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Abstract

The potential that digital holographic imaging (DHI) holds in the future of radiology in 3D will undoubtedly lead to
revolutionizing the guidance of minimally invasive surgical and percutaneous procedures, which are currently being performed
using 2D and/or 3D images displayed on flat screens. This review will update the reader on the definition and processes of digital
holography, holographic applications in radiology, limitations of holography and DHI and their significance in the future of
radiology. Furthermore, the review elaborates upon the many open questions on how to exploit DHI fully in radiological practice.
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Abbreviations

2D, two dimensions; 3D, three dimensions; CT, computed tomography; DH, digital holography; DHI, digital holographic imaging;
MRI, magnetic resonance imaging; PACS, picture archiving and communication system; PET, positron emission tomography.

Introduction

The term hologram, with “holo” meaning complete and
“gram” meaning message, has long been used to refer to both
the technique of wave-front reconstruction by interference,
diffraction and reflection, and an image genre of a virtual
encounter between an immaterial, usually 3D image of an
absent human and living humans.®) Holography, or “whole
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drawing,” is a method by which an exact visual representation
of an object in three physical dimensions can be created using
laser beams, the properties of interference and diffraction,
light intensity recording and the illumination of the recording.
The images change according to the relative position of the
individual viewer, as if the objects displayed are actually
present.®

Dennis Gabor, a Hungarian-British electrical engineer and
physicist, was awarded the Nobel Prize in Physics for inventing
holography in 1971.% Holograms, which have only been around
since the latter part of the last century, enable the visual display
of an object in 3D using light-physics. Digital holography (DH)
has been implemented in many areas, including microscopy, and
data storage and processing.® The creation of holograms to aid
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medical and clinical decision-making has been discussed in the
existing literature on the subject for over two decades.® Two
types of holography are available: conventional and dynamic.
Conventional holography represents static images of 3D objects,
whereby a change in the viewer’s angle of vision results in a
change of perspective of the holographic object. Additionally,
a dynamic holograph is one that adds motion to the 2D or 3D
object.”

Live X-ray and live 3D cardiac ultrasound imaging could
be used simultaneously to guide minimally invasive structural
heart repair procedures, with ultrasound images providing
detailed insights into the heart’s soft tissue anatomy, and with
the X-ray imaging providing visualization of catheters and
heart implants. Medical holography is actually the integration
of all these modalities. However, 3D viewing technologies
are not able to create truly accurate 3D renditions: They are,
in actuality, 2D images gathered from MRI, CT scanner,
ultrasound and other devices, stitched together to create a
rough 3D image. Furthermore, it is extremely laborious and
time-consuming to create 3D visualizations from these 2D
images. This makes treatment and making diagnostic decisions
based on these images rather challenging, and their accuracy
is often questionable. Medical holography can be the answer
to these challenges. By rendering these 2D images into 3D
floating projections, this technology will revolutionize the way
the medical professionals plan and carry out their treatments
and surgeries: enabling physicians to zoom in and out of the
images to get a better view of the areas under observation that
are unclear in the initial scans.” To date, the incorporation of
technology in the medical field appears to lag behind, although
promising advances in medical imaging have been witnessed in
the fields of ultrasound, MRI, and PET.® Bruckheimer et al.”
have applied the DH technology to generate interactive, real-
time, 3D holograms of cardiac imaging data based on rotational
angiography and live 3D transoesophageal echocardiography.
This new technology allows for the visualization of medical
images in 3D without the need for 3D glasses. The operators
can interact with the real-time dataset to crop, rotate, magnify,
and move structures as they float in front of the operators, who
will gain the advantage of appreciating the depth and proximity
of adjacent anatomy with greater ease.

In the real world, the use of classical holographic
technology has resulted in relatively primitive designs,
and now we are witnesses to another major development in
holographic technology. The True 3D Viewer, by EchoPixel,
aims to solve this problem by providing medical professionals
with a hologram of the organs, which can be moved around,
zoomed in on or manipulated in actual 3D space. This new
technology might not necessarily improve medical practices
rapidly, but it can make diagnosing patients and treatment
processes more effective. Furthermore, this 3D holography
could avoid the use of physical procedures that may cause
discomfort to patients and help detect problems in complex
organs such as the heart or the brain.” The addition of motion
represents a significant advancement over current 3D displays,
which can only show 3D static images. It also opens the door
to three major potential uses of holography in radiology: 1)
teaching anatomy, ii) PACS storage, and iii) displaying more

complex anatomic images that can be used to present more
informative reports to physicians and their patients.!?

This review article will update the reader on the
definition and processes of DH, holographic applications in
radiology, limitations of holography and DHI, and the crucial
role this technology has in the future of radiology.

Literature Review

An inclusive literature review was conducted to update
the reader on the definition and processes of DH, holographic
applications in radiology, limitations of holography and
DH and their significance and impact with regard to the
future of radiological imaging. The ScienceDirect, PubMed,
NCBI, Scopus, Elsevier and SAGE databases were utilized
on September 2019 to search for publications containing
information about DH in radiological imaging for the purpose
of this report. The abstracts, which were discovered through
this search, were re-considered for their applicability to the
clinical outcomes associated with this procedure. Complete
manuscripts were retrieved and considered for inclusion in this
report if they featured data that evaluated the evidence on the
role of DH with radiological imaging and assessed the possible
impact on modern medicine, and if the manuscripts featured
clinical practice. Only those studies published between 2000
and 2019 were included in the outcomes analysis; this was
due to the tremendous evolution of DH that occurred at the
beginning of the new millennium. With respect to the location
of the research or the types of journals included in this study,
all valid sources of experience were incorporated. There were
no restrictions with respect to the country of origin of the
publications, which led to a range of opinions and experiences
being found that could serve as material for this report. Articles
obtained through a refined search were surveyed individually
to further explore their content.

DH: Definition and Process

Digital holograms are made up of holographic elements
(hogels) rather than pixels or voxels. In contrast to pixels,
which are normally used in photography, hogels contain 3D
information from multiple perspectives.!” DH is a two-step
process. Step 1 involves recording the hologram, where the
radiographic image is transformed into a photographic record.
Step 2 consists of reconstruction, in which the hologram is
transformed into a virtual image. The digital hologram created
contains a grid of holographic pixels, also known as holopixels,
or the aforementioned hogels. Over time, holopixels have
been diminishing in scale, currently being around 0.8mm,
and are now being reduced to 0.5 mm or even 0.25 mm. Any
kind of 3D medical dataset, such as CT and MR images, can
be converted into a digital hologram. Such data can also be
made available in the form of a physical scan of an object,
a mathematical description of the images, molecular data or
even a series of stills or videos.'?

DH in Medicine

Recently, Royal Philips and Real View Imaging reported
on a clinical study demonstrating the feasibility of using
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innovative live 3D holographic visualization and interaction
technology to guide minimally invasive structural heart
disease procedures.'? RealView’s visualization technology
was used to display interactive, real-time 3D holographic
images acquired by Philips’ Interventional X-ray and cardiac
ultrasound systems. Consequently, in addition to viewing the
patient’s heart on a 2D screen, interventional cardiologists
were able to view detailed, dynamic 3D holographic images
of the heart floating in free space during an interventional
structural heart disease procedure, without having to use
special eyewear. The physicians were also able to manipulate
the projected 3D heart structures by literally touching the
holographic volumes in front of them. Another area in which
this technology may be useful is that of medical education. It
may now be possible to deliver a presentation from a remote
setting: A 3D, high-resolution, full-size image of the presenter
could be projected onstage, onto a special podium, in front of
a live audience thousands of kilometers away, thus allowing
virtual lectures to be held. These technologies can also provide
live simulations to aid students in learning a procedure. Other
uses could include applications in telemedicine, 3D mapping
technologies, remote guidance during emergencies, remote
video conferencing, manufacturing, and myriad other uses.
() Regarding the DH industry, there are several companies
that now produce true hologram systems that are specifically
targeted towards the medical sector (Table 1).("

Potential Applications of DH in Radiology

There are three potential uses of holography in
radiology: i) teaching radiologic anatomy, ii) PACS storage,
and iii) image display.!?

Table 1.
Digital holography industry in the medical sector V

i) The medical hologram, particularly in radiology,
presents a performance boost over traditional textbook images.
The 3D nature of the image generated provides superior visual
capabilities.'” The concept of optical components suggests that
the 3D concept relies on the grouping of visual subcomponents
based on textures, color grade and the linking of structure.!®
This technique enables visualization of the intricate details
of anatomical structures. Its use has also been documented
in imaging the liver through ultrasound scans. Complex
holograms containing information layers from images of
the musculoskeletal, vascular, and nervous systems are now
available.(!”

ii) There has been renewed interest in holography due to
the recent propagation of 3D content and availability of 3D data
from CT, MRI and ultrasound scanners, low-cost depth scanners,
cinema/TV, and 3D printing. Holographic storage and retrieval
systems can be looked upon as solutions to the demands being
made for greater storage capacity, rapid retrieval, and smaller
physical storage footprints.!'” By adopting PACS, a turnaround
has occurred in radiology productivity through the channeling
of the radiology workflow.!"¥ Holographic media can be used
specifically for data storage due to their unique ability to store
information in 3D, in contrast to standard optical disks, which
store data only on the surface. In the near future, there is a
high probability that this technology can eventually replace
magnetic, single-layer storage with optical, 3D holograms.">
PACS currently requires excessive amounts of data storage,
whereas holographic technology can provide up to 1000 times
greater storage capacity than current methods.*>'9

With holography, we can record 1 million bits of data
with a single flash of light.!"” Comparative data suggests that

Country of .
Company name origin Product Properties
EchoPixel USA g;glfie) 3D Viewer Converts 2D images to stereoscopic 3D images
Allows the navigation of the entire body as well as sifting
Zebra Imaging USA ZScape through the skin layers, muscles, the cardiovascular system
and the skeleton
Real View Employs digital light-shaping technology to create a unique
I . Israel 3D holograms (Holoscope) hyper-realistic experience for visualization of 3D medical
maging Ltd images
%::%}1112)10 ies Australia | Enterprise imagine platform Enterprise imaging platform provides the most robust, full-
Pte Ltd g P gmng p functioning product set in the industry for PACS
Ovizio Imaging Belgium Ovizio’s microscopes (3D and 4D |Real time 3D imaging with differential digital holography
System g uantitative microscopy) microscopy
. United . Facilitates the visualization of 3D data from every angle and
Holoxica Ltd Kingdom 3D digital holograms illustrate details that cannot be viewed in 2D images
. Digital holographic microscopes | Provides marker-free, non-invasive images of cells and allows
Lyncee Tec Switzerland with digital holographic camera  |their characterization without perturbation
Eon Reality USA Virtual reality (VR) and VR and AR products aimed at improving medical knowledge
augmented reality (AR) software |transfer
. . High precision holotomographic microscope, which facilitates
NanoLive SA Switzerland |3D cell explorer instantly being able to look inside living cells in 3D
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the cost for new holographic media will probably be around
$0.06-$0.20 per GB, as compared to data tape, which costs
between $0.25 and $1, and videotape, which costs between $1
and $3 per GB.1”

iii) The use of holographic displays in radiology is still
in research, but they can soon find their way into commercial
use and become economically viable."® A holographic
screen can be created using a specially coated glass medium
for the projection surface of a video projector, thereby
creating a free-space display, as the image bearing surface
appears very transparent. These views can be particularly
advantageous in radiology, as computers will send the 3D CT
data to a projector, which will beam it to a computer screen.
Furthermore, 3D reconstruction of 2D images from sectional
imaging can lead to detailed 3D models of body structures,
which can then be holographically displayed."® Holographic
displays are presently insufficient with respect to giving good
spatial resolution for general radiological interpretation.
However, holography as a novel idea has been tried with very
encouraging results in various other medical applications, such
as echocardiography, guided invasive procedures, depiction of
pelvic fractures, measurement of the motion of the tympanic
membrane, depiction of bone fractures, and forensics."*?)
Recently developed display technology is now able to project
3D images in free space and give the clinician the ability to
reach into the object to manipulate and apply markings to it.('?

DH: Limitations

Holography requires relatively complicated methods
to record holographic images, making it expensive and less
accessible. Currently, holographic display technology lies
far behind commercially available 2D and 3D displays. The
most advanced volumetric displays currently have very poor
spatial resolution and can display images at only about two
frames per second. Holographic images are also inherently
poor at visualizing subtle differences in tissue contrast.
Storage solutions based on holography are facing significant
challenges in bringing the technology into the market. A
significant problem in holographic recording is the destructive
readout."” Such challenges have limited the adoption of DH in
the field of radiology. In contrast, the potential impact of live
holography on medical imaging is considerable, especially
in the field of minimally invasive interventions, since these
procedures demand a clear understanding of the patient-
specific spatial anatomy. >

DHI and its Role in the Future of Radiology

Current radiology study images vary from 10MB to
90MB in size per test. A rough estimate shows that high-
resolution and specialized CT scans can occupy around
30MB of data per scan. Over the last decade, the quality of
such investigations has undergone a change. Scans are now
more focused, of higher resolution and are more detailed due
to thinner sections and dynamic studies, which are possible
due to the ability of both CT and MRI studies to create huge
amounts of data. The current estimate suggests that for every
100,000 examinations performed, there will be the need to
book approximately 3.1 terabytes of storage.*¥

Though holograms can create fascinating imagery,
recording and presenting a visual object is not all they do.
Holograms are capable of recording pure data— mountains
of it. Holograms have the potential to store vast amounts
of information. The current prototype systems store 4.4m
individual pages of information on a DVD-like disc. They
also offer a unique form of long-term security. If someone
makes an optical hologram of a page of information and then
smashes it, for example, it can be reconstructed from any of
the pieces. This makes holographic data storage extremely
reliable. Unlike CDs and DVDs, which store their data on the
disc’s surface, holograms store data in 3D and those pages can
overlap in storage space.

Holography is on its way to revolutionizing medicine.
It can be a tool for visualizing patient data, which will be of
much use in training students and surgeons. Current systems
like CT, MRI and ultrasound scans generate complex data
using advanced imaging technology. This technology has
the capability to produce full-color, computer-generated 3D
holograms. For training and display, these holograms require
no particular viewing devices or glasses. Students and doctors
can simply look unhindered at the 3D images. These images
can depict incredibly complex organs and systems of the body,
like the brain, heart, liver, lungs, nerves and muscles.®

Due to the unique ability of DH to store data as a
volumetric density and read it quickly, it is likely to become
the storage medium of choice in the future.

Conclusion

DH will significantly disrupt 3D imaging as it has
the potential to transform radiology and make it truly
virtual. It can also influence every aspect of medical and
clinical practice but in particular, it can be a game changer
in radiology practice. Holographic imaging will provide
radiologists and radiographers with the freedom to elevate
the radiology workflow beyond high-resolution monitors,
into free space. In addition, the complex issue of radiological
image storage can be addressed with the use of holography.
There are many questions remaining on how to exploit DHI
fully in radiological practice. A plethora of clinical trials is
currently investigating the implementation of 3D DHI and its
significance in the future of radiology, and on patients.
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