourth Military 
Medical University, Xi’an, china
2Department of health statistics, 
Fourth Military Medical 
University, Xi’an, china

Correspondence to
Dr Yan Qu, Department of 
neurosurgery, Tangdu hospital, 
Fourth Military Medical 
University, Xi’an 710038, china;  
yanqu0123@ fmmu. edu. cn

Wg, hl and ZT contributed 
equally.

received 26 March 2019
revised 5 May 2019
accepted 8 May 2019
Published Online First 
12 July 2019

© author(s) (or their 
employer(s)) 2020. re- use 
permitted under cc BY- nc. no 
commercial re- use. see rights 
and permissions. Published 
by BMJ.

AbSTrACT
background The main surgical techniques for 
spontaneous basal ganglia hemorrhage include 
stereotactic aspiration, endoscopic aspiration, and 
craniotomy. however, credible evidence is still needed to 
validate the effect of these techniques.
Objective To explore the long- term outcomes of 
the three surgical techniques in the treatment of 
spontaneous basal ganglia hemorrhage.
Methods Five hundred and sixteen patients with 
spontaneous basal ganglia hemorrhage who received 
stereotactic aspiration, endoscopic aspiration, or 
craniotomy were reviewed retrospectively. six- month 
mortality and the modified rankin scale score were 
the primary and secondary outcomes, respectively. a 
multivariate logistic regression model was used to assess 
the effects of different surgical techniques on patient 
outcomes.
results For the entire cohort, the 6- month mortality in 
the endoscopic aspiration group was significantly lower 
than that in the stereotactic aspiration group (odds 
ratio (Or) 4.280, 95% ci 2.186 to 8.380); the 6- month 
mortality in the endoscopic aspiration group was lower 
than that in the craniotomy group, but the difference 
was not significant (Or=1.930, 95% ci 0.835 to 4.465). 
a further subgroup analysis was stratified by hematoma 
volume. The mortality in the endoscopic aspiration group 
was significantly lower than in the stereotactic aspiration 
group in the medium (≥40–<80 ml) (Or=2.438, 95% ci 
1.101 to 5.402) and large hematoma subgroup (≥80 ml) 
(Or=66.532, 95% ci 6.345 to 697.675). compared 
with the endoscopic aspiration group, a trend towards 
increased mortality was observed in the large hematoma 
subgroup of the craniotomy group (Or=8.721, 95% ci 
0.933 to 81.551).
Conclusion endoscopic aspiration can decrease 
the 6- month mortality of spontaneous basal ganglia 
hemorrhage, especially in patients with a hematoma 
volume ≥40 ml.

InTrOduCTIOn
Spontaneous intracerebral hemorrhage (ICH) is 
responsible for 10–15% of all strokes and is associ-
ated with high mortality and morbidity.1 It is typically 
located in deep gray matter structures, including 
the basal ganglia and thalamus.2 More importantly, 
spontaneous ICH is associated with high mortality, 
which is estimated to be >30% within the initial 30 
days, with a prominent reduction in the survivor’s 

quality of life.3 Therefore, exploring effective treat-
ments will benefit patients.4 

Conservative management and surgical evacua-
tion are the main treatments for spontaneous ICH.5 
Surgical evacuation of a hematoma may reduce the 
pathophysiological impact of the hematoma on 
surrounding tissue by decreasing the mass effect and 
the cellular toxicity of blood products. In the past, 
open craniotomy and hematoma aspiration were 
the mainstays of surgical evacuation management. 
With the development of less invasive surgical tech-
niques, minimally invasive approaches, including 
endoscopic aspiration and stereotactic aspiration, 
have been shown to have advantages over the tradi-
tional surgical techniques.6

Although the STICH trial showed no overall 
benefit of open craniotomy over medical treatment 
alone,7 surgery with minimally invasive approaches 
has shown potential benefits in the surgical 
management of spontaneous ICH.8 9 Neverthe-
less, evidence of the benefits and indications for 
each technique remains insufficient. Therefore, 
we conducted a retrospective study to evaluate 
the 6- month mortality and neurological outcomes 
of three surgical techniques for spontaneous basal 
ganglia hemorrhage. Subgroup analysis, focusing 
on various hematoma volume thresholds, was also 
performed to evaluate the effectiveness of these 
techniques and define the appropriate indication 
for each.

MeTHOdS
Study design and population
The aim of this study was to compare the 6- month 
clinical outcomes of patients with spontaneous 
basal ganglia hematoma who underwent stereo-
tactic aspiration, endoscopic aspiration or open 
craniotomy. The medical records of all patients 
with spontaneous ICH between January 2015 and 
December 2017 were retrospectively reviewed. The 
patients were selected according to the following 
selection criteria.

Inclusion criteria
Patients were included if:
1. They met the diagnostic criteria for spontane-

ous ICH.
2. A CT scan showed that the hematoma was lo-

cated in the basal ganglia.
3. The hematoma volume was >20 mL.
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4. They underwent stereotactic aspiration, endoscopic aspira-
tion, or craniotomy.

5. They were admitted to hospital within 24 hours of hemor-
rhage onset.

exclusion criteria
Patients were excluded if:
1. The hematoma was caused by secondary factors (intracranial 

tumor, arteriovenous malformation, intracranial aneurysm, 
infarction, or trauma).

2. They had known advanced dementia or disability before 
ICH.

3. They had severe organ (cardiac, hepatic, renal, or pulmo-
nary) dysfunctions before ICH.

4. They had coagulation disorders or history of using anticoag-
ulant medications.

5. The hematoma affected the brain stem.
6. They or their relatives refused to be followed up.

Treatment
All patients were managed in the stroke unit with standard 
medical treatment and care according to the guideline of Amer-
ican Heart Association/American Stroke Association (AHA/
ASA).10 CT scans, routine blood tests, biochemical examinations, 
and routine coagulation studies were performed immediately 
when the patients were admitted to the emergency department. 
The medical history and results of the neurologic physical exam-
ination were recorded immediately after admission. Vital signs 
were monitored.

Surgical procedure
All surgeries were conducted by a well- trained surgical team. 
Decompressive craniotomy, tracheotomy, lumbar puncture, 
and external lumbar drainage were conducted if necessary. The 
surgical technique was determined according to the experience 
of surgeons preoperatively. All craniotomy hematoma evacuation 
surgery followed the principle of minimal invasiveness. Surgery 
procedures were based on the method described in the previous 
study.11–13 A CT scan was carried out 24 hours after surgery to 
evaluate the hematoma evacuation efficiency of the operation.

data collection and outcome evaluation
Basic information (gender, age, diagnosis, etc) was obtained from 
the patient information management department of our hospital. 
Disease history and treatment information were collected from 
the inpatient medical record system of our hospital. The patients 
were followed up by telephone to record their prognostic infor-
mation at 1, 3, and 6 months after surgery.

Preoperative characteristics and treatment information
Demographic characteristics, including gender and age, were 
recorded. No ethnic- based differences were present. The 
recorded disease history included smoking, diabetes, hyperten-
sion, and cerebral disease. The preoperative status of the patients 
was assessed by degree of consciousness, hematoma volume, the 
time interval between onset and surgery, and herniation.

Hematoma volume was calculated from CT scans using the 
formula AxBxC/2, where A is the greatest diameter on the largest 
hemorrhage slice, B is the maximal diameter perpendicular to A, 
and C is the vertical hematoma depth.

Treatment information, including surgery technique, trache-
otomy, decompressive craniectomy, lumbar puncture, external 

lumbar drainage, was collected from the inpatient medical record 
system. Rehabilitation treatment information was also recorded.

Outcome evaluation
The primary outcome was 6- month mortality after surgery. The 
secondary outcome was 6- month neurologic functional status, 
which was evaluated by the mRS score.

Statistical analysis
Given the selection bias inherent to retrospective observational 
studies, a Χ2 test was used to test the intergroup balance of the 
possible confounding factors, including gender, age, conscious-
ness, smoking, diabetes, hypertension, history of craniocerebral 
disease, herniation, interval between onset and operation, hema-
toma volume, rehabilitation treatment, decompressive craniec-
tomy, tracheotomy, lumbar puncture, and external lumbar 
drainage. A p value of <0.1 was considered as unbalanced. 
A multivariate logistic regression model was used to analyze the 
independent effect of the surgery technique on outcome.

Primary analysis was to compare 6- month mortality and 
neurological functional outcomes among each surgical group. 
The mRS score was dichotomized as poor outcome (mRS 3–5) 
and favorable outcome (mRS 0–2). A further subgroup analysis 
of mortality and neurological function was stratified by hema-
toma volume (small volume: ≥20–<40 mL, medium volume: 
≥40–<80 mL, large volume ≥80 mL). A χ2 test was used for 
analysis of the categorical variables. Statistical significance 
was assumed with a probability of p<0.05. All analyses were 
conducted using SAS/STAT version 9.4 (SAS Co, Cary, North 
Carolina, USA).

reSulTS
Patient numbers
A total of 1312 consecutive patients with spontaneous ICH 
admitted to our hospital between January 2015 and December 
2017 were reviewed retrospectively. Of these, 744 patients 
underwent stereotactic aspiration, endoscopic aspiration, or 
craniotomy. A total of 187 of these 744 patients did not meet 
our selection criteria, and another 41 patients were excluded 
owing to an incomplete follow- up. Finally, 516 patients were 
enrolled in this study (see online supplementary figure 1).

basic characteristics
Detailed information on the basic patient characteristics is 
shown in table 1. Three hundred and nineteen men and 197 
women were enrolled in this study. Three hundred and thirteen 
patients were <60 years old, while 203 patients were ≥60 years 
old. The number of patients with a history of smoking, diag-
nosed diabetes, diagnosed hypertension, and cerebral disease 
was 130 (25.2%), 37 (7.2%), 422 (81.8%), and 63 (12.2%), 
respectively. Herniation occurred before surgery in 84 (16.3%) 
patients. The average time interval from onset to surgery in the 
entire cohort, the stereotactic aspiration group, the endoscopic 
aspiration group, and the craniotomy group was 20.9 hours, 
22.1 hours, 22.5 hours, and 16.1 hours, respectively (see table 1).

Intergroup equilibrium analyses were conducted to iden-
tify potential confounding factors. Consciousness (p<0.0001), 
herniation (p<0.0001), time interval from onset to surgery 
(p=0.0202), hematoma volume (p<0.0001), decompressive 
craniectomy (p<0.0001), tracheotomy (p=0.0174), and lumbar 
puncture (p<0.0001) were imbalanced throughout the entire 
cohort. However, in the surviving patients, the imbalanced vari-
ables were consciousness (p<0.0001), herniation (p<0.0001), 

https://dx.doi.org/10.1136/neurintsurg-2019-014962
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hematoma volume (p<0.0001), decompressive craniectomy 
(p<0.0001), tracheotomy (p=0.0009), and lumbar punc-
ture (p<0.0001) (table 1). To minimize the influence of these 
confounding factors, these characteristics were incorporated 
into multivariate logistic regression analyses.

Outcome assessment
In the entire cohort, the 6- month mortality was 34.1% (176/516 
patients). In the surviving patients, the 6- month poor neuro-
logical functional prognosis (mRS scores ≥3) rate was 65.9% 
(224/340 patients). The 6- month mRS score distribution of the 
entire cohort is shown in online supplementary figure 2A.

In the entire cohort, 29 (5.6%) patients underwent re- oper-
ation, including 16 (5.3%) stereotactic aspiration patients, 4 
(3.8%) endoscopic aspiration patients, and 9 (8.4%) craniotomy 
patients. In the surviving patients, 12 (3.5%) patients underwent 
re- operation, including 7 (3.7%) stereotactic aspiration patients, 
3 (3.3%) endoscopic aspiration patients, and 2 (3.4%) crani-
otomy patients.

Multivariate analysis showed that, compared with the endo-
scopic aspiration group, the mortality in the stereotactic aspi-
ration group was higher (OR=4.280, 95% CI 2.186 to 8.380). 
The craniotomy group also showed a trend towards higher 
mortality (OR=1.930, 95% CI 0.835 to 4.465) compared with 
the endoscopic aspiration group.

The data showed that in comparison with the endoscopic aspi-
ration group, the neurological functional status in the stereotactic 
aspiration group and the craniotomy group was not significantly 
different. More detailed information is shown in table 2.

basic characteristics in the subgroup of each hematoma 
volume
As patients with various hemorrhage volumes might have 
different indications for surgical techniques, subgroup analysis 
was also performed. Patients were further divided into three 
subgroups: small (≥20–<40 mL), medium (≥40–<80 mL), and 
large (≥80 mL).

To improve the credibility of our conclusion, we supple-
mented the inclusion and exclusion criteria of the small and 
large hematoma subgroups. In the small hematoma subgroup, 
we excluded those patients with deep coma (nine patients), cere-
bral herniation (five patients), decompressive craniectomy (eight 
patients), and tracheotomy (14 patients). A total of 112 cases 
were enrolled in the small hematoma subgroup. In the large 
hematoma subgroup, we excluded six patients who were awake, 
drowsy, or lethargic. A total of 96 cases (including 41 survivors) 
were enrolled in the large hematoma subgroup.

Equilibrium analysis showed that the only imbalance in the 
small hematoma subgroup was gender. The imbalanced vari-
ables in the medium hematoma subgroup were consciousness, 
smoking, herniation, time interval from onset to surgery, decom-
pressive craniectomy, and lumbar puncture. The imbalanced 
variables in large hematoma subgroup were herniation, decom-
pressive craniectomy, and lumbar puncture (see online supple-
mentary table 1).

When the equilibrium analysis was limited to survivors, the 
imbalanced variables in the small hematoma subgroup were 
gender and smoking. The imbalanced variables in the medium 
hematoma subgroup were consciousness, herniation, decom-
pressive craniectomy, and lumbar puncture. The imbalanced 
variables in the large hematoma subgroup were decompressive 
craniectomy and lumbar puncture (see online supplementary 
table 2).

https://dx.doi.org/10.1136/neurintsurg-2019-014962
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Table 2 Results of the multivariate logistic regression model exploring the independent risk factors associated with mortality and a poor modified 
Rankin Scale (mRS) score

Mortality (n=516) mrS score (n=340)

Or 95% CI Or 95% CI

Surgical methods (reference is EE) SA 4.280 2.186 to 8.380 1.146 0.588 to 2.231

OC 1.930 0.835 to 4.465 0.984 0.376 to 2.576

Consciousness (reference is drowsy) Lethargic 0.621 0.293 to 1.318 2.914 1.114 to 7.621

Light coma 2.331 1.230 to 4.419 4.004 1.546 to 10.375

Deep coma 4.011 1.671 to 9.626 10.297 2.606 to 40.690

Herniation (reference is no) Yes 1.726 0.851 to 3.503 0.846 0.271 to 2.643

Interval between onset and operation (hours) (reference is >8) ≤8 1.209 0.744 to 1.965 NA NA

Hematoma volume (mL) (reference is ≥ 20–＜40) ≥40–<80 1.906 1.131 to 3.211 1.434 0.769 to 2.673

≥80 2.644 1.340 to 5.217 2.856 1.135 to 7.188

Decompressive craniectomy (reference is no) Yes 1.366 0.678 to 2.751 1.763 0.705 to 4.411

Tracheotomy (reference is no) Yes 0.736 0.384 to 1.410 1.608 0.761 to 3.397

Lumbar puncture (reference is no) Yes 0.561 0.296 to 1.064 0.762 0.385 to 1.509

EE, endoscopic evacuation; NA, not applicable; OC, open craniotomy; SA, stereotactic aspiration.

Table 3 Results of the multivariate logistic regression model exploring the independent risk factors associated with mortality in different 
subgroups

Hematoma Volume20–<40 ml
(n=112)

Hematoma 
Volume=≥40–<80 ml
(n=253)

Hematoma Volume ≥80 ml
(n=96)

Or 95% CI Or 95% CI Or 95% CI

Surgical methods (reference is EE) SA 2.251 0.262 to 19.342 2.438 1.101 to 5.402 66.532 6.345 to 697.675

OC 2.023 0.101 to 40.664 1.828 0.547 to 6.114 8.721 0.933 to 81.551

Gender (reference is female) Male 0.835 0.290 to 2.402 NA NA NA NA

Consciousness (reference is drowsy) Lethargic NA NA 1.058 0.345 to 3.246 NA NA

Light coma NA NA 3.643 1.311 to 10.125 NA NA

Deep coma NA NA 7.023 1.768 to 27.896 NA NA

Smoking (reference is yes) No NA NA 1.273 0.599 to 2.708 NA NA

Herniation (reference is no) Yes NA NA 1.902 0.714 to 5.062 2.698 0.804 to 9.052

Interval between onset and operation (hours) 
(reference is >8)

≤8 NA NA 1.492 0.721 to 3.087 NA NA

Decompressive craniectomy (reference is no) Yes NA NA 0.805 0.264 to 2.451 1.523 0.418 to 5.547

Tracheotomy (reference is no) Yes NA NA 0.691 0.285 to 1.674 NA Na

Lumbar puncture (reference is no) Yes NA NA 0.585 0.252 to 1.356 0.175 0.039 to 0.786

 EEE, endoscopic evacuation; NA, not applicable; OC, open craniotomy; SA, stereotactic aspiration.

Outcome assessment in subgroup of each hematoma volume
The full 6- month mRS score distribution of each hematoma 
volume subgroup is shown in online supplementary figure 2B–D. 
In the small hematoma subgroup, the surgical techniques had 
no influence on mortality (stereotactic aspiration: OR=2.251 
vs endoscopic aspiration, 95% CI 0.262 to 19.342; craniotomy: 
OR=2.023 vs endoscopic aspiration, 95% CI 0.101 to 40.664). 
In the medium hematoma subgroup, the mortality of stereotactic 
aspiration was significantly higher (OR=2.438, 95% CI 1.101 to 
5.402) than that of endoscopic aspiration. However, no signifi-
cant difference in mortality was found between the craniotomy 
group (OR=1.828, 95% CI 0.547 to 6.114) and the endoscopic 
aspiration group. In the large hematoma subgroup, the mortality 
in the stereotactic aspiration group (OR=66.532, 95% CI 6.345 
to 697.675) was significantly higher than that in the endoscopic 
aspiration group. Compared with the endoscopic aspiration 
group, a trend towards increased mortality was observed in 

the craniotomy group (OR=8.721, 95% CI, 0.933 to 81.551). 
More detailed information is shown in table 3. However, in each 
hematoma subgroup, no significant difference in the mRS score 
was found among the three surgical groups. More detailed infor-
mation is shown in table 4.

dISCuSSIOn
Stroke is the second most common cause of death worldwide, 
and the leading cause of death and disability in China.14 Epide-
miological studies have shown that China had the highest inci-
dence of hemorrhagic stroke worldwide,15 with an estimated 
morbidity of 114.8 to 159.8 per 100 000 person- years.16 Deep- 
seated basal ganglia hemorrhage is the most common region of 
spontaneous ICH, causing death or dependency in more than 
70% of affected patients.17 The role of surgical management in 
treating ICH remains controversial. According to the 2015 AHA 
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guidelines for the surgical management of spontaneous ICH, the 
usefulness of surgery for most cases of supratentorial ICH is not 
well established (class IIb; level of evidence A), and surgery may 
be considered only as a life- saving measure in patients who are 
deteriorating (class IIb recommendation; level of evidence C).10

Intracerebral hematoma initiates a cascade of secondary injuries, 
leading to intracranial hypertension, edema, neuronal damage, and 
disruption of the blood–brain barrier.18 Surgical evacuation of the 
hematoma may reduce the mass effect, thereby decreasing intra-
cranial pressure, improving regional blood flow, and restricting the 
release of toxic breakdown products produced by the clot.19 On 
the other hand, several clinical trials, especially the Surgical Trial in 
Intracerebral Hemorrhage (STICH) I7 and STICH II20 trial, have 
failed to show overall clinical benefit of hematoma evacuation with 
open craniotomy compared with medical therapy alone. However, 
with the development of more advanced techniques, minimally 
invasive approaches have been shown to have several advantages 
over conventional craniotomy.6 21

In this study, we evaluated the effectiveness of three surgical 
techniques for basal ganglia hematoma—stereotactic aspiration, 
endoscopic aspiration, and craniotomy. As indicated by our data, 
endoscopic aspiration decreased the 6- month mortality in the 
entire patient cohort.

Brain injury caused by ICH can be described as a biphasic 
process. Primary brain injury, induced by hematoma formation 
causes direct traumatic damage to regional neurons.22 Secondary 
brain injury, manifesting as edema, further leads to irreversible 
neuronal damage, inadequate cerebral blood flow, increased intra-
cranial pressure, and herniation.1 Clinical evidence has shown that 
secondary brain injury is associated with a greater risk of death 
than primary injury.23 Most patients with ICH with smaller hema-
tomas survive the primary injury; however, secondary brain injury 
may result in severe neurological deficits and even death.24 Based 
on these results, we speculate that endoscopic aspiration alleviates 
secondary brain injury, effectively preventing neurological deterio-
ration and reducing mortality rates. However, primary brain injury 
caused by direct damage to regional neurons may not be mitigated 
by any surgical evacuation.

A previous study found that the hematoma volume is one 
of the strongest predictors of mortality in ICH.25 In our study, 
subgroup analyses focusing on different hematoma volume 
thresholds were also performed to evaluate the effectiveness of 
all three surgical techniques. According to hematoma volume, 
patients were further divided into three subgroups: small (≥20–
<40 mL), medium (≥40–<80 mL), and large (≥80 mL).

We found that the mortality rates of the small hematoma 
subgroup were 16.1% (15/93), 8.3% (1/12), and 14.3% (1/7) 
in the stereotactic aspiration, endoscopic aspiration, and crani-
otomy groups, respectively. No significant differences in the 
mortality rate were found among all three surgical groups. Inter-
estingly, in the STICH I trial, 1033 patients with a moderate 
hematoma volume (average 40 mL) were enrolled. The results 
showed that 26% of patients in the craniotomy group and 24% 
of patients in the medical management group had favorable 
outcomes.7 Based on these results, we speculate that regardless 
of conservative medical treatment, craniotomy or less invasive 
surgical techniques do not influence the prognosis of patients 
with a small hematoma volume.

In the medium and large hematoma subgroups, the mortality 
of the stereotactic aspiration group was significantly higher than 
that of the endoscopic aspiration group. In the large hematoma 
subgroup, a trend towards improved survival was observed in 
the endoscopic aspiration group compared with the craniotomy 
group (OR=8.721, 95% CI, 0.933 to 81.551). This suggested 
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that, with hematoma volumes ≥40 mL, stereotactic aspiration 
is not the ideal choice. With hematoma volumes ≥80 mL, endo-
scopic aspiration may be the optimal surgical choice among 
the three different techniques. These results may help to better 
define the appropriate indication for each technique; however, 
further prospective randomized trials are needed to confirm the 
findings of this study.

This study has several limitations. First, owing to the retro-
spective nature of the study, the possibility of selection bias 
cannot be excluded, and some data were not uniformly ascer-
tained. Second, potential methodological limitations might have 
influenced the results. Third, this study was carried out at a 
single center and may have limited generalizability. Multicenter 
randomized controlled trials are needed to confirm the effective-
ness of different surgical techniques.

COnCluSIOn
In our cohort, endoscopic aspiration significantly decreased the 
6- month mortality of spontaneous basal ganglia hemorrhage, 
especially in patients with a hematoma volume ≥40 mL. These 
preliminary results warrant further large, prospective, random-
ized studies.
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