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Digital Assistants | Health Care 

Digital Decision Support
Medical diagnostic procedures are overwhelming physicians with data. In response, 
doctors are turning to computer programs that help them assess and interpret 
results. Newly-developed software is now providing fast, accurate decision support. 

At the Netherlands’ Maastro Clinic, high techno-

logy and unique software (below and center) help

cancer specialist Prof. Philippe Lambin (bottom

left) make increasingly accurate decisions.
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The Maastro Clinic is a leading cancer treat-
ment facility located in the vicinity of

Maastricht University in the Netherlands. The
clinic’s Radio Therapy section has a friendly
reception area where patients referred from
numerous other Dutch hospitals await cancer
screenings, follow-up treatments, and treat-
ment simulations. To provide the best possible
treatment for these patients, and improve
cancer research, the facility houses an inter-
disciplinary team of radiation therapy special-
ists, biologists, physicists, and computer scien-
tists, as well as experts from Siemens
Healthcare, all of whom have access to high-
tech medical equipment and state-of-the-art
software. 

ters such as radiation dose, treatment time,
concomitant chemotherapy, and the concen-
tration of white blood cells. The intention is
that such a tool helps doctors to recognize ear-
ly signs of esophagitis, thus avoiding prema-
ture discontinuation of therapeutic treatment.

The next step in the research project will be
to include the costs of potential complications
associated with the therapy in question. Lam-
bin’s primary goal for 2008 is to broaden the
system’s database. “To make a fairly accurate
prediction of the survival rate after a specific
therapy, we need to have at least 500 to 1,000
patients in our database,” he says. “We also
need an external dataset to validate the predic-
tions — that’s the bottleneck.” 

The Maastro research database now con-
tains data on approximately 1,000 patients,
500 of whom were diagnosed with lung can-
cer. In order to expand this database, the Maas-
tro Clinic has plans to establish a digital net-
work link with hospitals in Leuven and Liège in
Belgium, and in Groningen in the Netherlands.
Due to data security considerations, however,
Maastro’s Remind system will only be given
anonymous parameters via the link; the data it-
self will remain in other clinics. The resulting
broader research database will make a com-

tool from Siemens (Pictures of the Future,
Spring 2006, p. 9). 

Remind (Reliable Extraction and Meaningful
Inference from Nonstructured Data) statistical-
ly analyzes all types of medical information, in-
cluding everything from physicians’ letters to
medical images and laboratory diagnoses, and
then identifies specific patterns. A research pro-
totype system tested at the Maastro clinic is
able to predict the two year survival rate of lung
cancer patients with high accuracy. The two-
year survival rate is used by doctors to assess the
success of individual radiation treatments. At the
moment, 47 percent of all lung cancer patients
survive for the first two years after diagnosis, if
their cancer is detected at an early stage.

A key member of the team is Professor
Philippe Lambin, a radiation oncologist who is
medical director of the Maastro Clinic. “We’re
conducting research on a computer-aided
decision-support system for personalized treat-
ment of patients with lung cancer,” Lambin
explains. 

“We’re doing this because a study carried
out by Maastricht University revealed that most
doctors are unable to reliably assess how well
their treatments are working, and therefore
have difficulty in choosing the right treatment.
We plan to improve predictions of the effective-
ness of radiation therapies with the help of so-
phisticated software.” The software Lambin is
referring to is based on Remind, a data mining

The first commercial application of Remind
is Soarian Quality Measures software, which
can measure quality of care from patient
records based on established standards. At the
Maastro Clinic, however, Remind is being opti-
mized for cancer research in a research project
that calls for Siemens experts to work with clin-
ic specialists on site. 

The system requires as much medically rele-
vant patient data as possible to issue statistical-
ly meaningful prognoses. Such data includes
sociological information on the individual in
question, measurements taken with imaging
methods, and biological data such as cell divi-
sion capability and radiation sensitivity, which
can be determined through gene and blood

biomarker analyses. Remind analyzes and links
more than 100 of these parameters. 

In this research project, Remind then com-
putes the likelihood of two year survival, and
the risk of side effects, for various treatment
options for a patient. The intention is to help
physicians select the optimal treatment for
each individual patient. 

Combining Diagnostics and Treatment.
Maastro physicians can use state-of-the-art
Siemens technology for their diagnoses and
treatments. For instance, a combined positron
emission tomography (PET) and computer to-
mography (CT) scanner makes it possible to ob-
tain 3D images of the lungs in spite of breath-
ing-related movement — a must in the case of
lung cancer patients. The PET unit uses a low-
radiation marker substance to provide cross-
sectional images that depict biochemical and
physiological processes, while the CT details the
anatomy and location of the tissue being studied.

The combination of both technologies pro-
vides doctors with information on the type of
tumor they’re dealing with, as well as its pre-
cise shape and position. When it comes to
treatment, one of Lambin’s preferences is
adaptive radiotherapy. This Siemens solution

provides oncologists with a 3D data set of the
patient, which allows them to optimally adapt
a radiation procedure to the position and size
of the tumor in question. 

Here too, Remind supports physicians with
prognoses and treatment planning assistance
by assessing the results from a database of
post-treatment examinations. Lambin de-
scribes this combination of diagnostics and
treatment therapy as “computer-aided therag-
nostics.” 

Another aspect of this research project is to
configure Remind to  predict the relative proba-
bility of typical radiation therapy side effects,
such as esophagitis (perforation of the esopha-
gus). This is achieved on the basis of parame-

pletely new type of clinical research possible.
This is because specialists in Maastricht plan to
use the data to simulate clinical studies, much
in the same way the pharmaceutical industry
uses machine-learning-based software to simu-
late experiments.

Digital Radiology. Dr. Marco Das works in the
Department of Diagnostic Radiology at Aachen
University Hospital, which is located around 40
kilometers from the Maastro Clinic. The focus
of his work is the detection of growths in the
lungs, such as cancers, metastases, and benign
tumors. The clinical routine here involves using
CT to create 3D data sets of the lung, after
which Das searches for suspicious-looking
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| Automated Meaning Extraction

Computers 
Get the Picture
How can a computer learn to interpret images, 
catalogue them, find them in databases, and 
recognize similarities? That’s what researchers 
want to find out in the Medico project — a part 
of the German Theseus program. 

It has been said that life should be thought of
in shades of gray rather than just black and

white. And yet, computers do the latter. They‘re
simple-minded and “think” only in terms of ze-
ros and ones, black and white. The reason is,
simply put, that they were designed to process
numbers; not texts or images. But this is pre-
cisely what researchers want to teach them to
do. In the not-too-distant future, computers
will be expected to distinguish between nu-
ances and interpret the content of images.

That is the driving force behind the de-
velopment of the Semantic Web, which is also
referred to as Web 3.0. Web 3.0 is the core of
Theseus, a German Federal Ministry of Educa-
tion and Research project led by Siemens that
was initiated in 2007. “One of our greatest
challenges is to develop computers that can
automatically recognize image content and
relationships,” explains Prof. Hartmut Raffler,
head of Information and Communications
Technology and coordinator of all Theseus ac-
tivities at Siemens Corporate Technology (CT). 

An important part of Theseus is Medico, a
program that is also led by Siemens. Here, ex-
perts from Corporate Technology and Siemens’
Industry Sector Divisions are collaborating on
the development of Medico’s software core.
Other Medico partners include the German
Research Center for Artificial Intelligence in
Kaiserslautern, the Fraunhofer Institute for
Computer Graphics in Darmstadt, and Ludwig
Maximilians University in Munich. 

In the Medico scenario, medical knowledge
will be linked for the first time with new image
processing methods, knowledge-based data
processing, and machine learning. Alok Gupta,
PhD, vice president of the CAD and Knowledge
Solutions Group at Siemens Medical Solutions
in Malvern, Pennsylvania, and Dr. Jörg Freund
of Sector Healthcare in Erlangen, Germany are
coordinating the quest to create a universally
usable Medico search engine for medical im-
ages.

Image Associations. Medico is expected to
recognize anatomical structures such as bones,
vessels and organs, as well as associated patho-
logical changes, automatically catalogue the
data, and collect comparison images and treat-
ment reports from multiple databases. 

According to Dr Freund, “The idea is to pro-
vide any physician — for example, one who’s
studying a new x-ray image — with all the
available information ever generated about the
object being examined, including clinical sum-
maries, symptoms, diagnoses, and therapies.”
Medico’s first test run is already planned for
late 2009 at the Erlangen University Medical
Center.

All the information assists 
the radiologist in arriving at 
a diagnosis of Hodgkin’s 
lymphoma. To confirm the
diagnosis, a biopsy is ordered.

A patient suffering from night
sweats and exhaustion has
been developing enlarged
lymph nodes in the neck over
an extended period. A radiolo-
gist obtains computed tomog-
raphy images and creates a
report of the findings.

The Medico system performs a
semantic image analysis. The
results recorded include auto-
matically identified anatomical
and pathological structures, as
well as manual descriptions by
the radiologist and information
from any previous findings.

The semantic description is
stored in a database and can
be efficiently linked to previous
examinations of the same
patient, or used to search for
similar cases. 

The radiologist is provided 
with the additional information
found in the context of the
respective image and query.
Included are descriptions 
from previous examinations
(example: did the MRI scan
three months ago also show
enlarged lymph nodes?) as well
as references to similar cases,
relevant literature, and recom-
mended treatments.

Semantic descriptions can be
used in searching appropriate
libraries to identify relevant
professional publications, as
well as textual information
from attending physicians
regarding existing images 
from similar cases.
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structures in digital images. Das examines 30
to 40 patients this way every day, meaning that
he only has a couple of minutes for each diag-
nosis. 

To raise the probability that no tumor is
overlooked, a second radiologist double-checks
all of his findings. Das also utilizes CAD (com-
puter-aided detection) software that may elimi-
nate the need for a second radiologist, as is al-
ready the case at many hospitals. CAD is a
technology based on pattern recognition and
not on artificial intelligence. CAD systems for
lungs analyze differences in thickness in lung
tissues and compare these with stored images
of typical lung tumor patterns. They are there-
fore able to recognize such patterns in other CT
images as well.

tive effect on the accuracy of radiologist diag-
noses,” says Das. The system does make errors,
however. These take the form of false-positive
diagnoses, which, according to Das, don’t
cause any major problems, since they can
quickly be spotted by an experienced radiolo-
gist. 

“CAD programs are very good as second
readers, but they’ll never replace radiologist di-
agnoses because a doctor’s experience is the
key to evaluating results,” says Das. An addi-
tional advantage offered by the new syngo CT
Oncology software — which includes syngo

Such measurements are also often used on
patients with emphysema, a disease usually
caused by smoking that destroys the alveoli in
the lungs. Here, syngo InSpace4D Lung
Parenchyma Analysis software from Siemens
measures density distribution throughout the
entire lung, whereby a diseased lung will, due
to its burst alveoli, have more free air in its tis-
sue (and will therefore be less dense) than a
healthy lung. “This software solution makes it
possible for the first time ever to quantify the
early stages of emphysema and thus to effec-
tively monitor treatment,” says Das. “This used
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Tumor Marker. “All of this functions very well
in practice,” says Das, who uses syngo Lung-
CAD software from Siemens. The system exam-
ines lungs for tumors even before a radiologist
has finished making his or her assessment. It
takes the software only around four minutes to
check up to 700 image slices, each of which is
one millimeter thick — and it works even faster
with thicker layers and a correspondingly lower
number of images. 

After Das completes his diagnosis, he ana-
lyzes the results produced by the software,
which means there’s no waiting time in be-
tween. The software automatically marks sus-
picious areas with red circles. “All studies to
date show that CAD software has had a posi-

LungCAD functionality — is that it helps to ac-
celerate diagnostic decision making, according
to Das. For instance, doctors need to measure
changes in tumor size in order to determine
whether a treatment is working. Until recently
this was done by manually calculating a tu-
mor’s diameter onscreen. Such measurements
are extremely imprecise, however, and can
vary from doctor to doctor. Syngo CT Oncology,
on the other hand, improves measurement ac-
curacy by automatically calculating the volume
of all different types of tumors. It also enables
doctors to determine tissue density — a meas-
urement that cannot be performed manually.
Tissue density, in turn, provides an initial indi-
cation of whether or not a tumor is malignant. 

It takes a digital radiology program only around
four minutes to check 700 image slices.

to be an extremely difficult process requiring
several indirect tests.”

Virtual Colonoscopy. Colon cancer screen-
ings are another application where computer-
aided detection is very helpful. Dr. Anno Graser
from the Institute for Clinical Radiology at Mu-
nich University Hospital uses syngo Colonography
with PEV (Polyp Enhanced Viewing) software
to review the results of virtual colonoscopies.
Unlike physicians in Aachen, Graser does not
have a second radiologist and therefore relies
on PEV software for a second opinion. 

“The program, which can be used by any
doctor, delivers very good results, as long as
the colon has been properly cleansed before-
hand,” says Graser, who also tested the soft-
ware in several studies. He’s not only satisfied
with the program’s accuracy, but also happy
that “the software simplifies and accelerates
the entire process.” In Graser’s institute, it only
takes four minutes, in fact, for the program to
calculate the PEV results — about as long as it
takes a gastroenterologist. 

Graser has been screening one or two pa-
tients per day with the system since he con-
cluded his clinical studies of the software. But
there is still some resistance to the new tech-
nology. “Health insurance companies in Ger-
many only pay for conventional colonoscopies,
unless you have a situation where an intestinal
infection or obstruction would not allow for
such a procedure,” he explains. 

Nevertheless, patients prefer the virtual pro-
cedure because it’s much shorter than the con-
ventional one. Another major benefit is that its
polyp detection software is extremely sensitive,
thus improving the chances of early detection.
“These benefits are going to help the system
achieve a major breakthrough in terms of ac-
ceptance,” says Graser. Michael Lang

Siemens software supports accurate diagnostic decision making regarding lung tumor characteristics.


