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New methods for holographic visualisation provide a true three-dimensional experience of
medical images. The technique is generating great interest among surgeons.

We are accustomed to viewing diagnostic medical images on two-dimensional (2D) screens,
but the relationship between structures is easier to see in a three-dimensional (3D)
presentation. Virtual reality imaging technology is constantly evolving. One example is
mixed reality, where the real and virtual worlds merge, enabling a holographic image to be
viewed through special glasses in a hybrid of reality and virtual reality.

Improvements in image quality and software have simplified the production of detailed 3D
images that can facilitate the understanding of localisation and shape of pathological
changes in the body. These images are typically displayed on a flat computer screen with a
limited depth perception. Holographic images of organs can enable a faster and deeper
understanding of both the problem and its solution.

Holographic images of malformations of the skull were described in 1988 (1). Experimental
articles on spinal surgery (2) and 3D ultrasound of the heart (3) appeared in the 1990s, and
the shift from 2D to 3D initially took place in the field of surgery. Planning in three
dimensions is challenging in, for example, heart surgery (4), and the use of holograms in
the simulation of difficult procedures has therefore been suggested for training purposes.

Early holographic technology was cumbersome, and the data capacity was limited. The
equipment needed for a virtual reality 3D experience has become more user-friendly and
effective, and is used in many disciplines. We describe the development of mixed reality
technology in medical diagnostics and treatment and how the work in many disciplines can
be adapted.

Mixed reality in clinical studies

Mixed reality with holographic glasses has been in experimental clinical use at Oslo
University Hospital, Rikshospitalet, and Akershus University Hospital since 2017. Areas
under study are liver surgery, congenital heart defects, colon cancer and hip disorders
(Figure 1). CT, MR and ultrasound images are used as a basis for the holograms, and the use
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of artificial intelligence in image processing is increasing. Mixed reality also opens up new
communication methods; for example, a treatment provider using holographics can reach
patients who are isolated or far away.

Planning, navigation and visualisation

SURGERY FOR CONGENITAL HEART DEFECTS

The planning and implementation of surgery for complex congenital heart defects are
highly dependent on good-quality images. Critical structures such as coronary arteries and
large blood vessels need to be moved, and heart valves reconstructed and repaired,
sometimes in neonates. Traditionally, the planning of such procedures has been based on
surgeons’ ability to produce a 3D mind image of the patient’s anatomy from cross-sectional
images. This ability varies from individual to individual (5). Even with detailed terminology,
communicating the problem and solution can be a challenge.

3D reconstruction of CT and MR images on a flat screen has simplified the understanding of,
for example, aortic malformations. Holograms and 3D printouts of individual heart models
have enabled real 3D perception. Augmented reality is now being compared to 3D printouts
as a way of defining ranges of application (6). In 2017, Oslo University Hospital received
glasses with mixed reality software. With the help of computer engineers, it was possible to
study the data models used for 3D printouts in the form of holograms.

Over 50 patients were enrolled in a study of the benefits of holographic visualisation before
paediatric cardiac surgery. Preliminary results show that the technology is easy to use and
provides a good depth perception (7). Experience from individual cases shows that
holograms can simplify the understanding of complex congenital heart malformations.
However, there are still some challenges with the method in relation to, for example, the
use of distance measurement. Thin and moving structures, such as heart valves, are time-
consuming to model. Holographic modelling of implants for the closure of ventricular
septal defects is now being tested. Further developments are aimed at merging image
modalities and navigating holograms during interventions. The use of various technologies
for 3D visualisation of congenital heart defects has been described in a recent review (6).

LIVER SURGERY

Laparoscopic liver resections were introduced more than 20 years ago and are now an
established surgical technique for the removal of tumours in metastatic colorectal cancer.
The principle is to remove the tumour with sufficient margins and save as much healthy
liver as possible. The patient retains the majority of the liver, thereby reducing the risk of
complications. About half of these patients relapse, and the method simplifies their further
treatment (8). Surgeons’ options for planning liver surgery are currently limited.

A patient-specific 3D model of the liver, including blood vessels and tumours, shows
relevant preoperative information and provides an overview of the relationship between
anatomical structures. Advanced software in 3D modelling can facilitate preoperative
planning and the communication of complex surgery plans. One of the benefits of mixed
reality is that the equipment is mobile. The holograms can be used flexibly in
interdisciplinary meetings and in operating theatres. We found that it is quicker to locate a
liver tumour using a holographic model than MRI (9). The solution is now used in research
to plan complex procedures, but may in the future become part of everyday clinical
practice.

The next step is to use this technology during surgery as an interactive map with
continuous updates. This leads on to full functionality for navigation, where surgical
instruments are tracked and shown in the holographic 3D model as an interactable surgical
map.
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TUMOUR SURGERY IN THE COLON

For curative purposes, the tumour in the colon segment is removed keeping the mesentery
intact containing regional lymph nodes. At Akershus University Hospital, extended
mesenterectomies are performed for small and large bowel cancer, where mesenteric blood
vessels are ligated at their source. The goal of this surgical method is to remove more lymph
nodes as part of a more radical treatment in the hope of reducing the risk of relapse.

Large variations in blood vessel anatomy require detailed mapping, and this is provided in
the form of high-resolution, contrast-enhanced CT imaging, which produces a detailed 3D
representation of the characteristics. Typically, these reconstructions are displayed on
paper or screen, but they can now be presented as 3D-printed models or holograms (10).
Testing is underway to determine whether mixed reality can also be used, and results to
date find that the 3D models can easily show the anatomical structures both pre-and
intraoperatively. The goal is safer navigation during cancer surgery and more customised
treatment as part of a tailored oncological surgical approach (11).

The segmentation method that creates 3D models needs to be validated prior to clinical use,
including with the help of artificial intelligence in the future.

ORTHOPAEDIC SURGERY

Deformities of the hip can cause pain and reduced mobility, which are difficult to diagnose
and investigate. X-rays are normally taken in two planes in addition to a CT examination. To
better understand the anatomy, the images can be reconstructed in 3D, but to date, these
images have been displayed on a screen in 2D, without any information on movement.
Optimal surgical outcome requires surgeons to understand the dynamic pathology and
how the femoral head and the acetabulum interact, and which movements are restricted
and painful for the patient.

Holographic technology with mixed reality (12) enables us to perform an examination of
the joints that shows how the skeletal structures move when examining the patient. CT
images of the pelvis and hips are used to make a hologram of these areas.

The hologram is then placed on the patient’s femur, hip joint and pelvis using markers and
an optical tracking system, and it moves as the examiner changes the position of the
patient’s leg. This enables the examiner to see the movement restrictions and possible
causes, and allows the patient to indicate which movements and joint positions are painful.
This generates new information about the patient’s hip disorder and provides a better basis
for assessing what treatment may be effective.

We have used this examination technique on selected patients with late sequelae of
paediatric hip diseases. This technology has enormous potential within orthopaedic
surgery. We are working on methods that can be used in surgical planning, where
holographic images of bones and joints can be used to direct the virtual surgical cutting
plane to be positioned through the bone and to reconstruct skeletal deformities in mixed
reality. ‘Real-time X-ray vision’ can enable faster, more accurate, less invasive and safer
surgery, and the potential for surgical application is therefore far-reaching.

Conclusion

Mixed reality is a technology that can display holograms from medical imaging as part of
real-time interactions (for example, with the patient, the doctor and the instruments).
Effects such as X-ray vision and 3D navigation during surgery are achieved through tracking
technology. The use of mixed reality in medicine is still in an early stage of development
and is assumed to have enormous potential. Automatic production of holograms using
artificial intelligence can increase the clinical benefit, but the method needs to be validated
within each clinical area in order to identify possible limitations. Holographic telemedicine
is an exciting area of development that can reduce the need for travel by healthcare
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personnel and patients. Virtual doctor appointments during epidemics can reduce the
spread of infection and the need for personal protective equipment.

REFERENCES:

1. Fujioka M, Ohyama N, Honda T et al. Holography of 3D surface reconstructed CT images. ] Comput
Assist Tomogr 1988; 12: 175-8. [PubMed][CrossRef]

2. Benzel EC, Rupp FW, McCormack BM et al. A comparison of fluoroscopy and computed
tomography-derived volumetric multiple exposure transmission holography for the guidance of
lumbar pedicle screw insertion. Neurosurgery 1995; 37: 711-6. [PubMed ][ CrossRef]

3. Vannan MA, Cao QL, Pandian NG et al. Volumetric multiplexed transmission holography of the
heart with echocardiographic data. ] Am Soc Echocardiogr 1995; 8: 567-75. [PubMed|| CrossRef]

4. Bol Raap G, Koning AHJ, Scohy TV et al. Virtual reality 3D echocardiography in the assessment of
tricuspid valve function after surgical closure of ventricular septal defect. Cardiovasc Ultrasound 2007;
5: 8. [PubMed][CrossRef]

5. Peters M. Sex differences and the factor of time in solving Vandenberg and Kuse mental rotation
problems. Brain Cogn 2005; 57:176-84. [PubMed|[CrossRef]

6. Goo HW, Park S, Yoo S]. Advanced medical use of three-dimensional imaging in congenital heart
disease: Augmented reality, mixed reality, virtual reality, and three-dimensional printing. Korean |
Radiol 2020; 21: 133-45. [PubMed ][ CrossRef]

7. Brun H, Bugge RAB, Suther LKR et al. Mixed reality holograms for heart surgery planning: first user
experience in congenital heart disease. Eur Heart | Cardiovasc Imaging 2019; 20: 883-8.
[PubMed][CrossRef]

8. Aghayan DL, Pelanis E, Avdem Fretland A et al. Laparoscopic parenchyma-sparing liver resection for
colorectal metastases. Radiol Oncol 2017; 52: 36-41. [PubMed][CrossRef]

9. Pelanis E, Kumar RP, Aghayan DL et al. Use of mixed reality for improved spatial understanding of
liver anatomy. Minim Invasive Ther Allied Technol 2020; 29: 154-60. [PubMed ][ CrossRef]

10. Luzon JA, Andersen BT, Stimec BV et al. Implementation of 3D printed superior mesenteric vascular
models for surgical planning and/or navigation in right colectomy with extended D3
mesenterectomy: comparison of virtual and physical models to the anatomy found at surgery. Surg
Endosc 2019; 33: 567-75. [PubMed ][ CrossRef]

11. Sauer IM, Queisner M, Tang P et al. Mixed reality in visceral surgery: Development of a suitable
workflow and evaluation of intraoperative use-cases. Ann Surg 2017; 266: 706-12. [PubMed ][ CrossRef]

12. Verhey JT, Haglin JM, Verhey EM et al. Virtual, augmented, and mixed reality applications in
orthopedic surgery. Int ] Med Robot 2020; 16: e2067. [PubMed][CrossRef]

Published: 23 November 2020. Tidsskr Nor Legeforen. DOI: 10.4045/tidsskr.20.0498
Received 3.6.2020, first revision submitted 7.9.2020, accepted 21.10.2020.
© The Journal of the Norwegian Medical Association 2020. Downloaded from tidsskriftet.no

Mixed reality - new image technology in experimental use | Tidsskrift for Den norske legeforening


http://dx.doi.org/10.1097%2F00004728-198801000-00041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3335666&dopt=Abstract
http://dx.doi.org/10.1097%2F00004728-198801000-00041
http://dx.doi.org/10.1227%2F00006123-199510000-00015
http://dx.doi.org/10.1227%2F00006123-199510000-00015
http://dx.doi.org/10.1227%2F00006123-199510000-00015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8559300&dopt=Abstract
http://dx.doi.org/10.1227%2F00006123-199510000-00015
http://dx.doi.org/10.1016%2FS0894-7317(05)80369-4
http://dx.doi.org/10.1016%2FS0894-7317(05)80369-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9417198&dopt=Abstract
http://dx.doi.org/10.1016%2FS0894-7317(05)80369-4
http://dx.doi.org/10.1186%2F1476-7120-5-8
http://dx.doi.org/10.1186%2F1476-7120-5-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17306019&dopt=Abstract
http://dx.doi.org/10.1186%2F1476-7120-5-8
http://dx.doi.org/10.1016%2Fj.bandc.2004.08.052
http://dx.doi.org/10.1016%2Fj.bandc.2004.08.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15708213&dopt=Abstract
http://dx.doi.org/10.1016%2Fj.bandc.2004.08.052
http://dx.doi.org/10.3348%2Fkjr.2019.0625
http://dx.doi.org/10.3348%2Fkjr.2019.0625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31997589&dopt=Abstract
http://dx.doi.org/10.3348%2Fkjr.2019.0625
http://dx.doi.org/10.1093%2Fehjci%2Fjey184
http://dx.doi.org/10.1093%2Fehjci%2Fjey184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30534951&dopt=Abstract
http://dx.doi.org/10.1093%2Fehjci%2Fjey184
http://dx.doi.org/10.1515%2Fraon-2017-0046
http://dx.doi.org/10.1515%2Fraon-2017-0046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29520204&dopt=Abstract
http://dx.doi.org/10.1515%2Fraon-2017-0046
http://dx.doi.org/10.1080%2F13645706.2019.1616558
http://dx.doi.org/10.1080%2F13645706.2019.1616558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31116053&dopt=Abstract
http://dx.doi.org/10.1080%2F13645706.2019.1616558
http://dx.doi.org/10.1007%2Fs00464-018-6332-8
http://dx.doi.org/10.1007%2Fs00464-018-6332-8
http://dx.doi.org/10.1007%2Fs00464-018-6332-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30014328&dopt=Abstract
http://dx.doi.org/10.1007%2Fs00464-018-6332-8
http://dx.doi.org/10.1097%2FSLA.0000000000002448
http://dx.doi.org/10.1097%2FSLA.0000000000002448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28767561&dopt=Abstract
http://dx.doi.org/10.1097%2FSLA.0000000000002448
http://dx.doi.org/10.1002%2Frcs.2067
http://dx.doi.org/10.1002%2Frcs.2067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31867864&dopt=Abstract
http://dx.doi.org/10.1002%2Frcs.2067

