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By Dr Olga Kubassova

Scaling computer aided detection from workstation 
to the cloud: medical image analysis today
The primary goal of Computer aided detection (CAD) software is to 
increase accuracy of disease detection by reducing the false negative 
rate due to observational oversights of physicians interpreting medi-
cal images. The use of a computer rather than a second radiologist or 
specialist has the advantage of not increasing the demands on the radi-
ologist (or trained observer) pool. Hence, CAD platforms should offer 
advanced objective and reproducible processing solutions capable of 
providing supplementary evidence in the detection of early and subtle 
changes in the patient to help in the optimization of treatment. For 
example, CAD can offer objective quantification of early changes in 
Rheumatoid Arthritis (RA) patients undergoing treatment with disease-
modifying anti-rheumatic drugs, through automatic or semi-automatic 
measurement of the extent of synovial inflammation, bone marrow edema 
or bone changes. Additionally, CADs have the potential to increase work-
flow efficiency; they also help radiologists alleviate their workload in daily 
clinical practice by optimising those steps of their workflow suitable for 
automation.

The extensive use of CAD in clinical practice 
is hindered by the need for dedicated expensive 
high-performance workstations able to run com-
putational-intense processing analysis, especially if 
the results are required to be delivered in real-time. 
Additionally, the proliferation of multi-site collabo-
rations and the inexorable lifestyle trends that make 
the geographic mobility of patients easier require 
robust and secure solutions capable of sharing patient 
information among institutions both in research and 
daily clinical practice.

Cloud-based image storage combined with CAD 
techniques is becoming increasingly recognized as 
a sensible solution to address the requirements of 
performance, scalability and reliability (PSR), nec-
essary to achieve high efficiency in the analysis of 
medical images in radiology practice. However, due 
to their distributed structure, cloud-based imaging 
CAD platforms face additional challenges such as 
keeping calculations and image overlays up to date 

whilst providing good user experience across band-
widths and latencies that are outside the platform’s 
control. Security regarding safe storage and manage-
ment of data is a major concern and requires special 
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email: olga@imageanalysis.org.uk FigUre 1. Schematic diagram of the architecture of Dynamika.
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attention due to the sensitive nature 
of patient data information. Finally, 
ease of integration is required not 
only with the information systems 
from hospitals (PACS, RIS) but with 
other technologies such as Business 
Intelligence or big data solutions 
that can facilitate new algorithms 
and clinical developments.

A wORKfLOw-dRIvEN MuLTI-TIER  
IMAGING CAd pLATfORM
With  this in mind, we at Image 
Analysis designed a novel approach 
to a multi-tier architecture imple-
mented on a software platform, 
called Dynamika. The system pro-
cesses and quantitatively scores static 
and dynamic MRI from patients with 
inflammatory and auto-immune 
conditions.

The architecture of Dynamika was 
designed through close co-operation 
with Key Opinion Leaders (KOLs) 
in the RA field to gain insight from 
our users’ requirements. We obtained 
feed-back from university and key 
hospital users experienced in analyz-

ing RA MRI examinations and also 
from MRI researchers in pharmaceu-
tical companies developing drugs for 
the treatment of RA. This enabled us 
to gain a full understanding of radi-
ologists’ clinical workflow  not only 
in the context of multi-site random-
ized controlled trials but also in daily 
clinical practice.

Hence, the server side of Dynamika 
makes use of a back-end framework 
of Spring and Hibernate since we 
found this architecture adequate 
to perform computational-intense 
tasks . It also allows for the addi-
tion of more computing resources if 
required (scalability) in a transparent 
way to the user.

In order to reproduce the work-
flow typically followed by the radi-

ologist, Dynamika relies on Spring 
Webflow to guide the user through 
the application. Webflow has been 
enhanced to allow for tightly con-
trolled batch processing (i.e. upload-
ing several hundreds of scan studies 
to calculate a full automated patient 
motion correction followed by the 
computation of statistical parametric 
maps), which is broadly utilized in 
clinical trials or routine analysis, and 
in ad hoc investigator analysis. The 
platform makes use of web services 
to allow easy integration with big 
data technologies such as those based 
on semantic tagging and text mining 
of reports generated with Dynamika. 

Since the imaging platform is acces-
sible from a web browser, it can be run 
under Mac, Windows or Linux systems. 
The interface is based on Google Web 
Toolkit to give high performance in the 
client, allowing user interaction usually 
only available on desktop programs. By 
separating the business layer, located 
at the server, from the interface, the 
platform can be easily extended in the 
shape of apps for handheld devices. 

FigUre 2. Workflow-driven interface of Dynamika.

“...Due to the sensitive nature 
of patient data information, 
security is one of the main 
concerns of a cloud-based 
imaging CAD platform...”
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The Aixplorer ® is one of the best systems 
on the market. It’s easy to use, and thanks 
to SuperSonic Imagine’s commitment to 
their customer needs, we were able to 
discuss our clinical challenges and see 
the implementation of our suggestions.

Prof. Fritz Schäfer, MD
Kiel, GermanyKiel, Germany

Powerful Performance 
to Meet All Your 
Ultrasound Needs
Only the Aixplorer ® ultrasound 
system combines:

Impeccable image quality
to improve diagnosis

An UltraFast™ Platform to 
bring you true technological 
advancement

Real-time, quantitative, Real-time, quantitative, 
ShearWave™ Elastography on all 
transducers and across a variety 
of clinical applications

“

“

Liver / Prostate / Thyroid / Vascular / Musculoskeletal / Abdomen / Gynecology / Obstetrics / Breast / Breast 3D / Pediatrics
The SuperSonic Imagine Aixplorer® ultrasound system is indicated for use in the following applications: Abdominal, Small Organs, Musculoskeletal, Superficial Musculoskeletal, Vascular, 

Peripheral Vascular, OB-GYN, Pelvic, Pediatric, Neonatal Cephalic, Urology, Trans-rectal Trans-vaginal and Brain* (*only for Europe)

Additionally, special effort was put into 
developing an imaging CAD platform 
that is not dependent on the imaging 
equipment or PACS system being from 
a particular manufacturer. 

Due to the sensitive nature of patient 
data information, security is one of the 
main concerns of a cloud-based imag-
ing CAD platform. In our particular 
case, we opted for a centralized database 
ruled by a security layer to ensure safe 
data managing and storage. In that way, 
Dynamika provides, through a secure 
login from a web browser, easy access 
to patient data and analysis results and 
the capability to easily share cases and 
reports in the context of multiple-site 
collaborations. The adoption of an 
architecture based on web services 
permits adaptation of the data sharing 
to emerging connectivity technologies 
that allows mobile devices to seamlessly 
interact with each other. 

pERfORMANCE IN pRACTICE
The imaging CAD package was built 
using the architecture described 
above and has been benchmarked 
against a conventional standalone 
workstation solution from the point 
of view of two aspects: user experi-
ence and development efficiency.

The performance of the cloud 
architecture was shown to have com-
parable, or better, performance than 
workstations in scrolling through 
images with complex overlays and 
performing intensive calculations 
such as patient motion correction, 
saving on average 12,5 seconds per 
case.

In a study with 54 RA patients 
who had conventional and Dynamic 
Contrast-Enhanced MRI (DCE-
MRI), we compared the assessment 
of inflammation in the wrist of RA 
patients using DCE-MRI analyzed 
by our computer-aided approach 
with the semi-quantitative scores of 
synovitis and bone marrow edema 
(BME) using the OMERACT-RA 
MRI Scoring (RAMRIS) system. The 
results obtained from the computer-
aided analysis of DCE-MRI data were 
shown to correlate with the semi-
quantitative RAMRIS of synovitis 
and BME. The analysis was twice as 

fast to perform, which of course leads 
to increased productivity.

OpTIMIZEd dEvELOpMENT Of NEw 
ALGORITHMs
The time required to implement new 
in-house algorithms was measured by 
recording the total time needed for 
coding and testing. These times were 
measured on the standalone work-
station solution and compared with 
those from the the cloud-based imag-
ing CAD platform. Incorporation 
of new functionalities was up to 10 
times quicker in the cloud architecture: 
one man-week of development in the 
cloud-based solution vs. 11 man-weeks 
for the workstation. Being capable of 
improving the implementation time is 
key to the efficient translation of the 
use of imaging markers from research 
and academia into clinical practice.

sECuRE sHARING
The distributed nature of Dynamika 
properly supports collaboration and 
sharing and can be used from any 
device with network connection to 
examine images and create reports 
laptops, tablets, even smart phones. 
The platform supports a fast and 
secure exchange and storage of image 
information which is of  benefit to 
multi-site collaborations, and elimi-
nates the need for patients to travel 
between hospitals. The amount and 
cost of consumables such as CDs and 
paper reports is reduced.

pERspECTIvEs ANd CONCLusIONs
Cloud-based CAD platforms have 
significant growth potential. They 
enable users to run highly demand-
ing algorithms effortlessly from 
a web browser without any worry 
about the maintenance and expense 
of the server that performs the cal-
culations. However, in the medi-
cal environment, there is still some 
resistance to the use of such systems 
where data must travel outside the 
institution’s servers. For these cases 
where tools such as patient anony-
mization of data scans, secure access 
through VPN and monitoring of the 
actions performed by each user on 
each shared data do not seem suffi-
cient to abandon the approach of the 

standalone workstation, some flex-
ibility is required. We have found a 
compromise solution for such insti-
tutions which consists of installing 
the server side of our platform within 

the hospital network and provide 
integration with PACS. In this way 
any radiologist securely connected 
to the institution network can share 
and access the imaging data, analysis, 
information and reports generated 
by the Dynamika system.

The challenges of handling large 
image datasets and real-time over-
lay calculations have been addressed 
through the novel architecture 
described. Validation in real clini-
cal practice has shown that a cloud-
based CAD architecture gives the 
same or better performance than 
a workstation solution. The repro-
ducible and objective quantifica-
tion methods that are implemented 
can lead to increased productivity 
in radiology departments, both for 
routine clinical practice and clinical 
research. Further, the system sup-
ports multi-centre collaboration and 
seamless data sharing. The develop-
ment of new in-house functionality 
is much faster and is automatically 
deployed to all users without further 
reinstallations or updates.
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“...Validation in real clinical 
practice has shown that a cloud-

based CAD architecture gives 
the same or better performance 
than a workstation solution...”


