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Abstract: Intracerebral hemorrhage (ICH) remains one of the most severe forms of
stroke, associated with high rates of morbidity and mortality. Conventional surgical
techniques, such as craniotomy, while effective in selected cases, often carry significant
risks, particularly in critically ill patients. In recent years, minimally invasive surgical
approaches have emerged as promising alternatives for the management of ICH. These
techniques, including stereotactic aspiration, endoscopic evacuation, and catheter -based
thrombolysis, aim to reduce surgical trauma, minimize neurological deficits, and improve
functional outcomes. This article reviews the current minimally invasive methods for
treating ICH, their clinical efficacy, and the potential advantages and limitations
compared to traditional approaches.
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Intracerebral hemorrhage is a devastating neurological emergency that accounts for
approximately 10-15% of all strokes worldwide. Despite advances in medical care, ICH
continues to carry high mortality rates, with nearly half of patients dying within the first
30 days of onset and many survivors left with long-term disability. Traditional surgical
evacuation through open craniotomy, while effective in certain circumstances, is often
associated with extensive tissue damage, longer recovery times, and poor functional
outcomes, especially inelderly or medically fragile patients.

Minimally invasive surgical techniques have been developed to address these
limitations by allowing targeted removal of hematomas with reduced collateral injury.
Stereotactic aspiration and catheter-based thrombolysis permit gradual hematoma
reduction, while endoscopic evacuation provides direct visualization of the clot through
small cortical openings. These approaches not only decrease operative trauma but also
enable faster recovery, reduced hospital stays, and potentially better neurological
outcomes.
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The integratibW Intraoperative imaging, and advanced
instrumentation has further enhanced the precision and safety of minimally invasive

interventions. Growing evidence suggests that these techniques, when applied to carefully
selected patients, may offer significant advantages over conventional craniotomy.
However, challenges remain regarding patient selection criteria, optimal timing, and the
standardization of surgical protocols.

Intracerebral hemorrhage (ICH) is one of the most catastrophic neurological
conditions, characterized by bleeding within the brain parenchyma and subsequent
compression of surrounding neural structures. The pathological consequences include
mass effect, increased intracranial pressure, perihematomal edema, and secondary
ischemic injury. These pathophysiological mechanisms contribute to the high morbidity
and mortality associated with ICH. While medical management focuses on blood
pressure control, intracranial pressure regulation, and supportive care, surgical evacuation
remains the only direct method to remove the hematoma and alleviate its mass effect.
However, traditional open craniotomy has shown mixed results in improving long-term
outcomes, which has driven the development and clinical application of minimally
invasive surgical approaches.

The concept behind minimally invasive surgery (MIS) in ICH is to achieve maximal
hematoma evacuation with minimal collateral damage to surrounding brain tissue. Unlike
large craniotomies, MIS techniques rely on smaller cortical openings, tubular retractors,
stereotactic guidance, and endoscopic visualization to reduce operative trauma. The
overarching goal is to reduce perioperative morbidity, accelerate recovery, and improve
functional independence, particularly in patients with deep-seated hematomas or those
with significant comorbidities that preclude conventional surgery.

One of the earliest minimally invasive strategies was stereotactic aspiration of
hematomas. Using stereotactic coordinates derived from CT or MRI imaging, a small
burr hole is created, and a catheter is advanced precisely into the clot. The hematoma can
then be aspirated manually or with suction devices. In some protocols, catheter-based
fibrinolytic therapy using agents such as recombinant tissue plasminogen activator (rt-
PA) is administered, allowing gradual liquefaction and drainage of the clot over several
days. The Minimally Invasive Surgery plus rt-PA for Intracerebral Hemorrhage
Evacuation (MISTIE) trials have provided evidence supporting this approach,
demonstrating significant hematoma volume reduction with relatively low complication
rates. Although functional outcome benefits remain under ongoing investigation, these
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studies have higﬁw—ﬁmd safety of stereotactic aspiration combined

with thrombolysis.

Endoscopic evacuation represents another important minimally invasive modality.
Through a small craniostomy, an endoscope is introduced into the hematoma cavity,
providing direct visualization of the clot and surrounding structures. Suction and
irrigation systems allow controlled evacuation of the hematoma, while endoscopic
visualization minimizes the risk of injuring critical vasculature or functional brain
regions. Endoscopic techniques have proven particularly effective in lobar hemorrhages
and intraventricular hemorrhages, where visualization is crucial for complete clot
removal. Clinical studies indicate that endoscopic evacuation reduces operative time,
blood loss, and length of hospital stay compared to craniotomy, with comparable or
superior functional outcomes.

Catheter-based drainage with local thrombolysis is another evolving approach. After
stereotactic catheter placement, fibrinolytic agents are delivered directly into the
hematoma cavity, promoting gradual clot dissolution and drainage through the catheter
system. This method is less invasive than endoscopic surgery and has the advantage of
being performed under local anesthesia in critically ill patients. However, risks such as
rebleeding and infection remain concerns, and ongoing trials are investigating the balance
between clot resolution and complication risk.

The role of MIS in ICH has been further advanced by modern technologies such as
neuronavigation, intraoperative ultrasound, and intraoperative CT or MRI. These tools
allow precise targeting of hematomas, real-time assessment of evacuation efficacy, and
reduced risk of incomplete clot removal. Tubular retractor systems, which gently displace
brain tissue rather than retract it forcibly, have further improved the safety profile of
minimally invasive procedures. In addition, the integration of robotic assistance and
three-dimensional endoscopic systems represents an exciting frontier for enhancing
precision and reproducibility.

Despite these promising developments, several challenges remain. Patient selection is
critical in determining which individuals may benefit most from MIS. Factors such as
hematoma location, size, volume, patient age, neurological status, and the presence of
comorbidities influence surgical decision-making. Deep-seated hemorrhages in the basal
ganglia or thalamus, for example, pose particular challenges, as even minimally invasive
approaches risk injury to eloquent brain structures. Timing of surgery is another area of
debate, with some evidence suggesting that earlier evacuation may limit secondary injury,
while other data emphasize the risks of rebleeding with premature intervention.
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Comparative stu conventional craniotomy reveal encouraging
results, but the evidence 1s not yet definitive. While MIS tends to reduce perioperative
morbidity, its impact on long-term functional outcomes is still under active investigation.
Randomized controlled trials, such as the MISTIE III study, have shown trends toward
improved outcomes in patients with greater hematoma reduction, but statistical
significance has not been consistently achieved across all patient groups. These findings
suggest that further refinement in surgical technique, patient selection, and perioperative
management is required to maximize the benefits of MIS.

From a healthcare systems perspective, minimally invasive approaches offer potential
cost advantages by reducing operative times, intensive care unit stays, and overall
hospital length of stay. Early mobilization and rehabilitation are facilitated by reduced
surgical trauma, which may translate into lower long-term care costs and improved
quality of life for survivors. However, MIS requires specialized training, equipment, and
institutional infrastructure, which may limit widespread adoption, particularly in low-
resource settings.

Ethical considerations also play a role in the surgical management of ICH, especially
in elderly or severely debilitated patients. While MIS can reduce operative risk, it is not
always clear whether surgical intervention will significantly improve functional
independence or quality of life in individuals with poor baseline status. Shared decision-
making with patients and families, as well as careful discussion of risks, benefits, and
expected outcomes, remains essential.

Future directions in the field include the refinement of endoscopic instruments, the
development of more effective and safer thrombolytic agents, and the use of artificial
intelligence for surgical planning and intraoperative guidance. Advanced imaging
techniques may help identify patients most likely to benefit from MIS, while robotic-
assisted systems could further reduce human error and enhance procedural consistency.
The ongoing integration of these innovations is likely to transform the management of
ICH, moving toward safer, more effective, and personalized surgical care.

In summary, minimally invasive surgical approaches represent a promising evolution
in the management of intracerebral hemorrhage. By reducing surgical trauma and
optimizing clot evacuation, these techniques have the potential to improve outcomes in a
condition historically associated with devastating prognoses. While challenges remain in
terms of patient selection, timing, and standardization, the growing body of evidence
supports the integration of MIS into clinical practice. Continued research, technological
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innovation, and multidiseipli tion will be key in establishing minimally

invasive surgery as a cornerstone of ICH treatment in the future.

Intracerebral hemorrhage remains one of the most challenging neurosurgical
emergencies due to its high rates of mortality and disability. While traditional open
craniotomy has had limited success in improving functional outcomes, minimally
invasive surgical techniques have emerged as promising alternatives. Approaches such as
stereotactic aspiration, endoscopic evacuation, and catheter-based thrombolysis allow for
effective hematoma reduction while minimizing collateral brain injury. Supported by
technological innovations including neuronavigation, intraoperative imaging, and tubular
retractor systems, minimally invasive surgery is becoming increasingly feasible and safe.

Although clinical trials have demonstrated encouraging results, challenges remain in
optimizing patient selection, surgical timing, and standardization of techniques.
Functional recovery is highly dependent on the extent of hematoma evacuation and the
patient’s baseline neurological status. Further large-scale studies and advancements in
surgical technology are necessary to establish minimally invasive surgery as a standard of
care for intracerebral hemorrhage. Nonetheless, current evidence suggests that minimally
invasive approaches provide a valuable tool in the neurosurgeon’s armamentarium,
offering hope for improved outcomes in a condition historically associated with poor
prognosis.
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