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An adult patient presented with acute neurological deterioration caused by 
spontaneous intracerebral hemorrhage in the right cerebral hemisphere. 
Initial computed tomography demonstrated a hyperdense intraparenchymal 
lesion hematoma associated with perifocal edema and mass effect. Given 
the lesion’s location and the goal of minimizing surgical trauma, a minimally 
invasive endoscopic evacuation was planned.
To optimize preoperative planning, mixed reality–based holographic navigation 
was employed. Patient-specific three-dimensional models were generated from 
CT data using dedicated segmentation software and visualized through a head-
mounted mixed reality device. This approach enabled accurate assessment 
of the hematoma’s spatial relationship to cortical and subcortical structures, 
facilitating precise selection of the craniotomy site and surgical trajectory.
Endoscopic evacuation was performed via a tubular retractor using 0° and 30° 
endoscopes, achieving effective hematoma removal without intraoperative 
complications. Postoperative imaging confirmed satisfactory evacuation with 
regression of mass effect and no evidence of rebleeding.
This case illustrates the potential value of mixed reality–assisted planning 
as a complementary tool for minimally invasive surgery in intracerebral 
hemorrhage, enhancing spatial understanding, reducing cognitive load, and 
supporting safe and targeted surgical strategies.
Keywords: stroke; mixed reality; minimally invasive surgery; intracerebral 
hemorrhage

Introduction
Intracerebral hemorrhage (ICH) remains one of 

the leading causes of mortality and long-term disability 
among patients with acute stroke [1, 2]. Surgical 
treatment of intracerebral hematomas, particularly those 
located in deep-seated brain regions, is associated with 
a high risk of additional injury to intact brain tissue, 
which limits the applicability of traditional open surgical 
approaches.

In this context, minimally invasive and endoscopic 
techniques for intracerebral hematoma evacuation have 
gained increasing relevance. A key determinant of the 
success of these procedures is precise preoperative 
planning of the surgical access and trajectory, 
allowing minimization of damage to functionally 
significant structures [3, 4]. Contemporary mixed reality 
technologies provide new opportunities for rapid and 
effective spatial visualization of pathology and enhanced 
preoperative orientation for the surgeon.

Case description
Patient P., a 56-year-old man, was admitted to 

the Neurosurgical department of the Kharkiv Regional 
Clinical Hospital with clinical signs of acute stroke. 
On admission, the patient presented with impaired 

consciousness to the level of deep obtundation (Glasgow 
Coma Scale score: 12) and severe left-sided hemiparesis.

The medical history revealed long-standing arterial 
hypertension that had not been adequately controlled 
with antihypertensive therapy. No other chronic medical 
conditions were reported.

Non-contrast computed tomography of the brain 
demonstrated an intracerebral hematoma in the right 
cerebral hemisphere, accompanied by marked perifocal 
edema and mass effect (Fig. 1). Subsequent computed 
tomography angiography of the cerebral vessels revealed 
no evidence of intracranial aneurysm, arteriovenous 
malformation, or cavernous malformation.

Considering the location and volume of the 
hematoma as well as the patient’s clinical condition, 
minimally invasive endoscopic evacuation was deemed 
appropriate, with holographic navigation employed 
during the preoperative planning stage.

Surgical Planning: Segmentation and Three-
Dimensional Model Generation

Mixed reality technology was employed for 
preoperative surgical planning. Computed tomography 
data of the brain in DICOM format were processed using 
the Extra Vision platform (Extra Vision, Ukraine), which 
enables segmentation of pathological and anatomical 

Copyright © 2026 Vladyslav I. Kaliuzhka, Mykyta A. Markevych, Mark I. Hlukhenkii, Iurii O. Babalian, Volodymyr O. Piatykop
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structures with subsequent generation of a patient-
specific three-dimensional model.

Segmentat ion inc luded the volume of the 
intracerebral hematoma, the cortical surface, the scalp, 
and the skull as key anatomical landmarks. The resulting 
three-dimensional model accurately represented the 
spatial relationships between the hematoma, the skull, 
and the brain parenchyma.

Visualization of the three-dimensional model was 
performed using a Meta Quest 3S head-mounted display 
(Meta, USA), allowing interactive real-scale analysis, 
including rotation, scaling, and evaluation of potential 
surgical trajectories (Fig. 2). This facilitated precise 

selection of the craniotomy site and the optimal cortical 
entry point.

Surgical procedure
The surgical procedure was performed under general 

anesthesia with the patient in the supine position. 
The craniotomy site was determined by correlating 
the patient-specific three-dimensional model with 
the patient’s head surface. Based on the results of 
preoperative planning, a minimally invasive approach 
using an 11-mm tubular retractor was selected. The 
direction of the surgical corridor corresponded to the 
predefined trajectory (Fig. 3).

Following a small craniotomy (1.5 × 1.5 cm) and 
corticotomy, a tubular retractor was inserted, providing 
atraumatic access to the hematoma with minimal 
displacement of the surrounding brain tissue. Hematoma 
evacuation was performed endoscopically using 0° and 
30° endoscopes, allowing visualization of both central 
and peripheral regions of the hematoma cavity.

After removal of the main hematoma volume, 
meticulous hemostasis was achieved under endoscopic 
control. No active bleeding was observed. The hematoma 
cavity was lined with hemostatic material.

Postoperative course
In the postoperative period, stabilization of the 

patient’s neurological status was observed. Follow-up 
computed tomography performed within 24 hours after 
surgery confirmed effective hematoma evacuation 
with regression of mass effect (Fig. 4). No evidence of 
recurrent hemorrhage was detected.

The patient was transferred to the rehabilitation 
unit on postoperative day 7. On follow-up neurological 
examination, left-sided hemiparesis persisted. The 
modified Rankin Scale score was 3.

Fig. 2. Segmentation of the intracerebral hematoma and holographic visualization. 
A — semi-automatic segmentation of the intracerebral hematoma based on computed tomography data, 
demonstrating axial and sagittal slices with the delineated hematoma volume and quantitative segmentation 
parameters; 
B — three-dimensional holographic visualization of the segmented intracerebral hematoma in mixed reality using 
the Meta Quest 3S headset, enabling interactive assessment of the spatial location of the pathology and surgical 
trajectory planning

Fig. 1. Non-contrast computed tomography 
of the brain on admission
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Discussion
This clinical case demonstrates the potential value 

of holographic navigation as an adjunctive tool for 
preoperative planning in minimally invasive endoscopic 
treatment of intracerebral hemorrhage. Holographic 
visualization reduces cognitive load on the surgeon 
by externalizing complex three-dimensional spatial 
relationships between the pathology and surrounding 

anatomical structures, thereby minimizing the need for 
mental reconstruction from two-dimensional imaging 
data [5].

The use of mixed reality facilitates accurate selection 
of the optimal surgical strategy and access corridor [6], 
while also improving spatial orientation immediately 
prior to surgical intervention. This is particularly relevant 
in cases of deep-seated intracerebral hematomas, 

Fig. 3. Intraoperative orientation using holographic navigation. 
A — preoperative planning and surface projection of the intracerebral hematoma onto the scalp surface using 
mixed reality technology; 
B — intraoperative visualization of the hematoma and the planned surgical access trajectory, providing spatial 
orientation and correlation between the preoperative plan and intraoperative conditions during hematoma 
evacuation

Fig. 4. Postoperative control computed tomography of the brain. 
A — status after endoscopic evacuation of the intracerebral hematoma in the right 
cerebral hemisphere, demonstrating the postoperative cavity at the hematoma site, with 
no evidence of residual hematoma or recurrent intracerebral hemorrhage, and regression 
of mass effect; 
B — three-dimensional reconstruction of the craniectomy site
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where even minor deviations in trajectory may result 
in additional neurological injury. Mixed reality provides 
a rapid and efficient solution for planning minimally 
invasive procedures by enabling intuitive spatial 
orientation and selection of an optimal surgical corridor 
while minimizing disruption of healthy brain tissue.

Conclusions
The use of mixed reality holographic navigation may 

be justified for planning minimally invasive endoscopic 
procedures for intracerebral hematomas. Mixed reality–
assisted visualization may enhance the accuracy of 
surgical access selection and contribute to improved 
safety of surgical treatment.
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