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We have observed for several years that the
introduction of multidetector-row CT scanners and
other advanced modalities like MR and PET have
had a major impact on the role of diagnostic imaging.
Modern scans, with their improved temporal and
spatial resolution provide superior image detail and
information compared to the previous-generation
scanners. They have become a part of the standard
diagnostic workup, complementing and often
replacing older invasive tests. CT angiography
(CTA), MR angiography (MRA), and CT
colonography, to name afew, were born as aresult of
the modern-era scanners and are now routinely used
for disease evaluation in place of the older, more
invasive techniques. Coronary-artery imaging is one
field that has experienced the most extraordinary
development with multi-phase ECG-gated cardiac
acquisitions enabled by MDCT.
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These new modalities are delivering a great benefit in
providing less-invasive, faster and cheaper diagnosis,
but it comes at a price — the price of managing a
deluge of volumetric data that has to be handled by
the image management system. With cardiac multi-
phase acquisitions, the datasets can reach a size of
several gigabytes, with acquisition times measured in
seconds.
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Once these images have been acquired, they must be
subjected to diagnostic review and then usually
distributed to a referring physician for other purposes
such as planning of a therapeutic approach.
Unfortunately, traditional approaches to this task,
consisting of PACS and stand-alone 3D workstations,
were not designed to enable the 3D Enterprise-wide
volumetric imaging required to manage such a
demanding workflow. They work well in the world
of older-generation detectors and 2D imaging in
which diagnoses was made based on reviewing slices,
not volumes of data. 3D volumetric imaging requires
an efficient use of an imaging facility’s networking
resources, a design which differs from that of PACS
and stand-alone 3D workstations.
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CTA and aso MRA have, therefore, necessitated a
paradigm shift in the imaging workflow, and as a
result, it has become vitally important to plan for the
implications of large data volumes on the diagnostic
reading workflow with the same level of attention as
is applied to the acquisition modality itself. Without
proper planning for image management in the post-
64-dlice world, there is arisk that the scanner will be
limited to operating in the same mode as its
predecessor, rendering it incapable of ddivering the
promised return on the significant investment it
represents. It is, thus, of critical importance to
recognize the extent to which the imaging workflow
is impacted by the data explosion introduced with the
advent of modern-era scanners.
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Due to the nature of volumetric acquisitions, many
believe client-server 3D processing technology is the
only viable solution for handling such data.
TeraRecon, Inc. has been watchfully observing the
rapid changes in imaging practice since its creation
10 years ago. To address the emerging need, in 2001
the company pioneered a truly innovative solution
featuring client-server 3D processing technology to
address these unique challenges: the Aquarius
Solution.
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The Need for Distributed, Enterprise-Wide Review
met by the Aquarius Solution

Aquarius ?-F $uCt ZHp +kL6 Y,XDB
E «KUAI,XLO?UA

Introduced by TeraRecon, Inc. in 2001, the Aquarius
solution leverages the company’s custom-devel oped
and patented 3D rendering hardware technology,
‘VolumePro’, alowing one server to provide
adequate real-time 3D rendering resources for many
concurrent  thin-client  users,  simultaneously
interacting with large datasets.
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In contrast to PACS stations and 3D workstations,
which rely on downloading the data from the central
PACS server or directly from a scanner, in the
Aquarius workflow, the data reside on the server
while being rendered or processed. Only the results
are streamed to a user’s personal computer or PACS
workstation. Aquarius technology, therefore, does
not place additional bandwidth demands on the
existing network or require download of DICOM
images to remote viewing clients (as required by
PACS with aternative 3D software solutions or
dedicated 3D workstation approaches). Due to these
advantages, a VPN connection from remote sites over
DSL or cable modem is often utilized for home or
teleradiology access with the Aquarius solution. The
Aquarius technology also allows computing power to
be distributed on every PC in a facility, thus
providing immediate interactivity everywhere on the
network. This elegantly designed system does not
require exclusive local computer resources (such as
3D or PACS workstations). Instead, the reviewer's
PC, a simple desktop or laptop computer, is adequate
for providing the user with diagnostic tools for
manipulating and editing large and complex CTA and
MRA volumes. Aquarius is designed to work
optimally over Intranet networks (LAN), while still
being compatible with use over a WAN providing
immediate interactivity everywhere on the network.
The application used to connect a PC to the
AquariusNET server is called the AquariusNET Thin
Client. Work edited by a user is saved back on the
AquariusNET server and accessible from any other
PC. This way, each user’s PC effectively becomes a
3D workstation at afraction of the cost. The PC used
for review can be (and often is) an existing PACS



workstation which now reaps the benefits of 3D
rendering without having to move the datasets to the
local hard drive, and without requiring a complex and
costly product upgrade that may not be available
from the PACS vendor.
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The Aquarius Solution: The Technological
Advantage of Volume Pro
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Aquarius is unique in comparison to the other client-
server offerings that have attempted to enter this
market space pioneered by TeraRecon. Unlike many
competing products, AquariusNET is based on
TeraRecon's  patented  VolumePro  hardware
architecture. Since the mid-1990's, TeraRecon has
worked closely with leading cardiologists and
radiologists in the U.S., Asia and Europe on
developing a workflow that meets the growing
clinical needs for image post-processing. As a resullt,
the company identified the need for, and
subsequently developed, a powerful processor,
VolumePro. VolumePro is used to deliver the
necessary core processing power to realize the
efficient Aquarius Workflow. This rendering

technology was designed to achieve speed and image
quality simultaneously, without having to
compromise either. Compromise is the approach
inevitably taken by competing 3D rendering
technologies based on commodity hardware such as
desktop PCs or graphics cards, originally designed
for the computer gaming industry. It is the sheer
power and scaability of VolumePro that has
differentiated the TeraRecon Aquarius solution, and
at the same time attracted the attention of major
scanner manufacturers. In certain cases, these
manufacturers have also ultimately decided to base
their 3D designs on TeraRecon's VolumePro
technology. Dr. Rubin, MD, Chief of Cardiovascular
Imaging at Stanford University and a champion of
the AquariusNET approach to image management
since 2002, noted in 2005
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More than any single technological advance over the
past ten years, | believeit isthe introduction of this
system, [ Aquariug] that has ushered in the
widespread use of 3-D visualization for primary data
interaction by radiologists and clinicians within our
medical center .... We are now ableto distill 4,000
CT images into simple interactive exploration that
fully communi cates the infor mation needed for those
cliniciansto deliver their best careto their patients.
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With this ground-breaking innovation, TeraRecon
ushered in a new trend in medical image post-
processing: an enterprisewide client-server 3D
image processing paradigm.
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AquariusiNtuition: The Technological Platform for
the Future of 3D Enterprise Imaging
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While the workflow challenge remains the main issue
of today, modern radiology has aready imposed new,
more sophisticated demands on post-processing
companies. Radiologists are expecting ‘intelligent’
systems. The computer is expected to go through
volumes of datasets, automatically pre-process the
data and prepare a preliminary report for the
interpreting physician. The physician needs to
complete image interpretation in a highly focused
reading session utilizing the unique capabilities of the
post-processing tools in the most efficient manner.
To ensure the inevitable mistakes in automatic
processes are addressed before interaction with a
physician, an advanced technologist will be given an
opportunity to correct the data, re-process it and send
it back to the centralized AquariusNET server prior
to physician review. The physician review station
itself needs to evolve to present the most appropriate
views and tools intelligently, taking advantage of the
advanced automated processing that has been
performed offline. This ensures that the interpreting
physician does not have to waste any timein reaching
a diagnogtic conclusion, while simultaneously
ensuring they can access the full information content
of the examination that has been performed.
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Aquarius has thus evolved with this concept in mind
in the past year and a haf. With its new-generation
back-bone  architecture,  Aquarius  iNtution,
TeraRecon marked the beginning of an age to which
radiologist were looking forward in 2005: the age
that will utilize automated segmentation and
computer vision, voice dictation and RIS (radiology
information  system) integration to economize
radiologists mundane tasks and maximize their
efficiency.
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The concept of the Aquarius iNtuition workflow
consists of the following stages “Automate”,
“Vaidate” and “Read’. AquariusAPS, the key
automated off-line processing component of the
Aquarius iNtuition architecture, applies this new
concept of off-line pre-processing to incorporate
partial or complete automatic processing into the
distributed imaging environment so prevalent today.
In practice, the acquisition modalities send the data to
the AquariusAPS server for intelligent pre-processing
(“Automate”’). The pre-processing is done
automaticaly off-line  immediately upon the
completion of the acquisition, with the results pushed
automaticaly to the centralized rendering
AquariusNET server. At this point, the reading
radiologist has access to the pre-processed images
provided for given studies, as well as the original
images. Automatically-generated results are
available concurrently to a specialist on an advanced
workstation who can optionaly perform quality
assurance on the automatically pre-processed images,
adding manual intervention if necessary (“Validate").
Afterwards, the enhanced or checked results can be
pushed back to the AquariusNET server to become
available again for the reading physician (“Read”).
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The AquariusAPS pre-processing server alows
automation of common tasks like bone removal from
CTA examinations, centerline extractions and vessel-
anatomy identification, parametric mapping as well
as computer assistance tools for spherical-mass
detection in lung and colon. The results are
automatically delivered to the AquariusNET Server
and/or Aquarius Workstation for further processing
or interpretation. Based on the automatically-
detected scan type, data can be provided to
radiol ogists with appropriate tools and views; vessels
can be segmented automatically with extracted
centerlines, and potential areas of concern can be
detected and highlighted. Such processing engines
are just afew of those available today. The iNtuition
architecture lends itself readily to extension through
the “plugging in” of additiond processing
capabilities in due course. The elegance of such a
centralized processing architecture is that any such
extension of the server-side processing capability can
immediately be leveraged by al “client-side” users
throughout the imaging enterprise.
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It is worth noting that the Aquarius solution is a
particularly scalable and configurable architecture
which alows an appropriate mix of automated and
manual preprocessing, or an implementation which is
purely automatic, or purely manual, depending on the
users needs. Furthermore, the Aquarius iNtution
architecture will provide interpreting physicians,
technologists, and referring physicians improved
throughput and a customizable workflow that can be
tailored to individual reading and reporting needs.
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A cornerstone concept of Aquarius iNtuition is that
the architecture will alow TeraRecon to craft
targeted client applications that efficiently address
the specific needs of a specific user, without the
clutter of generalized tools. iNtuition is
simultaneoudy designed to assimilate with the
universe of other products and equipment already
deployed in the imaging facilities world-wide.
Aquarius  iNtution  exemplifies  TeraRecon's
continuous effort to utilize all the available imaging
resources, consistent with the company’s mission to
keep pushing the envelope of modern-imaging
workflow efficiency.
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