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Radiogenomics: (another)
opportunity for radiology?

T

he latest rapidly developing
research area that is currently
being hailed as (yet another)
promised land at least for radiologists in oncology is radiogenomics,
which depending on which definition
is used can be described as the multiscale integration of biological data with
multi-parametric imaging data. To date,
radiogenomics has been used to identify
robust non-invasive biomarkers in multiple cancer types using different imaging modalities for various uses, including predicting complex patterns of gene
expression, prognosis, and treatment
response.
Although the current “buzz” around
radiogenomics gives the impression that
it is the brand new latest research boy
on the block, in fact the concept has
been around for some time now. As early
as 2009 a paper from the University
of California, San Diego (Rutman AM,
Kuo MD Radiogenomics: creating a
link between molecular diagnostics and
diagnostic imaging. Eur J Radiol. 2009;
70 (2): 232) described a possible role for
diagnostic imaging as a surrogate for
gene expression profiling. Rutman & Kuo
described how the growth in the clinical
utility of imaging modalities for the noninvasive characterization of disease and
in the guidance of clinical management
in parallel with the development of functional genomic tools such as microarrays
were providing powerful methods for
dissecting both the clinical phenotype in
vivo and the molecular basis of disease
on a genome-wide level. They pointed
out that while gene expression profiling
can reveal important information related
to underlying biology and its relationship to diagnosis, prognosis, and optimal
therapy, it is ultimately dependent on
fresh tissue specimens and specialized
equipment, and thus impractical or at
least disadvantageous in the current state
of healthcare for utilization in the majority of patients.
This is where diagnostic imaging
comes in — by being able to provide a
safe, standardized, and reliable method
to non-invasively characterize location,
morphology, physiology and tissue characteristics in situ. Rutman & Kuo recognized the then limitations of radiology

and acknowledged that it has proven a
difficult task to characterize the molecular properties of gross malignancies
using current iterations of radiographic
imaging alone; while diagnostic imaging
is routine in its clinical use and application, it is perceived to lack molecular detail. Tellingly however they point
out however that, histologically similar
tumors often demonstrate variable and
distinct imaging characteristics. In short,
the hope/potential of radiogenomics lies
in the use of non-invasive imaging as
a companion to gene expression profiling of solid tumors. In this fashion,
detailed radiological review of images
could allow for more accurate diagnosis
and prognostication, in addition to shaping the decisions that physicians and
patients make in regards to the form and
extent of therapy, based on the underlying molecular determinants of the specific disease phenotype. Rudman & Kuo
predicted eight years ago that additional
independent studies would be necessary
to confirm each discovered gene expression-imaging association. Judging by the
ever-increasing numbers of papers now
appearing in the radiogenomics field,
that prediction at least has been proven
true, even if the full potential of the
technology is far from being realized in
routine clinical practice. One indicator
— but only one — of the growing interest in the field was the fact that RSNA’s
fifth Alexander R. Margulis Award for
Scientific Excellence was recently given
to Dr N Jamshidi and his colleagues
for their paper “The Radiogenomic Risk
Score: Construction of a Prognostic
Quantitative, Noninvasive Imagebased Molecular Assay for Renal Cell
Carcinoma,” which was judged to be the
best original scientific article published
in the journal Radiology last year, even
though in the citation of the award it was
recognized that more work needs to be
done in order to capture the full scope of
disease phenotypes.
To the harassed clinical radiologist in
the trenches, faced with ever-increasing
work loads of routine cases which don’t
come even near to needing radiogenomics,
all this may seem fanciful blue-sky research.
Sometimes however in the end even bluesky thinking can become routine. n
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IMA GI NG NEWS
Large-scale study shows increasing breast density significantly impact
breast cancer screening performance
In the first large-scale study of its kind, Dutch researchers demonstrated a strong linear relationship between decreased screening
performance and volumetric breast density. Involving more than
110,000 mammograms from the Dutch Breast Screening Program
the study showed that increasing volumetric breast density, as
measured automatically by the Volpara Density software, impacts
mammography performance measures, such as sensitivity and the
rates of recall, false positives, and interval cancers.
The study, (Wanders JO et al. Volumetric breast density affects
performance of digital screening mammography.Breast Cancer Res
Treat. 2017 Feb;162(1):95-103.) was carried out in the context of
the EU-funded ASSURE project. The results suggest that, since
fully automated measurements of breast density have much higher
reproducibility than visual assessment, this automatic method
could help with implementing density-based supplemental
screening.
In the study, Dr Carla van Gils and a team of researchers from
the Netherlands examined screening performance in the Dutch
Screening Program using a consecutive series of 111,898 digital
mammograms from 53,239 women (age 50–75 years). Volumetric
breast density was automatically assessed using VolparaDensity
software, which automatically generates an objective measurement of volumetric breast density.
“There have been several studies that have demonstrated the
impact of breast density on the sensitivity of mammography,
including a recent study published in the American Journal of
Roentgenology1 that showed a strong linear relationship between
volumetric breast density and sensitivity. However, this is the
first large-scale study to also demonstrate a strong relationship
between volumetric density and other screening performance
measures like recall rate, false positives, or interval cancers,” said
Dr. van Gils. “With the high reproducibility of the automatic
VolparaDensity software, this could help with evaluating risk and
better inform clinical decisions about adjunctive screening options
based on women’s specific density and other risk factors.”
The study included 667 screen-detected and 234 interval cancers. Of all the tumors, 84.3% were invasive cancers.
Mammographic sensitivity was 85.7%, 77.6%, 69.5%, and 61.0%
across VDG density grade categories 1 to 4, respectively. Increasing
breast density showed a strong linear relationship to all screening
performance measures, except positive predictive value. The rates
for recalls, false positives, and total and interval breast cancers in
higher breast density categories were greater than those in lower
density categories. Results demonstrated that a woman was nearly
seven times more likely (4.4/1000 examinations versus 0.7/1000)
to have an interval cancer if her breasts were extremely dense
(VDG4) versus very fatty (VDG1) and approximately twice as
likely (23.8/1000 examinations versus 11.2/1000) to have a false
positive if they were extremely dense (VDG4) versus very fatty
(VDG1).
According to Dr van Gils, another interesting finding is the
relationship between cancer type (in situ or invasive), breast density, and detection mode (screen-detected or interval). When only
MARCH 2017
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invasive breast
cancer was taken
into account, the
difference in sensitivity between the
density categories
was even more
pronounced.
“This indicates
that the detection
of invasive breast
cancers in screening is hampered
to a larger extent
than the detection
of in situ breast
cancers. A possible explanation for this is that the visibility of
microcalcifications is not hampered as much in dense tissue
as the visibility of invasive breast cancers,” added Dr van Gils.
“Studying this relationship further could be very important
as we further develop our understanding of the effectiveness
of screening.”
https://tinyurl.com/Wanders-et-al-paper

Confidence through
intelligent imaging
ContextVision’s advanced image
enhancement products are used
globally by world-renowned OEMs.
We are proud of the fact that clinicians can rely on our technology
to get the answers they need
from medical imaging. Every day,
all over the world.
Let us demonstrate what they
are experiencing!
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World’s first total-body PET scanner
takes a big step forward
The UC Davis-based EXPLORER consortium, whose aim is
to build a revolutionary total-body PET scanner, has announced
the selection of two industry partners to help build the prototype
device. They are United Imaging Healthcare America, a North
American subsidiary of Shanghai United Imaging Healthcare,
and SensL Technologies of Cork, Ireland. PET scanning uses
short-lived radioactive tracers to show how organs and tissues
are functioning in the body, while MRI and CT scans mostly
show anatomy. PET scans are widely used to diagnose and
track a variety of illnesses, including cancer, heart disease and
Alzheimer’s disease.

believe we have gathered leaders in the medical imaging field
to quickly and cost effectively bring this technology to reality in
an exciting and innovative way,” said Ramsey Badawi, professor
of radiology at UC Davis and co-leader of the project. Delivery
of the prototype scanner is expected in 2018. The EXPLORER
consortium was formed in 2011 with the goal of building the
first total-body PET scanner and also includes research groups
at the University of Pennsylvania and the Lawrence Berkeley
National Laboratory. Following initial feasibility studies, in
September 2015 the consortium received a major grant from
the National Institutes of Health to build the first prototype
device.
http://explorer.ucdavis.edu

PET identification of primary and
metastatic prostate cancer

In a recent article in the February 2017 issue of the Journal
of Nuclear Medicine, researchers document the first-in-human
application of a new imaging agent to help find prostate cancer in both early and advanced stages and plan treatment
(Zhang J et al. Clinical Translation of a Dual Integrin αvβ3- and
Gastrin-Releasing Peptide Receptor-Targeting PET Radiotracer,
68Ga-BBN-RGD J Nucl Med. 2017 Feb;58: 228). The study indicates that the new PET radiotracer is both safe and effective.
The new agent is a gallium-68 (Ga-68)-labeled peptide BBNRGD agent that targets both gastrin-releasing peptide receptor

The EXPLORER scanner will have over 560,000 detector elements and can view all organs of the body simultaneously, with
a 40-fold increase in effective signal over current technology.
That would both improve image quality and reduce radiation
exposure to patients over conventional PET scanners, which can
only image a small segment of the body at a time. Total-body
PET has the potential to impact clinical diagnostics, enable
new fields of research and facilitate development of cures for
a wide range of human diseases. “A system with this detection
sensitivity will dramatically improve our ability to study cancer
and other diseases as well as advance diagnostic capabilities in
our industry,” said lead researcher Simon Cherry, professor in
the UC Davis Department of Biomedical Engineering.
The EXPLORER consortium selected United Imaging
Healthcare (UIH) America to build the first prototype totalbody PET scanner after an extensive review of potential commercial partners. “We are very proud to be selected to be part
of the EXPLORER consortium and provide the system design
support required to deliver a system capable of outstanding
performance,” said Hongdi Li, CEO of UIH America.
The detector technology in the scanner will incorporate the
latest generation solid-state silicon photomultiplier light sensors, instead of the vacuum-based photomultiplier tubes used
in conventional PET scanners.
“The use of silicon photomultiplier technology is rapidly
replacing older photomultiplier tube technologies and provides improved resolution for a system of this scale,” said Bryan
Campbell, CEO of SensL, which will supply the detectors. “We
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Ga-68-BBN PET/CT of a 64-year-old man newly diagnosed with prostate cancer by
biopsy. Multiple bone metastasis lesions (arrows) were detected. Image courtesy of
Jingjing Zhang, Peking Union Medical College, Beijing, China

(GRPR) and integrin αvβ3. Dual-receptor targeting provides
advantages over single-receptor targeting by allowing tumor
contrast when either or both receptor types are expressed,
improving binding affinity and increasing the number of effective receptors.
Approximately one in seven men will be diagnosed with
prostate cancer in his lifetime. In 2017, the American Cancer
Society estimates that there will be more than 161,000 new
prostate cancer cases in the United States and around 27,000
deaths from the disease. Similar statistics apply in Europe.
“Although treatable at the early stage, prostate cancer is prone to
metastasis,” explain the team of authors, led by Xiaoyuan Chen,
senior investigator at the Laboratory of Molecular Imaging
and Nanomedicine at the U.S. National Institute of Biomedical
Imaging and Bioengineering. “An effective and specific imaging
method of detecting both primary and metastatic lesions
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is thus of critical importance to manage patients with prostate cancer.” This study included 13 patients with prostate cancer (four newly diagnosed and nine post-therapy) and five
healthy volunteers. Ga-68-BBN-RGD PET/CT detected 20
bone lesions in seven patients either with primary prostate
cancer or after radical prostatectomy. The patients with bone
metastases did not necessarily have an elevated prostate specific
antigen level. “This result is better than bone scanning with
MDP,” Chen notes, referring to the most common radiotracer
used currently. “MDP bone scans are sensitive but lack specificity because localized skeletal accumulation of Tc-99m-MDP
can also be observed in the case of trauma and infection.” No
adverse side effects were found during the whole procedure and
two-week follow-up, indicating the safety of Ga-68-BBN-RGD.
“Compounds capable of targeting more than one biomarker
have the ability of binding to both early and metastatic stages
of prostate cancer, creating the possibility of a more prompt and
accurate diagnostic profile for both primary and the metastatic
tumors,” explains Chen.
https://tinyurl.com/68Ga-BBN-RGD-paper

Low-dose DECT angiography in
peripheral arterial imaging

A recently published paper (Almutairi A & Sun Z Dual Energy
Computed Tomography Angiography in the Peripheral Arterial
Imaging: A Systematic Review of Image Quality, Radiation Dose
and Diagnostic Value. Current Medical Imaging Reviews, 13(1):
66-72) provides a systematic review of 9 studies on the diagnostic applications of dual-energy computed tomography (DECT)
in peripheral arterial disease. The systematic analysis of these
papers represent the first summary of studies using DECT
with regard to its diagnostic value, radiation dose and contrast
medium dose. The review shows that DECT improves diagnostic
image quality in imaging peripheral arterial disease when compared to conventional CT angiography. The review highlights
another
important application of
DECT, namely the
significant reduction of contrast
medium used (up
to 50% reduction) without losing image quality. Despite these
advantages, high
radiation dose associated with DECT
is still a concern
which needs to be
addressed by further research. CT is
a widely used imaging technique in
many clinical applications including the diagnostic assessment
of peripheral arterial disease, which is one of the common cardiovascular diseases. Patients suffering from peripheral arterial
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disease are likely to be associated with other pathologies, such
as coronary artery disease or renal damage, therefore, judicious
use of contrast medium is of paramount importance because of
the risk of contrast-induced acute kidney injury. Thus, analysis
of this review suggests the potential value of using low-dose
DECT in peripheral arterial disease due to the beneficial effect
of lowering contrast medium significantly while still achieving
diagnostic images.
https://tinyurl.com/Almutairi-paper

Neuroimaging identifies four
depression subtypes

Patients with depression can be categorized into four unique
subtypes defined by distinct patterns of abnormal connectivity in the brain, according to new research from Weill Cornell
Medicine (Drysdale AT et al. Resting-state connectivity biomarkers define neurophysiological subtypes of depression.Nat Med.
2017; 23 (1): 28-38.). In the collaborative study the team at
Weill Cornell Medicine, NY. USA, identified biomarkers in
depression by analyzing more than 1,100 functional magnetic
resonance imaging (fMRI) brain scans of patients with clinical
depression and of healthy controls, gathered from across the
country. These biomarkers may help in improving the diagnosis of depression subtypes and also determine which patients
would most likely benefit from a targeted neuro-stimulation
therapy called transcranial magnetic stimulation that uses magnetic fields to create electrical impulses in the brain.
“The four subtypes of depression that we discovered vary
in terms of their clinical symptoms but, more importantly, they
differ in their responses to treatment,” group leader Dr. C Liston
said. “We can now predict with high accuracy whether or not
a patient will respond to transcranial magnetic stimulation
therapy, which is significant because it takes five weeks to know
if this type of treatment works.”
Approximately 10 percent of the general population are
diagnosed with clinical depression each year, and it is by some
estimates the leading cause of disability in many developed
countries.
Historically, efforts to characterize depression involved looking at groups of symptoms that tend to co-occur and then
testing neurophysiological links. And while past pioneering
studies have defined different forms of depression, the association between the various types and the underlying biology has
been inconsistent. Further, diagnostic biomarkers have yet to
prove useful in distinguishing depressed patients from healthy
controls or in reliably predicting treatment response among
individuals.
“Depression is typically diagnosed based on things that we
are experiencing, but just as in election polling, the results you
get depend a lot on the way you ask the question,” Dr. Liston
said. “Brain scans are objective.”
Researchers from Weill Cornell Medicine and seven other
institutions derived the biomarkers by assigning statistical
weights to abnormal connections in the brain and then predicting the probability that they belonged to one subtype
versus another. The study found that distinct patterns of
abnormal functional connectivity in the brain differentiated
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the four biotypes and were linked with specific symptoms.
For example, reduced connectivity in the part of the brain
that regulates fear-related behavior and reappraisal of negative
emotional stimuli was most severe in biotypes one and four,
which exhibited increased anxiety. Going forward, Dr. Liston
will seek to replicate and confirm the results of this research
and discover if it is broadly applicable to studying the biology
of depression and other forms of mental illness. “Subtyping
is a major problem in psychiatry,” Dr. Liston said. “It’s not just
an issue for depression, and it would be really valuable to have
objective biological tests that can help diagnose subtypes of
other mental illnesses, such as psychotic disorders, autism and
substance abuse syndromes.”
https://tinyurl.com/Drysdale-et-al-paper

patients were then tracked for an average of 3.7 years to see if
they developed cardiovascular disease. In this time 22 patients
had cardiovascular events including heart attack, angina, heart
failure, stroke and peripheral arterial disease.
Those with higher amygdala activity had a greater risk of
subsequent cardiovascular disease and developed problems
sooner than those with lower activity.
The researchers also found that the heightened activity in
the amygdala was linked to increased bone marrow activity
and inflammation in the arteries, and suggest that this may
cause the increased cardiovascular risk. The authors suggest
a possible biological mechanism, whereby the amygdala signals to the bone marrow to produce extra white blood cells,
which in turn act on the arteries causing them to develop
plaques and become inflamed, which can cause heart attack
and stroke.
In a small sub-study, 13 patients who had a history of PTSD
also had their stress levels assessed by a psychologist, underwent
a PET scan and had their levels of C-reactive protein measured.
CRP is a protein that indicates levels of inflammation in the
body. Those who reported the highest levels of stress had the
highest levels of amygdala activity along with more signs of
inflammation in their blood and the walls of their arteries.

Stressed brain, stressed heart

Heightened activity in the amygdala - the region of the
brain involved in stress - is associated with a greater risk of
heart disease and stroke, according to a study published in The
Lancet that provides new insights into the possible mechanism
by which stress can lead to cardiovascular disease in humans
(Tawakol A et al.,Relation between resting amygdalar activity and cardiovascular events: a longitudinal and cohort study.
Lancet. 2017; S0140-6736(16): 31714)
While more research and larger studies are needed to confirm the mechanism, the researchers from Mass Gen Hospital
in Boston, USA suggest that these findings could eventually
lead to new ways to target and treat stress-related cardiovascular risk. Smoking, high blood pressure and diabetes are
well-known risk factors for cardiovascular disease and chronic
psychosocial stress could also be a risk factor. Previously, animal studies identified a link between stress and higher activity
in the bone marrow and arteries, but it has remained unclear
whether this also applies to humans. Other research has also
shown that the amygdala is more active in people with posttraumatic stress disorder (PTSD), anxiety and depression, but
before this study no research had identified the region of the
brain that links stress to the risk of heart attack and stroke.
In the recently reported study, 293 patients were given a
combined PET/CT scan to record their brain, bone marrow
and spleen activity and inflammation of their arteries. The
8
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“Our results provide a unique insight into how stress may
lead to cardiovascular disease. This raises the possibility that
reducing stress could produce benefits that extend beyond an
improved sense of psychological wellbeing,” said lead author
Dr A Tawakol,. “Eventually, chronic stress could be treated as
an important risk factor for cardiovascular disease, which is
routinely screened for and effectively managed like other major
cardiovascular disease risk factors.” [1]
Writing in a linked comment, Dr Ilze Bot, Leiden Academic
Centre for Drug Research, Leiden University, The Netherlands, said:
“In the past decade, more and more individuals have experienced
psychosocial stress on a daily basis. Heavy workloads, job insecurity,
or living in poverty are circumstances that can result in chronically
increased stress, which in turn can lead to chronic psychological
disorders such as depression.” She says that more research is needed
to confirm the mechanism but concludes: “These clinical data establish a connection between stress and cardiovascular disease, thus
identifying chronic stress as a true risk factor for acute cardiovascular syndromes, which could, given the increasing number of
individuals with chronic stress, be included in risk assessments of
cardiovascular disease in daily clinical practice.”
https://tinyurl.com/Tawakol-et-al-paper
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Consensus statement on monitoring patients
for prostate cancer after a negative biopsy
If, when, and how men with negative biopsies for prostate cancer should
continue to be monitored are questions
facing patients and health care providers in view of concerns and criticisms
about over detection, overtreatment, and
under detection due to sampling errors
in standard biopsies. An expert panel
of urologists and radiologists from the
American Urological Association (AUA)
and the Society of Abdominal Radiology
(SAR) has published a set of consensus statements indicating that MRI
(magnetic resonance imaging) targeted
biopsy, when properly incorporated into
clinical practice, can address such issues.
(Rosenkrantz AB et al Prostate Magnetic
Resonance Imaging and Magnetic
Resonance Imaging Targeted Biopsy in
Patients with a Prior Negative Biopsy: A
Consensus Statement by AUA and SAR. J
Urol. 2016;196(6):1613-1618)

The panel recommends the use of
prostate MRI and MRI targeted biopsy
for any patient in whom prostate cancer is suspected, despite a prior negative
biopsy, and who is under evaluation
for a possible repeat biopsy. “The panel
recognized a role for prostate MRI and
MRI targeted biopsy to increase the
detection of clinically significant prostate cancer in the repeat biopsy setting. It
also explored challenges facing the wider
clinical implementation of MRI targeted
biopsy at this time,” explained lead author
Andrew Rosenkrantz, MD, associate professor in the Departments of Radiology
and Urology at NYU Langone Medical
Center, New York, NY.
Prostate MRI is used to identify
patients with a prior negative biopsy
who warrant repeat biopsy by identifying

10

regions of interest to target and to direct
biopsies to those suspicious areas under
image guidance. A growing body of evidence-based literature demonstrates the
value of MRI targeted biopsy in the repeat
biopsy setting. However, because these
techniques are relatively new, there is a
lack of standardization of image quality
and of individual radiologist’s interpretation abilities. According to the panel, “As
of this writing there is no formal mechanism for radiologists to become certified
in prostate MRI interpretation, nor an
established number of examinations that
must be interpreted for radiologists to
achieve sufficient experience.”
With sufficient expertise, prostate MRI
and MRI-assisted biopsies can certainly
benefit patients but conversely, “if expertise is lacking, the proposed clinical usefulness of prostate MRI is unlikely to be
achieved, and misleading information and
harmful consequences are possible,” commented Dr. Rosenkrantz. The decision of
whether to perform MRI must also take
into account the results of any other biomarkers and the cost of the examination.
The panel’s consensus statements
address cancer detection rates using
MRI targeting, which patients can benefit from MRI methods, specific methods and other considerations for MRItargeted biopsies, when patients should
undergo immediate repeat biopsies after
MRI, and what follow-up should be done
after a negative MRI-directed biopsy
result. The panel suggests that these consensus statements could potentially alter
how prostate cancer is initially diagnosed,
allowing patients to undergo more reliable targeted biopsy, more accurate risk
assessment, and improved treatment
options. To that end, “The consensus
statement was developed in a collaborative fashion by a panel of both urologists and radiologists, thus integrating the
two groups’ experiences, expertise, and
insights to generate as clinically relevant
and practical a paradigm as possible,”
noted Dr. Rosenkrantz.
https://tinyurl.com/Rosenkrantz-et-alpaper
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Extended mortality
results for prostate
cancer screening in
the PLCO trial with
median follow-up of
15 years
Ten academic medical centers in
the United States screened 76,685 men
and 78,216 women for prostate, lung,
colorectal and ovarian (PLCO) cancers
to evaluate whether yearly screening
could detect cancers early and thus
decrease mortality from these diseases.
Fifteen-year follow-up results focusing
on prostate cancer were recently published (Pinsky PF et al Extended mortality results for prostate cancer screening
in the PLCO trial with median follow-up
of 15 years. Cancer. 2017; 123: 5921.)

The results show little difference
in mortality between men screened
annually and the control group.
However, according to the researchers, the results don’t necessarily negate
the value of prostate cancer screening,
but imply that within the data of this
massive trial are clues that inform personalized decisions for subsets of this
prostate cancer population.
“What we can see from these results
is that most men diagnosed with prostate
cancer will not die from their disease.
In 15 years, people on the study died
from lots of other things. However, we
can also see that now we need to focus
on discovering the men that will,” said Dr
E. D Crawford of University of Colorado
Cancer Center and study co-author.
Specifically, in the intervention arm
that received annual prostate cancer
screening, 255 men have died of prostate cancer since the start of the trial.
In all, 244 men in the control arm,
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who did not receive annual screening
(but may have received self-directed
intermittent screening), died of prostate cancer. By comparison, 1,933 and
1,882 men in the experimental and
control arms, respectively, died of
other cancers. Slightly more in each
group died of heart-related conditions.
According to Crawford, these data
imply that some men need not be
screened for prostate cancer.
“For example, we have since shown
that men with PSA lower than one
have only about a 0.5 percent chance
of being diagnosed with prostate cancer within 10 years,” Crawford says.
Administering a PSA test first and
then not screening men with PSA less
than one would save billions of dollars
in healthcare costs every year.
However, in addition to discovering no decreased mortality with yearly
prostate cancer screening compared
with intermittent screening, Crawford
suggests that these results could be
used to discover men who do, in fact,
benefit from careful monitoring.
The takeaway message from this
retrospective on a massive study, 15
years after the completion of data
gathering, is that despite what many
have characterized as failure — after
all, yearly screening did not result in
overall lives saved — is that inside
these data (or in related, follow-up
studies) there may still exist clues that
could stratify prostate cancer risk.
Alongside the risks and costs of
over-diagnosis and over-treatment
that come with screening the entire
population of men for prostate cancer
still exists hope that screening only
those with higher risk, at the right
schedule, could save lives.
https://tinyurl.com/Pinsky-et-al-paper

Cardiac PET/CT imaging
effective in detecting
calcium in arteries
Many people who experience chest
pain but don’t have a heart attack
breathe a big sigh of relief when a
stress test comes back negative for
blockages in their blood vessels. But a
new study by cardiac researchers at the
Intermountain Medical Center Heart
Institute in Salt Lake City found they
MARCH 2017

may not be off the hook after all.
Researchers studied 658 men and
women between the ages of 57 and 77
who passed a stress test for blocked
arteries and who were later found to
have calcium in their arteries after
being screened by imaging technology that measured their total coronary
artery calcification.

They found that five percent of
patients who passed their stress test
and later tested high for calcium in
their arteries -- 31 of 658 patients -went on to have an adverse cardiac
event within one year. Such events
included death, heart attack and
stroke. Researchers say there is something more doctors can do to assess
a patient’s risk of future heart attack:
check the calcium — a sign of plaque
buildup — in a patient’s arteries.
“We now have the ability to better measure coronary artery calcification,” says Viet Le, lead author of the
Intermountain Medical Center Heart
Institute study, who delivered the
results at the recent American Heart
Association Scientific Session.
“People say, ‘I’m good. They gave me
a stress test,’” said Le. “But it doesn’t tell
the whole story. The story it tells is that
on that day your engine -- your heart
-- passed the test. Some of these people
die within a year from a heart attack.”
Cardiac experts have known for
years that calcium left by plaque is
a good marker of heart disease, but
there was not good imaging technology to measure it without exposing the
patient to too much radiation, Le said.
That changed about five years ago.
PET/CT, the advanced nuclear
imaging technology that combines
positron emission tomography (PET)
and computed tomography (CT)
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in one machine, allows physicians
doing a chemical stress test to also
measure coronary artery calcification. Calcification cannot be reversed,
but the plaque that causes it can be
reduced or stabilized with proper
medication, diet and exercise.
Researchers found that 33 patients
in the study, or five percent, had no
or mild calcification, and they had no
cardiac events. But there was a significant correlation between the amount
of calcium and the occurrence of cardiac events in the remainder of the
patients.
Twelve of 309 (3.88 percent)
patients with moderate calcification
had a cardiac event within a year, 10
of 190 (5.26 percent) with severe calcification had a cardiac event within
a year, and nine of 126 (7.14 percent)
with very severe calcification had a
cardiac event within a year. In total,
16.28 percent of calcified patients in
the study had a heart event.
The results confirmed for Le the
value of assessing calcification in
patients suspected of having clogged
arteries. “Right now, it’s a neglected tool
that should be better utilized,” he said.
https://tinyurl.com/Inetrmountain-paper

MR perfusion image
features uncover an
angiogenic subgroup of
glioblastoma patients

A subgroup of patients with the
devastating brain tumor called glioblastoma multiforme benefited from
treatment with a class of chemotherapy drugs that two previous large
clinical trials hadindicated was ineffective against the disease, according
to a recent study from the Stanford
University School of Medicine (Liu
TT et al Magnetic resonance perfusion
image features uncover an angiogenic
subgroup of glioblastoma patients with
poor survival and better response to
antiangiogenic treatment Neuro Oncol.
2016. pii: now270).
Specifically, patients in the subgroup who were treated with chemotherapy drugs that block the growth of
new blood vessels in the tumor lived
an average of about one year longer than those who were given other
11
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classes of chemotherapy drugs, the
researchers found.
The retrospective study emphasizes
the importance of properly categorizing tumors with varied biology in
order to best personalize treatment for
each patient. Lumping all glioblastoma
patients together as one group led to
the flawed conclusion that no patients
benefited from anti-angiogenesis
treatments, the researchers said.
“Traditionally, glioblastoma patients
are given this diagnosis based on the
histology of their tumor, and then
assigned a grade and a stage,” said Dr D
Rubin, associate professor of biomedical data science, of radiology and of
medicine. “But this information is not
always specific enough to clearly inform
treatment. We’ve developed a new
method of classifying glioblastomas by
quantitatively analyzing the MRI that is
routinely performed during diagnosis.”

Glioblastoma is one of the most
common, and most deadly, brain
tumors. The median survival is about
15 months after diagnosis. Until
recently, clinicians and patients pinned
their hopes on anti-angiogenic compounds. However, two large, phase-3
clinical trials reported in The New
England Journal of Medicine concluded that one such drug, bevacizumab, conferred no survival benefit
on glioblastoma patients.
Liu, Rubin and their colleagues
wondered if there might be a subgroup of glioblastoma patients that
could still be helped by the treatment.
They studied the medical records and
diagnostic images of 69 glioblastoma
patients who had been treated at a
local medical center and 48 patients
12

from a national database known as The
Cancer Genome Atlas. The researchers
used specialized software to categorize
each patient into one of two groups
based on the degree of vascularization
of the patients’ brain tumors. Those
whose tumors were more highly vascularized — as determined by perfusion
MRI — were significantly more likely
to benefit from treatment with antiangiogenic therapies than those whose
tumors were less well vascularized.
Perfusion MRIs are routinely conducted as part of the diagnostic procedure for brain tumor patients. The
researchers found that each of the
117 patients fell neatly into one of
two clusters: 51 of the patients had
tumors that were highly vascularized,
and 66 had tumors that were not as
well vascularized. Further investigation showed that the highly vascularized tumors also expressed more genes
involved in blood vessel growth and in
protecting cells from conditions of low
oxygen called hypoxia than tumors of
patients in the other group.
The researchers then looked to see
what treatments the individual patients
had received, and how they fared.
“The most exciting finding was that
those members in the highly vascularized group who had received antiangiogenic treatment lived significantly longer — on average more than
a year more — than others in the same
group who did not get anti-angiogenic
therapy,” said Rubin. “And this analysis was performed using images that
already exist as part of the diagnostic
procedure for this disease. Our findings speak to the fact that the biology
of glioblastoma can vary significantly
among individuals, and that certain
subgroups of patients may benefit
from treatments that appear ineffective when screened across a large
unselected mix of patients.”
“This is a turning point,” said
Rubin. “We believe we can identify
those people who are likely to benefit from anti-angiogenic treatments,
and also begin to think outside the
box to identify other types of therapies
for those who are unlikely to respond.
This shows that subtyping cancers like
glioblastoma can have a huge impact
on how we treat disease.”
https://tinyurl.com/MR-perfusion-paper
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Study confirms breast
MRI has excellent diagnostic performance for
non-calcified equivocal
breast findings detected
in conventional imaging
A research team from the
Department of Biomedical Imaging
and Image-guided Therapy from
the Medical University of Vienna
performed a systematic review and
meta-analysis of more than 2300
patients from 14 international studies. (Bennani-Baiti B et al. Diagnostic
Performance of Breast Magnetic
Resonance Imaging in Non-Calcified
Equivocal Breast Findings: Results from
a Systematic Review and Meta-Analysis.
PLoS One. 2016; 11(8):e0160346.)

With specific evaluation criteria
they show for the first time that breast
cancer can be ruled out with 100% certainty, when MRI is used as a followup procedure for equivocal findings.
Molecular biologist and radiologist
Barbara Bennani-Baiti and radiologist
Pascal Baltzer explain: “If the MRI scan
does not reveal a tumor, any further risk
can be virtually excluded. The affected
women can then sleep peacefully once
again – their fears are allayed”.
Approximately 11% of the MRI
scans produce a false-positive result
and require investigation by invasive
methods. This percentage is equivalent
or even lower to conventional methods, such as mammography, tomosynthesis and ultrasound.
In Austria, women have worldwide
unique access to MRI screening: equivocal results from mammograms and ultrasound are clarified routinely by MRI
scans. Based on the evidence from this
study, the method will hopefully become
more widespread in other countries.
.https://tinyurl.com/Breast-MRI
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fMRI scans of newborn brains may
provide early signs of depression
Early predictors of anxiety and
depression may be evident in the
brain even at birth, suggests a recently
published study from a group in
Washington University in St. Louis,
MO, USA (Rogers CE et al. Neonatal
Amygdala Functional Connectivity at
Rest in Healthy and Preterm Infants
and Early Internalizing Symptoms. J
Am Acad Child Adolesc Psychiatry.
2017; Feb:56(2):157) .
Analyzing brain scans of newborns using functional
MRI, the researchers found that the strength and pattern
of connections between the amygdala and certain brain
regions predicted the likelihood of the babies developing
greater internalizing symptoms like sadness, excessive shyness, nervousness, or separation anxiety by age two. Such
symptoms have been linked to clinical depression and
anxiety disorders in older children and adults. The team
conducted functional MRI scans in 65 full-term newborns
and 57 premature infants born at least ten weeks early.
The latter were scanned on or near their due dates.The
researchers looked for differences in the connectivity patterns across various regions of the brain hoping to find
evidence to explain why premature babies face a greater
risk of developing psychiatric problems later in life. First,
they found that healthy, full-term babies had patterns of
connectivity between the amygdala and other regions of the
brain that were similar to the patterns previous studies had
seen in adults. Most interestingly, they noted that connection patterns between the amygdala and other structures
increased the risk of early symptoms related to depression
and anxiety. When the babies turned two years old, a subset
received follow-up assessments to look for early symptoms
of anxiety and depression. “Children born prematurely
were no more likely than full-term children to exhibit early
signs of anxiety and depression,” Dr. Rogers said.
https://tinyurl.com/Rogers-et-al-paper

3-D printed kidney phantoms for
nuclear medicine dosing calibration

In nuclear medicine, the goal is to keep radiation exposure at a minimum, while obtaining quality images. Optimal
dosing for individual patients can be difficult to determine.
That’s where 3D-printed organ models of varying size and
shape could be of great use. A recent study (Tran-Gia J et
al Design and Fabrication of Kidney Phantoms for Internal
Radiation Dosimetry Using 3D Printing Technology. J Nucl
Med. 2016 Dec; 57: 1998) showed that low-cost 3D printing technology can be used for clinical prototyping. This is
particularly important for imaging systems suffering from
poor spatial resolution and ill-defined quantification, such
as SPECT/CT.” To demonstrate the potential of 3D printing techniques for quantitative SPECT/CT imaging, kidneys were selected for the study. Tran-Gia notes, “Although
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in our study the
kidneys were modeled as a relatively
simple one-compartment
model,
the study represents
an important step
towards a reliable
determination of
absorbed doses and, therefore, an individualized patient
dosimetry of other critical organs in addition to kidneys.”
https://tinyurl.com/Tran-Gia-et-al-paper

MRI study shows heart damage
during kidney dialysis
People with kidney failure need regular dialysis to remove
fluid and waste products from their blood, but this process
can cause falls in blood pressure and reduced blood flow to
the heart. Research at The University of Nottingham, UK
was undertaken to investigate stress on the heart during
kidney dialysis and to compare two different types of dialysis in this regard: standard haemodialysis (HD) and hemodiafiltration (HDF). (Buchanan C et al. Intradialytic Cardiac
Magnetic Resonance Imaging to Assess Cardiovascular
Responses in a Short-Term Trial of Hemodiafiltration and
Hemodialysis.J Am Soc Nephrol. 2016. pii: ASN.2016060686).
The researchers carried out MRI scans on 12 kidney dialysis
patients. The study found significant cardiovascular effects
with both standard haemodialysis and HDF, but no differences between the two. Results demonstrate that cardiac
MRI can be a vital tool for evaluating future improvements
to dialysis treatment. Professor
of Physics, Sue
Francis,
said:
“This is the
first time that
MRI has been
used to look at
heart function
while the kidney
patient is actually
undergoing dialysis. There were several hurdles to overcome to achieve this. We had to set up a dialysis machine
in our MRI research centre, change the metal needles to
non-magnetic silicone ones, extend and insulate the lines
that connect the patient to the dialysis machine and position the equipment using our knowledge of the magnetic
fields in the MRI unit. “Interestingly, we found all measures
of systolic contractile function fell during both standard
haemodialysis and haemodiafiltration with partial recovery
after dialysis. All patients showed some degree of left ventricular dysfunction and blood flow to the small capillaries
in the heart muscle decreased significantly during both
types of treatment. Our observations confirm the need for
interventions to reduce the negative impact of dialysis on
the heart.”
https://tinyurl.com/Buchanan-et-al-Paper
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clinical decision support
By Dr R Placido, Dr D Calcaterra , Dr S Canitano, Dr G Capodieci, Dr G Di Modica, Dr MA Marino, Dr E Pofi, Dr O
Tomarchio & Dr A Orlacchio.

COLLABORADI: a rule-based diagnostic imaging prescription system to
help the general practitioner to choose the most appropriate radiological
imaging procedures.
Introduction

There are widespread concerns that
the costs of health care all over the
world are rising at unsustainable
rates. Prior studies have demonstrated that 30% of resources spent
on health care in Western countries do not improve the health of
patients [1]. One of the major reasons behind the rising costs is the
increasing use of radiology imaging
procedures, particularly advanced
imaging techniques such as computed tomography (CT) scans
and magnetic resonance imaging
(MRI). Most authorities agree that
cutting down on inappropriate use
of diagnostic procedures could
improve quality, save costs and protect patients from undue risks and
inconveniences. Therefore guidelines, diagnostic algorithms and
appropriateness criteria have been
established [2–4]. In 2004, the Italian National Agency for Regional
Health Services introduced “Guidelines for diagnostic imaging” consistent with the guidelines applied
by other member states of the
European Union and Canada, that
is focusing attention on three key

issues:
• investigation appropriateness,
• radiation protection and
• expenditure containment. However, guidelines are not always
straightforward and easy to follow, so in practice the level of the
incorporation and application of
appropriateness criteria into clinical routine is low, mainly reflecting
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the lack of formal training [5, 6].
The high percentage of radiological examinations, that do not in
practice meet appropriateness criteria, suggests a need for decision
support to help primary care physicians improve the management
of patients, by choosing the correct diagnostic imaging procedure,
which is most appropriate [7]
COLLABORADI is an Italian
EU-funded research project coding the Italian diagnostic imaging
(DI) guidelines into evidence-based
rules. It is a clinical decision support for general practitioners (GP)
providing a method for incorporating of the Italian DI guidelines
into computerized ordering and
electronic health record systems.
Furthermore, the software may be
easily updated and implemented if
there are future modifications to
the guidelines which may be necessary as a result of technological
innovations and advances.
This paper gives an introduction to
and to preliminary illustration of
MARCH 2017

Table 1: Example of Diagnostic Imaging Referral Guidelines (DIRG): DIRG for salivary obstruction.

COLLABORADI, an electronic system
based on software coding data for the
diagnostic imaging referral guidelines
(DIRGs). To the best of our knowledge,
COLLABORADI is the first decision
support introduced in Italy and, in our
opinion, it could be a useful example for
the management of other health-care
systems.
National and international
guidelines for clinical-imaging: an overview

In the past 20 years, many efforts have
been made to promote the adoption of
national and international guidelines
for clinical imaging, principally aimed
at supporting the GP in selecting and
justifying radiological procedures.
The use of radiological examinations
has been regulated by the introduction of guidelines, all valid among the
European Union (EU) countries [8].
The Royal College of Radiologists
(RCR) in the UK was the first European association to publish imaging
referral guidelines in 1989 [9]. Furthermore, clinical decision support
systems (CDSS) [10] have been implemented to give real-time feedback

to providers ordering imaging tests,
including information on test appropriateness for specific indications.
The Italian DIRGs are the results of
the initiative sponsored by the Italian
National Agency for Regional Healthcare (AGENAS), aimed at establishing
appropriate guidelines for all health
professionals entitled to refer patients
for imaging [11].
The authors focused their attention on
three main aspects:
(a) examination appropriateness,
(b) radiological protection and
(c) reduction of public spending.
The DIRGs comprise 13 sections,
listed as follows: (a) head; (b) neck;
(c) spine; (d) musculoskeletal system;
(e) cardiovascular system; (f) thoracic
system; (g) gastrointestinal system; (h)
urological, adrenal and genitourinary
systems; (i) obstetrics and gynecology;
(j) breast disease; (k) trauma; (l) cancer; (m) pediatrics.
Table 1 shows an example of a guideline from the DIRGs.

The COLLABORADI System In Action

The recommendations are designated
as follows:

Table 2: Effective dose classification showing typical effective doses of ionizing radiation from common imaging
procedures
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(a) the investigation most likely contributing to clinical diagnosis and
management;
(b) specialized investigation (frequently complex, time-consuming or
resource-intensive investigations, usually only requested by medical doctors
who have the relevant clinical expertise to evaluate the clinical findings
and act on the imaging results);
(c) not indicated initially (includes situations where experience shows that
the clinical problem usually resolves
with time, and where deferring the
study is suggested);
(d) not indicated routinely (non-routine studies to be carried out if a physician provides cogent reasons or if the
radiologist feels the examination represents an appropriate way of furthering the diagnosis and management of
the patient);
(e) not indicated (examinations that
will usually not contribute to the management of the patient).
The use of radiological investigations is closely related to radiation
risks, considering that even small radiation exposure can be dangerous. The
estimate of the total risk of stochastic
effects (cancer, leukemia, hereditary
effects) resulting from exposure to radiation is performed using the effective
dose, which is measured in milliSieverts
(mSv). Table 2 shows the typical effective doses of ionizing radiation from
common imaging procedures.
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Physicians log on the system through
an authentication process involving
the entering of a specific username
and password. When they first access
the platform, the physicians are provided with the “Search clinical problem” view, as shown in Figure 1.
The interface allows searching the
available investigations for a particular clinical problem, whose selection
is facilitated by the auto-complete feature that filters all possible matches
according to the specified phase. By
pressing the “Search investigations”
button, physicians will be asked to
specify one or more criteria, in relation to which an examination will be
privileged among the available ones.
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Each investigation includes the information mentioned
in Section 4.3 (i.e. explanatory comment, priority, waiting time, recommendation, grade of evidence, effective
dose, use of contrast medium). Finally, physicians are
free to order any examination provided by the system,
by just pressing the “Prescribe” button.
Conclusion

Figure 1. System display shown when physicians first access the platform, presenting them with the “Search clinical problem” option

Inappropriate imaging has an impact on overall public health since it involves a waste of resources which
could otherwise be used for more appropriate applications. Inappropriate imaging can also impact patients’
health through inappropriate radiological exposure, with
an accompanying stochastic cancer risk. The COLLABORADI is an electronic service guiding and supporting
physicians in choosing the most appropriate diagnostic
imaging for patients’ health issues. In doing this, COLLABORADI analyses the phenomenon of inappropriate
DI prescriptions and suggests a way to tackle it.
COLLABORADI is now categorized as a trial software
approved by the Ethic Commettee. It is now in routine use
in the public health system of ASP Messina, Italy and is
used daily by general physicians and specialists.
References

Figure 2 shows the interface presented to physicians in case
of a Sinus disease, for which they are required to fill in the
fields on criteria: EquivocalExam, PersistentSymptoms and
SuspectedPathology.
The PersistentSymptoms field is mandatory, and must be
manually entered as a numerical value (in days), while
the other ones can be selected directly from a drop-down
list. For the clinical case under consideration, criteria are
assumed to be specified as follows: EquivocalExam =
CT, PersistentSymptoms = 14, SuspectedPathology =
malignancy. When physicians press the “Submit criteria”
button, the system acquires the criteria, interacts with
the rule engine, and finally returns an investigation list
sorted by medical appropriateness in a descending order.

1. W
 ennberg JE, Fisher ES, Skinner JS (2002) Geography and the debate over
Medicare reform. Health Aff (Millwood) Suppl Web Exclusives:W96–114.
2. Cascade PN (2000) The American College of Radiology. ACR
Appropriateness Criteria project. Radiology 214 Suppl:3–46. doi:
10.1148/radiology.214.1.r00ja5510
3. D
 unnick NR, Applegate KE, Arenson RL (2005) The inappropriate use of
imaging studies: a report of the 2004 Intersociety Conference. J Am Coll
Radiol 2:401–406. doi: 10.1016/j.jacr.2004.12.008
4. G
 oldzweig CL, Orshansky G, Paige NM, et al (2015) Electronic Health
Record-Based Interventions for Reducing Inappropriate Imaging in the
Clinical Setting: A Systematic Review of the Evidence. Department of
Veterans Affairs (US), Washington (DC)
5. S
 heng AY, Castro A, Lewiss RE (2016) Awareness, Utilization, and Education
of the ACR Appropriateness Criteria: A Review and Future Directions. J Am
Coll Radiol 13:131–136. doi: 10.1016/j.jacr.2015.08.026
6. P
 owell DK, Silberzweig JE (2015) The use of ACR Appropriateness Criteria:
a survey of radiology residents and program directors. Clin Imaging
39:334–338. doi: 10.1016/j.clinimag.2014.10.011
7. Lehnert BE, Bree RL (2010) Analysis of appropriateness of outpatient CT
and MRI referred from primary care clinics at an academic medical center:
how critical is the need for improved decision support? J Am Coll Radiol
7:192–197. doi: 10.1016/j.jacr.2009.11.010
8. E
 uropean Commission. Referral guidelines for imaging http://www.sm.ee/
sites/default/files/content-editors/eesmargid_ja_tegevused/Tervis/
Ravimid/118_en.pdf 2000 - Cerca con Google. https://www.google.it/
search?q=European+Commission.+Referral+guidelines+for+imaging+
http://www.sm.ee/sites/default/files/content-editors/eesmargid_ja_
tegevused/Tervis/Ravimid/118_en.pdf+2000&ie=utf-8&oe=utf-8&gws_
rd=cr&ei=QGYKV8GYBIy4arTIldgC. Accessed 10 Apr 2016
9. Recommendations for cross-sectional imaging in cancer management,
Second edition | The Royal College Of Radiologists. https://www.rcr.ac.uk/
recommendations-cross-sectional-imaging-cancer-management-secondedition. Accessed 20 Mar 2016
10. Rosenthal DI, Weilburg JB, Schultz T, et al (2006) Radiology order
entry with decision support: initial clinical experience. J Am Coll Radiol
3:799–806. doi: 10.1016/j.jacr.2006.05.006

Acknowledgements

Figure 2. Example of interface presented to physicians in case of sinusitis

16

D I

The work described in this paper has been partially supported by the “COLLABORADI” project funded by the PO
FESR 2007/2013 program of Sicily region.
E U R O P E

MARCH 2017

Hall X 5 / Booth 4
ECR 2017 · March 2-5, 2017
Swissray introduces a
new, innovative MRI system
Discover the SR Pulse 710TM MRI from Swissray. The SR Pulse 710TM was designed and
built specifically for facilities that need a reliable, high throughput, workhorse MRI system. It offers the lowest total cost of ownership and fast ROI. Please come and visit us.

NE
The SR Pulse 710 is a whole body 1.5T
MRI system that includes 33 mT/m gradients, a 16 channel RF system for head to
toe imaging with 5 – 50 cm fields of view
and a 71cm bore diameter.
It is equipped with multi-element coil
arrays built into a patient table with a
weight limit up to 250 kg and selected
through programmed protocols, thus
reducing the need for time-consuming
repositioning.

Visit us at Hall X 5 / Booth 4
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Breast imaging
Innovative Workflow Solution Built on Artificial Intelligence
in Digital Breast Tomosynthesis at Prestigious French
Cancer Center
Situated in Villejuif, south of Paris, the Institut Gustave
Roussy (IGR) is France’s largest cancer center, an international referral center for oncology, and an integrated
center for patient care, research, and teaching. IGR is
designated as a Comprehensive Cancer Center by the
French National Cancer Institute and has an objective of
developing more individualised and less invasive medicine, in part through investment in up-to-date technology.
In line with this policy, the breast imaging section of the
radiology department has recently evaluated a computeraided detection system (CAD). We wanted to find out
more about IGR in general and CAD in particular so we
spoke to Dr. Corinne Balleyguier, a radiologist specialized
in breast imaging.

Q

Let’s start at the beginning. Please tell us about Institut
Gustave Roussy

Well, as you said in the introduction, our institute is
indeed highly considered in the field of oncology, not just
for the all-important aspect of diagnosis and patient care,
but also thanks to its many active research programs and
teaching commitments. IGR is an international referral
center for oncology, and we are a member of several European collaborative programs with top cancer centers in
other European countries.

Corinne Balleyguier, M.D., Ph.D.
is head radiologist, specialized in
Women’s Health in the Department
of Radiology, Institut Gustave
Roussy, Villejuif, France
email: balleyguier@igr.fr

My own special interest is in breast imaging, but the
center itself deals with all cancers. Most of our patients
come from the Paris area, but thanks to the reputation of
the institute we have referrals from all over France, other
European countries and also the Middle East (in particular
Kuwait). The patients are all confirmed or suspected cases
of cancer.

Q

Now let’s turn to radiology and mammography.
What imaging modalities do you have available?

We are well equipped in this respect, although given
the number of examinations we carry out, our imaging
systems never stand idle. We perform 20 000 X ray exams
per year, 12 000 breast exams per year, including Mammography, Ultrasound, Contrast Enhanced Spectral Mammography (CESM) and Digital Tomosynthesis.

IGR is one of the leading European anticancer centres, and is
staffed by more than 2,500 healthcare professionals The hospital
has more than 400-beds and admits over 11,000 new patients
per annum, 130,000 patients attend its clinics and 42,000
patients receive treatment for their cancers.
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As for equipment, we have three mammography/digital breast tomosynthesis (DBT) systems, two of which
are also equipped to carry out Contrast - Enhanced
Spectral Mammography (CESM) as well as three ultrasound systems dedicated to breast imaging, and a stereotactic biopsy system. In addition, we have two MRI
systems (1.5T and 3T), two CT scanners, two X-Ray
and four general ultrasound systems. The principal supplier is GE Healthcare but for the ultrasound we have
Samsung, Siemens and Toshiba equipment. The X-rays
machines are from Philips and Primax.
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In breast tomosynthesis,
the x-ray tube moves in an
arc over the compressed
breast capturing multiple
images of each breast from
different angles. These
digital images are then
reconstructed into a set of
three-dimensional images
by a computer. These three
dimensional image sets
help minimize the tissue
overlap that can hide cancers or make it difficult to
distinguish normal overlapping breast tissue from tumors. Thus, breast tomosynthesis overcomes some of the limitations of
standard mammography. However, DBT has some disadvantages, one of which is the longer time
needed by the radiologist to read the images. The rationale for the use of Computer-aided detection
(CAD) is to help the radiologist in this respect
In the process of breast image interpretation, it is important to detect even the most subtle lesions,
including clustered microcalcifications, spiculated and non-spiculated masses as well as architectural distortions and asymmetries. CAD can serve as a “second reader,” assisting clinicians by
drawing their attention to suspicious areas in mammograms that require further review.

the images by the radiologist inevitably takes more time.
We find that using Enhanced V-Preview
with the PowerLook Tomo Detection
solution from iCAD not only enables
us to reduce the reading time but also
makes the whole reading process easier
and more precise.

iCAD’s PowerLook Tomo Detection, built on the latest deep learning technology, is being used at IGR
to improve digital breast tomosynthesis reading workflow and assist radiologists in finding cancers
quickly. The advanced Tomo Detection deep learning algorithm detects potential cancers by scanning each DBT plane and blending those regions onto GE’s V-Preview 2D synthetic image creating
an Enhanced V-Preview image. The detected regions visible in the Enhanced V-Preview 2D synthetic
image are linked back to the DBT planes where they were detected creating an efficient and effective navigation tool for radiologists when reading tomosynthesis exams. iCAD’s PowerLook Tomo
Detection is CE marked and being used by multiple mammography facilities throughout Europe.
The product is also approved for sale in Canada.

From a workflow perspective, the
CAD-enhanced image hanging protocol is easily incorporated into the
tomosynthesis reading workflow. We
participated in a reader study that
showed a significant reduction in
reading time for radiologists with no
negative impact on radiologist performance relative to sensitivity and
specificity. I also believe Enhanced
V-Preview with Tomo Detection can
decrease the general fatigue associated
with reading tomosynthesis cases for
a full day.
All in all, we do find it to be a very
useful technology.

To operate all this equipment and provide the service expected of us, we have
a staff of 30 technicians, 13 Full Time
Equivalent radiologists and six resident
radiologists.
One unique innovation that we have
introduced in the breast cancer unit of
IGR is the “One-Stop Shop”. The rationale behind this concept is to address
a frequent problem that arises when
women are referred to us for further
investigation, when they are understandably anxious about what the outcome of the investigation will be. Many
women want to get a reliable diagnosis
as soon as possible with the minimum
of additional visits to the hospital, so,
on one day a week, we reorganize our
workflow so that all the various disciplines needed to provide such a definitive diagnosis in just a single day can
be called upon there and then. Thus, on
the same day, a clinical exam, preliminary imaging exam, followed if necessary by a supplementary imaging exam
using a different modality, a biopsy
(fine needle aspiration) and pathological analysis of the FNA sample will be
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carried out and all the protocols/observations recorded appropriately. At the
end of the day the patient can go home
with either an “all-clear” or a confirmed
diagnosis, with an already established
treatment programme.

Q

Let’s focus in on tomosynthesis.
You have recently been using GE’s
Enhanced V-Preview powered by the PowerLook Tomo Detection solution from
iCAD for your breast tomosynthesis studies. How has your experience of this been?

Breast tomosynthesis is currently
attracting a great deal of attention
in the breast imaging world — there
have been a number of studies published which show that, compared to
straightforward mammography, tomosynthesis can detect significantly more
tumors or suspicious lesions, particularly in dense breasts. However, since
tomosynthesis involves the acquisition
of several images at different angles
through the breast, one key downside
of tomosynthesis is that the reading of
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Before we had Enhanced V-Preview,
it would take us on average 90 seconds per case. Now this is significantly
reduced, particularly with routine
cases. In turn, this enables us to focus
more on essential, more complex cases.
We use tomosynthesis for all our diagnostic cases (as opposed to screening),
except for women with BRCA 1 & 2
genetic mutations.

Q

So what would your advice be to
others who are thinking about
investing in Enhanced V-Preview with
Power Tomo detection ?

We believe it is a very valuable tool,
particularly if the current interest in
breast tomosynthesis ends up with the
method being widely accepted as a general screening modality. Anyone investing in tomosynthesis should consider
its impact on reading time and radiologist productivity. Enhanced V-Preview
with iCAD’s PowerLook Tomo Detection is a powerful tool that can significantly help off-set the increased reading time and make reading tomosynthesis a much more positive experience
for radiologists.
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Artificial intelligence — the future is now
Several years ago, ContextVision, the Swedish specialist in
advanced medical imaging started to apply machine learning
technology to develop artificial intelligence (AI) processes. In
2015 they announced a major development initiative to get
into the field of deep learning, with the objective of developing powerful AI-based algorithms with direct clinical
applications.
We wanted to catch up with the program, find out more
about the principles and technology behind artificial intelligence in general, as well as ContextVision’s applications in
particular and the overall pros and cons of the approach so
we spoke to Martin Hedlund CTO, and Anita Tollstadius, CEO
of ContextVision.

Q

 et’s start with the technical aspects. Although ArtifiL
cial Intelligence (AI) has been talked about for years,
over the last couple of years there seems to have been
a dramatic increase in interest in the practical application of the technology in all sorts of fields, including
that of radiology. Why the sudden interest in AI?

Yes it’s true that we hear a lot about AI nowadays, and in all
sorts of fields.
The so-called traditional AI was based on symbolic processing, but the use of Artificial Neural Networks has brought
a different impetus to AI: computation as an association
of signals. In fact Artificial Neural Networks are not new:
they were first proposed more than 30 years ago, but it’s
only with the recent dramatic developments in IT that we
have had enough sheer data and computational power (in
Graphics Processing Units, GPUs) to be able to exploit Artificial Neural Networks to their full potential.
Convolutional Neural Networks (CNN) have in particular become very popular since 2012 when it was
shown that these networks, equipped with more and
more layers, largely outperformed classical methods
in large image competitions. The CNN approach, however, was initially received with some scepticism from
the academic community as being merely a “black box”
solution. Despite these initial doubts, CNNs have since
been proven to be extraordinarily suited for image
processing, to the extent that CNNs are now a wellaccepted technology in the field.
Given the current focus on AI, it’s hard to believe that only a
few years ago the field was in fact not very active; in Europe
there were only a handful of universities who had serious
research groups working on AI. Today things have changed
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Martin Hedlund is Chief
Technical Officer at
Context Vision and among
his other duties heads up
the AI development team
email:
martin.hedlund@contextvision.se

Anita Tollstadius is CEO
at ContextVision and has
extensive experience in
international marketing,
giving her a deep understanding of clinical and
patient-related issues.
email:
anita.tollstadius@contextvision.se

dramatically and every university now has, or is starting up,
active research on AI.
Many big companies such as Google, Microsoft, Nvidia,
Intel, Facebook, IBM and Baidu have also been very active
and have even started to provide platforms and to share
code for the implementation of Deep Learning systems.
This has of course considerably accelerated and widened
the access to the technology for a range of applications.
Most companies in the medical imaging field are only now
just beginning to catch up with this opportunity for the
development of new products. We’re proud that here in
ContextVision we have been ahead of the game

Q

 any radiologists are familiar with Computer-Aided
M
Detection systems. What is the essential difference
between CAD and AI/Deep learning?

Earlier CAD systems were based on classical technologies
like manually designed feature extraction algorithms. With
AI/Deep Learning we don’t need any such feature engineering. Thus, features such as edge detection or shapes can
be automatically learned from the data. In the future such
trained algorithms could also be incorporated into CAD
systems.
One problem with early CAD systems was that the
accuracy was low and consequently its use was very
limited. In contrast, with future AI-based CAD systems
accuracy will only be constrained by the amount of data
available. In some applications, for instance in identifying cancerous lesions in tissue, the diagnostic accuracy
could be as high as, or even higher, than that achieved
by human readers.
Furthermore, these AI-based algorithms can process disparate sources of data, not only images, so they will be able
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to learn from information contained in
patients’ medical records as well as, for
example, additional genetic data and thus
will be able not only to establish diagnoses but also to propose treatment recommendations and indicate likely prognoses
and outcomes.

Q

 ou mentioned earlier the central
Y
role of Convolutational Neural
networks (CNNs) in AI. What
exactly are the basic principles
behind CNNs?

CNNs have layers of filters that are
applied to an image or other data. The
individual weight that each filter applies
is updated automatically through a training process using an algorithm known as
back-propagation. At each iteration the
prediction of the whole process is compared with the real, known, output of the
image used for the training, so the weight
of each filter can be updated during the
iteration process with the result being that
the error is reduced by back propagation
through the network. CNNs have a very
strong representative power and they can
reliably represent exponentially complex
data with only a linear increase in the
number of parameters used. This capability is key for learning — we humans use
it to organize the world into hierarchical
abstract concepts.

Q

 egarding the learning process how
R
big does the database of images used
in the training need to be and how
critical is the quality of the original training images? Is the basic
approach the same independently
of the imaging modality being used,
e.g. MRI, CT, Ultrasound, speaking of which is there any particular imaging modality that is more
suited to AI?

AI algorithms learn by induction and,
therefore, are very data hungry. They may
require thousands or millions of examples to learn properly, in contrast to classical algorithms that were more deductive from first principles. How much data
are needed is very much dependent on
the particular problem for which the
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algorithm is being trained and the variability of the data used in the training
process. Currently there are techniques
which can expand the available data set,
for example by rotating, mirroring, sizechanging or using some other operation
to make the variation larger. Of course
such augmentations should always simulate a true and realistic variation of the
data.

“ ... CNNs ...can represent

exponentially complex data with
only a linear increase in the

number of parameters used ...”
One important aspect is the need to make
the data used to be available in a more
transparent way. In non-medical fields
many organizations provide good databases that are open for research purposes
making it easier to develop new algorithms. However, in healthcare it’s very
difficult to have access to data and share
it openly.
Some deep learning algorithms can be
trained more quickly by using a “pretrained” network in the technique known
as transfer learning. In this method, it is
important that the images used for pretraining are appropriate medical images
since otherwise the effect of transfer
learning is very limited and the networks
become very big and ineffective because
of the large differences between nonmedical and medical images.
The quality of the data used for training is always of importance, but the use
of perfect or “too clean” data may actually be counter-productive since it is very
important to train the algorithms for realistic variability in the data using datasets
which are representative of those which
will be encountered by the final algorithm
in its intended clinical application. If the
algorithm is going to be used on different
body parts or for example on different
cancer types in digital pathology, the data
used for training needs to reflect this.
However, the basic approach is general
and applicable to all medical imaging
mod
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Thus, even if the algorithms are quite
good in generalizing from case to case, all
significant differences in image characteristics need to be reflected in the data used
for training, For example if it is intended
that the algorithms be used worldwide
it is important to include all possible
variations, such as geographical, ethnic
or genetic differences that the system will
encounter in real life applications. Large
representative data sets will be of evergreater importance for the development
of AI-based algorithms; legislation may
need to be changed so that research can
be accelerated.
Of course it’s critical to constantly verify
the outcome of AI-based algorithms.
Since data may change they have to be
checked whenever new information has
been incorporated. In some rare diseases
it is possible that the algorithms may simply fail since they haven’t been exposed
to enough examples of the particular
pathology.
Updates of algorithms are generally carried out through releases by the software
vendors who have the regulatory responsibility for the algorithms. It could very
well be possible that new updated algorithms are based on active learning using
data from the very clinics where the algorithm is being used.
In the development of AI algorithms,
specific, very powerful computers are
needed, usually Graphical Processing
Units (GPUs). The learning process itself
generally takes quite a long time and
often requires several powerful GPUs.
The training process is computationally
very heavy and data hungry.

“ ... large representative datasets
will be of ever-greater importance for the development of
AI-based algorithms ...”

In contrast to this, the algorithm for
deployment in the end-user application
requires less power and can be run on
less powerful hardware, although this
depends on the specific requirements.
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Q

 nd to get the most out of AI, what
A
will be expected of the radiologist
end-user?

It is also important that the radiology
users understand more about the basics
of the AI applications, for example what
the algorithms have been trained on and
what data are required. Mistakes can arise
if incomplete or inappropriate contextual
data are provided to the application or if
the algorithm is being used for something
other than its intended application.
If an AI algorithm is going to work correctly on difficult images or on very rare
cases it must also have been trained and
validated for such cases.

Q

S een from the outside, the field of
AI in general seems to be developing
at a frenetic pace. Does this mean
that you are obliged to be constantly
developing new algorithms? Is your
development team composed mostly
of IT specialists or imaging specialists or both?

Yes indeed, the AI field is currently red
hot. New algorithms and methods are
being introduced almost every day and
are eagerly adopted — sometimes even
months before they are officially published. This means that at any given time
we could be using one technique but for
a later project we may use a newer technique with a more powerful performance.
Our development team consists of many
algorithm experts and system program-

“ ... the AI field is

currently red-hot...”
ming experts, working together with our
application engineers. Many radiology
(and pathology) experts are also involved
in the interpretation and annotation of
data for the algorithms.

Q

Well, after that explanation and

introduction to the basic principles
behind AI, let’s now turn to the practical uses that ContextVision plans
to make of the technology. So what
was the rationale for ContextVision
getting into the AI field in the first
place?
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As is well known healthcare in general
is faced with huge, and growing, challenges, a lot of which are associated with
the aging population. There are more
and more patients with chronic disease
to provide care for, including some diseases such as cancer where new treatment approaches can significantly prolong survival.
Against this background, we see a great
potential to use new technology to supply healthcare providers with innovative
products to help them improve both
accuracy and efficiency and so ultimately
better address the challenges with which
they are faced.
We in Context Vision started our move
into artificial intelligence technology as
far back as in 2013 in the belief that the
technology makes it possible to “atomize” certain functions, to provide decision support to clinicians and to facilitate
guidance and follow-up treatments. All of
which is to the benefit of healthcare and
the medical profession.
In parallel to our well-established product development programs in the field of
image enhancement, we first of all initiated a set of feasibility studies to explore
the potential for artificial intelligence, and
in particular deep learning, across several
modalities. As a result of these feasibility
studies our feeling was confirmed that
deep learning is indeed very powerful
and has great potential in helping us to
reach our objectives and the challenges
just mentioned.
We have already successfully developed a
first product prototype which we expect
will lead to a first product launch around
year-end. We have also implemented AI
to improve product features in our current products. In addition, about one and
a half years ago, we initiated a research
program in the field of digital pathology and the decision support products
we have in mind in this field will also be
based on deep learning technology. We
expect to enter this market with a first
product by the end of 2018. We have an
ongoing research program sponsored by
Eurostars which is progressing really well
Deep learning technology has many similarities with our existing proprietary GOP
technology so as a result we have been
able to quickly develop our existing skills
within this new field of AI. However we
have not just relied on the expertise of
D I
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our current personnel — we have also
expanded the team. So after a period of
early research we are now moving into
product development this year.

Q

 hat particular fields are you
W
focussing on first of all and why?
Any non-radiology applications?

Although our AI research covers several
modalities we are focusing on ultrasound.
Ultrasound is moving into new applications and with our experience we believe
that we have unique skills to add new
benefits of great value to our customers
and to healthcare systems as a whole. We
have developed a first product prototype
for automated optimization of image
quality for each patient. This is based on
an AI-platform for which we have applied
for a patent. The new product will save
time for the clinicians, particularly when
they are dealing with technically difficult
patients.
Of course, since it is a real-time imaging modality, ultrasound brings with it its
own special challenges but we believe that
by combining our expertise in diagnostic
image processing (including AI) with our
special competence in applying real-time
algorithms on different platforms we can
come up with unique solutions.
As mentioned earlier, in addition to radiology we are running a research project
to develop decision support tools for digital pathology, a new and rapidly growing
market. With the complex images generated from tissue samples and the challenges faced by pathologists when trying to interpret histology slides, there is

“ ... we have already suc-

cessfully developed a first

product prototype which we

expect will lead to a product
launch around year-end ...”

a great potential in using deep learning
to perform image analysis. Thereby we
can supply a tool to reduce the problem
of variability between different pathologists and also to add new information
that could help clinicians choose the optimal treatment regimen for the individual
patient.
MARCH 2017

Q

 rom the end-user’s point of view,
F
what precise advantages do the
AI products bring? What about
disadvantages

The first potential benefit of AI lies in
the possibility of “atomizing” routine procedures into smaller, discrete operations,
such as trying to optimize the image quality or making measurements on an image.
This kind of AI-product will save time
and should free up the clinician to focus
more on the patient.
Secondly there is a lot of potential
in decision support tools that can be
developed based on known data. We
foresee that these tools may become
like a virtual colleague, able to offer
a second opinion. This should reduce
the current variability in image interpretation, both by the same radiologists at different times and between
different radiologists. In addition more
data could be extracted from existing images and translated into clinical information so actually adding
clinical value without any increase in
workload.
In the longer term, we are convinced that
much new, relevant knowledge can be
generated if we can use deep learning to
process images and other clinical data to
establish new relationships between interconnecting parameters, and thereby add
knowledge to optimize the treatment of
individual patients. We think it is really
exciting to see how new technology can
in fact provide the clinicians with more
accurate data on which not only to base
their decisions but also to facilitate better
treatment follow-up.
The way we see it, once the sometimes
lengthy process of developing each AIbased algorithm has been finalized there
is no downright disadvantage to the
actual use of AI technology. But there
are of course limitations. Our company
goal is naturally enough to provide reliable products for our customers and one
of our tasks is therefore to learn how to
combine AI with other technologies in
order to achieve the results needed by the
end-users to meet the current, and future,
requirements in healthcare. As AI-based
products may take on a new role in decision support, it is also of vital importance
that the products are properly validated
and used appropriately. We all know from
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experience of the CAD systems currently
on the market and which are based on
traditional algorithms that the products
need to be safe and effective to be useful.
As AI allows us to develop more accurate
algorithms, we believe we will see a new
generation of decision support tools that
are beneficial both to patient outcomes
and to the health economy as a whole.

Q

What has been the reaction of
radiologists to your AI-based products? Which particular aspect do
they appreciate most of all? Are the
advantages mostly appreciated by
relatively inexperienced radiologists
or do experienced radiologists also
benefit?

In the dialogue and feed-back that we
get for example from ultrasound experts
when we demonstrate our AI-based
products or prototypes, there is a lot of
enthusiasm. There are so many challenges
for radiologists and clinicians today, that
the creation of tools that could help them

“ ... more data could be ex-

tracted from existing images
and translated into clinical

information so actually adding clinical value without

any increase in workload...”
in their decision making is considered of
benefit— provided of course that they
are reliable and properly validated. Experienced radiologists are also well aware of
the long training processes that they have
needed to reach their level of expertise,
so they see an opportunity for AI-based
products to shorten the learning curve, to
support the user in the daily practice and
to be of particular help in the evaluation
of rare or more complex cases. Inexperienced users in particular seem relieved
that they have support available for the
interpretation of the images.

Q

 Do any of the radiologists feel
threatened by the technology or
think that, sooner or later, AI based
systems may actually put them out
of business?
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Yes, we hear that quite a lot too and we
can understand this anxiety given what
systems like IBM’s Watson can do already
(Watson is an artificially intelligent computer system capable of answering questions posed in natural language).
We have no doubt that AI- based products will contribute to significant changes
in the way radiologists work, but we think
this will be in a positive direction. Everyone in healthcare recognizes that there
is a need to ensure that less time is spent
on “easy” diagnoses with straightforward
treatment plans, so as to enable a greater
focus on more challenging patients where
a correct differential diagnosis is difficult but vital to achieve a good treatment
outcome. Simply put, the right treatment
for the right patient will benefit patients,
healthcare and the profession as a whole.
That is the vision we have for AI. Looking
further into the future we can foresee that AI
will indeed take over certain parts of radiologists’ current workflow, allowing the radiologists to develop new ways to improve patient
care, such as image-guided minimally-invasive treatments to cite just one example.

Q

 And the future? ContextVision’s
near and medium-term future
objectives?

We are eager to take our research into
a second phase during this current year
as we plan to move several feasibility
studies into defined product development projects. We have a very long
experience of transforming technology
potential into robust products on many
different platforms. This is one of our

“ ... We have a very long

experience of transforming
technology potential into

robust products. This is one
of our key strengths...”

key strengths. In practice this means we
plan to deliver a set of new products
over the coming years not only to our
present customers, to help them keep
up with the developments in the market,
but also to new customer groups within
digital pathology.
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Emerging technologies

3D printing from imaging
datasets — another opportunity
for radiologists?
The technology behind three-dimensional (3D) printing has
developed at an exponential rate over the last few years. As a result
there has been a rapid rise in the number of papers describing the
application of the technology to the 3D printing of radiology datasets
to produce physical models of already imaged anatomical fields. Such
models are increasingly finding use in several applications, ranging
from anatomy education through to personalized pre-operative presentation of surgical objectives.
One of several centers active in this field is the University of Utah
Hospital, UT, USA who has recently had experience with TeraRecon’s
3D Print Packs service powered by WhiteClouds printing technology.
We wanted to find out more about this burgeoning field and University
of Utah’s experience in particular, so we spoke to Dr Edward Quigley,
clinical neuroradiologist and specialist in 3D printing.

Q

Please give us a brief introduction to University of Utah Health

Care.
The University of Utah is a quaternary referral site in the Intermountain
Western United States serving approximately 1/40th of the nation’s geographic area. We deliver high quality
patient care and cutting edge research.

Q

Please tell us about your work at
the organization. What is your

focus?
I am a clinical neuroradiologist and
researcher specializing in the Department of Radiology of Imaging Sciences. My research focuses on applying advanced imaging techniques,
visualization and 3D printing to the
treatment of disease.

Q

 hat are some of the recent
W
developments you’ve noticed in
diagnostic radiology imaging?
What are the current trends?
To quote Frank Rybicki of the University of Ottawa, “We are at the dawn
of a new modality” with medical 3D
printing and visualization.
In We have been applying 3D
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visualization and printing to clinical
education and research. Medical 3D
printing allows us to create patient
specific models. These models allow
better patient education, trainee education, and treatment planning and
simulation.
The growing collaborations with
industry allow physicians to apply
these new methods and materials to
medical problems.
As a growing field, physicians will
move from using the medical models for education, to real treatment
decisions and procedural simulations.
Eventually, 3D printed biocompatible
implants will provide novel treatment
options for trauma, tumor, vascular,
and orthopaedic applications.

Edward P. Quigley, III, MD,
PhD is a neuroradiologist whose
research speciality is advanced
imaging techniques and 3D
printing.
email:
edwardpquigley@gmail.com.

demonstrate some findings to our
clinical colleagues. Instead of looking
at two dimensional slices of complex
spatial relationships or complicated
anatomy, the physical or virtual model
can be dynamically interacted with to
demonstrate those findings.
3D printing technology allows us to
deliver a higher quality, patient-specific piece of information to support
the clinical case. These models may

Q

S o how exactly is 3D printing
currently being used in Diagnostic Radiology? What’s been
the interest in radiology with
3D models?
At our facility, we are currently
printing simulators, teaching models, and patient education models.
As radiologists, the 3D visualizations
and 3D models allow us to better
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The detail of the 3D printed objects means that
they are appreciated in several applications, from
anatomy education through to personalized preoperative presentation of surgical objectives
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have the benefit of making our consultants more efficient in
the clinic or consult environment. They now can have a patient
specific physical model.

Q

What is the clinical impact of 3D Printing?

As radiologists, we are comfortable looking at certain things
in a virtual environment, but surgeons are very tactile. It makes
a tremendous difference to them if they can hold a model in
their hands and immediately plan and decide their surgery.
When you hand a model to your surgeons, they frequently
stop conversation with you and start talking to the model and
planning their approach. It is always good to print two, because
one model frequently heads to the clinic to show patients and
patients’ family. Interacting with that physical model may help
them plan different approaches or considerations before they
head to the OR. If we, as radiologists, can give them something
that saves time and decreases mortality and morbidity, we are
improving patient care.

Q

Which 3D Printing technology do you use now and why?

I have tried several different 3D printers, in house prototyping, in laboratories, and industry solutions. What I look for in
a printing solution is ease of use, cost, quality, material choices,
and turn-around time. I am impressed with TeraRecon’s
3D Print Packs service with WhiteClouds printing technology. With rapid advances and streamline in the workflow,
TeraRecon allows you to print directly from DICOM images
on a cloud portal, so you go directly from the patient dataset
right to the physical model without losing the anatomical detail.
Multicolor material model detail is striking. And being able to
print from anywhere and having something ship to you within
72 hours is extremely useful. Reducing the time for post processing gives you more time for clinical care. This makes it a
clean and simple workflow to quickly get to the final product.

Q

What about VR (virtual reality) in radiology? Do you
have any experience with it?
“I definitely see VR being used in patient care and education
in the near future. While surgeons like having a 3D printed
model in hand, interactive virtualization is very complementary. They really go hand in hand. Going from virtualization
to actualization is a journey upon which radiologists can take
their clinicians. I think both virtualization and models have a
growing role. Surgeons, who have virtual models can interact
with the anatomy, know what they are going in for a lot more
accurately than somebody who is just looking at single slices.
And, as we train the next generation of physicians, having
both physical and virtual models will help build better patient
care plans”.

Q

I n the immediate term at least, there is no reimbursement for such technology in the United States. Where
do you see source of funding coming from? Do you see
value in it?
As we are building interest around this technology, we want
to show the impact both on the patient and the bottom line.
Obtaining grant support for multi-center institutional trials
is really next step. We can take this workflow and test it. If
we decrease mortality and morbidity, even a simple thing like
decreasing operative time and time on anesthesia, it is worth it.
If we can show that type of impact across multiple facilities and
health systems, then we have the opportunity to deliver both
quantitative and qualitative results.

Q

What are the current challenges of 3D printing
technology in Healthcare?
The cost. Cost effective solutions for early adopters of this
new technology will be a large hurdle. The cost of setting up
a lab to print in all the materials and color you may want is
prohibitive for most institutions. It’s great to know the same
TeraRecon package you use for 3D visualization can be
extended for use with 3D printing. Once we have enough multicenter data available to look at patient care improvement, we
may be able to show how this new disruptive technology can
save time, money, and improve patient outcomes.

Q

Where do you see this 3D printing trend in radiology
in the near future?
The interest in the technology is huge now and it will continue to grow. Since radiologists live in silos of information,
they have the opportunity to be central in taking virtual images
to physical models.
MARCH 2017
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3D printing can be applied to just about any anatomy for which an appropriate
imaging dataset has been acquired.

There is growing data that simulations can reduce operating
time for trainees or for experienced surgeons learning a new
technique. 3D printing can accelerate this process by creating
patient specific simulators. It is parallel to pilots testing new
controls and flight control systems in a simulator before have
a fully loaded passenger aircraft. The potential for education
is huge as well, since you can train residents and fellows with
more complex and variant cases. I think this may lead to
a complete paradigm shift with how future generations are
educated.
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Radiology industry trade
association highlights role of
medical technology in cancer

World Cancer Day 2017 takes place
every year on the Feb 4th and to mark
the occasion, COCIR, the European
Trade Association representing the
medical imaging, health ICT and electromedical industries has highlighted
the increasingly important role that
medical technologies play in achiev-

ing the goal of World Cancer day. The
ultimate aim of the World Cancer Day
initiative is namely to achieve a significant reduction in the illnesses and
premature deaths caused by cancer by
2020, by improving prevention, screening, early diagnosis, treatment, care and
palliation of cancers.
COCIR’s member companies
develop and manufacture medical
imaging, digital health and radiotherapy technologies and solutions that are
constantly improving the entire cancer
care pathway. They make continuous
and significant investments in research
to make screening and treatment more
effective, affordable and accessible to
the widest possible population. COCIR
Secretary General Nicole Denjoy said:
“Our organization fully supports the
aims of World Cancer Day. We believe
that it is vital to maintain the widest
public focus on these diseases and
to raise awareness of the continuing
advances in treatment. It will help
ensure that policymakers and payers
make full use of all available innovative technologies and treatments.” She
continued: “Realizing the full potential
of modern medical technologies will
26

contribute in maximizing the benefits
from earlier access to more accurate
diagnoses and to the improved outcomes this will bring. It is vital that as
many patients as possible have access to
modern diagnostic tests, early screening, and treatment.” Medical imaging
is increasingly important in advancing and improving cancer treatments.
Powerful and effective non-invasive
technologies make screening increasingly effective. This is driving earlier
detection and intervention, improving
outcomes and survival rates. Medical
imaging also helps validate whether
highly-targeted precision therapies are
proving effective, allowing patients to
have their treatments adjusted for the
best available outcomes. Meanwhile,
advances in radiotherapy are allowing
care teams to treat and manage disease
with increasing accuracy while reducing radiation doses at the same time.
Combinations of modern imaging
techniques and radiotherapy allow
tumors to be targeted with previously unimagined levels of accuracy.
Meanwhile, the increasing power of
digitalization in health is improving the
care flow and the patient journey. The
ability to share data quickly, in a safe
way and accurately between all stakeholders in the patients’ care – including
the patients themselves - is making true
multidisciplinary care a reality. The
efficiencies that digital solutions bring
to healthcare, particularly in the management of complex conditions such as
cancer, will increasingly free up limited
resources and allow more patients to
benefit.
COCIR
Brussels, Belgium
www.cocir.org

Contrast agent gets FDA
approval for use in ultrasonography of the urinary tract

Bracco Diagnostics has announced
that its contrast agent Lumason (known
as Sonovue worldwide) is the first
ultrasound contrast agent to obtain
Food and Drug Administration (FDA)
approval for use in ultrasonography of
the urinary tract (voiding ultrasonography) for the evaluation of suspected
D I
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or known vesicoureteral reflux (VUR)
in pediatric patients. VUR is a urinary
tract abnormality in neonates, infants
and children characterized by retrograde flow of urine from the bladder
into the ureter and toward the kidney and represents a common cause
of recurrent urinary tract infections
and chronic nephropathy in pediatric
patients. Voiding cystourethrography
and direct radionuclide cystography
are the imaging procedures currently
used to diagnose VUR and both require
exposure to ionizing radiation.
“The approval of LUMASON for
voiding ultrasonography answers an
unmet medical need for an effective

imaging study to detect and followup VUR without exposing neonates,
infants and young children to the
potential harmful effects of ionizing
radiation. This approval reflects the
efforts of Bracco to seek and provide
new and expanded indications for
this class of products working collaboratively with the FDA.” The contrast media was initially approved in
October 2014 by the FDA for use in
adults with suboptimal echocardiograms to opacify the left ventricular
chamber and to improve the delineation of the left ventricular endocardial
border and then gained FDA approval
in March 2016 for use in ultrasonography of the liver for characterization of
focal liver lesions in adult and pediatric
patients, and in December 2016, for
use for the evaluation of suspected or
known vesicoureteral reflux in pediatric patients.
Bracco Imaging
Milan Italy
www.bracoo.com
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INDUSTRY NEWS
Consortium set up for first
compact proton therapy
system in the Middle East

IBA, Royal Philips and Proton
Partners
International,
have
announced that they will be collaborating to build the first compact
proton therapy system in the Middle
East. The proton therapy center will
be part of a large existing hospital –
the Gulf International Cancer Center,
in Abu Dhabi. IBA and Philips offer
unique integrated solutions for proton therapy and molecular imaging
centers. Depending on the project, the
installed solution can include IBA’s
proton therapy solutions, such as the

ProteusONE and Proteus PLUS, and
Philips’ imaging and clinical informatics solutions, such as Philips’
Big Bore CT and PET CT systems as
well as Philips’ Pinnacle Treatment
Planning System.
IBA, Philips and PPI have collaborated on projects since 2014 to provide advanced diagnostic and therapeutic oncology solutions.
“We are all pleased to strengthen
and accelerate the strategic partnership between our companies to
give more patients access to proton therapy across the globe,” said
Olivier Legrain, Chief Executive
Officer at IBA. “Our aim in oncology is to improve patient outcomes
and enhance quality of life, combined
with the best possible patient experience,” said Ronald de Jong, Chief
Market Leader at Philips. “With our
combined technologies and services
for informed, confident decision
making, imaging, precision planning
28

and targeted patient-specific therapy,
IBA and Philips can help to make
this possible. We are delighted with
the progress we have made in bringing advanced proton therapy to more
people. We look forward to continuing our joint innovation efforts and
making a real difference in cancer
care.”
Mike Moran, Chief Executive
Officer
of
Proton
Partners
International said. “Proton Partners
is delighted to be partnering with IBA
and Royal Philips in bringing innovative proton beam therapy to the
Middle East”. “We are the UK’s leading developer of proton beam therapy facilities. Our long-term vision
is to build seven UK centers and five
international centers which will make
Proton Partners the world’s largest
operator of proton beam therapy.
We are now fully established in the
Gulf International Cancer Center in
Abu Dhabi. Conventional treatments
are currently on offer, such as chemotherapy, traditional radiotherapy,
diagnostics and counselling, and we
expect proton beam therapy to be
available from January 2019”.
“Cancer incidence is rising dramatically globally and more innovation is needed to deal with this disease. We envisage this development
will put the UAE in the frontline of
cancer treatment and research and
look forward to building on our
strong relationship with IBA and
Philips.”
www.philips.com/
https://iba-worldwide.com
www.proton-int.com

CE mark granted for
MRgFUS prostate treatment

Insightec, the Israel-based company has recently announced that its
Exablate Prostate system has received
CE Mark for treating locally-confined
prostate cancer with MR-guided
Focused Ultrasound (MRgFUS).
One in six men will be diagnosed
with prostate cancer during their
lifetime. Many patients are diagnosed with locally-confined disease
with low or intermediate risk for
progression. In these cases, patients
may choose active surveillance or
D I
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an intervention. Currently available treatments including prostatectomy, which surgically removes the
entire prostate, and radiation therapy,
targeting the full prostate, demonstrate good cancer control, however
there is high risk of impotency and
incontinence. The Exablate Prostate
system is based on Insightec’s proprietary MRI-guided focused ultrasound technology. It uses focused
ultrasound waves to precisely target
and ablate the targeted tissue in the
prostate, while minimizing damage
to adjacent structures. The treatment
is done under Magnetic Resonance
Imaging (MRI) guidance for high resolution visualization of the patient’s
anatomy as well as real-time temperature monitoring. The treatment does
not require incisions, is performed
in a single session, thus allowing
patients to quickly return to normal
activity.

“Focused ultrasound treatment
for prostate cancer may offer a novel
method to re-think the management
of locally-confined prostate cancer in
select patients,” said Behfar Ehdaie,
MD, MPH Surgeon, Memorial Sloan
Kettering Cancer Center. “MR imaging allows real-time visualization and
temperature feedback to surgeons to
allow for precision in tissue ablation
and preservation of healthy tissue,” he
concluded.“
Insightec has reached another
important strategic milestone. We
remain focused on expanding the
Exablate technology platform to
address multiple clinical indications
and treat more patients worldwide,”
said Maurice R. Ferré MD, Insightec’s
CEO and Chairman of the Board.
The Exablate Prostate system features an endorectal probe integrated
into a treatment bed which is compatible with GE’s MRI systems of
1.5T and 3T. Ultrasound energy is
MARCH 2017
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delivered by a high frequency, 1,000-element phased array
transducer which delivers focal therapy under MRI guidance and real time thermal feedback. This enables the
physician to control and personalize the therapy.
Insightec
Haifa, Israel
www.insightec.com

BCH and GE collaborate on smart imaging
technology for pediatric brain disorders

Boston Children’s Hospital in Boston, MA, USA and
GE Healthcare have announced that they are collaborating
to develop and commercialize digital solutions to advance
the diagnosis and treatment of specific childhood diseases
– starting with diseases that affect the brain. The first
project seeks to improve diagnostic accuracy in pediatric

brain scans by providing real-time contextual information
at the time and place the radiologist needs it.
Every day, tens of thousands of children undergo medical imaging. At Boston Children’s alone, nearly 1,000 imaging studies are performed each day. For general radiologists and pediatric imagers alike, the rapid changes in the
body that occur as part of normal childhood development
can pose challenges to accurately differentiate normal
from abnormal. Keeping up with the ever-growing litany
of specific diagnoses can frustrate even the most experienced of radiologists. Leveraging the software expertise
of GE Healthcare, the high-volume computing power of
the GE Health Cloud and the clinical knowledge of radiologists at Boston Children’s, the two organizations are
working to develop a decision support platform that is
intended to help distinguish the large variability in brain
MRI scans. The system will be pre-loaded with normative
reference scans from young children of different ages for
doctors worldwide to use as a benchmark when reading
scans of pediatric patients. “Interpreting pediatric brain
scans requires a specific understanding of the developing
brain,” said Richard Robertson, MD, radiologist-in-chief
at Boston Children’s. “Since most pediatric imaging is not
performed in children’s hospitals by specialists, this new
digital tool, once available, will provide non-specialists
with access to knowledge and expertise to help effectively
diagnose children. We believe that by providing decision
support at the time of interpretation, we can improve
both the confidence and performance of the interpreting
radiologist.”
Ad hoc image databases are often limited to the pediatric departments of major academic institutions. General
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radiologists without access to such databases lack large
reference points and context, which could lead to potential misdiagnosis. For example, changes in myelination
occurring during the first few years of life are particularly
likely to be confused with disease states or, conversely,
may lead to misinterpretation of the exam as normal for
the patient when the abnormality is symmetric in the
brain.
“Pediatric brain scans of children under the age of four
can be particularly tricky to read because the brain is
rapidly developing during this period of childhood,” said
Sanjay Prabhu, MBBS, pediatric neuroradiologist at Boston
Children’s. “Since pediatric neuroradiologists are very
scarce, we approached GE Healthcare to collaborate on the
development of digital tools to help physicians of varying
expertise read the scans.”
During infancy and childhood, complicated disorders, especially those which affect the brain symmetrically, may be misinterpreted as normal brain maturation.
Conversely, normal expected developmental changes are
sometimes misinterpreted as pathologic leading to unnecessary follow-on imaging or other diagnostic tests, which
can be expensive, stressful and inconvenient to the child
and family.
“This brain app that we are targeting to develop will be
the first of many digital tools we are creating for our deep
learning library, said Charles Koontz, chief digital officer,
GE Healthcare. “By 2020, we’ll have hundreds of apps in
the GE Health Cloud, enabling insights that will transform
healthcare in each disease area and help the seven billion
people on earth.”
http://www.gehealthcare.com

European Congress of Radiology increases
welcome to radiographers

Due to the increasing number of radiographers at the
European Congress of Radiology (ECR) and their positive feedback, the European Society of Radiology (ESR) has
decided to enhance its annual conference: the organizers want

ECR to become the essential European meeting for radiographers from 2017 onwards. ESR has tailored the expanded scientific programme to radiographer’s needs. Thus there will
be Refresher Courses and Professional Challenges sessions
about the significance of teamwork between radiologists and
radiographers. In addition there will be a Special Focus session about the role of radiographers in pediatric imaging as
well as a separate poster session for radiographers.
The European Federation of Radiographer Societies
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(EFRS) also organizes a workshop dealing with authorship and reviewing.
Simultaneous translations

“We have learned from discussions
with numerous radiographers in various
countries that one major obstacle for
radiographers who want to attend the
ECR is the language barrier,” explained
Katrine Riklund, Chair of the ESR Board
of Directors. “I am happy to announce
that the ESR Board has therefore decided
to offer simultaneous translations into
four languages (German, Italian, Polish
and Spanish) for the majority of radiographer sessions, for the first time at ECR
2017.” Additionally, the ESR offers all
its radiographer members a special
reduced ECR 2017 registration fee for a
limited time. “We are very glad about the
enhanced cooperation with the ESR and
the new possibilities we can therefore
offer to all radiographers,” stated Hakon
Hjemly, EFRS President.
www.efrs.eur
www.myesr.org

1200 Area Detector CT
systems shipped

For nearly a decade, Toshiba Medical
has led the diagnostic imaging industry
in area detector CT technology and is
now marking a major milestone with the
1,200th Aquilion ONE area detector CT
system shipped worldwide. From offering
providers the world’s first dynamic volume
area detector CT imaging system, to introducing the industry’s first cardiac modelbased iterative reconstruction, Toshiba
Medical is committed to providing highquality imaging solutions to enhance clinical confidence and the patient experience,
and transform imaging’s role in addressing
the business realties of healthcare.
Toshiba Medical’s history of innovation in the area detector market also
includes: the Aquilion ONE which was
introduced to the market in 2007 – the
world’s first dynamic volume area detector CT system, offering 320 detector
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rows (640 slices) that provide 16 cm of
anatomical coverage capable of imaging
entire organs, like the heart and brain, in
a single .35 second rotation.
In 2012 the company further
improved CT imaging speed with the
launch of the Aquilion ONE / ViSION
Edition, capable of capturing 640 slices
in just .275 seconds to enable faster
trauma, cardiac and stroke exams.
This was followed in 2014 by the introduction of the PUREViSION Detector to
maximize image resolution and detail with
more efficient use of X-rays and 40 percent better light output. Forward projected
model-based Iterative Reconstruction
SoluTion (FIRST): Toshiba Medical’s
FIRST (MBIR) technology drastically
cuts the time needed for model-based CT
image reconstruction while reducing radiation dose up to 84.6 percent compared to
filtered back projection.
“We are proud to support our customers around the world as they strive to offer
their patients the very best experience,
carefully balancing high image quality
with safety and clinical efficiency,” said
Dominic Smith, senior director, CT, PET/
CT, and MR Business Units. “Toshiba’s
premier area detector CT solutions, like
the Aquilion ONE / GENESIS Edition,
set the standard in patient care and provide our customers with the tools they
need to address the challenges of today’s
healthcare environment.”
Toshiba
Zoetermeer, The Netherlands
www.toshiba-medical.eu

system in the second half of 2017, at
which time this novel radiation therapy
technology will become available to treat
patients. Despite the fact that Elekta’s
MR-LINAC is therefore officially a
work in progress and has not yet been
released or received regulatory approval
for clinical use, the company has already
received two orders for the system.
Princess Margaret Cancer Centre in
Canada and Odense University Hospital
in Denmark, have each ordered a highfield MR-supported linear accelerator.
Dr. Fei-Fei Liu of Princess Margaret
Cancer Centre is enthusiastic. “The program sees the immense potential that
MR-supported radiation therapy has to
improve the quality of radiation therapy
by accurately identifying the spatial location of both the tumor and surrounding
tissues at the time of delivery. We will
have the potential to adjust the treatment
plan and personalize care,” says Dr. Liu.
“The strength of the magnetic field
and the highly integrated delivery system are critical to capitalizing on the
system’s MR imaging capabilities. We
look forward to working with Elekta
on advancing the medical physics and
clinical workflows that this exciting
new technology brings to the table”.

Odense University Hospital will acquire
Orders for high-field MR linear
its MR-linac through Medicoteknik Region
accelerators

The MR-linac system from the
Swedish company Elekta integrates an
ultramodern radiotherapy system and
a high-field 1.5T MRI scanner from
Philips together with sophisticated software that enables clinicians to capture
diagnostic quality images of tumors and
surrounding tissue immediately before
and during radiation delivery. It is hoped
that in the future this will also allow
physicians to rapidly assess the radiation
treatment, thus offering a responsive
intervention approach. The MR-linac is
designed to improve targeting of tumor
tissue while reducing exposure of normal tissue to radiation beams.
Elekta expects to receive regulatory
clearance (CE mark) for its MR-linac
D I
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South. Knud Aage Werenberg, Head of
Laboratory of Radiation Physics at Odense
University Hospital says: “We are proud to
be among the very first centers worldwide to
be able to deliver MR-supported radiotherapy to the benefit of cancer patients in our
region. With the MR-linac, image-guided
radiotherapy has reached a new dimension,
which implies that more healthy tissue can
be saved and tumors can be treated with
a higher dose. Furthermore, we find that
there is a major potential in using the daily
MR images as biomarker assays, which
could provide patient-specific biological
information that is not available today.”
Elekta
Stockholm, Sweden
www.elekta.com
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CE Mark certification for interactive
virtual reality imaging technology

EchoPixel, the US-based medical imaging company
has announced that it has received CE Mark approval for
the sale of its True 3D interactive virtual reality imaging technology which will enable the company to extend

In July, 2016, EchoPixel began a partnership with HP
to supply the HP Zvr and workstation for clinical use with
the True 3D Viewer software, so providing a powerful
tool for diagnostic imaging and surgical planning .
EchoPixel
Mountain View, CA, USA
http://www.echopixeltech.com/

Radiology charity run organized for the
visually impaired during ECR 2017

Radiologists depend on their vision as part of their job.
But what about the people who have lost their vision?
In order to raise awareness and money for Světluska, a
Czech organisation that supports visually impaired peo-

distribution overseas to expand in research and clinical
applications across medical field.
The certification marks a key development in the company’s expansion as it continues to provide healthcare
professionals with an intuitive, interactive tool for interpreting patient-specific anatomy and planning for complex surgeries.
“There are incredible medical innovations taking place
in the European market,” noted Dr Ron Schilling, CEO
of EchoPixel, Inc. “This CE mark certification is a tremendous step for EchoPixel’s growth as we expand our
network of hospitals, research institutes, and clinics leveraging the system for diagnostics and surgical planning.
This is the next step in bringing the 3D imaging revolution to healthcare systems around the world.” The True
3D Viewer creates lifelike, dynamic scenes out of DICOM
images including MRI and CT scans. Using the technology, doctors can view, dissect, and interact with the scenes
as if they were real physical objects.
The system is currently in use at luminary sites across
the United States. For example Dr. Judy Yee, MD, Vice
Chair of Radiology and Biomedical Imaging at UCSF
has been performing a clinical evaluation of the device’s
use for CT Colonography, describing the technology as a
“game-changer” in clinical detection of flat lesions that
can cause colon cancer. Physicians at Stanford University
have been using True 3D to plan and perform complex
pediatric heart surgeries, including a recent groundbreaking operation to successfully separate conjoined
twins. Interventional cardiologists at Deborah Heart and
Lung are mapping patient hearts to help physicians insert
stents, and at the Lahey Clinic in Boston, interventional
neuroradiologists are using the True 3D’s precise measurements to size pipeline devices when treating brain
aneurysms.
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At the recent Czech National Radiology Congress, a charity run for the visually
impaired was organized by the Czech Radiological Society and supported by Barco.
The event attracted around 500 participants, with over 120 signing up for the run.
Sighted runners ran hand in hand with a visually impaired or blind person, guiding
them during a 2km- or 4-km race. Between them, the runners raised approx.. EUR
4,000 for the Czech charity for the bl;nd, Světluska

ple, Barco. the Belgian-based developer of high-quality
displays is organizing a charity run during ECR 2017.
This will take place on Saturday 4 March at 07h15. The
run starts at 07h30. After the run there is still enough
time left to head to the ECR congress and attend the
sessions. .
The starting point is at Danube Island (Donauinsel),
i.e. not far from the Austria Center Vienna where the
ECR congress takes place. The meeting point is the
Donauinsel U-bahn station, opposite the Danube
Island lighthouse. Registrations can be made before 20
February 2017 or during the ECR trade show on 2nd
and 3rd March from the Barco booth, hall X3, booth 1 at
the Austria Centre Vienna.
Barco
Kortrijk, Belgium
www.barco.com
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Magnetic resonance Imaging
Swissray records first sale of newly introduced
affordable MRI system
One of the big announcements at the recent RSNA
meeting was that Swissray —already well-established
as a developer and supplier of high quality digital
X-ray imaging systems — was branching out into a
new field for the company, namely that of MRI. And
to prove their intentions, Swissray launched a brand
new wide-bore 1.5 Tesla system, the SR Pulse 710 at
RSNA.
Now, less than two months after the launch, comes
news of the first firm sale of the SR Pulse 710 in the With many years experience in
United States, the market that Swissray had identified the medical imaging field, Anne
Sheehan is currently Director of
would be the first for the commercialization of the
MRI, Swissray International
new system before going on to Europe and Asia.
We wanted to find out more about this première for
Swissray and how they see the future after this success so we spoke to
Anne Sheehan, Director of MRI, Swissray International.

Q

 ow. It seems just like yesterday when the
W
SR Pulse 710 was launched with appropriate
ceremony at RSNA last year, and now there’s
news of a first sale. That’s quick sales work. Tell
us more

Yes, we’re very happy to report that the well known
Ackerman Cancer Center, located in Jacksonville
Florida is our first customer for the new SR Pulse
710 1.5 Tesla MRI system. The Ackerman Cancer
Center has more than 25 years of experience in
cancer care, and the team of radiation oncologists
have extensive experience with radiation therapy
for a variety of cancer diagnoses, including proton
therapy and external beam radiation. The center
primarily serves patients from the Southeastern
US but also draws patients from surrounding states
such as South Carolina, Georgia, & Alabama as
well as from the rest of the United States and even
internationally.

Q

cancer treatments available at the center they have
PET/CT, Diagnostic CT, Ultrasound, Bone Density
and Mammography mostly from two main suppliers, Philips & GE. In addition to all this they do
have an existing MRI system but since is actually
leased, they wanted a new system that they would
own in its own right. Hence their interest in the SR
Pulse 7100.

Q

What aspects of he new system were of
particular interest to the customer?

There were several features that they were interested
in, for example the wide bore. In the Ackerman

What kind of radiology modalities does the Ackerman Cancer Center already have?

The Center is one of only a few private radiation oncology practices globally that offers proton
therapy treatment and to support this and the other
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Center this is appreciated because it
makes it easier to scan their patients
in their treatment immobilization
devices so improving patient care
and treatment outcomes.
Affordability of the new MRI system was another important aspect
for the radiologists at the Ackerman Center — they feel strongly
about the importance of being
able to offer cost-effective patient
care and the availability of a brand
new system at an affordable cost
allowed them to do this.

Q

 efore any sale of this nature,
B
the prospective customer
always needs to evaluate carefully the new system. How was
this done?

We at Swissray provided clinical
images that were generated at our
beta site, as well as many others that
were scanned in our factory in Solon
Ohio. We also encourage all potential users to speak directly with the
manager at our beta site, so they can
hear first-hand how the SR Pulse 710
has behaved — both from the image
quality and reliability standpoint.
Once the customer was familiar with
the image quality in general, they
could then investigate in more detail
aspects that are important to them
in the light of the specific needs of
their patients and of their facility.
Whole body Diffusion Weighted
Imaging was one of the offerings

One feature of the new system that attracted the
Ackerman Center was its 71 cm wide-bore which
helps with patients who may also have treatment
immobilization devices.
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Q
The Ackerman Cancer Center primarily serves patients
from the Southeastern US but also draws patients from
surrounding states such as South Carolina, Georgia, &
Alabama as well as from the rest of the United States
and even internationally.

that made the new system a desirable scanner for Ackerman Cancer
Center. DWI is an important imaging technique for tissue characterization, thus allowing for better
tumor evaluations. Parallel imaging also allows decreased scan time
while maintaining image quality.
Using multiple coils provided flexibility for optimal patient experience. The customers were also
impressed by the high slew rate
— one of the highest in the market — which allows thinner slices
with increased clarity and decreased
image distortion so providing more
specificity for smaller lesions and
earlier detection of malignancies.

Q

S o after all this evaluation,
when is the new system finally
scheduled to be installed?

This is scheduled for late summer, with the room in the center
where it will be installed all ready
and waiting. We anticipate that the
installation will take about three
weeks, including five days for the
technologists to become familiar
with the operation of the new system. We plan an additional five
days follow-up training during the
first year, but the system will be
already fully up and running and
ready to receive patients in early
autumn.
Four preventative maintenance visits per year are standard and it is
possible for our technical people at
Swissray to log onto the system for
remote applications guidance.
D I
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 he first sale of the system
T
was very rapid after the official introduction of the system at RSNA. Is such a short
time usual?

In fact Ackerman had researched
their options for more than a year
before making a decision on our
system.
Scot Ackerman, M.D. said “Our goal
was to choose a system that ensured
the provision of the best possible technology to our patients”
For us at Swissray, this was indeed a
short sale cycle, but our beta site in
Columbus Ohio is completing a full
year of clinical experience, providing
evidence that the system platform is
very stable.

Q

With such a good start what’s
the prospect for other sales in
the States?

We have started demo visits and
issuing quotations for our system.
Our goal is to get the message out so
people are aware of what we know is
the most affordable choice for widebore MRI. We want to communicate
the key selling features of the system:
widest internal bore (71cm), flexible
coil element sharing with RF coils,
high image quality and throughput
potential – with the lowest breakeven and Total Cost of Ownership
for a new 1.5 Tesla wide-bore.

Q

 our marketing priority is the
Y
United States right now but
when do you expect to start
MRI activities in Europe (and/
or also Asia)?

We will be introducing the SR Pulse
710 to Europe at this year’s ECR in
Vienna — so the answer to the question regarding Europe is right now. We
generated a lot of interest from many
countries at the RSNA 2016. — but
we need to be sure that we first establish MRI-trained service in the various global markets. We will strategize
which areas present the best potential,
and actively expand in these areas.
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Mammography radiation
dose constant
despite variation
in compression
A recent paper from Norwegian
researchers described their analysis
of the breast compression levels and
radiation dose used in mammography screening in the context of the
Norwegian Breast Cancer Screening
Program (Waade GG, et al. Compression
forces used in the Norwegian Breast
Cancer Screening Program. Br J Radiol.
2017 Jan 19:20160770)

recommendations for compression
force. They carried out a study which
included information from 17 951 randomly selected screening examinations
among women screened with equipment from four different vendors at
fourteen breast centers in the NBCSP.
They analyzed the applied compression force and radiation dose used on
craniocaudal (CC) and mediolateraloblique (MLO) views on the left breast,
by breast centers and by vendors.
Although the researchers observed
substantial variations in mean compression forces between the breast
centers, they found that compression
force alone had a negligible impact
on radiation dose and speculated that
this could be due to breast characteristics and differences in choice of
exposure parameters between different mammography systems from different vendors.
https://tinyurl.com/Waade-et-al-paper

Launch of online
tool on radiological
protection systems

Breast compression is used in mammography to reduce breast thickness,
and by so doing improve image quality and decrease the radiation dose.
However the degree of compression is
not specified — European guidelines
state simply that “the breast should be
properly compressed, but no more than
is necessary to achieve a good image
quality”. There are several indications
that breast compression levels can vary
significantly, probably reflecting different compression procedures, perhaps related to culture and technique
among radiographers and screening sites. The Norwegian group analyzed compression force and radiation
dose in the screening centers in the
Norwegian Breast Cancer Screening
Program (NBCSP), as a ﬁrst step
towards establishing evidence-based
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Ever since its establishment in
1928, the work of the International
Commission
on
Radiological
Protection (ICRP) has been aimed
at preventing diseases and side-effect
associated with exposure to ionizing
radiation— all ionizing radiation not
just that from medical imaging.
The latest initiative from ICRP is
the launch of ICRPaedia, a new online
tool that helps readers of all levels to
better understand the work of the ICRP

www.icrp.org/icrpaedia
While the online tool is currently
very broad in nature, the plan over time
is to build on this site. While keeping it as a user-friendly platform, ICRP
intends to share both their past and
present work so that all concerned and
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interested parties may find the answers
they are looking for. An ICRP spokesman said “This is a big step towards
ICRP’s priority to better engage with
members, health professionals, and the
general public amongst many other
groups.” As the web tool grows, so will
ICRP’s ability to make its work accessible and cost-friendly to everyone
around the world.
The current online tool covers the
following issues:
The System of Radiological
Protection: An Overview; Protection
Objectives; Fundamental Principles
of Radiological Protection; Exposure
Categories and Situations;Absorbed,
Equivalent, and Effective Dose; Dose
Limits; More about Ionizing Radiation;
What is Ionizing Radiation? Sources of
Radiation Exposure
www.icrp.org/icrpaedia

Low - dose coronary
artery calcium (CAC)
scoring with iterative
reconstruction

The clinical utility of coronary
artery calcium scoring (CACS) is well
established as a coronary artery disease (CAD) marker to predict cardiovascular mortality and morbidity in
asymptomatic patients. According to
the 2010 American Heart Association
(AHA) guidelines, CACS is a Class
IIa recommendation for cardiovascular
risk prediction in asymptomatic adults
at intermediate risk, and a IIb recommendation for persons at low-intermediate risk.
While CACS as determined by CT
is a robust risk stratification tool, there
remain concerns regarding its associated ionizing radiation exposure and
some retrospective analyses of the
effective radiation dose in CACS CT
have shown a significant variation in
the dose with a mean value of 3.1 mSv.
This has stimulated efforts to standardize CT protocols and decrease radiation
exposure.
A Canadian team from St. Paul’s
Hospital, University of British
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Columbia, BC Canada rose to this
challenge and have just published the
results of their study of low-dose CAC
scoring (Sulaiman N et al. Comparison
of low-dose coronary artery calcium
scoring using low tube current technique
and hybrid iterative reconstruction vs.
filtered back projection. Clin Imaging.
2017 Feb 2;43:19-23).
The team recognized that one
method of reducing dose is to reduce
the tube current, but this is known
to result in increased image noise.
The noise reduction tool of iterative
reconstruction enables radiation dose
reduction while maintaining diagnostic image quality. However most of the
previous work on dose reduction in
the field was carried out using hybrid
iterative reconstruction (HIR), which
is a blend of FBP and different levels
of IR. The results of this approach are
variable and many observers advised
caution due to calcium score instability with IR, which could resulting in
reclassification of considerable number
of patients into different risk categories.
The Canadian team sought to determine the impact of a new hybrid IR
algorithm (HIR) (ASIR V from GE
Healthcare) on CACS segmentation
and scoring in patients, to determine
whether it could replace routine full
dose CACS CT reconstructed by filtered back projection (FBP). They
enrolled 100 patients to undergo low
dose CACS CT with HIR, in addition
to routine full dose FBP.
The results show that the new hybrid
iterative reconstruction algorithm
they were evaluating (ASIR V from
GE Healthcare) gave similar results to
those from standard full dose FBP in
terms of Agatson score (in diagnostic cardiology, the Agatston score is a
standard measure of calcium from CT
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evaluation of Coronary Calcification)
but enabled significant radiation dose
reduction (26%).
The Canadian team said :”Our findings of dose reduction and stable CACS
quantification have the potential to significantly impact clinical care. While
CACS serves as a powerful test for the
prediction and stratification of CAD
risk, there remain concerns about the
utilization of ionizing radiation for
asymptomatic patients screening. The
agreement of our results with other
contemporary data across different
CT vendor platforms emphasizes the
potential of the recent hybrid iterative
reconstruction techniques to allow for
stable calcium scoring at significantly
lower radiation dose. This has the
potential to enhance the integration of
CACS in the management and assessment of individualized risk and help
allay the fears of clinicians and patients
regarding radiation dose exposure”.
https://tinyurl.com/Sulaiman-et-al-paper

TN, INCAPS Investigators Group et al.
Nuclear Cardiology Practice in Asia:
Analysis of Radiation Exposure and
Best Practice for Myocardial Perfusion
Imaging- Results From the IAEA Nuclear
Cardiology Protocols Cross-Sectional
Study (INCAPS). Circ J. 2017 Feb 8. doi:
10.1253/circj.CJ-16-0677)
In the study, a survey instrument
was emailed to all nuclear medicine
centers performing NC MPI registered
in the International Atomic Energy
Agency (IAEA) database, as well as to
the entire database of local and international nuclear medicine, cardiology
and related professional organizations and INCAPS coordinators.. Data
received from responders worldwide
were checked for accuracy of information and, if necessary, clarifications
were sought. Potential participants
were approached and provided with
data collection forms.

MPI radiation dose in
Asia higher than in
Rest of the World
It has been estimated that half of the
world’s burden of cardiovascular diseases is borne by the population of the
Asia-Pacific region, which makes the
critical role of the diagnosis, prevention,
and treatment of cardiovascular disease
in this region all the more important.
Against this background and given
that radiation exposure due to medical
practices, — to which cardiac imaging
contributes — is a growing concern, the
International Atomic Energy Agency
(IAEA) Nuclear Cardiology Protocols
Study (INCAPS) was launched with
the aim of characterizing nuclear cardiology (NC) practice worldwide,
with a focus on Myocardial Perfusion
Imaging (MPI) and radiation exposure
to patients undergoing this procedure.
A recently published paper provides a
snapshot of the practice of NC in Asia,
presenting INCAPS results in Asia, and
identifies areas of possible intervention
to optimize patient radiation exposure due to NC procedures. (Pascual
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Radiation effective dose (ED) in
1,469 patients and Quality Index (QI)
of 69 laboratories in Asia were compared against data from 239 laboratories in the rest of the world (RoW).
The researchers concluded that, in
their study of MPI practice in Asia
and worldwide, a marked variation in
radiation dose was observed between
Asia and RoW as well as in the use
of best practices impacting radiation
dose. In comparison with the RoW,
Asian laboratories were characterized by higher average radiation dose
despite lower patient weight, more
frequent use of thallium, less use of
weight-based technetium dosing, and
a trend towards a lower rate of stressonly imaging. Involving a diverse array
of societies, significant differences were
noted between regions of Asia. The
researchers concluded that through the
laboratory-specific identification of
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non-adherence to best practices, and interventions targeted
at implementing best practices, it is possible to offer Asian
laboratories numerous opportunities to improve the quality
of NC care across the continent.
https://tinyurl.com/Pascual-et-al-paper

Radiation exposure and cancer
risk from low dose CT screening for
lung cancer found acceptable in
high-risk subjects

Lung cancer is a leading cause of cancer for both men and
women. The US National Lung Screening Trial showed that
screening of high risk populations with low dose computed
tomography (LDCT) reduces lung cancer mortality by more
than 20% as compared to chest radiography. As a result, CT
lung screening has been increasingly recommended, and
in the USA, positive insurance coverage has been granted
to LDCT screening. Millions of healthy high risk individuals are therefore theoretically eligible for CT lung cancer
screening.
There is concern, however, that exposure to the ionizing

5000 subjects, all high risk asymptomatic smokers aged
50 and older, who were current or former smokers (≥20
pack years), and had no history of cancer in the previous
five years. Outcome measures were cumulative radiation
exposure from low dose CT and positron emission tomography (PET) CT scans, calculated by dosimetry software;
and lifetime attributable risk of cancer incidence, calculated from the Biological Effects of Ionizing Radiation VII
(BEIR VII) report. The researchers found that the median
cumulative effective dose after 10 years of CT screening
was roughly 9 mSv for men and 13 mSv for women. One
radiation induced cancer could be expected in every 108
lung cancers detected after 10 years of computed tomography screening.
The team concluded that radiation exposure and cancer risk from low dose CT screening for lung cancer,
even if non-negligible, can be considered acceptable in
light of the substantial mortality reduction associated
with screening. They did point out however that the dose
could be further decreased with the introduction of new
CT scanners and optimized acquisitions protocols which
can reduce the dose by up to a further 40%,. The use of
new iterative reconstruction algorithms, could enable the
same diagnostic image quality with a dose that is reduced
by up to 80% compared to standard FBP that was used in
the Italian trial
https://tinyurl.com/Rampinelli-et-al-paper

Hypoattenuating liver lesions
detectable in mdct at reduced
radiation doses using
reconstruction algorithms

radiation of low dose CT in lung cancer screening might
increase the risk of developing solid cancers and leukemia.
The hard evidence of this increased risk related to low dose
radiation (doses <50 mSv) is controversial, but merits additional consideration given that the ionizing radiation in CT
screening is delivered to healthy people. To address this issue
an Italian team set out to estimate the cumulative radiation
exposure and lifetime attributable risk of cancer incidence
associated with lung cancer screening based on annual
LDCT Their results have just been published (Rampinelli
C et al. Exposure to low dose computed tomography for lung
cancer screening and risk of cancer: secondary analysis of trial
data and risk-benefit analysis. BMJ. 2017 Feb 8;356:j347).
The Italian study was a 10 year, non-randomized, single
centre, low dose CT, lung cancer screening trial (COSMOS
study) which took place in Milan, and involved more than
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Iterative reconstruction (IR) algorithms in multidetector
computed tomography (CT) have been shown to improve
image quality compared to the traditional filtered back
projection (FBP) algorithms and may allow for imaging at
reduced radiation doses without compromising image quality. The sinogram-affirmed IR (SAFIRE) algorithm from
Siemens has been available for several years and extensive
studies — most of which were carried out on phantoms
— have concluded that SAFIRE had significant (25%–75%)

Graphical user interface of the LesionTool software package used in the study.
Image courtesy of Radiology
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radiation dose savings potential.
However it is questionable whether the
results from studies based on uniform
phantoms can translate to how an IR
algorithm would perform with real
clinical data.
A group of researchers from Duke
University set out to determine the
effect of radiation dose and reconstruction algorithm (FBP vs SAFIRE)
on noise, contrast, and observer-based
detectability of subtle hypoattenuating liver lesions using so-called hybrid
images (i.e., real CT images infused
with virtual lesions). The team aimed
to objectively and directly estimate
how radiation dose and reconstruction algorithm affect detectability,
thus enabling a realistic estimate of
the radiation dose reduction potential
of SAFIRE for the given clinical task.
(Solomon J et al. Effect of Radiation
Dose Reduction and Reconstruction
Algorithm on Image Noise, Contrast,
Resolution, and Detectability of
Subtle Hypoattenuating Liver Lesions
at Multidetector CT: Filtered Back
Projection versus a Commercial
Model-based Iterative Reconstruction
Algorithm. Radiology. 2017 Feb
7:161736) .
In the study, a dual-source computed
tomography (CT) system was used to
reconstruct CT projection data from
21 patients into six radiation dose levels (12.5%, 25%, 37.5%, 50%, 75%, and
100%) on the basis of two CT acquisitions.
The results provided further evidence that SAFIRE could facilitate
imaging of subtle hypoattenuating
focal liver lesions at lower radiation
doses. However, the magnitude of the
radiation dose reduction potential
(approximately 16%) is smaller than
that suggested by previous investigators and is mitigated by reduced contrast and resolution for low-contrast
detection tasks.
The team concluded that the
SAFIRE algorithm reduces image noise
but also reduces contrast and resolution
of subtle hypoattenuating liver lesions
compared with FBP. The net effect is
that SAFIRE increases detectability by
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approximately 2% at a given radiation
dose and is able to offer equivalent
detectability at approximately 16% ± 13
reduced radiation dose. This estimated
dose reduction is somewhat smaller
than past studies have suggested.
https://tinyurl.com/Solomon-et-alpaper

CT-Guided biopsy of
entirely endophytic
small renal masses
using standard-dose
and reduced-dose ct
protocols

With the rapid increase in the use of
imaging studies, the incidental detection of small renal masses also continues to increase The likelihood of a
benign diagnosis is inversely correlated
with the size of the tumor. In the case

46-year-old man with small renal mass in upper pole of
right kidney.. Transverse CT images show 1.5-cm mass
(arrows) in right kidney that is gradually enhancing.
Image courtesy of American Journal of Roentgenology

of small renal masses, endophytic renal
masses are thought to require somewhat special clinical and surgical management. There are two clinical issues
to consider in patients with endophytic
small renal masses. First, as the size of
the tumor decreases, the likelihood of
a benign diagnosis increases. Second,
endophytic lesions have a higher rate
of postoperative complications than
exophytic ones.
Therefore, to avoid unnecessary
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operations of endophytic small renal
masses, biopsies are required and
their have been increasing recently.
CT-guided biopsies for renal mass
biopsy give better visualization
of detailed anatomic structures,.
However, CT-guided biopsy has two
main drawbacks: patients receive a
radiation dose and an injection of
contrast medium. The goal of CT at
the time of biopsy is only to distinguish between a small renal mass and
the renal parenchyma—not to characterize the small renal mass; hence,
the radiation dose and amount of
contrast medium should be as low as
possible.
A recent study from Korea compared diagnostic rates and complications when using standard-dose
and reduced-dose CT protocols for
CT-guided biopsies of entirely endophytic small renal masses. (Kim
MH CT-Guided Biopsy of Entirely
Endophytic Small Renal Masses:
Diagnostic Rates and Complications
Using Standard-Dose and ReducedDose CT Protocols. AJR Am J
Roentgenol. 2017 Feb 8:1-7)
A total of 73 patients with 74
tumors underwent CT-guided biopsy
of entirely endophytic small renal
masses (≤ 4 cm). Diagnostic rates, histologic findings, radiation doses, complication rates, and procedure duration were assessed by retrospective
review of charts and images and were
compared for the standard-dose and
reduced-dose groups.
It was found that a biopsy of entirely
endophytic small renal masses that
is performed with guidance using a
reduced-dose CT protocol gives diagnostic results similar to a standard-dose
CT protocol without any increase in
complication rate or procedure duration.
In conclusion, reduced-dose CT–
guided biopsies for entirely endophytic
small renal masses yield diagnostic
results comparable to standard-dose
CT protocol biopsies without increasing the complication rate or procedure
duration.
https://tinyurl.com/Renal-mass-biopsy
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Reference levels for
pediatric interventional
radiology
The International Commission
on Radiological Protection (ICRP)
and the European Council Directive
2013/59/ EURATOM have clearly
stated the need to establish and use
reference levels (RLs) in radiology
as a quality assurance and quality
improvement tool for controlling
radiation dose. First introduced for
diagnostic radiology examinations in

lymphatic) malformation (SVM) percutaneous sclerotherapy. The group
was able to establish patient radiation
dose distributions and RLs at the 75th
percentile for these three types of
pediatric interventional radiological
procedures according to patient age
groups. The researchers suggest that
their results may help departments to
develop pediatric dose guidelines and
could contribute towards delineating
French national levels, with the prospect of contributing to the development of specific regulations regarding
interventional pediatric radiology.
https://tinyurl.com/Habib-Geryeset-al-paper

Radiation dosereduction strategies
in thoracic CT
the 1990s, diagnostic reference levels
(DRLs) are derived from data collected for standardized examinations
performed on a standard size patient
or phantom. The only European RLs
for pediatric patients concern common radiographic and computed
tomography examinations.
However, as a team of researchers from various hospitals in Paris,
France, pointed out in a recent paper
(Habib Geryes B et al Patient radiation doses and reference levels in
pediatric interventional radiology.
Eur Radiol. 2017 Feb 16), interventional radiology procedures cannot
be standardized in the same way as
diagnostic radiography. Although
several studies have been published
on patient radiation doses and proposed RLs in interventional radiology, the vast majority concerned adult
patients. The French team therefore
set out to evaluate patient radiation
doses and to propose RLs in pediatric interventional for three routinely
performed procedures: cerebral digital subtraction angiography (DSA),
brain arteriovenous malformation
(bAVM) embolization, and head and
neck superficial vascular (venous and
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A review of radiation dose-reduction strategies in thoracic CT has
recently been published by a UK
team (Moser JB et al. Radiation dosereduction strategies in thoracic CT.
Clin Radiol. 2017 Jan 27).

The group highlight the fact
that modern computed tomography machines have the capability to
perform thoracic CT for a range of
clinical indications at increasingly
low radiation doses, and go on to
review several factors, both technical and patient-related, that can
affect radiation dose. The authors
discuss current dose-reduction
methods relevant to thoracic imaging through a review of current
techniques in CT acquisition and
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image reconstruction. The ﬁne balance between low radiation dose
and high image quality is considered throughout, with an emphasis on obtaining diagnostic quality
imaging at the lowest achievable
radiation dose. The risks of excessive radiation dose reduction are
also considered. Inappropriately
low dose may result in suboptimal
or non-diagnostic imaging that
may reduce diagnostic conﬁdence,
impair diagnosis, or result in repeat
examinations incurring incremental
ionizing radiation exposure.
The conclusion of the review is
that dose reduction in thoracic CT
requires a multi-faceted approach
that will vary between radiology
departments, depending on local
population characteristics, available
CT technology, radiologist tolerance for image quality, and clinician
expectations.
The selection of protocols is best
undertaken on a patient-tailored
basis so as to optimize dose without sacriﬁcing required image quality. In combination with monitoring
and auditing of dose at an individual
and institutional level, aided by dose
management systems (and being also
aware of the limitations of dosimetry),
the authors encourage radiologists to
strive for continuous improvement
of thoracic CT radiation dose whilst
carefully monitoring for the consequences of excessive dose reduction
on diagnostic performance
https://tinyurl.com/Moser-et-alPaper

CT and patient risk:
facts, perceptions
and uncertainties
In a recently published paper
a team of radiologists from Cork,
Ireland set out to put into context
the current perception (and uncertainties) regarding the risk to patients
from CT.(Power SP et al Computed
tomography and patient risk: facts,
perceptions and uncertainties. World J
Radiol. 2016 Dec 28; 8(12): 902)
The authors recognize that one
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of the major concerns associated with the widespread
use of CT is the associated increased radiation exposure incurred by patients. However they point out that
the link between ionizing radiation and the subsequent
development of neoplasia was largely based on extrapolating data from studies of survivors of the atomic
bombs dropped in Japan in 1945. However, the association between exposure to low-dose radiation from diagnostic imaging examinations and oncogenesis remains
unclear. Thus clarity regarding the association between
radiation exposure and oncogenesis is, as yet, not fully
elucidated.

iterative reconstruction algorithms to attain diagnostic quality images with reduced image noise at lower
radiation doses.
In conclusion, the authors conclude that the establishment of national reference levels for specific CT examinations will allow audit at a local, national and international
level. They recognize that while controversy still exists
regarding the exact oncogenic risk associated with CT
scanning simply ignoring the issue is not acceptable —
audit, education and reassessment are key to improved
understanding and safer practices.
https://tinyurl.com/Power-et-al-paper

First dosimetry studies of new
tracer for imaging tumor hypoxia

The number of CT scans has increased exponentially over the last few years

However, despite this, the goal when imaging patients
should always be to use a dose that is “as low as reasonably achievable”. Imaging, irrespective of the risk,
should only be used when the potential clinical benefit
outweighs the potential risk. Imaging, irrespective of
the risk, should only be used when the potential clinical
benefit outweighs the potential risk. The three fundamental principles of radiation which are laid out by the
International Commission of Radiologic Protection are
(1) justification; (2) dose optimization; and (3) dose
limitation.
There is a responsibility to adhere to these fundamental principles particularly since carcinogenic risks in the
individual extrapolated by the popular media are often
sensationalized by the popular media resulting in significant distress and anxiety amongst the public.
Having set the scene, the authors go on to describe
the significant advances that have already been
achieved with regards to radiation dose reduction particularly since recent data have shown that a single scan
may have low risk but in the light of CT expansion,
cumulative doses can escalate. There are several dose
optimization strategies available that may be readily
employed including omitting unnecessary images at
the ends of acquired series, minimizing the number of
phases acquired, and the use of automated exposure
control as opposed to fixed tube current techniques.
In addition, new image reconstruction techniques that
reduce radiation dose have been developed in recent
years with promising results. These techniques use
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Tumor hypoxia has been identified as a major independent prognostic factor influencing tumor progression,
response to therapy and overall survival in many malignancies. A variety of methods to measure tumor hypoxia
have been proposed. However, none of the experimental
in vivo methodologies (e.g. direct oxygen measurements) is currently clinically used in cancer patients,
mainly because they are invasive, technically demanding
and limited to accessible tumor sites.
An Italian group from IRCCS San Raffaele Scientific
Institute, Milan, Italy has investigated Fluorine-18
labelled fluoroazomycinarabinoside (18F -FAZA) as a
PET biomarker for noninvasive identification of regional
tumor hypoxia with the aim of evaluating the human biodistribution and dosimetry of 18F -FAZA in non-small
cell lung cancer patients.(Annarita S et al First evaluation of PET based human biodistribution and dosimetry
of 18F-FAZA, a tracer for imaging tumor hypoxia. J Nucl
Med. 2017 Feb 16.)

Their conclusion was that, with respect to available
literature, the biodistribution of 18F-FAZA appeared to
be slightly different in humans than in mice, with a low
clearance in humans, so the estimated organ radiation
doses from animal data could exhibit a moderate underestimation. However overall the data showed that dosimetry of 18F -FAZA, for an injection of 370 MBq of tracer,
is safe for its clinical use and it is almost similar to other
widely used PET ligands.
https://tinyurl.com/Annarita-et-al-paper
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Large presence for EuroSafe Imaging at ECR 2017
EuroSafe Imaging
will once again have a
strong presence at the
upcoming European
Congress of Radiology
2017 to promote radiation protection and the
ESR’s quality and safety
initiatives throughout the conference at
Austria Center Vienna
from March 1-5, 2017.
For the first time, the European Congress of
Radiology will feature the ‘EuroSafe Imaging Café‘
(Austria Center Vienna, 1st floor, foyer N). The EuroSafe
Imaging Café will not only be a simple café, but a dedicated place for networking and learning about radiation
protection while enjoying a cup of tea or coffee. Lots
of information on EuroSafe Imaging’s activities will be
provided at the EuroSafe Imaging information booth
located in the Café.
Poster exhibition and presentation

In line with the International Day of Radiology 2016’s
focus on breast imaging, the overarching theme of the
2017 exhibition is Dose Optimisation in Breast Imaging
in relation to Action 3 ‘Optimisation, DRLs, Image
Quality’ of the EuroSafe Imaging Call for Action.
The posters will be available in the EPOS Arena on
the first floor of the Austria Center Vienna (ACV).

Radiation safety awareness among
medical interns: are EU guidelines
being implemented?
It is widely
accepted that
many
CT
e x a m i n at i on s
are performed
unnecessarily.
The principle of
justiﬁcation and
knowledge of
the law for prescribers is important to decrease the number of unnecessary
examinations. However, knowledge of radiation safety has
been shown, in many studies, to be signiﬁcantly lacking in
qualiﬁed medical professionals In an effort to redress this
situation, EU Council Directive 97/43 suggests that member states ‘‘shall encourage the introduction of a course on
radiation protection in the basic curriculum of medical and
dental schools’’. More recently, the medical radiation protection education and training (MEDRAPET) document was
44
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In addition, selected posters will be presented by the
authors at the ‘Voice of EPOS‘ stage in the EPOS Arena.
The session dedicated to EuroSafe Imaging will be on
Saturday, March 4, 11:00, Stage 1.
Scientific Sessions

In 2017, five scientific sessions are categorised as
EuroSafe Imaging sessions, while a number of related
sessions are also promoted as part of the campaign.
These sessions reflect the wide scope of EuroSafe
Imaging’s activities to promote quality and safety in
medical imaging.
•E
 uroSafe Imaging Session 1
Clinical diagnostic reference levels
Wednesday, Mar 1, 16:00-17:30, Room M1

•E
 uroSafe Imaging Session 2
Focus on appropriate image quality: what we have to
know
Thursday, March 2, 10:30-12:00, Room X

•E
 uroSafe Imaging Session 3
European Alliance for Medical Radiation Protection
Research (EURAMED)
Thursday, March 2, 16:00-17:30, Room L8

•E
 uroSafe Imaging Session 4
European CT dose repository
Friday, March 3, 14:00-15:30, Room M1

•E
 uroSafe Imaging Session 5
EuroSafe Imaging Stars
Friday, March 3, 16:00-17:30, Room M1

published in 2014 at the behest of the European Union and
issued new guidance on the basic radiation safety training and knowledge required by a prescriber that should be
obtained at an undergraduate level
Two Irish clinicians decided to evaluate to what extent
these recommendations were actually being followed in
Ireland. (Lee AM & Lee MJ. Radiation safety awareness among
medical interns: are EU guidelines being implemented? Ir J Med
Sci. 2016) .
To do so they distributed a web-based questionnaire to the
Irish 2014 intern population (n = 683) via network interncoordinators. The survey encompassed knowledge of radiation dose in X-ray investigations, laws governing the prescribing of radiation and complications of radiation exposure
to staff and patients.
The results of the study showed that currently, there is
little formal radiation safety training in Irish medical schools.
Knowledge of radiation dose and the laws governing prescribing was found to be limited among qualifying interns.
The authors suggest that implementation of a formal radiation safety curriculum in Irish Medical Schools would adhere
to EU guidelines and improve prescriber knowledge, patient,
and personal radiation safety.
https://tinyurl.com/Lee-Lee-paper
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Radiation dose
By Dr B Morel, Dr A Bouëtté, Dr P Lévy, Dr G Antoni, Dr F Chalard, Dr E Blondiaux & Dr H Ducou Le Pointe

Reducing dose with an automatic tube
potential selection system: application
to pediatric head CT scans in infants
This article summarises a recent
study of the use of an Automatic Tube
Potential System (ATPS) in CT scans
of the head in pediatric patients. The
results showed that ATPS significantly
reduces the delivered dose in unenhanced cranial CT scans in infants,
while maintaining quantitative and
qualitative image quality
Computed tomography (CT) is an extremely valuable diagnostic tool, and its use has rapidly increased over the past several
decades [1]. However it is also a substantial source of radiation
exposure. The issue of radiation exposure in children is of
particular importance — radioprotection for children is one
of the major priorities of radiologists since increased risks of
leukemia and brain cancer have been linked to an increase in
radiation exposure, even probably at low dose [2, 3].
As a result much effort has been expended to restrict radiological examinations in children to only those that are strictly
indicated. Head and cervical CT scans represent 60% of the
CT examinations carried out in children under 5 years of age
[4]. In infants, brain structures are small and the differentiation
between grey and white matter is poor. The appropriateness of
the scan, i.e. the existence of a proper indication, the unavailability of an alternative imaging modality such as ultrasound
or MRI, is an important consideration. In addition, the CT
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protocol itself must be considered and optimized as a function
of the age and size of the child [5,6]. In agreement with the
Image Gently CT program improvement [5] and following the
principles of ALARA (As Low As Reasonably Achievable) [7],
we focused our attention on optimizing the image quality of
unenhanced head CT scans in a population of children under
one year of age.
The automatic tube potential selection system (ATPS) (CARE
kV, Siemens Healthcare, Forchheim, Germany) is designed
to automatically choose the most appropriate tube voltage
and to accordingly adjust intensity to deliver the lowest dose
achievable while preserving a constant Contrast-to-Noise ratio
(CNR) [8]. The estimated dose is calculated from specific tube
current time product curves for all of the voltage levels to
determine the optimal dose efficiency.
In practice, using CARE kV requires first that the users select
a reference voltage, quality reference mAs, and an identifying
code number from 1 through 12 which reflects the type of
study that they wish to carry out (e.g. unenhanced, CTA, etc.).
Study Design

Full details of our study can be found in Morel B, Bouëtté A,
Lévy P, et al. Optimization of the pediatric head computed tomography scan image quality: Reducing dose with an automatic tube
potential selection in infants. J Neuroradiol. 2016;43:398–403
[9]. The objective of our study was to evaluate the impact of
an automatic tube potential selection system (ATPS) on the
delivered dose and image quality in unenhanced head CT
scans of infants. The local institutional review board approved
this single center prospective study. Three senior pediatric
radiologists were blinded and examined 40 patients (2 groups
of 20 patients) in succession. All patients were under 1 year
of age and underwent unenhanced head CT scans with a
64-section multidetector row CT scanner (Somatom AS+,
Siemens AG, Forchheim, Germany) from December 2014 to
March 2015. Patients were not sedated. We evaluated the impact
of the ATPS on both delivered doses as well as on qualitative and quantitative measures of brain CT image quality.
The choice of structures was based on those defined in the
European Guidelines on Quality Criteria for Computed
Tomography [10] and on the scale previously used by Kilic et
al. [11]. The choice concentrated on typical parameters of image
quality. The two groups were homogenous, with no statistical difference in age or cranial perimeter. All the CT scans were normal.
All acquisitions in group 1 were performed with the tube voltage set at 120 kVp, while the tube voltage selected by CARE kV
was 100 kVp in all cases in the second group.
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Several studies have also described the
advantage of automatic tube potential
selection by significantly reducing radiation dose in abdominal and chest CT in
combination with automatic tube current
modulation [14] or with Iterative Reconstruction [15].
References

Figure 1: Regions of interest for the measurement of contrast and noise. Left panel: supratentorial frontal grey matter
(ROI 1) and periventricular white matter (ROI 2). Right Panel: right cerebellar peduncle (ROI 3) and right cerebellar white
matter (ROI 4). Images reproduced courtesy of J of Neuroradiology [9].

It was found that the use of the ATPS
resulted in a significant reduction in the
delivered dose (-21%, p=0.0005) with no
significant difference of the Contrast to
Noise Ratio in the supra (-5%, p=0.21) and
infratentorial regions (+16%, p=0.96).
Activation of the automatic tube potential
selection did not induce significant modification in the qualitative analysis of image
quality by all criteria.
Discussion

It was found that automatic tube potential
selection is effective in maintaining quantitative and qualitative image quality while

significantly reducing the delivered dose on
unenhanced cranial CT scans in infants, by
choosing the most appropriate tube voltage
(100 kV in our population). The use of an
automatic tube potential selection system
also means that there is a need for only
one pediatric head CT scan protocol, which
makes daily routine easier in practice, in
comparison to the need for having different
CT scan protocols depending on the age of
the patients.
Our results are consistent with those of
previous studies on enhanced thoracic and
abdominal and adult or pediatric head CT
scans [8,12,13 respectively] .

Figure 2: Examples of axial CT scan slices of the supratentorial space of the group 1 (image A, CTDIvol = 32.2 mGy) and
the group 2 after activation of an automatic tube potential selection (image B, CTDIvol = 18.7 mGy). Images reproduced
courtesy of J of Neuroradiology [9].
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Radiation dose reduction
By Wiebke Kathmann, Ph.D.

Optimization of radiation
dose performance
Across the globe, sensitivity towards
patient safety and specifically, patient
exposure to medical radiation is heavily increasing. The growth of medical
imaging procedures, as well as the rising complexity of exams under image
guidance, has triggered new regulatory guidelines in the U.S. and Europe
for tracking, monitoring, reporting,
and auditing radiation doses administered to patients during all imaging procedures. Since July, 2015 all
hospitals and critical access hospitals
in the U.S. must meet the New Joint
Commission’s “Revised Requirements
for Diagnostic Imaging Service” [1].
Amongst other directives, these requirements state
that a medical physics expert has to be consulted
for each radiological examination above a defined
threshold. This means that the Joint Commission has
proposed some significant radiology process flow
and quality performance standards that may require
new ways of working for some healthcare providers.
In Europe, new regulations are expected to be in place
by 2018. The EURATOM directive 2013/59 (“EU
directive for radiation protection”) has to be implemented into national law by spring 2018 and requires
a complete recording of patient dosages and relevant
parameters. A combined goal of both directives is to

increase patient safety by a complete recording of
the dosage administered from all modalities and an
optimization of the imaging procedures.
A German hospital uses Siemens Healthineers teamplay to
reach the goal of dose optimization over the complete radiology portfolio

Radiation dose management solutions have gained
remarkable importance in this context over the last
five years, owing to their advantages over traditional
manual methods for patient dose optimization. These
tools are helping to generate transparency across
the imaging fleet, enabling the analysis and understanding of dose values. One dedicated solution is
a cloud-based network, called “teamplay” developed
by Siemens Healthineers that creates transparency
over the entire radiology department, from CT to
mammography.
At Krankenhaus der Augustinerinnen a Catholic
hospital in Cologne, Germany, dose standardization and optimization are key. Optimal medical
and pastoral care of the patient are a top priority,
and the hospital enjoys a good reputation offering
a broad spectrum of medical examinations. Frank
Schellhammer, MD, Chief of Radiology and a neuroradiologist by training, is proud that his department is able to offer a broad radiological portfolio.
For Schellhammer, a key goal is dose optimization
over the complete radiology portfolio. And teamplay
from Siemens Healthineers provides a tool to support
him and his team in reaching this dose management
goal by offering clear and intuitive dose performance
graphics.
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Fig. 1.: For Frank Schellhammer, MD, the dose limits he has defined
for his institution are crucial. These institutional reference values are
lower than the German national reference values.
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Intuitive graphical user interface

Schellhammer considers teamplay a
valuable add-on which he has come to
rely on to quickly evaluate the dose performance of all CT scans in his department. He has developed a habit of looking over the past weeks’ images before
leaving his office on a Friday night. With
teamplay, it only takes him a couple of
seconds. The first screen gives a graphical
representation of where he stands regarding dose. It tells him what percentage of
the CT scans are within the dose limits of
the national reference values.
More important for Frank
Schellhammer, however, are the dose
limits he has defined for his institution. These institutional reference
values are lower than the German
national reference values and therefore have a better impact on patient
care. “One glance tells me whether or
not I need to be nervous.” Going one
step further, he finds the information
on when and why the scan was performed. He quickly finds all the data
needed to evaluate a particular scan
(organ, type of examination, individual scan, indication) and the answer
as to why a specific scan required
more radiation than normal.
Data transparency

Schellhammer uses teamplay in
two ways: First, to rapidly identify
any dose outliers and then retrieve
specific exams for closer inspection.
In the case of a retrieval, he can connect his PACS (picture archiving
and communication system) via
teamplay with the so-called PACS
call-up functionality. With teamplay
Dose, the right patient data is automatically detected and opened in
PACS. This allows for factors such
as patient shape and image quality
to be checked and adjusted if necessary. “As we have a reputation for
HIV-associated issues of lung function and we advertise low-dose CT
scans of the thorax, I regularly use
teamplay to check whether we are
where we want to be in regard to the
results of our low-dose protocols.
teamplay lets me know how I perform in any given CT exam. It gives
MARCH 2017

Fig. 2: teamplay Dose provides easy access to current data and allows further analysis
e.g., by modality and body part for continuous dose management.

substance to my feeling about the performance based on true data filed from
PACS and converts it into a graphic
that is easy to grasp.” As Schellhammer points out, teamplay’s data-mining function is especially helpful as it
uses real data from the modality itself.
“It isn’t calculated data and is therefore very reliable,” he says. In terms
of quality management, Schellhammer sees an immense advantage for
patients in teamplay Dose. “We have a
tool that objectifies our work. Quality
management is no longer a report on a
pile of paper archived in some folder.
It is vivid and accessible, depicted in a
graph representing information that
has real substance and that I can base
meaningful decisions on.”
Clinical cases

Schellhammer illustrates different
cases of teamplay as used in clinical
routine in Cologne:
Case 1

This case describes backtracking
an outlier: “While the national reference value [2] for a head CT scan
in Germany is CTDIvol 60 mGy, our
examination used CTDIvol 108 mGy,”
Schellhammer explains. “To justify
this value, we need to find the root
cause,” he continues.
“When checking the clinical data,
I saw that we actually did three scans
(a native CT scan, a CT angiogram,
D I
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and another scan post-contrast) to
clarify the clinical situation. I can
go deeper into the issue and doublecheck the indication. The issue here
was impaired perfusion of the brainstem in a patient not suitable for MRI.
Therefore, we fulfilled the goal of the
CT scans to exclude relevant ischemia
or vessel occlusion. Considering there
were three examinations, we actually
did well regarding dose.”
Case 2

“The national reference level [2] for a
general CT scan of the thorax in Germany is CTDIvol 10 mGy, regardless of the examination. It comes as
no surprise that we were over the
reference value when performing a
biopsy of a conspicuous structure in
the lung, a circular lung focus. Such
an intervention can only be partially
calculated: A further rotation may
be needed to access the structure.
Therefore, we were fine with an
increase in dose in this case. It was
more important to hit the structure
and confirm the pathology than to
comply with dose hygiene.”
Consulting and training of professionals and operators means to
improve radiation dose and iodinated contrast agent performance

With this higher degree of transparency over administered dose
values, continuous education of
49

Radiation dose reduction

which can be tailored to meet specific
demands. They consist of a variety of
learning methods, for example dedicated workshops with a specific focus
on sensible administration of contrast
media in complex abdominal exams.
Another option to improve overall dose performance, are dedicated
consulting programs. Optimize CARE
for examples is a consulting offering
from Siemens Healthineers, which
provides expert insights, methodology and tools to develop a customized
program for dose management in CT.
Fig. 3: Performing a lung biopsy assisted by
CT imaging necessitated a further rotation to
access the structure (case 2).

healthcare professionals and staff operating a range of medical equipment is
one viable option to reduce dose outliers and optimize the overall dose performance. For this purpose, Siemens
Healthineers offers education plans,

Focus increasing on contrast agentinduced radiation dose

Another lever to reduce patient exposure to radiation that receives rapidly
growing attention is the ongoing critical assessment of the application of
iodinated contrast agents.
This scrutiny is based on the fact that
for patients at risk, insensitive application of iodinated contrast agent may

contribute to kidney damage: A study
from the Philipps University Marburg
(Germany) has shown that iodinated
contrast agents may also amplify the
effect of radiation to induce DNA
damage.
One of Siemens Healthineers’ consulting programs puts focus on optimizing contrast media performance in
CT examinations. The program aims
to advance staff knowledge and practices to achieve the clinical imperatives of new governmental guidelines
and prerequisites. As a first step, the
offering is designed to review and
analyze the contrast media dose rates.
Following this analysis, experts support healthcare staff in establishing a
contrast media medication program in
their clinical practice. The program is
adaptable to any level of experience in
contrast media management and to any
size of the organization to be consulted.
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Further Information

Further information on Siemens
Healthineers Dose Management
Approach can be found at siemens.
com/right-dose

Fig. 4: Siemens Healthineers’ Contrast Reducing Analysis Decreasing Load & Expenses consulting
program puts focus on optimizing contrast media performance in CT examinations.
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Note: The statements by Siemens’ customers described herein are based on
results that were achieved in the customer’s unique setting. Since there is no
“typical” hospital and many variables
exist (e.g., hospital size, case mix, level
of IT adoption), there can be no guarantee that other customers will achieve
the same results.
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Radiation dose reduction
By Dr T Kudo & Dr H Hatabu

Current approaches to the
reduction of radiation dose in CT:
a brief review of methodology
The dramatic increase in the use of CT in
recent years has brought with it growing concerns regarding the total radiation exposure
involved. Recent technological advances have
made possible several methods that can be
used to achieve significant dose reduction
without any clinically significant loss in image
quality.
This article briefly reviews these methodologies
and sumnmarizes their characteristics.
Basic rationale for dose reduction

Thanks to its high spatial and temporal resolution and
high diagnostic accuracy, CT has become a powerful
and indispensable tool in medical imaging. Over the
last few decades the applications of CT have expanded
dramatically so that nowadays CT examinations are
used in daily routine for a large number of clinical
indications. However, this huge increase in the number
of CT examinations being carried out has given rise to
growing concerns regarding the total radiation exposure
to patients. Of all the imaging modalities using ionizing
radiation, CT is responsible by far for the largest contribution to the total level of radiation exposure from diagnostic imaging. The radiation exposure associated with
CT has grown to such an extent that it has become the
largest source of ionizing radiation, higher than natural
background radiation from the environment. The radiation dose associated with CT has now reached a level
where the risk associated with the examinations cannot
be considered negligible.
It is true that the precise adverse effects caused by small
amounts of ionizing radiation have not been fully elucidated. Nevertheless, it has been generally agreed that the
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ALARA principle (As Low As Reasonably Achievable)
should be widely applied to avoid any possible harm to
the patients undergoing CT examination. Recent technological advances have made available several methods
and tools that can be used to achieve significant dose
reduction.
Radiation dose monitoring tools

To reduce the radiation dose and lower the associated
radiation-related risk, it is important to quantify and
record the radiation dose. Several methods have been
developed:
A CT dose registration system has been built by the
American College of Radiology (ACR) to collect CT
radiation exposure records (dose index registry, DIR),
which is a part of the ACR National Radiology Data
Registry (NRDR) databases. The ACR system consists of
a network that connects a central database with radiation dose record servers in participating institutions so
that real time CT dose data from these institutions can
be continuously collected and integrated. Thus, the dose
level in a particular medical institution in the network
can be compared with the standard dose established from
the total collected data. Each participating institution can
then judge whether the dose level of its own facilities
needs to be modified.
The International Atomic Energy Agency (IAEA) is promoting an initiative called Smart Card/SmartRadTrack
Project whose aim is to track the radiological procedures
that individual patients have undergone and record the
radiation dose involved in these procedures. Patients or
health care providers can retrieve the records of the radiation exposure history using Smart Card as a key to access.
Principles of radiation dose reduction

There are three important tasks that need to be addressed
to achieve radiation dose reduction:
(1) defining the adequate image quality for the clinical
purpose,
(2) selecting the scan parameters, and
(3) choosing image production methods.
(1) The appropriate level of image quality varies as a function of the objective of the examination. Thus searching
for very small lesions or faint lesions with low contrast
requires images of high quality and with low noise levels. However, in the majority of clinical indications for
CT, a moderate level of image noise may be acceptable
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and does not prevent clinically relevant
information from being obtained. In
other words, in such cases an increase
in image quality does not lead to any
improvement in diagnostic value.
(2). The two major user-selectable scan
parameters are tube current and tube
potential. For selection of tube current,
automatic exposure control systems
can be utilized (see below). However,
selection of the optimal tube potential
is more complex than that of the tube
current: the tube current needs to be
modified at the same time as any change
in the tube potential. Automatic selection of the optimal combination of mAs
and kVp value is currently available in
some scanner models and such systems
are expected to become more widely
available.
(3). Image reconstruction methods
change the quality of CT images, with
the newer reconstruction methods, e.g.
iterative reconstruction (see below)
generating images with much less noise
than those produced by conventional
filtered back projection (FBP) methods
and consequently providing significant
advantages as far as radiation dose
reduction is concerned [Figure].
Automatic exposure control

Most modern CT scanners are equipped
with automatic exposure control (AEC)
systems which modulate the tube current to produce images with the desired
image quality. The systems set the baseline tube current and adjust it dynamically during the scan, with the tube
current being individualized by the
AEC system according to the size of the
patient.
In addition, the optimal tube current
also changes during a single scan. Since
the attenuation value of the body varies depending on the level of the scan
and the direction of the X-ray, a constant, fixed tube current throughout the
scan would lead to variations in image
quality. To address this, the AEC system
adjusts the tube current dynamically
both along the table feed and gantry
rotation to make the image quality uniform. In practice, when AEC is applied,
the operators simply select the desired
image quality, not directly the tube
current.
52

Figure. The noise reduction effect with iterative reconstruction techniques. Left Panel, Filtered Back Projection
(FBP). Right Panel full-IR.

It is important to note that the extent
of dose reduction depends on the level
of image quality chosen by the users. If
the target image quality is set at a high
level, the AEC can increase the radiation dose to maintain the image quality as set by the operator. Therefore, an
understanding and knowledge of the
image quality appropriate and sufficient
for the clinical diagnostic objective is
essential even with AEC systems. There
are some minor differences in the AEC
systems among CT vendors. The currently available AEC systems from the
various vendors are 3D mA modulation
(GE); Intelli EC (Hitachi); DoseRight
(Philips); CARE Dose 4D (Siemens)
;and SureExposure 3D (Toshiba).
Iterative reconstruction

Iterative reconstruction (IR) in CT
involves the use of reconstruction algorithms operating in a repetitive process.
IR generally produces higher quality images with lower noise and fewer
artifacts compared to the filtered back
projection algorithm that has been the
standard method of CT image reconstruction since the advent of clinical CT
scanners.
There are two broad categories of modern reconstruction algorithms used in
CT reconstruction: hybrid-IR algorithms and full-IR algorithms, with the
computational demands of the methods
differing significantly between these two
classes.
In hybrid-IR systems, repeated image
processing is performed within
D I
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projection data domain and/or spatial
domain and does not involve projections from the spatial domain onto the
projection data domain. Currently available reconstruction algorithms from the
various manufacturers are ASIR (GE),
Intelli IP (Hitachi), iDose4 (Philips),
IRIS and SAFIRE (Siemens), and AIDR
3D (Toshiba).
Hybrid-IRs require much less processor
power than full-IR and are available in
majority of CT scanners currently on
the market. The processing time is only
slightly longer than that of FBP algorithms. Thanks to the short processing
time of hybrid-IRs, they can be used in
routine CT protocols. The typical effective radiation doses of the thoracic CT
using hybrid-IR range from 3 to 1 mSv.
Full-IRs consist of both forward and
backward projection, thus making
image processing by full-IRs far more
computer-intensive. For this reason, an
additional reconstruction processing
unit is generally provided to meet the
computational requirements. However,
even with a dedicated unit, reconstruction by full-IRs takes much longer than
FBP and hybrid IR. Processing times can
range from several minutes to more than
an hour. Therefore, at present Full-IR
cannot be applied routinely for all examinations. The currently available Full-IR
systems from the various manufacturers
are VEO (GE), IMR (Philips), ADMIRE
(Siemens) and FIRST (Toshiba).
Although suffering from the disadvantage of relatively long processing times,
Full IR reduces noise more efficiently
MARCH 2017

than hybrid-IR, making further dose
reduction possible.
Images produced using IR techniques
have low levels of image noise, with
the result that the appearance of IR
images can look somewhat “unnatural”. It is true that the texture of the
IR-generated images is different from
those generated by FBP, but this does
not mean that IR images are inferior to
FBP images. Provided the normal and
pathological structures are visualized
as clearly as in FBP images, IR images
are acceptable nad are likely to become
more popular.
Very low dose CT techniques

There are have been several reports of
“ultra-low dose” examinations, e.g. very
low dose chest CT examinations with
effective doses less than 1.0 mSv. Such
protocols are generally made possible
through use of iterative reconstruction
algorithms. There have also been reports
of chest CT examinations with radiation
doses as low as that from a pair of standard chest X-ray images (namely posterior-anterior view and latero-lateral

view). These ultra-low dose techniques
may change the relative roles of chest
X-ray and chest CT. For example, ultralow dose CT methods could shift the
risk-benefit balance favorably towards
a wider application of CT-based cancer
screening programs.
Quantitative imaging

Quantitative imaging is a recent,
emerging concept in radiology and
involves the generation of numerical
indexes from medical images for use
as biomarkers. Thanks to advances in
information technology, the quantitative imaging approach is likely to
become more popular and accessible in
the future. The Quantitative Imaging
Biomarkers Alliance (QIBA) and the
European Imaging Biomarkers Alliance (EIBALL) have been set up under
the aegis of the Radiological Society
of North America and the European
Society of Radiology, respectively, to
establish the standards of qualitative
imaging biomarkers. The precision of
measurements on low dose images will
be an important question in the development of quantitative imaging. The

effect of image quality and radiation
dose level on the biomarker indices
needs to be more extensively evaluated. By the same token, the computer-assisted diagnosis (CAD) of CT
images is expected to become more
widely utilized in the future. The
image quality suitable for these CAD
application of CT images needs to be
investigated further.
Conclusion

Recent developments of CT technology have brought important advances
in radiation dose reduction, particularly
AEC systems and IR methods. Judicious
use of these technologies will improve
patient safety.
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Book review
Modern Diagnostic X-Ray Sources: Technology, Manufacturing, Reliability
By Rolf Behling
Pub by CRC Press 2015, 423 pp, Hardback £88.00; ebook £61.60

Modern Diagnostic X-ray Sources: Technology, Manufacturing, Reliability gives an up-to-date
summary of X-ray source design for applications in modern diagnostic medical imaging. It lays a
sound groundwork for education and advanced training in the physics of X-ray production and
X-ray interactions with matter. The book begins with a historical overview of X-ray tube and
generator development, including key achievements leading up to the current technological and
economic state of the field.
The book covers the physics of X-ray generation, including the process of constructing X-ray
source devices. The stand-alone chapters can be read continuously or in selections. These take
the reader inside diagnostic X-ray tubes, illustrating their design, functions, metrics for validation, and interfaces. The detailed descriptions enable objective comparison and benchmarking.
The book covers the full scope of medical diagnostic X-ray sources, including materials, processes,
quality assurance, manufacturing, cost, operation, maintenance, and sustainability
It discusses existing and future technology design concepts, tube and high-voltage generator
types, use in various modalities, standards, failure detection and repair, and other commercial aspects
The requirements for each of the different diagnostic system modalities, including computed tomography, interventional
X-ray imaging, and general radiography are addressed and the book presents X-ray generation for medical diagnostics as
compared to other applications to give the reader an understanding of the standard solution for medical imaging
The book gives an insider’s view on technological limitations, comparisons of performance, key terminology, specifications,
and rating charts.
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Radiation dose reduction
By Gilles Hameury

Reducing Patient X-ray Exposure
through protocol management
T

he
upcoming
EURATOM
2013/59
directive requires European imaging centers to engage on the
path of X-ray dose reduction
for increased patient safety.
The cornerstone of the regulation
is the imaging center’s dosimetry
activity evaluation. Among other
things, the directive requires rigorous recording of the technical
details for every acquisition, for
every study, and the construction of a comprehensive history
of patient exposure. But the root
factor, or the key to the successful reduction of patient exposure
remains the ability to optimize
protocol settings and to manage
their utilization in the control
room.
We know that protocol settings
will determine image quality and
the radiation dose received by
the patient. For example, in CT,
increasing the pitch will result
in lower radiation exposure, provided all other imaging parameters remain constant. It will also
affect image quality (e.g. limit
spatial resolution and increase
image noise).

imaging modalities involving
ionizing equipment (e.g. X-ray
tables, C-arms, mammographs,
etc.).
Dosimetry applications have
emerged as useful tools for protocol management. They help medical physicists obtain a clear picture of the patient dose-related

“... the key to the successful reduction of
patient exposure remains the ability to
optimize protocol settings and to manage
their utilization... ”
activity and to efficiently engage
in improvement of practical procedures, with limited disruption
to the workflow.

This paper describes the different primary steps of a typical
investigation.
For this, anonymized data from
a French hospital were gathered
over a period of one year and
Guerbet’s DoseCare ® application
was used to conduct the analysis and to generate graphs of the
data [1,2].
Step 1: identify the most
problematic procedures

Starting from a blank page is
always a difficult task, in particular when the number of studies is large and covers a wide
range of procedures. But trying
to improve all procedures at the
same time is certainly not the
best approach. What we first
want to achieve is to identify the
procedures which cause the most
problems, either in terms of volume (i.e. the number of studies
which exceed the Diagnostic Reference Levels, DRLs) or in terms

Management of protocol settings is thus aimed at determining the optimal balance between
image quality and radiation dose.
It is not limited to CT scanners
and should be conducted on all
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Graph 1: Ranking of the 10 procedures which have the highest number of studies above DRLs over one year
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(CTDIvol) records technical parameters such as mA (miilliamps), kV
(kilovolt) and pitch used for patient
exposure. In effect, it represents the
acquisition protocol settings.
The Dose-Length-Product (DLP)
is calculated by multiplying the
CTDIvol by the scan length. It is
used as an indicator of overall exposure for a complete examination
and so can be used to benchmark
local practices. Simply put, with this
additional dosimetry metric, the
DLP reflects the protocol utilization in the scanner room.
The investigation on the lumbar spine procedure should consist in positioning CTDIvols and
DLPs from all the studies against
the DRLs [Graph 2 and Graph 3,
respectively].

Graph 2: positioning of studies’ CTDIs against DRLs

of the level of potential negative
health effects that the exam could
have on the patient (i.e. the amount
by which the dose level is exceeding
the threshold).
A quick analysis in DoseCare ®
enables us to rank procedures conducted on a single modality (in this
example, a CT scanner), according to the number of studies above
DRLs [Graph 1].
Graph 1 shows that the Lumbar
Spine Scanner procedure has the
highest number of studies above
level 1 (yellow area, 37.05% of studies exceed DRL average) and level
2 (red area, 7.61% exceed DRL
maximum). The second procedure
(Shoulder scanner) is also of concern as 98.51% of studies exceed
level 1, and 80.03% are above the
level 2 threshold. A quick explanation is that the shoulder procedure
is within the chest region, where the
European DRLs are generally low.
Nevertheless, the number of studies (606) is much lower than that of
the Scanner Lumbar Spine procedure (3074), therefore it remains a
MARCH 2017

secondary issue to investigate.
Step 2: CTDIvol and DLP analysis

This part of the study is essential
to understand how and why the
patient is exposed to radiation.
The Volume CT Dose Index

In Graph 2, the 75th percentile is
located at 31 mGy.cm, and the level
1 DRL is at 45 mGy.cm. Graph 2
shows that most studies are well
below the level 1 DRL threshold
(yellow line). This indicates a good
setting of the acquisition protocol
and that there is no urgent need for
further tuning.

Graph 3: positioning of studies’ DLPs against DRLs

D I

E U R O P E

55

Radiation dose reduction
significant variation indicates that
the kV is not properly adapted in
group D. In such a case, good practice would consist of the creation of
additional Lumbar Spine protocols,
each dedicated to one BMI category,
so as to avoid such variation and
to be able to monitor any excessive
levels more closely.
Conclusion

Graph 4: Comparison of doses with respect to patient BMI
A: BMI 0 to 18: Underweight
B: BMI 18.5 to 25: Normal weight
C: BMI 25 to 30: Overweight
D: BMI 30 or greater: Obesity

Graph 3, however, shows that if the
75th percentile remains below the
level 2 threshold, it is significantly
above level 1.
Combining messages from both
graphs indicates that the issue here
could come from an acquisition that
is too lengthy. The number of lumbar disks to scan is defined, either
on the protocol itself or by the radiologists, according to the particular indication. A safe assumption in
this case would be that the radiologists are not willing to risk missing
an injury at a lumber level that lies
outside the range of the scan window and have therefore requested
an extended scan. Indeed, protocol
setting remains a matter of balancing the advantage or the necessity
of a complete scan with the negative effects an increased radiation
exposure could have on the patient.
In consequence, one of the approaches
for further investigation would be to
have a closer look at the correlation
between the range of scan and the
indication, and from these results, to
then evaluate the need for additional
control or fine-tuning.
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Step 3 Exposure analysis per
category of patient

The medical physicist can also
investigate whether the protocols
comply with the appropriate procedure guidelines, and if these
guidelines are directly applicable
to all patients.Additional investigations allow us to better understand
the reality of patient exposure and
to identify the type of measures
which should be taken.
The next analysis consists in studying doses levels according to the
patient’s BMI and in comparing the
range of dose for each category.
To construct Graph 4, we grouped
patients into four categories of BMI,
from the thinnest to the heaviest. The
graph shows the 25th percentile and
the 75th percentile dose level which
were used on patients in each of these
four categories. The CTDIvol comparison reflects the variations in the
protocol settings, in terms of tube
kilo voltage (kV) or milliamps (mA)
applied during the study.
The standard deviation is small for
group A, large for group D. This
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This simplified example of a real
world investigation illustrates one
of the many options available for
reducing patient dose exposure. Provided the data are available, patient
safety through X-ray dose reduction
can be approached through many
other different angles. Additionally,
such investigation can — and should
— be conducted in all departments,
on all modalities involving ionizing
radiation, in order to achieve consistent and long term progress.
With the help of dose monitoring
applications, significant progress
can be quickly achieved in finding
suitable approaches for procedural
improvement.
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Radiation dose reduction
By Oksana Lesyuk, Luís Pedro Vieira Ribeiro, António Fernando Abrantes, Patrick Emmanuel Sousa, Sónia Isabel do
Espirito Santo Rodrigues João Pedro Pinheiro, Kevin Barros Azevedo & Rui Pedro Pereira de Almeida

Study of scattered radiation during fluoroscopy in hip surgery
In order to study the distribution of scattered radiation in the operating theatre,
we simulated fluoroscopy-assisted hip
surgery using a phantom. Measurements
of radiation were made as a function
of height, distance and variation in the
dose around the phantom.
We concluded that health care professionals carrying out hip surgery are
exposed to low levels of radiation but
that those levels can be reduced through
the use of personal protective equipment.
Introduction

Fluoroscopy and interventional radiology are the third biggest
source of ionizing radiation in the medical diagnostic field
and with continuing technological development the techniques
have expanded to several surgical specialties and other operating rooms so that patients and healthcare professionals with no
specific education in radiological safety and protection are now
involved in these procedures[1, 2].
This involvement of professionals from various disciplines and
who may not have specific training in the field of radiation
protection, can lead to excessive exposure to ionizing radiation
in the operating room [1, 3].
Previous studies have indicated that non-radiologist physicians
have patchy, inadequate knowledge of ionizing radiation and
its danger, suggesting that there is room for improvement [4].
Given the physical proximity of surgeons and surgical team
members to X-ray equipment and the large time of exposure,
the radiation dose to which such personnel are exposed can
assume considerable values with an increased risk of the development of deterministic or stochastic effects [5].
The United Nations Scientific Committee on the Effects of
Atomic Radiation and other Institutes and Commissions on
radiological protection have expressed growing concerns
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regarding workplace monitoring and standards, the quality
control of the radiological equipment itself as well as individual
radiation dose exposure monitoring in healthcare professionals.
In particular, a lack of awareness of the perception of radiationassociated risk and limited knowledge of the fluoroscopy technique and individual protection equipment were highlighted in
the recent report “Surgeon’s Perception of Fluoroscopic Radiation Hazards to Vision” study [6]. It was shown that annual
dose limits were unknown to 45% of surgeons and that 91%
of surgeons declared that they didn’t use eye protections. Other
papers with similar results have been published over the years
[6].
Several studies have shown the appearance of possible radiation-induced effects in interventional cardiologists who generally have higher levels of exposure to ionizing radiation [7].
However, the appearance of such potentially damaging effects
can’t be excluded in other interventional specialties such as
orthopedic surgery, which traditionally involves lower exposure
[7].
Information published by the International Atomic Energy
Agency [8] describes numerous studies which have investigated the levels of ionizing radiation received by medical professionals during procedures that carry a high risk of exposure to
ionizing radiation, including those in hemodynamics, angiography or gastroenterology.
However, there is still a need for studies of other so-called lowrisk procedures, such as orthopedic interventions, specifically
those involving the lumbar spine and hip, where there is greater
exposure to ionizing radiation [9].
Methodology

In order to study the levels of ionizing radiation received by
medical personnel in “low-risk “ procedures, the dose of scattered radiation was measured at different positions typically
occupied by personnel during hip surgery.
To simulate fluoroscopy-assisted hip surgery and the distribution of scattered radiation in the operating room, we used an
anthropomorphic whole-body phantom, and an X-ray-specific
detector to quantify the radiation. Radiographs were obtained
with a mobile C-arm X-ray system in continuous scan mode,
with the tube at 0° (configuration A) or 90° (configuration B).
The technical parameters used in the simulation (voltage, current, and exposure time) were determined by a statistical analysis based on the observation of orthopedic surgical procedures
involving the hip.
Measurements were made as a function of the height above the
operating room floor, as a function of distance and of the variation in the dose level around the phantom.
For the study of the scattered radiation readings around the
phantom, the initial positioning was maintained, and the radiation monitor was placed at 1.0 m from the center of the
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Figure 1 - The readings for the dose as a function of height in relation to the floor of the operating room, A – AP configuration, B – Lateral configuration.

exposure field, at a height of 1.25 m in the
plane of incidence of the radiation beam in
configuration A. The position of the detector
was changed in 15° increments, with the 0°
angle corresponding to the median sagittal
line in the direction of the head.
Results

Prior to our simulation study we first carried out an observational analysis of typical, real orthopedic interventions. This
involved a sample of 55 orthopedic interventions and showed that the procedure
that emits the most scattered radiation is
hip surgery; it is the most common interventional orthopedic procedure and produces the highest radiation dose values.
In our simulation, the mean voltage and current were 67 kV and 2.4 mA, respectively,
for configuration A, compared with 76 kV
and 2.8 mA, respectively, for configuration
B. The mean fluoroscopy time per intervention was 27 s.
The readings for dose as a function of height
in relation to the floor of the operating room
[Figure 1] showed that the radiation intensity was greatest at the level of the chest of
the leading surgeon for both configurations.
Assuming that the duration of exposure is
27 seconds, we estimated that the equivalent
dose to the eyes is 7.5 µSv per intervention
and at the level of the thyroid the estimated
dose was 17.58 µSv per intervention under
58

the same conditions as above.
It is important to bear in mind that these
measurements were performed with the
table at a height of 1m. The higher the
height of the table, the higher will be the
dose level to which the leading surgeon will
be exposed.
For dose levels as a function of distance

[Figure 2], we found that there was a difference between the experimental and theoretical dose values at short distances in the
exposure field. The inverse square law of
radiation as a function of distance appears
to underestimate the true dose level in this
simulation.
According to the results, an increase in distance from the table of 20 to 35 cm corresponded to a decrease in radiation dose of a
half in both configurations.
For the study of the scattered radiation readings around the phantom, the initial positioning was maintained, and the radiation
monitor was placed at 1.0 m from the center
of the exposure field, at a height of 1.25 m
in the plane of incidence of the radiation
beam in configuration A. The position of
the detector was changed in 15° increments,
with the 0° angle corresponding to the
median sagittal line in the direction of the
head [Figure 3].
Regarding the dose rate around the phantom
indicated by the isodose curves, we observed
a 210° gap in the dose, corresponding to the
space occupied by the C-arm fluoroscopy
equipment, probably due to the absorption
of scattered radiation by the equipment.
There was also a drop in the intensity of the
dose at positions corresponding to the location of the head and lower members of the
patient, presumably due to the absorption of
scattered radiation by the patient.

Figure 2 – The readings for the dose as a function of distance in relation to the lead surgeon position,, A – AP
configuration, B – Lateral configuration
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Figure 3 – The readings for the dose rate around the phantom at 1m distance, A – AP configuration, B – Lateral configuration.

The dose levels were higher for configuration B than for configuration A, due to the
fact that the detector was in the same plane
of incidence of the primary X-ray beam,
meaning that there was a higher concentration of backscattered radiation.
One of the results of our observational study
of real orthopedic interventions was the
finding that during surgical interventions
involving the use of radiation, most health
professionals wore lead aprons and thyroid
collars, although eye protection (by goggles)
was rarely used.
Discussion

Given that an X-ray beam with an energy of
between 60 keV and 100 keV can transmit
1–7% of that energy through a 0.5-mm lead
apron, we concluded that, under the conditions presented in this study and assuming
that the physician is indeed wearing a 0.5mm lead apron, the effective dose received
would be 2.5 µSv, which is below the reference value [10].
On the basis of the doses estimated in this
study, we could also conclude that the use
of 0.25-mm lead aprons would be sufficient to ensure protection during surgical
interventions involving the use of radiation
and would thus provide health professionals with a greater comfort level during such
procedures.
Even though the estimated dose values
obtained in this study are relatively low,
namely 34.6 µSv per procedure, the use of
personal protective equipment [11] and
other methods of reducing exposure are
MARCH 2017

recommended, as is additional radiological
protection training [12].
Because of the very frequent use of fluoroscopy in medical procedures, it is necessary
to continually raise, and maintain, awareness of the risks of ionizing radiation and
promote the dissemination of educational
information regarding radiological safety
and protection. Likewise the use of personal
protective equipment should be encouraged and greater attention should be paid to
the recommendations regarding radiation
protection, in order to reduce the doses
received during medical procedures [1]
Conclusion

In this study, we have shown that the radiation doses received by health professionals
during fluoroscopy-guided hip surgery are
low. Nevertheless, given that there are no
safe levels of radiation, it is advisable to wear
lead aprons, thyroid collars and protective
goggles, which can substantially reduce
radiation exposure during such procedures.
More studies like the one reported here
should be carried out to characterize the
precise distribution of scattered radiation
in operating room during other orthopedic procedures with the common aim of
increased radiological safety of all healthcare
professionals.
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Radiation dose reduction
By Dominic Siewko

The evolving medical radiation
protection environment in the
European Union:
new initiatives and regulatory requirements

T

he European Union is undergoing a radical transformation with regard to the radiation protection of
healthcare patients and medical providers. Industry efforts
to implement radiation dose management programs to
promote safety and awareness have been swift and decisive in both North America and Western Europe over the
last five years, bringing in new responsibilities for both
medical device imaging manufacturers and healthcare
providers. Additionally, to improve awareness of medical
imaging risks, providers are now giving patients far more
transparent educational information than in the past.
While complex medical imaging exams are necessary,
even lifesaving, we still do not completely understand what
harmful levels of medical radiation exposure are. Because
of this, the importance and need for accurate radiation
dose monitoring and tracking cannot be understated.
Thus far, the gold standard in imaging clinical practice
has been first, justification of the imaging procedure and
second, optimization of dose to that specific patient. Now,
healthcare providers in Europe are applying dose management as a part of the quality program in their radiology
departments. From a manufacturing standpoint, the trend
has always been to innovate higher power CT scanners
to yield higher image resolution—however, the trade-off
with increased image quality is increased radiation dose.
Dose optimization is the key to mitigating unnecessary
radiation exposure. By optimizing the patient’s radiation exposure, the goal is to manage patient dose while
maintaining adequate image quality, taking into account
economic and societal factors.

Europe is embarking on the same radiation dose reduction journey as we have seen in the United States [1] via
the 2010 FDA effort to “Reduce Unnecessary Radiation
Exposure from Medical Imaging” and from a compliance
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perspective with The Joint Commission Sentinel [2] Event
Alert. The EURATOM Council Directive 2013/59, recently
issued by the European Commission (EC), is due to take
effect February 6, 2018. It proposes changes in legislation
and EU hospital compliance to establish safety standards
for protection against the dangers arising from exposure to
ionizing radiation and improve the regulatory environment
within the EU. While the EC Council Directive attempts to
codify these requirements, there are some challenges ahead
for EU radiology providers to meet these goals and adopt
them into law locally. Not only will this take an investment
of resources as well as time including policy and procedure creation to alter the “normal” way of working, it will
also require actions that are time-consuming and complex,
including the development of a clinical decision support
system, comprised of clinical audit tools/checklists, and
implementing Diagnostic Reference Levels (DRLs).
Radiation Dose Tracking software tools for automated
collection of data in real time are widely available but have
been slow to be adopted for various reasons, most likely due
to budget constraints and the intricacies of adding such a tool
to the informatics workflow within the hospital. However,
it can result in significant workflow and quality benefits
for radiology departments, including the ability to discover
trends in data across their suite of imaging equipment
(allowing for protocol adjustments and the normalizing of
exam exposures), while also allowing bringing patient exposures into one place allowing hospitals to segment, analyze
and track dose to individual patients. From a procedural
standpoint, the data from these tools allow providers to
review and analyze a referring physician’s order against the
appropriateness of the diagnostic imaging exam being chosen. The purpose is to strike a balance between the risk and
benefit of the procedure to manage the patient’s exposure to
radiation. An example of this in practice could be a clinician’s
decision to order a diagnostic X-ray versus a CT scan due
to the belief he or she could get the same clinical outcome
desired, resulting in lower patient dose and saving on the cost
of the exam itself.
The suggestion of implementing clinical audit tools
will be a new process for many, and there are few best
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practices available for reference. Since
radiation dose optimization is still a
relatively new concept within radiology,
many healthcare providers are still trying to determine how to best manage
these recommendations. This led the
European Society of Radiology to create
and offer its “Clinical Audit Templates ”
[3] that should satisfy the radiologic protection requirement as suggested by the
European Society of Radiology. These
free templates provide a great roadmap
for building a successful clinical audit
program allowing the facilities to tailor
the details to their individual scope and
complexity including resources.
Diagnostic Reference Levels (DRLs)
are an important concept in medical
imaging and form the basis of establishing a benchmark, or measuring stick, for
healthcare providers to compare their
patient dose metrics to. While DRLs do
not define what an acceptable or unacceptable exam result is, they are quality
metrics that enable providers to understand how their exam types compare to
each other, and how dose varies across
machines and by similar patients within
the DRL range. ICRP Publication 105
(Radiological Protection in Medicine)
provides good guidance and background on DRLs and expands upon previous guidance in ICRP Publications 60
and 73. It is also important to mention
that DRLs for interventional radiology
procedures are difficult to establish due
to their unique complexities and patient
conditions. The concept of “Reference
Levels” was established in NCRP 172. It
provides radiation dose recommendations for fluoroscopically guided interventions based on actual patient doses
in lieu of phantom studies, and creates
the basis for comparing common procedures. While the most important reason
to use Reference Levels is to improve
patient care, it is also critical for addressing system wide conformity in the utilization of appropriate techniques and
exam protocols, and allows radiology
departments to identify areas that may
benefit from process reform.
Symbiotic to the Council Directive,
is the EuroSafe Imaging Call for Action,
MARCH 2017

The EuroSafe initiative has 12 main points summarized above [4].

launched by The European Society of
Radiology (ESR) in 2014. It served to
ignite action to address radiation safety
in Europe. Since its beginning, the
awareness initiative has placed radiation protection at the forefront of efforts
to improve safety in medical imaging
across Europe in the most effective and
efficient way possible to support and
strengthen patient care.
As the points suggest, the time is
now for manufacturers, regulators and
healthcare providers to work together
to develop and implement cost-effective, realistic and meaningful programs
to monitor radiation dose. As more
hospitals in the EU begin to focus on
dose management, they need to design
and implement a process for this new
data into their existing radiation safety
programs to sustain them long-term.
As the transition unfolds, establishing
partnerships that can offer overarching support – including education on
best practices and how to best manage
dose data, as well as technical support in
performance quality for improved dose
optimization – will become critical for
the future success of radiation safety
programs.
In summary, the groundwork laid
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out by the upcoming EU Council
Directive and the EuroSafe Imaging
Call for Action are great steps in the
right direction for improving safety
in radiologic imaging. They seek to
improve the regulatory environment
within the EU and allow lawmakers to gain insights to best practices
as prescribed by leaders in the radiology industry. However, these changes
require significant efforts in some
places and may take time and resources
that hospital radiation safety and quality departments do not currently have
in place. It would be prudent for all
affected providers to begin to review
the upcoming EU Directive rules [5]
specifically outlined in Chapter VII
“Medical Exposures” and plan their
resource requirements accordingly.
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CT Pulmonary Angiography (CTPA) as a sub-mSv modality:
dose reduction using new iterative reconstruction algorithms
This article summarizes a recent evaluation of a new
iterative reconstruction algorithm for the detection/
rule-out of pulmonary embolism (PE) in ultra-low dose
computed tomography pulmonary angiography (CTPA).
The results show that by using a next generation
iterative reconstruction algorithm “Iterative Model
Reconstruction” (IMR) for the detection of PE, a
reduction in dose of up to 75% is possible in CTPA,
while maintaining full diagnostic confidence. This
would result in a mean effective dose of below 1.0
mSv for CTPA.
Computed tomography pulmonary
angiography (CTPA) is the most commonly used imaging modality to confirm/rule-out suspected pulmonary
embolism (PE) [1-3]. CTPA is available
at all times in most hospitals, can be
performed quickly and is relatively cost
efficient. With recent improvements in
CT technology, high diagnostic accuracy can be achieved, with sensitivities
of up to 92% and specificities of up to
95% [4].
However, CTPA involves a high
radiation exposure with a currently
estimated average dose of 10.7 mSv [5].
Thus it should be noted that the use of
CTPA is limited in pregnant women, as
well as in patients with chronic kidney
failure and/or iodine allergy. In such
patients, the use of CTPA must be considered carefully; it may be that eventually CTPA is not possible in these cases.
Over the last few decades, the number of CT scans carried out worldwide
increased dramatically : in the United
States the number of CT scans grew

rapidly from approximately 3 million
in 1980 to about 62 million in 2006 [6],
This has resulted in a corresponding
increase in collective radiation exposure, which has been associated with
a potentially increased lifetime risk of
malignancy and a danger of damage
to the gametes, especially with younger
or pregnant patients [6, 7]. In addition
CTPA there is a substantial radiation
exposure to the breast; ionizing radiation is an established risk factor for
breast cancer. [8].
For all these reasons, methods for
reducing radiation dose are highly
desirable, particularly for younger
patients. Various techniques for dose
reduction have been developed and
partially implemented in daily clinical routine, following the principle
of “as low as reasonably achievable”
(ALARA) [9],
In addition to the use of shielding
techniques, reduction of anatomical
scan coverage and new methods such
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as z-axis modulation, the dose can be
reduced by lowering tube peak kilo
voltage (kVp) or tube current (mA).
[10]. Several studies have shown that
acceptable image quality of CTPA can
be maintained when tube voltage is
reduced to 100 kVp or even 80 kVp,
resulting in significantly lower radiation exposures [11, 15].
However, reduced tube voltage leads to
higher image noise, especially in obese
patients. To compensate for image
noise, higher tube currents are needed,
leading to only limited reduction of
radiation dose [12].
In order to further decrease radiation
dose, additional reduction of tube
current must be aimed for. Depending on the individual patient’s habitus,
different tube currents are needed to
obtain suitable image quality. However,
highly reduced tube current can lead to
impaired image quality, making missed
diagnoses more likely [13, 14].
Advances in processing power and
the development of new and faster
algorithms have enabled wide-spread
clinical use of iterative reconstruction
methods. These iterative reconstruction algorithms make improvements in
image quality and consequent reduction of radiation dose possible, even
in obese patients [15, 17, 18]. Iterative
reconstruction has been widely introduced into clinical routine over the last
five years and first generation iterative
algorithms have already led to a significant reduction of image noise in
comparison to filtered back projection
(FBP) reconstruction [16].
Study design

In this study a new iterative reconstruction algorithm was compared to
a first-generation iterative reconstruction algorithm (iDose) and standard
filtered back projection (FBP) at different simulated tube current levels [19].
MARCH 2017

The objective of the study was to evaluate
the diagnostic performance of a new generation iterative reconstruction algorithm
(IMR) in low and ultra-low dose CTPA
with a particular focus on image quality
and diagnostic confidence in the diagnosis
of PE.
Sixteen patients with PE were enrolled
into this single centre study. PE was subclassified as central, segmental, or subsegmental. Multiple localizations were also
possible.
All patients were examined using a 256slice multidetector CT (Brilliance iCT;
Philips Healthcare) using a standard
CTPA protocol.
The CTPA raw data were then used to
simulate CTPA scans with reduced tube
currents, resulting in dose levels (DL) of
50%, 25%, 12.5%, 6.3% and 3.1% of the
original dose. All other imaging parameters remained identical. All CTPA images
so obtained (i.e. tube current levels of
100% - 3.1%) were then reconstructed
with FBP, iDose, and IMR, resulting in
a total of 288 datasets (6 different levels
of tube current, 3 different algorithms, 16
patients).
Each data set was independently evaluated
by two blinded radiologists according to the
following criteria: image noise, classic artefacts, ring artefacts, image quality, diagnostic confidence in detection of central and
peripheral PE as well as overall diagnostic
confidence and artificial image appearance.
The radiologists carrying out the rating
were asked to evaluate central, segmental and subsegmental pulmonary arteries
in every data set as positive or negative
for PE. PEs in multiple localizations were
possible. As there is no gold standard for
the detection of PE, the clinical report,
together with a re-evaluation by the author
of the clinically available images were used
to determine the correctness of ratings.
In order to measure image quality objectively, two contrast-to-noise ratios (CNR)
were determined: one for the main pulmonary artery as a central vessel (central contrast to noise radio – cCNR) and
one for a segmental artery as a peripheral
vessel (peripheral contrast to noise ratio
- pCNR).
Results:

The mean effective dose for all examinations was 3.6 ± 2.9 mSv.
MARCH 2017

Figure 1. Comparison of FBP, iDose and IMR at dose levels of 3.1-100%
Comparison of FBP (top), iDose (middle) and IMR (bottom) at different dose levels (from left to right: 100% 50% - 25% - 12.5% - 6.3% - 3.1%). Emboli are located in the right pulmonary artery, the left upper and lower
lobar artery and in several segmental arteries of the left lung. Note the good detectability even at ultra-low dose
levels with IMR. With iDose emboli are also detectable but image quality is inferior to IMR. With FBP, emboli are
not certainly detectable at lower dose levels.

For images reconstructed with iDose
and IMR, the median subjective image
quality was higher than that of images
reconstructed with FBP at all dose levels
from 100% to 12.5% DL. At a DL of 3.1%,
median image quality was 1 (i.e. unacceptable for diagnostic purposes) for all
algorithms. The median image quality was
higher after reconstruction with IMR than
after reconstruction with iDose at DL of
6.3% and 25%.
Using iDose and IMR reconstruction, significantly higher diagnostic confidence
could be obtained than with FBP reconstruction (p < 0.01). This conclusion was
true for all divisions of PE (central, peripheral, overall) and to all dose levels.
At lower dose levels, IMR-images produced a higher median diagnostic confidence than iDose images (higher median
in IMR-images than in iDose-images at
12.5% DL for all divisions of PE and at
6.3% DL for central and peripheral PE).
In IMR-images the median diagnostic
confidence in the detection of PE was 4
(completely confident) for central PE at
DL of 25%, 50% and 100%.
On the basis of the full-dose images, no
PE (central, segmental, and subsegmental)
was missed by either rating radiologist in
IMR-reconstructed images at dose levels
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of 12.5% to 100%, resulting in a sensitivity
of 100%. The same conclusion was found
with iDose at dose levels of 25%-100%.
With FBP reconstruction, only at 100%
DL was every PE identified. With the use
of FBP-reconstruction at 12.5% DL, only
35% of all central, 23% of all segmental
and 19% of all subsegmental PEs could
be identified.
At all dose levels, cCNR and pCNR were
significantly better in IMR-images than
in iDose and FBP-images (p < 0.01). In
addition, cCNR in IMR-images at DLs of
50%, 25% and 12.5% was significantly better than in iDose-images at 100% DL (p
< 0.05).
Summary and Outlook:

Over the last few years, it has been shown
that the use of iterative reconstruction
algorithms has made possible significant
dose reduction via reduced tube-current
and tube-voltage [13]. However, even
further reduction of radiation exposure
is desirable particularly as CTPA is frequently used in clinical routine. As a
reduction of tube voltage below 80 kVp is
not reasonable due to the k-edge of iodine,
further reduction of radiation dose has to
be obtained by reducing tube current.
The results of the present study show
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Figure 2. Overall diagnostic confidence
Medians of overall diagnostic confidence in detection of PE shown as box-and-whisker plots at different dose
levels (3.1 – 100% of the original dose level).
IMR performs significantly better, providing high diagnostic confidence also at 25%, 12.5% and 6.3% of the
original radiation dose.
* = significance compared to iDose at the corresponding dose level (* = p<0.05, ** = p<0.01)
# = significance compared to FBP at the corresponding dose level (p<0.01)
Values are shown as the mean of the medians of both raters.

that it is possible to dramatically reduce
tube current using new iterative reconstruction algorithms. In our study, IMR, a
second generation iterative reconstruction
algorithm, provided excellent diagnostic
confidence in the detection of PE even
in ultra-low-dose images acquired with a
simulated mean effective dose of only 0.9
mSv. However, according to the ALARA
principle, dose should not be lowered to
the lowest possible value but only to the
value at which a very high diagnostic confidence is guaranteed.
We suggest a dose reduction of no greater
than 75% since, down to this dose level the
diagnostic confidence in the detection of
peripheral PE using images reconstructed
with IMR could be rated as probably confident or even higher. Although in our
study no PE was missed down to a dose
level of 12.5% (0.45 mSv), we nevertheless consider that the dose should not be
reduced as far as this in order to be absolutely sure of maintaining image quality
and diagnostic confidence.
Over the last few years, it has been shown
that the radiation dose per CT scan could
be dramatically reduced through the application of more powerful iterative reconstruction algorithms. However, the biggest
achievement in dose reduction was through
64

the replacement of FBP by the first generation of iterative reconstruction algorithms.
In the future, it can be foreseen that further
radiation dose reduction can be achieved
by the combination of new technologies
such as spectral photoncounting CT [20]
or sparse sampling CT in combination with
iterative reconstruction algorithms.
Conclusion

Using next generation iterative reconstruction algorithms such as IMR, the
radiation dose for CTPA examinations
can be lowered dramatically, while providing suitable image quality and diagnostic
confidence even in sub-mSv images.
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Radiation dose reduction
By Dr L. Faggioni, Dr F Paolicchi, Dr L Bastiani, Dr D Guido & Dr D Caramella

Awareness of radiation protection
and dose levels of imaging
procedures among medical
students, radiography students, and
radiology residents:
a comprehensive, single-centre survey
Introduction

Several radiological examinations expose patients to significant amounts of ionising radiation [1] and the recent
evolution and widespread availability of imaging modalities such as multidetector computed tomography (CT)
have led to a steady increase in the number of examinations performed and rising concerns in the scientific
community about the possible side effects in patients,
especially those related to the risk of radiation-induced
cancer [2]. While acute effects of radiation exposure (such
as erythema or burns after some interventional radiology
procedures) usually manifest themselves within a limited
time frame, long term effects are more difficult to assess.
Recently, some papers published in the scientific literature
have demonstrated a small, but significant increase of the
incidence of cancer in children and young patients who
had undergone CT scans, confirming findings originally
observed among survivors of the Japanese atomic bombs
[3-4]. Although the debate about how big such risk could
be is still open, it is clear that the problem cannot be
underestimated.
Procedures involving the use of ionizing radiation must
be carried out by professionals with a specific expertise
in radiation protection, such as radiologists, physicists
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and radiographers. In the radiological field, while medical
physicists play a controlling role, radiologists and radiographers are responsible for assessing whether, and eventually
how, a radiological examination may be carried out so as
to minimise patient exposure while retaining diagnostic
accuracy. In this setting, a proper awareness of radiation
protection issues and a deep knowledge of the radiation
doses produced by different modalities are essential for
radiologists to make the right decisions by fulfilling appropriateness and optimisation criteria.
In the past decade, several studies have been performed
with the aim of estimating the radiation protection background of physicians from various medical specialties, and
most of them have yielded disappointing findings.
It has been shown that, overall, physicians underestimate
the radiation doses delivered by various imaging modalities, and in some cases they were even unable to differentiate between ionizing and non-ionizing radiation-based
modalities [5-9].
This latter scenario has attracted our attention and stimulated us to investigate the actual level of radiation protection culture that medical students currently have — students who will be required to prescribe imaging examinations during their future professional life [10].
Study design

A questionnaire consisting of 16 multiple choice questions
was submitted to 60 radiology residents (RR), 56 medical
students (MS), and 43 radiography students (RS) on the
occasion of classes and seminars that they attended during
their academic training. The questionnaire was divided
into three separate sections, namely demographic information on the survey participant, awareness about radiation
protection issues, and knowledge about radiation dose
levels of common radiological examinations.
The first section was focused on the demographic features
of the survey participants, e.g. gender, age, and level of
training
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Radiation protection awareness - Objective Performance

Total questionnaire scores are reported in Figure 1. All RR and
RS (96.7% and 100%) and the majority of MS (89.1%) were aware
of the need to inform patients about the risks of radiation exposure. Conversely, only 54.5% of MS knew that female children are
Table 1. Sample demographics (age, gender, and level of radiation protection
awareness and training). SD = standard deviation. *F-test statistics by ANOVA,
**Chi-square test, ***Fisher’s exact test. P < 0.05 indicates statistical significance.

(a)

The second section, radiation protection awareness, was aimed
at assessing the following points:
1. Radiation standards.
2. Susceptibility to radiation damage.
3. Regulations.
4. Knowledge concerning healthcare professionals with a
higher exposure risk.
5. Tissues more susceptible to injury from ionizing radiation
6. Diseases related to radiation damage,
7. Knowledge of dose optimisation.
The third section (knowledge of radiation dose levels) investigated specific aspects of the following points:
1. average dose of a postero-anterior chest X-ray (considered as
a common reference unit to compare radiation exposure from
different radiological examinations).
2. Background radiation dose received by the general
population.
3. Lumbar spine X-ray dose.
4. Mammography dose (bilateral, two projections for each
side).
5. Chest CT dose.
6. Pelvic magnetic resonance imaging (MRI) dose.
7. Positron emission tomography (PET) dose.
8. Abdominal ultrasound dose.
9. myocardial scintigraphy dose.

(b)

Results
Radiation protection awareness - Subjective Performance

(c)

The demographics of the survey participants and their degree
of perceived radiation protection knowledge and previous
training are shown in Table 1.
As to the perceived knowledge of radiation protection issues,
the MS showed the highest value among the three categories
of survey participants, claiming to have at least a good knowledge in 94.4% of cases (22.2% excellent, 72.2% good). The RR
declared they had at least a good knowledge in 55% of cases
(5% excellent, 50% good), whereas the RS had the lowest rating
with a perceived good level of knowledge in 35.7% of cases and
no cases of perceived excellent knowledge.
Abbreviations

RR - Radiology Residents
MS - Medical Students
RS - Radiography Students
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Figure 1. Distribution of scores related to knowledge of (a) radiation protection, (b)
dose level assessment, and (c) overall knowledge (i.e. radiation protection and dose
level assessment) among radiology residents, medical students, and radiography
students. P-values indicate statistical significance.
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higher percentage of RR and MS thought that PET-CT (3.4% and
5.5%, respectively) amd myocardial scintigraphy (9% and 3.7%,
respectively) were radiation-free procedures, as compared with RS.
Overall, the performance of medical students was significantly
worse than that of RR and RS (P<0.05), and these latter had
a better knowledge of radiation protection issues than RR
(P<0.01). Fewer than 50% of survey respondents correctly
answered all questions of the survey.
4. Conclusions and future perspectives

Figure 2. Overall distribution of correct answers to questions (expressed in percentage) about the dose of natural background radiation and commonly performed
imaging examinations given by radiology residents (blue), medical students (red) ,
and radiography students (yellow).

most sensitive to ionising radiation; better results were obtained
by RS and RR, who gave correct answers on 82.1% and 76.3%
of cases, respectively. The majority of RR and RS (83.3% and
83.6%) correctly answered that referring physicians, radiologists
and radiographers are all responsible for unnecessary patient
exposure and lack of optimization, whereas MS performance
in this respect was significantly worse (73.2%). Interventional
radiologists and cardiologists were properly considered as the
most exposed category by 88.3% of radiology residents and 76.2%
of RS, whereas fewer than 50% of MS gave the correct answer
(43.6%). Almost all RR (97.7%) and the majority of RS (87.5%)
knew that the breast is the tissue with the highest radiation sensitivity, whereas just about three quarters of MS (75.5%) gave the
correct answer. The question about stochastic radiation damage
was answered correctly by as few as 69.8% of RS, 62.7% of RR, and
only 57.1% of MS. Overall, almost all survey participants knew
the concept of dose optimisation, yet the rate of correct answers
by MS was slightly, but significantly, worse compared with the
other groups (MS 87.3% vs RS 95.0% and RR 95.3%, p<0.05).
Knowledge of dose radiation levels

As to the questionnaire section related to main radiation protection issues [Figure 2], the radiation dose from a standard
chest X-ray examination was correctly estimated by 77.6%
of RS versus only 57.6 of RR and 56.0% of MS. The radiation
dose delivered by a lumbar X-ray examination was known by
only 10.3% of RR, 14.8% of MS, and 7.0% of RS, respectively.
Mammography dose was known by 37.9% of RR, 22.2% of MS
and 27.9%of RS. Surprisingly, 3.4% of RR, 1.9% of MS, and
4.7% of RS considered mammography as a radiation-free procedure. The dose figure best known by all participants was that
of a chest CT examination (RR 54.4%, MS 46.4%, RS 44.2%).
Strikingly, 1.8% of both RS and MS believed that CT does not
involve the use of ionizing radiation. Moreover, MRI and US
were correctly identified as radiation-free by all RR (100%) and
almost all RS (97.7%), whereas 9.1% and 32.7% of MS, respectively did not even know that US and MRI are radiation-free.
As to nuclear medicine procedures, RS correctly estimated the radiation dose of 18F-FDG PET-CT examinations more than RR and MS
(66.7% vs 37.9% and 34.5%, respectively), whereas the radiation dose
delivered by myocardial scintigraphy was known more by RR (40.4%)
than by MS (31.5%) and RS (16.7%). Finally, a small, but significantly
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Our findings show that radiology residents, radiography students and medical students have a limited awareness about
radiation protection, with a particular gap of knowledge concerning real radiation doses of daily radiological examinations.
More specifically, medical students tend to overestimate their own
knowledge of radiation protection issues, though their radiation
protection skills are significantly worse compared with radiology
residents and radiography students. On the other hand, these latter
believe that their radiation protection background and training is
not enough for their future professional needs, and their objective
radiation protection knowledge actually reveals significant flaws.
To overcome these shortcomings, specific initiatives should
promptly be taken with the endorsement of academic institutions and scientific societies, including radiation safety courses
in medical schools and radiography courses, systematic auditing of the degree of radiation protection knowledge at teaching
hospitals, and update courses for the working staff.
To this purpose, we believe that a larger study involving multiple institutions would be warranted to gain a broader, more
solid insight about the actual radiation protection knowledge
of medical students, potentially allowing to spot and tackle
deficiencies of current educational programs at a higher level.
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Radiation risk: a personal point of view
By Dr J A Siegel, C W Pennington & Dr B Sacks

The Linear No-Threshold assumption and Its ALARA Principle:
non-science that is inapplicable to medical imaging
INTRODUCTION

MEDICAL IMAGING AND THE ADAPTIVE RESPONSE

The linear no-threshold assumption (hereinafter referred
to as simply LNT) is the purported scientific basis for virtually all regulatory policies throughout the world involving
exposure to ionizing radiation. In particular, those involving
medical imaging and occupational exposures are wrapped
in the authoritative mantle of LNT. But LNT derives from
invalid, early-20th-century conclusions, a fact, until recently,
unreported by other scientists [1]. Hermann Muller, in his
1946 Nobel Lecture about his work on radiogenic mutations
in fruit flies, asserted that no threshold exists below which
radiation is harmless, but his claim was based on experiments using doses greater than 4,000 mGy, a stunningly
unwarranted over-extrapolation.

While medical imaging, particularly CT, is thought by most
radiologists and referring physicians, as well as by most
patients or their parents, to raise the cancer risk later in life,
hundreds of experimental and observational studies demonstrate that such low-dose radiation more likely confers a
health benefit and actually helps prevent future cancers [4].
Many radiologists and health physicists defensively point to
epidemiological studies that purport to demonstrate elevated
radiogenic risk of leukemias and solid cancers from lowdoses and dose rates. However, as we have shown, these studies generally ignore the basic sciences of biology, chemistry,
and physics, and employ circular reasoning, cherry picking
of data, and illegitimate statistical manipulations, thereby
rendering their conclusions completely false [5].

In the 1950s, Edward Lewis, with no more scientific justification, further extrapolated LNT to human carcinogenesis. Indeed, carcinogenicity of low-dose radiation exposure
(<100 – 200 mGy) has never been validated. The LNT theory
says all acute radiation exposure down to zero is harmful (proportionally to dose) and, furthermore, that it yields
cumulative harm throughout life, independent of dose rate.
Both claims are demonstrably false and harmful, leading to
LNT-derived regulatory policies not protective of the public
[2,3]. For example, more than 1600 deaths resulted from the
LNT-driven radiophobia leading to forced evacuations of
residents following the Fukushima nuclear accident [3].
Unwarranted fear of low-dose radiation underlies the misguided doctrine of “prudence” in dosing for medical imaging
– the “as low as reasonably achievable” principle (ALARA)
– that, by often diminishing image quality, increasingly produces suboptimal and even non-diagnostic CTs [4]. Today,
70 years after Muller’s Nobel lecture, this non-scientific LNT
paradigm and ALARA continue to govern the field of radiological imaging.
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LNT is a linear extrapolation from evidence-supported,
high-dose effects to putative low-dose responses down to
zero, but the body’s responses to high- and low-dose exposure are different. The primary fallacy in LNT, and its offspring ALARA, is their focus solely on radiogenic damage
to cellular components, prominently DNA, while completely
ignoring the many-layered protective biological responses,
given a chance to operate at low dose rates and conferred
by evolution on extant animals and plants through natural
selection. In short, LNT is not wholly erroneous; it is simply
incomplete, and therefore wrong, at low doses/dose-rates.
Moreover, repair of DNA or, that failing, removal of damaged
cells through apoptosis, bystander effects from neighboring
cells, and/or immune system removal – the so-called adaptive response – more than eliminate the damage at low doses.
In so doing, these multi-level processes, from molecular to
cellular to tissue to organismal, also repair and/or remove
some of the many-orders-of-magnitude-greater damage that
results from free radicals created by normal, endogenous,
metabolic processes [1,5]. This over-reactive adaptive biological response, stimulated by low-dose and low-dose-rate
radiation, is known as hormesis – from the Greek word for
“stimulate,” as in “hormone.”
LNT, however, so completely dominates thought and action
in radiation-related endeavors, particularly medical imaging,
that even many imaging professionals who grant the absence
of evidence of low-dose harm, nevertheless advocate that
“prudence” be used in selecting imaging doses. The Image
Gently Alliance campaign’s advocacy of ALARA-based CT
dose optimization/reduction for children, while intended
as public reassurance that radiologists are cognizant of their
fears of cancer risk, only serves to reinforce those very fears,
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unwarranted as they are. If the public
learned, over time and through authoritative organizations and agencies, that there
were no risks at all, and even probable
health benefit (hormesis), there would be
no need to reduce dose. The only considerations for medical imaging would be
that the procedure, like any medical procedure at all, is indicated and that adequate
exposure is used to provide a diagnostic set of images. As it now stands, public and professional radiophobia dictates
that doses be lowered such that images of
non-diagnostic quality are often obtained,
leading to misdiagnoses and/or failure to
confirm suspected diagnoses, with concomitant mistreatment of many patients.
THE FALLACY OF APPLYING THE
PRECAUTIONARY PRINCIPLE TO
LOW-DOSE RADIATION

There are those among LNT/ALARA
advocates who grant that LNT-derived
estimates of risk may indeed err on the
high side. But they assert that such overestimates are not harmful and claim instead
that they err on the side of caution – asking rhetorically, “What harm can overestimating risk possibly do?” However, this
particular (mis)application of the precautionary principle is based on a one-sided
self-delusion. It fails to take into account
the more significant actual harms produced by actions of others based on their
falsely believing that LNT-based risk estimates reflect reality.
Among those many harms are the government-enforced evacuations of populations
around Chernobyl (1986) and Fukushima
(2011) – numbering in the hundreds of
thousands of people, who thereby lost
their homes, possessions, communities,
jobs, and self-respect, resulting in untold
numbers of divorces and otherwise broken families, suicides, heart attacks and
strokes, mental illnesses, and alcoholism
[6]. Additionally, frightened patients and
parents who refuse, for themselves or
their children, medically needed CT scans
stand as witnesses to this harm.
The unintended reinforcement of radiophobia, by appealing to ALARA as “prudent,” underlies the far greater iatrogenic
risks in imaging avoidance, non-diagnostic
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CTs, and/or physician-recommended
alternative procedures, including exploratory surgery or anesthesia for longerduration MRIs in children [4].
The recommended criteria of justification and optimization of the International
Commission on Radiological Protection
(ICRP) are similarly one-sided. All medical procedures, including imaging, should
have medical “justification,” but based on
clinical indication, not on radiation exposures that are diagnostically necessary, as
well as harmless. “Optimization” in imaging – for any modality, radiation-related
or not –should be guided only by use
of proper procedures and technical factors needed to ensure that appropriately
calibrated equipment yields diagnostic
images. The problem is radiophobia, not
radiation. A false application of “optimization” is without “justification,” and only
multiplies illnesses, injuries, and deaths.
Thus, the ICRP‘s justification and optimization are mutually contradictory in
medical imaging.
Importantly, LNT and ALARA mask the
dual benefit of radiation-associated imaging [4]: valuable diagnostic information,
as well as reduction in lifetime cancer risk
and increased longevity, the likely health
benefits of low-dose radiation.
CONCLUSION

Medical imaging studies are intended to
achieve a diagnostic purpose and should
be governed by the highest science-based
principles and policies. LNT, from which
ALARA is derived, is a demonstrably
invalid description of the effects of ionizing radiation on humans. Neither errs on
the side of caution. Their advocacy promotes radiophobia, which in turn leads
to actual risks far greater than even the
hypothetical carcinogenic risk that they
purportedly obviate.
The denial that ALARA is based on assumed
low-dose risk defies credulity. Without risk
ALARA would lose its raison d’être. Additionally, there are decades of mounting
evidence of beneficial effect at low doses,
as opposed to the blind assumption and
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extrapolation underlying LNT/ALARA.
Thus, the insistence on low-dosing is nonscientific, despite its espousal by medical
practitioners. Further, imaging’s double
benefits are downplayed or ignored. Therefore, it should be clear that neither LNT
nor ALARA can further the goal of patient
health. Such “dark-ages” policies have no
place in managing imaging’s concerns.
Radiophobia can no longer be ignored
or tolerated: low-dose radiation exposure
associated with medical imaging has no
documented pathway to harm, while LNT
and ALARA most assuredly do. The medical imaging community must recognize
that it is being pushed to pursue non-scientific and soundly discredited practices
that encourage a response prompted by
unwarranted fear, and that such pursuit is
not at all in the best interests of patients or,
for that matter, of doctors.
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Magnetic resonance imaging
By Dr MW Vernooij

Heart Disease Protein Also
Linked to Brain Damage
The serum levels of a protein ( NT-pro
BNP) — already associated with heart
disease — have now been found also
to be linked to early-stage brain damage, according to a recent study [1].

H

eart disease and brain disease exact a major burden on
society, and the incidence of these diseases is expected to
increase significantly due to the rapidly aging population. Damage to both organs often occur at a subclinical stage, or before
signs and symptoms of disease are evident. A marker in the blood
indicative of subclinical heart disease and brain diseases such
as stroke and dementia could speed the initiation of treatments
and lifestyle changes, potentially slowing or even reversing the
disease’s course.
One such promising marker is N-terminal Pro-B-type natriuretic peptide (NT-proBNP), a protein released into the blood in
response to cardiac wall stress. Blood serum levels of NT-proBNP
rise when heart failure worsens and drop when it gets better.
While previous studies have shown a link between heart disease
and brain disease, less is known about the association between
NT-proBNP and the entire spectrum of imaging markers of subclinical brain damage, like brain volume and white matter integrity.
Researchers from the Netherlands recently investigated this association in 2,397 community-dwelling middle-aged and elderly
non-demented people without a clinical diagnosis of heart disease. The patients were drawn from the landmark Rotterdam
Study, an ongoing, population-based study of more than 10,000
people from a suburb of Rotterdam, the Netherlands.
When the researchers compared serum levels of NT-proBNP
with MRI findings, they discovered a clear association between
higher NT-proBNP levels and brain damage.
“We found that higher serum levels of NT-proBNP were associated with smaller brain volumes, in particular with smaller gray
matter volume, and with poorer organization of the brain’s white
matter,” said Dr Meike W. Vernooij, the study’s lead author and
a neuroradiologist at Erasmus MC University Medical Center in
Rotterdam.
The findings imply a close link between the heart and brain even
in presumably healthy individuals, Dr. Vernooij said.
There are several hypotheses to explain the link between cardiac
The Author
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Figure 1. Structural and microstructural MR imaging markers of subclinical
brain damage. The left side of each image corresponds to right side of the
brain. A, T1-weighted image. B, Fluid-attenuated inversion recovery image
shows white matter lesions (arrowhead) and lacunar infarct (arrow). C,
Three-dimensional T2* gradient-echo MR image shows cerebral microbleeds
(arrow). D, Tissue segmentation, with each tissue type represented by a different color. CSF = cerebral spinal fluid, GM = gray matter, WM = white matter.
E, Diffusion-tensor imaging map of fractional anisotropy. F, Diffusion-tensor
imaging map of mean diffusivity.

dysfunction and subclinical brain damage, according to Dr. Vernooij. For instance, decreases in blood flow could lead to cerebral
microvascular damage or problems in the function of the bloodbrain barrier, the network of blood vessels that allow essential
nutrients into the brain while blocking potentially harmful substances. Inflammatory factors associated with cardiac stress could
also harm the barrier, leading to increased permeability and
damage to the brain.
While NT-proBNP is currently used in a clinical setting to rule
out heart failure, it is too early to say if it can play a similar role for
subclinical brain damage, as the new study only looked at people
at one particualr point in time.
“We cannot rule out that the observed subclinical brain damage
led to increased levels of NT-proBNP,” Dr. Vernooij said. “However, from a biological perspective, and based on animal studies,
it is more likely that cardiac dysfunction affects brain changes
rather than vice versa.”
Further research, including follow-up brain MRI studies and
measurements of NT-proBNP, will be needed to clarify the relationship between cardiac dysfunction and subclinical brain disease, the researchers said.
Reference
1. Zonneveld HI, Ikram MA, Hofman A, Niessen WJ, van der Lugt A, Krestin GP, Franco
OH, Vernooij MW. N-Terminal Pro-B-Type Natriuretic Peptide and Subclinical Brain
Damage in the General Population. Radiology. 2016 Dec 7:160548.
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Coronary CT Angiography
By Dr J Karády

Study shows alcohol consumption
has no effect on coronary arteries
Some previous studies have suggested
that light alcohol consumption may
actually reduce the risk for coronary
artery disease (CAD). Now, in a study
presented at the recent RSNA meeting by a group of researchers from
Hungary they have shown that using
coronary computed tomography angiography (CCTA) there was no association
between light to moderate alcohol
consumption and CAD.

D

ata regarding regular alcohol consumption and its
association with the presence of Coronary Artery
Disease, (CAD) remain controversial. In a new study,
researchers looked at alcohol consumption, the type of alcohol consumed, and the presence of coronary plaques using
CCTA.
“CCTA is an excellent diagnostic modality to noninvasively
depict the coronary wall and identify atherosclerotic lesions,”
said study author Júlia Karády, M.D., from the MTA-SE Cardiovascular Imaging Research Group, Heart and Vascular
Center at Semmelweis University in Budapest, Hungary.
“Furthermore, we’re able to characterize plaques and differentiate between several types of plaque. Prior studies used
cardiovascular risk factors—like high cholesterol levels—and
cardiovascular outcomes to study the effects of alcohol, but
our study is unique in that we analyzed both drinkers and
non-drinkers using CCTA, which may shed some light on
how alcohol may or may not contribute to the development
of fatty plaques in the arteries of the heart.”
The researchers studied 1,925 consecutive patients referred
for CCTA with suspected CAD. Information on alcohol consumption habits was collected using questionnaires about
the amount and type of alcohol consumed. Using an inhouse reporting platform that contained the patients’ clinical
and CCTA data, researchers were able to assess the relationship between atherosclerosis, clinical risk factors and patient
drinking habits.
“About 40 percent of our patients reported regular alcohol
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Figure 1. A representative example of coronary CT angiography of a patient
who reported no alcohol consumption (Top panel A) and a patient who reported
moderate alcohol consumption (Bottom panel B). The age and gender matched
patients display the same extent and severity of coronary artery disease.

consumption, with a median of 6.7 alcohol units consumed
weekly,” Dr. Karády said. (One alcohol unit corresponds to
approximately 200 mL of beer, 100mL of wine, or 40mL hard
liquor).
The results showed that the amount of weekly alcohol consumption, whether light or moderate, was not associated
with the presence of CAD. In addition, no associations were
found between different types of alcohol and the presence of
coronary atherosclerosis.
“When we compared alcohol consumption between patients
who had coronary artery plaques and those who had none,
no difference was detected,” Dr. Karády said. “Evaluating the
relationship between light alcohol intake (maximum of 14
units per week) and presence of CAD, we again found no
association. Furthermore, we analyzed the effect of different
types of alcohol (beer, wine and hard liquor) on the presence
of CAD, but no relationship was found.”
Dr. Karády added that while no protective effect was detected
among light drinkers, as previously thought, no harmful
effects were detected either.
The researchers are in the process of expanding their study to
include more patients and perform further analyses.
Independently of whether alcohol has any effect on the coronary arteries, moderate alcohol consumption has been associated with a number of potential side effects, including negative long-term effects on the brain and heart.
Co-authors on this study were Balint Szilveszter, M.D., Zsofia D. Drobni, M.D., Marton
Kolossvary, M.D., Andrea Bartykowszki, M.D., Mihaly Karolyi, M.D., Ph.D., Adam
Jermendy, M.D., Alexisz Panajotu, M.D., Zsolt Bagyura, M.D., Béla Merkely, M.D., Ph.D.,
and Pal Maurovich-Horvat, M.D., Ph.D., M.P.H.
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Pediatric MRI
Successful test of prototype miniature MRI system for pediatrics

T

he Jessop Wing Maternity Hospital in Sheffield, UK
has installed a prototype ‘miniature’ MRI scanner
designed specifically for new born babies. The system
is one of only two of its type in the world The other is
being tested in the United States. The prototype scanner
is one result of a two-year research project into the feasibility and benefits of scanning babies in the neonatal
unit.
Paul Griffiths, Professor of Radiology at the University of Sheffield and Honorary Consultant at Sheffield
Teaching Hospitals NHS Foundation Trust and Martyn
Paley, Professor of MR Physics at the University of Sheffield, have been working on the concept and design of
the scanner for 12 years.
The scanner is considerably smaller than a standard
MRI scanner, which enables it to be placed right inside
the neonatal unit. Thus one advantage of the new system
is that it enables babies to be scanned on the neonatal
unit rather than having to be transported to the main
radiology department elsewhere in the hospital, which

“Ultrasound (left panel) is cheap, portable and convenient, but the position
of the fontanelles means there are some parts of the brain which cannot be
viewed,” Prof Griffiths said. “MRI (right panel) is able to show all of the brain
and the surrounding anatomy, making the images easier to explain to parents.
“From a diagnostic point, the big advantage is that MRI is able to show a wider
range of brain abnormalities, in particular those which result from a lack of
oxygen or blood supply.

change in an unpredictable way. If that happens it is useful to have neo-natal staff who are used to that situation
in such close proximity, which will improve safety. The
MR images themselves provide a more detailed image
and can help provide a more accurate diagnosis. The
motivation to keep going with this project is a belief that
at the end we will have something that is better for babies
with these types of brain problems.”
For research purposes, initially only normal babies were
examined in the new scanner, but now premature babies
are being exanined.
The project is a collaboration between Sheffield Teaching Hospitals NHS Foundation Trust, the University of
Sheffield, GE Healthcare, and the Wellcome Trust.
https://tinyurl.com/Sheffield-mini-MRI

The 3T prototype system in Sheffield, UK .
The system was developed by Prof P Griffiths and Prof. M Paley in collaboration
with GE Healthcare and installed as a research unit for evaluation.

involves the baby being moved in a specially designed
trolley incubator, or via ambulance transfer to another
hospital.
It means that scans can be performed more quickly while
providing more detailed clinical information than a bedside ultrasound scan. The specialist facilities and care
of the neo-natal unit are also close at hand if required.
Professor Griffiths said: “The scanner is much smaller
than a standard scanner which enabled us to get it close
to the neo-natal unit. The idea is to learn how to use
this new scanner to take high-quality images of babies’
brains. So far the quality of the images has got better as
we have gone along.
“Babies, particularly with brain problems, are unstable
– they can stop breathing or their blood pressure can
76
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MRI scans are rarely performed on severely premature babies because the
risks involved in transferring and handling a sick infant can outweigh the
benefits. One advantage of the new system is that it is small enough to be
installed in the neonatal unit, so babies can be scanned without the complication of transfer to a main radiology unit
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TE C H NO LOGY update
Next generation dose
management software

Radiation dose management and
safety are growing concerns as clinicians and health systems strive to comply with new standards related to CT
imaging protocols and dose optimization.
Philips has introduced DoseWise
Portal 2.2 a next generation radiation
dose management software platform
for healthcare providers to record,
track and analyze radiation exposure
to patients and clinicians. The latest
version of DoseWise Portal includes

enhanced connectivity and informatics
capabilities to address key challenges
faced by radiology departments, such
as managing dose exposure to ensure
patient and staff wellbeing and improving integrated access to patient information to deliver data-driven decision
support.
DoseWise 2.2 is a multi-vendor
and multi-modality solution that
collects patient radiation dose data
from X-ray modalities and allows for
enhanced customer data analysis. In
addition to expanded integration with
Philips IntelliSpace PACS, IntelliBridge
Enterprise and vendor neutral thirdparty radiology dictation software,
DoseWise Portal 2.2 also includes:
• Expanded connectivity to Philips
DoseAware products – Compatibility
with DoseAware and DoseAware Xtend
combines patient and staff dose information into a single display for deep
analytics of radiation exposure. The
entire family of DoseAware products
are now compatible with DoseWise
Portal.
•
Customized
user-friendly
Analytics Package – Intuitive user
interface and enhanced “Chart Builder”
charting and graphing functionality
MARCH 2017

simplifies reporting needs and includes
a customizable dashboard and popular
reporting formats.
Philips DoseWise Portal 2.2 integrates with key Philips health IT systems as well as third-party radiology
dictation software to provide radiologists with greater patient information access and data capture for more
informed decision support about dose
management.
Philips
Eindhoven, The Netherlands
www.philips.com

New radiation sensor
for RaySafe X2

Unfors RaySafe, the global leader of
X-ray quality assurance solutions, has
released a new radiation Survey sensor aimed at expanding the company’s
RaySafe X2 X-ray measurement system.
The RaySafe X2 Survey sensor is
the easiest and fastest solution for precise survey measurements in the X-ray
energy range. It is the latest addition to
the company’s continually expanding
RaySafe X2 X-ray measurement system, and adds the ability to perform
leakage and scatter measurements in
diagnostic X-ray applications.

“Our customers will be pleased
to find the simple design they know
from the other RaySafe X2 sensors,
coupled with unprecedented accuracy
and sensitivity,” explained Magnus
Kristofferson, CEO of Unfors RaySafe.
“We’re proud to expand the quality
assurance sensor portfolio.”
Unlike a pressurized ion-chamber,
the RaySafe X2 Survey sensor is silicon-based, making it possible to ship
without any special considerations or
arrangements. The Survey sensor also
has two trigger modes: manual and
D I
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automatic. These modes allow the
sensor to capture low dose-rate measurements in an X-ray machine’s primary beam. Another unique feature
is its ability to switch energy response
between Air Kerma (Gy or R) and
Ambient Dose Equivalent (Sv).
The RaySafe X2 sensors are specifically designed to minimize the
need for user interaction. Other sensors in the RaySafe X2 Measurement
System include: R/F, MAM, CT and
Light.
Unfors RaySafe
Everett, Wash, USA
www.raysafe.com

Image management
workflow across
disparate PACS systems
Vital Images, the Minneapolisbased advanced medical imaging and
informatics company has recently
announced the introduction of Vitrea
VNA Connect Deployment, a system
which allows a hospital-based PACS

system to recognize relevant comparisons in other non-affiliated image locations such as a regional repository or
disparate PACS system. The technology
allows for either ad-hoc or automated
query retrieves of patient images, and
localizes the metadata to the format
used by the requesting PACS.
“The Vitrea VNA connect deployment builds on our concept of providing a seamless, longitudinal patient
image record through federation without requiring an expensive ‘big bang’
migration,” said Mike LaChance, VP of
Enterprise Solutions at Vital Images.
Vital Images
Minnetonka, MN, USA
www.vitalimages.com
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TECHNOLOGY update
App-based, pocket-sized dual-probe
ultrasound

As part of its strategy to bring ultrasound care into
every setting in any environment around the globe, GE
Healthcare has unveiled its new generation of pocketsized, dual-probe ultrasound, the Vscan Extend. From
the hospital and ambulance to more rural environments, Vscan Extend uses incredible image quality and
wireless connectivity to help users increase clinical
confidence and improve patient care.

ultrasound users to help improve patient care as well
as being able to reach new and emerging users around
the world.”
With today’s increasing patient volumes and need
for care both inside and outside hospitals, Vscan Extend
helps adapt to new challenges with the combination of
portability and high-quality. Currently, Vscan Extend is
commercially available in Europe; it will also be available in the United States shortly.
GE Healthcare
Little Chalfont, Bucks, UK
www3.gehealthcare.com

Double Sliding C-Arm for fast
3D imaging

“Vscan Extend completely changes the game in how
we are able to use ultrasound both inside and outside
hospitals,” said Dr. Guy Lloyd, Clinical Cardiologist and
Lead for Echocardiography at Barts Heart Centre in
London. “For the first time on handheld ultrasounds,
we can pre-populate the device with images thanks
to the DICOM integration, which then cascades the
images through PACS, enabling seamless collaboration with colleagues in our hospital system. As a result,
we are able to provide rapid diagnostics to patients,
increase efficiency, and save on cost.”
The new product offers an intuitive touch screen
and weighs just 406 grams. Building on the success of
GE Healthcare’s previous pocket-sized ultrasounds, the
Vscan Extend offers smooth integration with hospitals’
DICOM systems to complement existing documentation and reporting solutions along with cloud-based
image storage and communication.
The new product is GE’s first ultrasound system to
leverage the GE Marketplace system that offers applications with a range of capabilities, such as assessing
heart failure patients, measuring bladder volume, and
offering cloud-based image communication. Vscan
Extend comes with high level data security standards
ensuring encrypted data both at rest and on the move.
“Clinicians benefit from immediate and simple
access to medical imaging and care for their patients,”
said Rob Walton, General Manager of Primary Care
Ultrasound for GE Healthcare. “The Vscan Extend provides this expanded care, and will enable traditional

MARCH 2017
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With the launch of Toshiba Medical’s InfinixTM-i
Sky + new system, interventional labs now have an
imaging system that can provide even more flexibility
and perform a wider array of procedures . The ceiling mounted system features a “double C-arm” that
allows the C-arm to be positioned in more ways to
help clinicians increase coverage, speed and patient
access. The unique C-arm design delivers numerous
clinical benefits to interventional radiologists and vascular surgeons. The system’s “ 3D Imaging anywhere”
possibilities mean that with 210 degrees of anatomical
coverage on both the right and left side of the patient,
and a high speed 3D rotation of 80 degrees per second,
the system can deliver 3D imaging anywhere. The sys-

tem can image over or under the table since it is capable
of having its C-arm in a lateral position over or under
the table, enabling clinicians to prioritize versatility
and safety, particularly in a sterile OR environment.
By allowing the flat panel detector to be positioned
above or below the patient, the system offers increased
flexibility for procedures that require additional space,
including long needle biopsies, aspirations and vertebroplasty. The double sliding C-arm system mechanics supports low contrast imaging from the head-end
or either side of the patient. With the new system,

E U R O P E
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ensuring positioning is never a hassle
for clinicians since the system’s Access
Halo offers 270-degree C-arm rotation
that allows for easy head-end access.
In addition, the Infinix-i Sky
+ incorporates an extensive set of
industry-leading automated and userselectable dose management tools,
designed to help clinicians minimize
X-ray exposure. This includes technology such as the Dose Tracking System
that estimates peak skin dose exposure
in real time.
“The truth is, Toshiba has always
provided customers with a great angiography system, but this new double
sliding C-arm offers premium flexibility to support clinicians in performing a wide range of procedures,” said
a Toshiba spokesman. “The Infinix-i
Sky + allows clinicians to move the
C-arm around the patient, rather than
the other way around, and the development of 3D imaging anywhere demonstrates Toshiba’s understanding of
our customers’ clinical needs for high
quality imaging that doesn’t sacrifice
efficiency or safety.”
Toshiba Medical Systems
Europe
Zoetermeer,The
Netherlands	
www.toshiba-medical.eu

Advanced Ultrasound

WS80A with Elite is designed to
create a new possibility for ultrasound
diagnosis adopting new dimension

82

that you have never seen before.
The finest image quality, advanced
5D diagnostic solution and innovative
rendering technology all help to facilitate decision-making.
The system’s hybrid imaging
engine combines optimal 2D and color
image quality with a fast frame rate
to capacitate powerful data processing and noise reduction capabilities.
This new harmonic technology makes
a clearer image - near to far. Reducing
signal noise, S-Harmonic provides
more uniform ultrasound images.
Virtually eliminates unwanted speckle
noise, providing excellent contrast resolution with enhanced edge definition
for unsurpassed image clarity.
Consistent image quality is obtained
from a large range of advanced transducers
The 5D total solutions of WS80A
with Elite are dedicated to supporting
accurate diagnosis with simple operation.
Samsung
Seoul Korea
www.samsungmedison.com

Implantable cardioverter
defibrillators with MRI
Detection possibility

BIOTRONIK’s ProMRI technology
enables patients with a pacemaker,
implantable defibrillator, cardiac
monitor, or cardiac resynchronization
therapy defibrillator (CRT-D) or pacemaker (CRT-P) to undergo an MRI
scan.
Devices with MRI AutoDetect have
the additional capability of automatically recognizing an MR environment
within a programmable time window,
switching on the device’s MRI mode
for only as long as is required to complete the scan, about 30 minutes..
Now, the recently launched
BIOTRONIK’s Ilivia implantable cardioverter defibrillators (ICDs), are
available; they not only feature the
company’s ProMRI technology, and
its exclusive, award-winning MRI
AutoDetect function for enhanced
patient safety.
BIOTRONIK already offers the
world’s largest choice of ProMRI
cardiac devices, and the new MRI
AutoDetect feature improves ICD
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patient safety. Once activated, the
smart function automatically recognizes when the patient is in an MRI
environment. It then switches itself
to MRI mode, and switches back to
normal functionality when MRI fields
are no longer detected. This potentially life-saving feature substantially
reduces the length of time that Ilivia
patients are left without full ICD
therapy—a crucial advantage given
that a dangerous cardiac arrhythmia
requiring defibrillation can occur at
any time.

This is an improvement over
the current situation, in which ICD
patients undergoing MRIs visit their
cardiologist who programs the device
into MRI mode, temporarily reducing
its functionality. Following the scan, the
cardiologist must program the device
back to a non-MRI mode. The length
of time this takes can vary after the
MRI scan is completed. But with MRI
AutoDetect, this window is reduced to
only the duration of the scan itself.
“It’s only recently that MRI conditional
devices have become the gold standard in Cardiac Implantable Electronic
Devices (CIEDs). These devices have
seen continuous improvements, with
the latest being the MRI AutoDetect
function in Ilivia ICDs,” commented
Dr. Shigetaka Kanda Tokai University
Hospital, Tokyo, Japan. “The new function reduces the length of time a device
is in MRI mode which is particularly
beneficial for ICD patients as device
therapy is disabled during this time.
Thus the feature can improve patient
safety and potentially save lives.”
Biotronik
Berlin Germany
www.biotronik.com
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21st Liver Imaging Workshop in Hamburg, Germany
October 5 – 6, 2017
MR imaging of Rectal Cancer Workshop in Amsterdam,
The Netherlands
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26th CT Colonography Workshop in Turin, Italy
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27th CT Colonography Workshop in London, United Kingdom
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LEADERS IN ONCOLOGIC
INTERVENTIONS
Preliminary
Programme
N OW
ONLINE!

C RSE

Cardiovascular and Interventional Radiological Society of Europe

TECHNOLOGY update

High quality 1.5T MRI scanner
In order to help its imaging customers become more competitive, Siemens Healthineers has introduced a new and particularly cost-efficient MRI scanner. Thanks to low operating
costs, innovative technologies, and an integrated service concept, the 1.5 Tesla Magnetom Sempra1 MRI scanner will allow
radiological practices and groups, as well as small and mediumsized hospitals to work profitably despite growing cost pressure in the industry. Additionally, its standardized workflows
help institutions achieve consistent, user-independent quality.
“With Magnetom Sempra, we’re helping our customers keep
pace with the market trend toward standardized healthcare,
and to achieve better results at a lower cost of ownership,”
saidDr Christoph Zindel, Senior VP of the MR Business Line at
Siemens Healthineers.

quality – something that was often not possible in the past. The
software platform also includes Quiet Suite technology, which
reduces the sound pressure during an MRI scan. Optimized
gradient switching can reduce sound pressure by up to 97%2
in brain and musculoskeletal exams whikle still maintaining
comparable image quality. This is especially beneficial for anxious patients and provides a more positive patient experience
during MRI exams. Intelligent sequences also reduce the scan
duration. The system can achieve the necessary high image
quality with just short breath-hold times, which means patients
who have shortness of breath can now also be scanned.
Financial reliability with cost-effective technologies

The new highly efficient MRI scanner can increase productivity, while also reducing running costs. Ten minute
exams with time- and image-optimized protocols cover most
commonly scanned body parts. For example, a complete
brain scan with the Magnetom Sempra takes just ten minutes – from positioning the patient on the table to finishing
the examination. This will help both practices and hospitals
operate profitably despite increasing financial pressure from
cuts to scan reimbursement rates. The embedded Siemens
Healthineers Connect Plan gives providers financial certainty
and lowers total cost of ownership by delivering remote service, and ensures higher uptime.

The 1.5 Tesla Magnetom Sempra MRI scanner allows radiological practices and
groups, as well as small and medium-sized hospitals to work profitably despite
growing cost pressure in the industry.

Achieving consistent MRI results, especially for follow-up
examinations, is of utmost importance for radiology providers. However, high levels of staff turnover and very diverse
patient populations can both have an equally negative impact
on the quality of the results. With the MRI imaging software
DotGO, Magnetom Sempra users can react flexibly to each
case and to the condition of the individual patient, while
standardizing the exam at the same time. Special technologies for examining the brain, spine, and large joints, known
as Dot engines that automate and streamline the workflow,
are included with the scanner as standard for the first time.
They cover around three-quarters of the average examination
volume, and help users increase productivity and avoid having to unnecessarily repeat scans.
Fewer artifacts and less noise

Given the competitive pressure in the healthcare industry and the rise in quality demands, clinical differentiation
is becoming increasingly important for radiology providers.
Magnetom Sempra features innovative applications that open
up new possibilities for responding to these needs. Now, it is
possible to scan in the presence of MR safe metallic implants
with better visualization of soft tissue surrounding the implant
and even patients with knee implants can be scanned with high

MARCH 2017
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The new Magnetom Sempra includes trendsetting applications to address patient groups
previously excluded from MRI examinations, e.g. Advanced WARP for scanning patients
with MR safe metallic implants. Advanced WARP (left photo) is able to greatly reduce
artifacts due to metallic implant as seen in standard proton density scan (right). This
allows better visualization of soft tissue surrounding the implant.

In order to reduce overall operating costs, Magnetom
Sempra is equipped with Eco-Power technology, which monitors and controls the state of the helium used to cool the magnet. In stand-by mode, Eco-Power monitors the helium cycle
and controls the cooling and re-liquefaction of the helium
more efficiently. This can reduce energy consumption by up
to 30 percent in stand-by mode – compared to running the
scanner without this technology. A supplementary feature,
Zero Helium boil-off technology, prevents the helium from
evaporating. This means operators can avoid expensive gas
refills, and the downtimes they would otherwuse require.
Siemens Healthineers
Erlangen, Germany
www.siemens.com
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DICOM images stored and shared in
the cloud in original quality

The German company OR Technology has introduced ORCA (OR Technology Cloud Archiving), a
DICOM cloud for medical practitioners. ORCA is a
custom cloud solution for storing medical documents,
including DICOM images and reports, and sharing
them with multiple distribution groups. The images
can be viewed with any device with an Internet connection.
ORCA delivers many advantages to make every day
work in hospitals and private practices easier, cheaper
and more efficient: Data backup in the cloud is no longer
a problem. DICOM images and documents can be pro-

vided electronically, using the highest security standards,
so patients’ CDs are no longer needed. If a second opinion report is required, this can be conveniently requested
via the ORCA functions. Images and documents are
accessible at any time from all mobile and stationary
devices with an Internet connection. The ORCA cloud
offers two applications: ORCA Archive and ORCA Share.
(The latter ORCA share is available for free testing and
evaluation). “Today’s high data transmission rates make
remotely hosted services, ranging from complete collections of servers to simple image backups, increasingly
attractive. From now on we offer these capabilities to
our partners and customers for use in the medical workplace”, explained Bernd Oehm, Managing Director for
Sales and Marketing at OR Technology.
OR Technology,
Rostock, Germany
www.or-technology.com

Innovations in mobile digital radiography

FUJIFILM Medical Systems, a leading provider of
diagnostic imaging products and medical informatics
solutions, has introduced FDR AQRO, a complete digital
radiography system that combines advanced dose-saving
features in detector engineering with an ultra-lightweight
point-of-care mini mobile cart.
“Once again, Fujifilm is revolutionizing the ease of
access to mobile digital radiography,” said a Fuji spokesman “FDR AQRO combines all of Fujifilm’s proven
advances in digital radiography into a compact integrated design providing easy access to digital imaging for
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dedicated, in department uses such as critical care, NICU,
and private practices.”
FDR AQRO combines all the elements necessary to
maximize maneuverability, generate high-resolution
images, and deliver low patient dose in a variety of pointof-care settings. The system offers the low dose acquisition capabilities of Fujifilm’s FDR D-EVO II, ISS and
noise reduction circuitry, combined with Virtual Grid
image processing software which allows acquisition of
images without a physical grid —reducing dose techniques by as much as 50%. FDR AQRO is equipped with
an exclusive Fujifilm engineered mini generator, a compact tube head incorporated onto an ultra-lightweight,
durable mini mobile cart. Additional features include
an integrated touchscreen and x-ray control panel that
articulates and swivels for easy viewing from any angle
and can run up to 12 hours on its lithium batteries or
plugged into wall power. FDR AQRO also has Fujifilm’s
Hydro AG antibacterial silver ion coating on its primary
surfaces for enhanced protection against possible bacterial contamination.

Fujifilm has also introduced updates for its FDR
Go product, which is a full-featured system in a compact design, and is particularly appreciated for the way
it smoothly and speedily travels with the technologist
throughout the hospital, on one of the world’s quietest
and most agile mobile x-ray platforms. FDR Go integrates
with both FDR D-EVO II and FDR D-EVO digital detectors and the full featured FDX Console easy-to-use workstation designed to simplify exams. The latest FDR Go
includes new workstation software with automated keypad display, quick start, enhanced Virtual Grid (option)
and Dynamic Visualization II3 image processing. Other
new features include a larger 17” display, built in storage
for wipes, detector bagging holder slot, a smart wake from
standby and smart charging enhancements.
Fujifilm
Tokyo, Japan
www.fujifilm.com
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6 MP monitor with new functionality for
improved efficiency in reading rooms
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The RadiForce RX660 comes equipped with EIZO’s
unique Sharpness Recovery technology which restores
sharpness that is typically lost due to high brightness
requirements of medical monitors. This ensures the screen
displays images with a level of clarity that is true to the
source data.
EIZO Corporation
Ishikawa Japan
www.eizoglobal.com

EIZO has released the RadiForce RX660, a 30-inch 6
megapixel monitor ideal for multi-modality applications.
It is the successor model to the RadiForce RX650 and
features new functionality for improving reading room
efficiency. The RadiForce RX660 is equipped with EIZO’s
original space and time saving function called Workand-Flow which is included with the bundled RadiCS
LE software. Work-and-Flow allows radiologists to easily
show or hide a PinP (Picture in Picture) window allowing
them to view two separate video inputs within a single
monitor. This is ideal for eliminating a monitor that is

Ultrasound platform gives
high quality images even in
difficult-to-scan patients

viewed infrequently – such as examination lists – and is
easily operated by moving the cursor to the corner of the
monitor. Additionally, with Work-and-Flow, USB switching is done within the monitor so users can work on
multiple PCs using only one mouse and keyboard. Users
simply move the cursor across the screens to quickly start
working on another PC. With these two functions, Workand-Flow provides quick and easy information referencing and a barrier-free workstyle.
Compared to its predecessor, the RadiForce RX660 has a
slimmer, more compact housing for a more efficient workspace. The monitor’s width and depth have been reduced by
9.5 mm and 56.5 mm respectively. In addition, the size of
the power supply has been greatly reduced and now comes
built into the monitor. This results in a monitor that takes
up 23% less space, giving radiologists more room for other
tasks. For ease of installation, it is also 6 kg lighter than the
previous model
The monitor is equipped with DisplayPort 1.2 input and
output terminals which means that 6 megapixel resolution
can be achieved using a single cable. The output terminal
can then be used to attach additional monitors in a daisy
chain sequence, thus removing the hassle of excess cables.
The 6 megapixel screen provides ample space for displaying numerous applications at once, making it an effective replacement for a dual 3 megapixel monitor setup.
Healthcare professionals can conveniently view images
side-by-side without the obtrusive bezels typically found
in a multi-monitor environment.

“The MyLab Eight Platform is the result of Esaote ‘s
effort in developing a system whose main characteristics are focused on wide-ranging diagnostic capability,
completeness of tools, use flexibility and configuration
modularity to properly meet today’s most demanding
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Esaote, the Italy-based company which is a world leader
in the manufacture of diagnostic ultrasound systems and
probes has launched its flagship ultrasound platform, the
MyLab 8 system which defines a new standard in image
quality to guarantee confident diagnosis. The new product
is the culmination of the company’s commitment to R&D
efforts designed to meet the increasing demands of modern
healthcare in terms of outstanding image quality and ease
of use.
The new system incorporates the company’s eMPowered Engine to optimize high-density single crystal transducers so that images can be captured deeper in the
body with unprecedented quality even in difficult-toscan patients. The new WideView visualization technology offers sharp diagnostic image clarity with enhanced
spatial and contrast resolution. With high-frequency
imaging, advanced hemodynamic evaluation tools such
as XFlow and HD CFM, and a complete portfolio of
probes, Esaote offers solutions covering Radiology,
Cardiovascular, Obstetrics and Gynecology as well as
Interventional and Surgery.
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ultrasound clinical needs”, said
Leonardo Forzoni, Esaote’s Clinical
Marketing Manager for Ultrasound.
“This has been achieved through the
development of our empowered platform and a full portfolio of new technologies, such as high-density single
crystal transducers together with
WideView high definition IPS visualization technology. Thus enhancing image quality and related clinical
information”.
From the point of view of the
operator, Esaote’s focus on the prevention of work-related musculoskeletal disorders is a common feature
in the company’s approach to design.
This is exemplified in the awardwinning appleprobe transducers to
MyLabRemote, the remote system
user interface App that allows MyLab
Eight Platform to be controlled via
a smartphone or tablet. The touchscreen-based workflow offers intuitive commands so that the system can
be easily operated in any scanning
condition. Wireless and wired connectivity offer numerous data saving and transmission options. A full
assortment of advanced tools, including QElaXto shear wave quantitative elastography, Virtual Navigator
real-time Fusion Imaging, RF-based
QIMT, QAS arterial stiffness quantification, CnTITM contrast enhanced
ultrasound, and many more, make
MyLabEight Platform a unique solution for everyday clinical needs and
the most demanding research activity.
Massimo Rosa, Esaote’s Chief
Global Marketing Officer said “The
economic situation today in most
countries, as well as budget reforms,
have impacted on all healthcare purchasing processes. Financial constraints and increase in average life
expectancy in the population at large
are opposing factors in healthcare
economics. To help in this dilemma,
Esaote has put all its strength into
developing MyLabEight Platform in
order to give our customers a valuable
solution in terms of premium diagnostic capabilities and clinical efficacy in order to respond effectively to
healthcare needs and challenges”.
Esaote,
Genoa,Italy
www.esaote.com
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Cassette-type High
Resolution Digital X-ray
System
An extremely high-definition wireless
portable DR system , the AeroDR HD from
Konica Minolta is the new flagship model
of the company’s AeroDR series that is
ideal for use in a wider range of environments, including at the patient’s bedside, in
ICUs, emergency departments and operating rooms as well as radiography rooms.
In recent years, governments in many
countries, especially those in developed
countries have introduced initiatives
designed to accelerate the digitization of
medical processes for more effective sharing of medical information. In response to
these challenges, Konica Minolta aims to
offer new functional diagnosis solutions
to further contribute to the digitization
of diagnostic imaging in more medical
areas, thereby enhancing diagnostic and
therapeutic efficiency and reducing medical costs.
For example, in Japan, against the backdrop of increasing medical costs and an
aging population, primary care provided
by family doctors and at home is taking
on greater importance. Konica Minolta
believes that the new diagnostic imaging
system, AeroDR HD, will deliver high clinical value to the primary care area and help
facilitate early detection of disease.
With a sensor panel sampling pitch
(pixel size) of 100 μm, the AeroDR HD
delivers outstanding resolution that is
among the highest in the world. For example, this allows orthopedists to capture far
clearer images of fine structures such as
the bone of a finger even when enlarged,
thus contributing to enhanced diagnostic
accuracy.
With its high efficiency in detecting
X-ray photons and wider dynamic range,
the AeroDR series enables users to capture high-quality images at approximately
half the dose compared to conventional
film-based radiography and CR Studies
have shown that the AeroDR HD can
reduce dose by 62% compared to CR.
This model is powered by a lithium-ion
capacitor, which is safer than a lithiumion rechargeable battery and has no risk
of catching fire.
The AeroDR HD has inherited the high
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When taking X-rays at a patinet’s bedside the
technologist usually holds the patient with one
hand and handles the cassette-type DR with the
other hand, so the system must be light enough
for the technologists to be able to handle it with
ease. The AeroDR HD weighs only 2.6 kg

operational efficiency of the AeroDR series,
of which more than 10,000 units have been
sold worldwide during the five years since
its introduction.
When taking X-rays at a patient’s bedside, the technologist usually holds the
patient with one hand and operates the
machine with the other hand, meaning the
X-ray system must be light enough for
the technologists to be able to handle it
with ease. The AeroDR HD weighs only
2.6 kg and so is one of the lightest cassettetype DRs. The cassette is provided with a
recess along the peripheral edge of the rear
surface, which allows the radiography technologist to hold the detector body securely
with one hand by putting their fingers in
the recess. This can also eliminate a risk
of the machine falling accidentally, reduce
the burden on the arm of the holder, and
enhance the efficiency of radiographic
images being taken.
The AeroDR HD is also characterized
by enhanced durability in terms of load
resistance a wider range of settings, including operating rooms, emergency departments, and disaster-stricken areas, in addition to radiography rooms.
Konica Minolta
Tokyo , Japan
www.konicaminolta.eu/healthcare
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Enhanced neurological diagnosis
in advanced visual analysis and quantification platform
Philips has announced the introduction of IntelliSpace Portal
9.0, the latest edition of its comprehensive, advanced visual analysis and quantification platform. Featuring a suite of multimodality functions and expanded neurological tools, IntelliSpace
Portal 9.0 helps radiologists detect, diagnose and follow-up on
treatment of diseases, while using new machine learning capabilities to support the physician. The solution addresses radiologists’ needs for tools to better support the growing group
of patients with brain injuries and neurological disorders such
as dementia, strokes, amyotrophic lateral sclerosis (ALS) and
multiple sclerosis (MS).

In addition to enhancements in areas such as CT Brain
Perfusion and MR T2 Perfusion IntelliSpace Portal 9.0 will
offer Longitudinal Brain Imaging (LoBI), an application for
neuro reading to support the evaluation of neurological disorders over time so clinicians can monitor disease progression. Another feature is the inclusion of the NeuroQuant
measurement application which enables clinicians to quantify brain volume loss. “As the rates of dementia and neurodegeneration rise, neuroradiologists need advanced tools
to help referring physicians treat these challenging cases,”
said Prof. Leo Wolansky, of Cleveland Medical Center in the
United States. With more than 70 applications and enhancements of many of the core applications, IntelliSpace Portal
9.0 is a single platform for visual analysis and quantification that spans clinical domains within radiology, including

5MP LED system for Multi-modality Imaging

Designed to meet the everchanging demands in the reading
room allowing for multi-modality
reads including mammography,
the new 5MP Color LED for multimodality imaging from Double
Black Imaging is the latest in the
company’s full line of LED Autocalibrating with X-CAL Calibration
software. The N-Series LED backlit
line consists of a 2MP Monochrome
and High-Bright Color, a 3MP
Monochrome and High-Bright
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neurology, oncology, and cardiology. The platform offers
improved advanced 3D rendering and refined STL export
that enable clinicians to print 3D models with high-levels of
detail and resolution, to help understand the anatomy.
The new system also includes enhancements to a host of
core applications from MR Cardiac Analysis to CT TAVI planning, and System enhancements.
“Radiology has a unique ability to influence and improve
outcomes, and intelligent tools enable us to empower radiologists with the right information,” said Yair Briman, Senior Vice
President and General Manager of Healthcare IT for Philips.
“With advances in machine learning, IntelliSpace Portal 9.0 will
now be able to continually learn the usage patterns of users to
enhance the important daily functions of a radiologist such
as pre-preprocessing of images, encouraging faster and more
streamlined diagnosis.”
IntelliSpace Portal 9.0 offers multimodality clinical applications that can be accessed from any point of the hospital network.
The solution can also integrate with typical PACS and hospital information systems to allow for information to be shared
broadly, helping drive collaboration across the network. With the
enterprise scalability of IntelliSpace Portal 9.0, neurologists can
access the power of advanced analysis virtually anywhere across
their organization while maintaining consistent applications and
user preferences.
Other features include:
MR Cardiac Enhancements . Facilitates easy visual scoring
in various examination contexts. The package enables comprehensive functional volumetric analysis. Enhancements to
the package include Whole Heart STL export for 3D printing,
and enhanced workflow and batch tools.
CT Spectral Applications . Philips IntelliSpace Portal
Spectral Diagnostic suite of clinical applications has been
optimized for the viewing and analysis of spectral data sets
from the IQon Spectral CT scanner. The application can be
accessed virtually anywhere in the enterprise.
Philips Healthcare
Eindhoven, The Netherlands
www.philips.com
Color, 6MP High-Bright Color, a 5MP Monochrome and
Color LED for Mammography. The new line features a thinner, sleeker footprint, higher brightness levels on each LCD,
Digital uniformity Control, 14-Bit processing, embedded front
sensor for true DICOM calibration, a backlight sensor for
luminance control and Display Port connectivity. The company bundles these LCDs with a high speed graphic controller
as well as X-CALcalibration software.
Double Black Imaging also carries a full line of slinical displays, surgical displays and DICOMetrix PACS Performance
Dashboard software.
Double Black Imaging
Westminster, CO, USA
www. doubleblackimaging.com
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