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Abstract 
Purpose: The study investigated whether intra-operative 3D hologram, a computer graphics model of the brain, 

with mixed reality (MR) technique based on computed tomography-magnetic resonance imaging (CT-MRI) fusion 
images could be helpful during brachytherapy for brain metastasis. 

Material and methods: A patient with relapsed brain metastasis was reported. Pre-operative CT and MRI image 
fusion was performed, with software developed by our center and the Chinese University of Hong Kong. 3D polygon 
data segmented from pre-operative CT-MRI fusion images were registered into HoloLens (Microsoft Corporation, 
Redmond, WA, USA). 125I seed implantation was performed under MR guidance. 

Results: Interventional surgeons could share the same hologram and move the hologram from their respective 
angles, while wearing the HoloLens without any monitors. The intra-operative hologram offered good visualization of 
the skull, tumor location, and main vessels around the tumor during brain brachytherapy of a patient with brain me-
tastasis. The interventional surgeons could easily compare the patient’s actual anatomy with the hologram before and 
during the brain brachytherapy procedure. D90 and V100 of post-operative plan and pre-operative plan were 131.8 Gy  
vs. 132.0 Gy and 94.8% vs. 94.0%, respectively. The patient’s imaging findings together with clinical symptoms were 
greatly improved at 3 and 6 months after the implantation. 

Conclusions: This initial experience suggests that the use of the intra-operative hologram with MR technique based 
on CT-MRI fusion images helped in brachytherapy guidance. Further research is needed to explore the potential of this 
approach in neuro-navigation. 
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Purpose 
Permanent interstitial brachytherapy has been in-

creasingly used and has resulted in good outcomes for 
primary or adjuvant treatment of brain tumors [1]. Inter-
stitial brachytherapy with radioactive 125I seed implanta-
tion depends primarily on pre-operative planning and in-
tra-operative optimization with brachytherapy treatment 
planning systems (TPSs) [2]. Both computed tomography 
(CT) and magnetic resonance imaging (MRI) have defi-
ciencies in facilitating target delineation for brain tumors. 
Our previous research registered CT-MRI fusion images 
into brachytherapy TPS and three-dimensional printing 
individual template (3D-PIT) to guide brachytherapy 
for the treatment of brain gliomas and metastases, and 
achieved good results [3, 4]. 

In brain brachytherapy, there are several important 
steps involving pre-operative and intra-operative image 

acquisition and processing for recognizing the tumor lo-
cation or vascular anatomy. Interventional surgeons and 
assistants performed seed implantation under guidance 
of pre-operative CT-MRI fusion data and intra-operative 
CT images. We hypothesize that the use of 3D visualiza-
tion of inter-operative data with the use of a 3D support 
system would be helpful for interventional surgeons 
during brain brachytherapy. 

Mixed reality (MR) technique combines the physical 
world with the digital world. Users of head-mounted 
displays (HMDs) intrinsically obtain a single-user point 
of view that frees their hands during brachytherapy. Us-
ing HMDs, interventional surgeons can see 3D computer 
graphics (CGs) based on CT-MRI fusion images with MR 
technique intra-operatively. The advantages of MR tech-
nique for surgical support are as follows: 1) no need for 
a sterilized monitor; 2) better visualization of the brain 
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tumor than 2D images; and 3) ability to share 3D images 
among all interventional surgeons [5]. 

In this study, we report the first experience of brain 
brachytherapy performed under the guidance of an intra- 
operative 3D hologram, a CG model of the brain, with 
MR technique based on CT-MRI fusion images, and in-
vestigated the potential of 3D hologram as an intra-oper-
ative support tool. 

Case report 
We report a case of a patient with brain metastasis 

from primary esophageal cancer. Radical surgery for 
esophageal cancer was performed in February 2009. The 
brain metastasis detected by MRI in December 2018, was 
treated with a gamma knife. Four cycles of systemic che-
motherapy were administered and ended in April 2019. 

Name Plan Min. Max. Mean CI EI HI D90 V100 

GTV Pre 8602.6 209848.7 32593.2 0.7793 0.1932 0.2407 13201.0 38.2 cc (94%) 

OAR Pre 676.1 7034.2 2126.0 0.0000 3.4662 0.0000 989.5 0.0 cc (0%) 

Fig. 1. A) Pre-operative MRI showed the brain metastasis. B) Pre-operative planning design determined delineation of GTV 
(red line), needle tract (green line), organ at risk (OAR, yellow line), and calculated the dose distribution of target volume (iso-
dose line) based on pre-operative CT-MRI fusion image by BTPS. C) Dose volume histogram of pre-operative plan 
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125I seeds were implanted in the brain metastasis with 3D 
hologram support with MR technique based on CT-MRI 
fusion images, as the patient’s metastasis relapsed, and 
the symptoms of dizziness and ataxia worsened in Jan-
uary 2020. 

The patient underwent both CT (GE Light Speed 16 
CT scanner, Milwaukee, WI, USA) and MRI (GE Signa 
HDx, Milwaukee, WI, USA) 3 days before brachytherapy. 
The slice thickness was 1.25 mm, and a vacuum pad was 
used to fix the body position. The positioning line and 
alignment reference line of the template were marked on 
the surface of the patient. Fusion of the pre-operative CT 
data and MRI images were performed using the meth-
od reported in our previous study [3]. The pre-operative 
plan was carried out on a TPS (KLSIRPS-3D, Beijing Uni-
versity of Aeronautics and Astronautics, Beijing, China) 
(Figure 1A-C).

3D reconstruction of the brain was performed with 
human 3D visualization MR system (v1.0.0; ZWDX, 
China), using the above CT-MRI fusion image data. The 
brain skull, brain metastasis, main blood vessels, and 
ventricles were segmented from CT-MRI fusion data. 
3D images of the brain were integrated. Polygon (STL) 
files were exported from the above-mentioned human 
3D visualization MR system. After uploading the data, 
3D images were automatically converted as a case-spe-
cific CG for MR, called a ‘3D hologram’. It takes a total 
of approximately 15 minutes from data upload until the 
generation of hologram. HoloLens (Microsoft Corpo-
ration, Redmond, WA, USA) is an optical see-through 
HMD that enables optical superposition of virtual con-
tent into the user’s direct view of the physical world. 
The data of hologram can be downloaded into HoloLens 
(Figure 2A, B). 

Seed implantation was performed under general anes-
thesia. The patient was placed on the left side and fixed 
with a vacuum pad. All the interventional surgeons wore 
HoloLens devices. The hologram data were aligned to the 
brain of the patient. The hologram contributed to good vi-
sualization of the tumor location and peritumoral vessels. 
Then, all the interventional surgeons could confirm the tu-
mor location and needle paths for the tumor just before 125I 
seed implantation, avoiding injuries to the brain vessels. 
This final confirmation of pre-operative CT-MRI fusion 
data with the intra-operative 3D hologram might lead to 
safe and accurate procedures. The implantation needle was 
used to puncture the tissue to the predetermined depth 
while avoiding the vessels. CT was performed during the 
puncture to verify the position of the implantation nee-
dle and seeds. The intra-operative CT was fused with the 
pre-operative MRI, and additional seeds were implanted if 
there were areas without seeds that could potentially lead 
to underdosing of the target. CT was performed during the 
seed implantation to observe the actual distribution of 125I 
seeds, until the actual distribution was basically consistent 
with that of the pre-operative plan (Figure 3A-C). 

There were 6 implantation needle paths. The pre-oper-
ative PTV of the patient was 38.2 cm3. The activity of each 
single 125I seed used was about 0.7 mCi. The number of 
seeds implanted was 40. The prescribed dose was 120 Gy.  
The pre-operative and post-operative D90 were 132.0 Gy  
and 131.8 Gy, respectively. The pre-operative and post- 
operative V100 were 94.0% and 94.8%, respectively. 

The patient had an uneventful course and was dis-
charged home 3 days after the procedure. MRI was per-
formed at 3 and 6 months after the seed implantation in 
a local hospital. The MRI data showed that tumor en-
hancement declined, necrosis existed in the tumor, and 

Fig. 2. A) The operator adjusted the hologram through easy 
hand gesture. B) The hologram helped with brachythera-
py guidance 
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mass effect disappeared (Figure 4A, B). The symptoms of 
dizziness and ataxia significantly lessened. 

Discussion 
In our study, the first experience of applying intra-op-

erative 3D hologram support in brain brachytherapy was 

reported. For high-quality brachytherapy, care must be 
taken to avoid organs at risk, and in the case of the brain, 
it is extremely important to avoid the major vessels.  
The hologram was used for operative planning and to 
assess brain anatomy during 125I seed implantation to im-
prove the safety of surgery. This hologram support was 
helpful for the procedure during brachytherapy. 

A B

C

Name Plan Min. Max. Mean CI EI HI D90 V100 

GTV Post 9113.5 236571.4 37451.0 0.8124 0.1578 0.2769 13184.0 35.6 cc (94.8%) 

OAR Post 499.6 4082.7 1461.9 0.0000 3.4149 0.0000 745.5 0.0 cc (0%) 

Fig. 3. A) Needle punctured the brain metastasis under the guidance of mixed reality technique. B) Post-operative dosimetry 
verification showed the actual seed distribution and calculated the dose distribution of target volume based on post-operative 
CT-MRI fusion image by BTPS. C) Dose volume histogram of post-operative plan 
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The hologram support system used for this study was 
able to share the same images from every operator’s an-
gle without monitors. The 3D hologram was also helpful 
for gaining good spatial awareness of the brain. HoloLens 
devices usually cannot be connected to the internet in op-
erating rooms because of security problem. The HoloLens 
device of each interventional surgeon involved in seed 
implantation was configured in the same Wi-Fi network 
by a Wi-Fi hotspot. Such a Wi-Fi environment enabled 
sharing of the hologram. Furthermore, the operators 
could easily handle and manipulate the hologram with 
hand gestures. Though it differed greatly in individuals, it 
took some time for the interventional surgeons to get used 
to operating the HoloLens device with hand gestures. 

Incekara et al. tested clinical applicability and accuracy 
of a wearable mixed-reality device for pre-operative neu-
rosurgical tumor localization and surgical planning, and 
compared the device with standard neuro-navigation. 
They provided a proof of concept that the HoloLens had 
a potential for operative planning of brain tumor surgery 
with quantitative outcome measures [6]. Yu Saito et al.  
administered questionnaires assessing intra-operative 
hologram support in liver surgery and found that holo-
gram scored significantly higher ‘physical demand’, and 
‘effort’, and lower ‘performance’ than usual 2D support 
because it took surgeons a while to get used to operate 
HoloLens with hologram [7]. 

Teaching through holograms has advantages com-
pared with traditional methods. Shao et al. evaluated 
teaching results in the form of objective questions and 
subjective examinations between hologram-based teach-

ing and traditional mode teaching. They found that ho-
logram technology might improve the quality of neuro-
surgical teaching, and this method should be promoted 
when teaching clinical subjects [8]. Hologram technology 
may later be used to assist clinical teaching. 

Hologram technology is still in the early stages. First, 
the HMDs could be made to be lighter, simpler, and 
easier to operate. Second, if they can achieve real-time 
navigation during brachytherapy, these devices might 
be an ideal and comfortable instrument. Hologram has 
been introduced as an assisted guidance tool and not as 
a real-time navigation tool at this time. Third, further re-
search is needed to explore this hypothesis. 

Conclusions 
This initial experience suggests that the use of in-

tra-operative hologram with MR technique based on CT-
MRI fusion images may help with brachytherapy guid-
ance. Further research is needed to explore the potential 
of this approach in neuro-navigation. 
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