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The Khresmoi project has had a very eventful and successful third year. The prototypes have been
consolidated into three versions catering to the three end user groups targeted by Khresmoi. Khresmoi for
Everyone is aimed at members of the general public, while Khresmoi Professional provides a comprehensive o .
 Searching images in the

professional search environment for medical professionals.The specific image search needs of radiologists medical literature

t by the Kh i Radioll t. ,which is th in f f thi letter. G Langs first
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of the radiology
prototype

describes the technologies developed to allow search by visual similarity in MRl and CT clinical images,
and a scenario in which such a search could be useful. Henning Miiller goes beyond search in clinical
images, and describes how visual search can also be done for images published in the medical literature. « Project News
In order to ensure that the Khresmoi technologies meet the needs of radiologists, an extensive user-

centred evaluation was done with radiologists, as described by Dimitrios Markonis. In the next months,
there are opportunities to see the Khresmoi prototypes live and discuss them with their developers at

the events listed at the end of this newsletter.

* Khresmoi for Everyone prototype: http://everyone.khresmoi.eu

* Khresmoi Professional prototype: http://professional.khresmoi.eu

Efficient visual image search in clinical radiology

Imagine the following: you're looking at a high resolution CT and see
a pattern you are uncertain about.You click on the image and within
a few seconds get all cases in your department, or region, containing
similar patterns, together with the corresponding report; that's all
before you even enter a search keyword. The patterns that match
your query are highlighted, and you can quickly browse through
them and the attached reports.Wouldn't that be helpful?

Search and information retrieval is an active area of research. Since
the advent of internet search engines we know that they are a
driving force in knowledge acquisition, and have become central to
our daily work.We understand that retrieval is only useful if it is able
to deliver reliable information efficiently, and if it answers a specific
need for information. Recent findings have highlighted the potential
of fast, efficient and accurate information retrieval to contribute
substantially to improving radiological reporting.

A central user group on which the Khresmoi project focuses
is radiologists and their information needs during daily routine,
research, or teaching. Queries in such a search system can be based
on a few keywords, an image, or both.The system presents results
together with relevant information that facilitates quick browsing,
and provides transparency regarding the source and its quality.
Sources range from literature databases and secondary sources to
image databases (PACS) within hospitals.
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Visual queries: searching the PACS for patterns in image data

A particularly relevant area of radiological research is content-
based image retrieval (CBIR). The aim is to use image data itself
— for instance a region of interest in a CT volume marked by the
user — to query large image databases for similar patterns, and
to provide the user with quick access to the corresponding data,
such as images, reports, or even outcomes. The key to successful
content-based image retrieval is the extraction of visual features
that capture relevant characteristics of the imaged structure,
together with fast matching and ranking algorithms that robustly
identify similarities across millions of samples. CBIR, in the context
of radiology, raises additional challenges to those in other domains.
The visual information relevant to matching pathological features is
often subtle compared to differences across organs. The variability
of anatomical appearance, even in a healthy population, renders
the learning of models challenging. Nevertheless, search results
from realistic samples of several terabytes of medical imaging data
have proved promising. The automatic identification of anatomical
structures and the location of images work accurately. Initial results
on the retrieval of anomalies suggest that methodology developed
at the interface of machine learning, computer vision and medical
imaging can provide clinically relevant search results. Current
research is focusing on further improving the accuracy of the search.
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Scaling methods to make use of large data

A central insight is that transitioning from hundreds of data examples
to millions changes many established paradigms. On the one hand,
it makes efficient algorithms for matching and representation
essential. On the other hand, the enormous amount of variability
represented in the data allows for far more comprehensive models
to be learned, while at the same time attracting attention to
unsupervised modelling approaches. The methodological challenges
touch on interesting mathematical problems ranging from basics

® 9 |sears s

such as graph theory, or algebra, to machine learning and pattern
recognition. While methodological research continues, there is
agreement regarding the goal. The knowledge that can be gained
from millions of radiological imaging data, which have only been
examined once so far is tremendous. Making it more accessible,
and gaining structure from this data are key to helping clinicians,
researchers and teachers take full advantage of it.

Adapted from the ECR Today edition of |1 March 2013

*Video demo: http://tinyurl.com/ckévm53
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C’he Khresmoi Radiology Prototype, showing the query case (left) and search results (right) together with the selected search result image

(centre) and corresponding radiology report data.

Searching images in the medical literature

Khresmoi technology also allows images from the medical literature
to be searched by visual similarity. A new and much larger database
is now being used that includes all of PubMed Central with 700 000
articles and 1.5 million images, containing in particular many more
radiology images. The new capability to automatically separate
compound figures into their constituent sub-figures increased the
number of individual images indexed to around 2.5 million.To allow
for more focused search, for all images the image type or modality
was determined automatically and several filters allow the search
results to be restricted, for example only to radiology modalities,

Henning Miiller
University of Applied Sciences Western Switzerland
henning.mueller@hevs.ch

which account for approximately 20% of the images but are of high
interest for our target group, the radiologists. It is also possible to
perform keyword and visual search together — this allows images
similar to an example that also contains specific keywords in the
caption to be found.

Up to now, the image search in the medical literature and the search
in clinical images described above were two separate applications.
In the new prototypes the two applications are now combined and
allow searching with clinical images for similar visual data or text in
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