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Aims: The surgical evacuation, including stereotactic aspiration, endoscopic evacuation,

and craniotomy, is the most effective way to reduce the volume of intracerebral

hemorrhage. However, credible evidence for the effects of these techniques is still

insufficient. The present study explored the long-term outcomes of these techniques

in the treatment of basal ganglia hematoma with low Glasgow Coma Scale (GCS) scores

(≤8) and large-volume (≥40ml), which were predictors of high mortality.

Methods: Two hundred and fifty-eight consecutive patients were reviewed

retrospectively. The primary and secondary outcomes were 6-months mortality and

6-months modified Rankin Scale score, which were assessed by a multivariate logistic

regression model.

Results: Compared with the endoscopic evacuation group, the mortality was

significantly higher in the stereotactic aspiration group (OR 6.858, 95% CI 3.146–14.953)

and open craniotomy group (OR 3.315, 95% CI 1.497–7.341). Age (OR = 2.237, 95%

CI 1.290–3.877) and herniation (OR = 2.257, 95% CI 1.172–4.348) were independent

predictors for mortality. No significant difference in the neurological functional outcome

was found in the stereotactic aspiration group (OR 0.501, 95% CI 0.192–1.308) and

the craniotomy group (OR 0.774, 95% CI 0.257–2.335) compared with the endoscopic

evacuation group.

Conclusion: Endoscopic evacuation significantly decreased the 6-months mortality in

patients with hemorrhage ≥40ml and GCS ≤ 8.

Keywords: basal ganglia hemorrhage, neuroendoscopy, minimally invasive surgical procedures, mortality,

glasgow coma scale

INTRODUCTION

Spontaneous intracerebral hemorrhage (sICH) is the most common type of hemorrhagic stroke,
accounting for 10–15% of all strokes (1), with an estimatedmortality rate of>30%within the initial
30 days and the vast majority of survivors being disabled at 6 months (2).

Accumulated evidence has shown that large hematoma and low Glasgow Coma
Scale (GCS) scores are strong predictors of high mortality and poor outcome in sICH
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FIGURE 2 | Functional outcome of patients in each group. The functional outcome was assessed by the mRS score. The scores ranged from 0 to 6, with 0 indicating

no symptoms; 1, no clinically significant disability; 2, slight disability; 3, moderate disability; 4, moderately severe disability; 5, severe disability; and 6, death. A score of

3–5 was recognized as a poor outcome. The percentages of patients by score are shown in each cell. (A) The mRS scores of the entire cohort of patients. There were

significant differences among the three groups on univariate analysis in the 6-month clinical outcomes (P < 0.0001 for the mortality, P = 0.0390 for low mRS score in

surviving patients). (B) The mRS scores of patients with an initial GCS score = 3–5. (C) The mRS scores of patients with an initial GCS score = 6–8.

Frontiers in Neurology | www.frontiersin.org 7 August 2020 | Volume 11 | Article 848



Liu et al. Surgical Techniques for sICH Patients

Sufficient evidence has demonstrated that decompressive
craniectomy plus external ventricular drainage is suitable
for patients with large hematomas and low GCS scores
with a significant midline shift (3, 11). Interestingly, in the
present study, 83/99 (83.84%) patients underwent decompressive
craniectomy in the open craniotomy group, whereas only 11/60
(18.33%) patients underwent decompressive craniectomy in
the endoscopy group. These results suggest that endoscopic
evacuation could be the optimal surgical choice and an effective
lifesaving method for patients with hematoma volume ≥ 40ml
and GCS score ≤ 8.

Brain injury caused by ICH can be described as a biphasic
process. Primary brain injury causes direct traumatic damage
to regional neurons (26). More importantly, intracerebral
hematoma initiates a cascade of secondary injuries leading to
irreversible neuronal damage, inadequate cerebral blood flow,
increased intracranial pressure, and herniation (27). Clinical
evidence has shown that secondary brain injury causes a higher
risk of death than primary injury (28).

Hematoma removal surgery is speculated to be an appropriate
ICH treatment option because it can alleviate the mass-effect
of the hematoma and reduce neurotoxic blood degradation
products. Thus, these surgeries can lower intracranial pressure,
improve perfusion, alleviates brain edema, and attenuate
neuronal damage. However, the surgical procedure brings
new damage to the patient meanwhile. The net benefits
brought by surgery removal for spontaneous ICH patients
remains controversial. In the present study, the net benefit
of endoscopic surgery is more than the open craniotomy
and stereotactic aspiration in the basal ganglia hemorrhage
patients with GCS score ≤ 8 and hemorrhage volume ≥

40ml. The present results indicate that endoscopic evacuation
could effectively alleviate secondary brain injury, resulting in
a decreased mortality rate. However, as indicated by our data,
no significant difference in the neurological outcome of the
survivors was detected among these three groups. This result
suggests that primary brain injury, which is caused by direct
damage to regional neurons, may not be mitigated by current
surgical approaches.

Currently, the hematoma removal surgeries include open
craniotomy surgery and minimally invasive surgery. Open
craniotomy is the most studied approach in this clinical scenario.
However, due to the deep location of basal ganglia, open
craniotomy might cause iatrogenic damage to the healthy
cerebral tissue (29). Comparing with open craniotomy, the
minimally invasive surgery has much smaller interference to the
surrounding normal brain tissues. Despite the recent progresses
on the therapeutic effects, stereotactic aspiration still has its
limitation. Since the drainage usually takes several days, the
mass effect is relieved slowly. On the other hand, the hematoma
removal efficiency is unsatisfactory in some cases, and the
residual hematoma metabolites continue to cause secondary
damage (30, 31).

Comparing with stereotactic aspiration, the endoscopic
evacuation surgery provides the surgeon with a good visible
operation field and more operating space, which makes
it possible to deal with the hematoma and surrounding

tissues delicately. The hematoma can be removed rapidly
and thoroughly with less surgical trauma by endoscopic
evacuation. Besides, the endoscopic evacuation surgery can
remove the blood accumulation in the third ventricle, fourth
ventricle, and lateral ventricles in some situations. Therefore, the
secondary injury caused by mass effect and neurotoxic blood
degradation products might be alleviated more effectively by
endoscopic evacuation (32, 33). Future studies are needed to
explore the relationship between the outcomes and the residual
hematoma volume and perihematomal edema of different
surgical techniques.

Of course, there are several limitations to the present study.
First, because of its retrospective nature, the possibility
of selection bias cannot be excluded. Second, potential
methodological limitations might influence the results of
the present study. Third, the present results are derived from
a single center and have limited generalizability. Further
prospective randomized trials are needed to confirm the findings
of this study.

CONCLUSION

Endoscopic evacuation significantly decreases the 6-months
mortality rate of patients with GCS score ≤8 and basal ganglia
ICH volume ≥ 40ml. Besides, the low mortality rate is more
likely to be achieved in patients who were under 60 years of
age and without herniation. Thus, early surgical intervention
is recommended for these patients to avoid herniation. These
results would be helpful for neurosurgeons to decrease the
mortality of sICH. However, the 6-months neurological outcome
showed no difference between different surgical methods. The
optimal surgical technique, intervention timing, and patient
selection might allow appropriate patients to benefit from
hematoma evacuation. These preliminary results warranted a
further large, prospective, randomized study.
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