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Radiology — a profession of paradoxes

T

he statistics of the growth in
the numbers of radiological
examinations being carried
out nowadays are implacable
— over the last few decades there
has been a steady annual increase in
such procedures, an increase which
is spread, to varying extents, over
all scanning modalities, ranging
from straightforward X-ray through
CT, MRI, ultrasound to nuclear and
molecular imaging. In one particular
sub-field, namely that of pediatric CT,
there may be just a suggestion that the
otherwise inexorable growth trend in
the number of radiology examinations is being bucked. A recent study
in one group of US pediatric hospitals
(Parker MW, Shah SS, Hall M, Fieldston
ES, Coley BD, Morse RB Computed
Tomography and Shifts to Alternate
Imaging Modalities in Hospitalized
Children. Pediatrics. 2015 Aug 24. pii:
peds.2015-0995) showed that, although
there still was a steady increase in
the total number of imaging studies
carried out on children, for several
pediatric diagnostic-related groups the
number of CT examinations was actually declining. One explanation for this
is that the incessant banging of the
drum through many campaigns such
as “Image Gently” about the dangers of
ionizing radiation in children is finally
bearing fruit. It is still too soon to see
whether there is any similar trend in
the number of adult CTs. However this
mini-trend should not be interpreted
as a sea-change in overall radiology
trends. On the contrary, it should be
remebered that in the study by Parker
et al., overall the number of imaging
examinations still rose. Even if pediatric CT was declining, this wasn’t due
to fewer overall exams being carried
out; instead CT was being replaced by
alternative imaging modalities.
From the point of view of the effect
of this growth curve on the radiologist’s workload, it is the increase in
the number of cross-sectional imaging
studies (i.e. CT or MRI) being carried out that has the biggest impact.
By definition the three-dimensional
nature of these modalities means that
radiologists are spending more and
more time in reading the images. A
recent study highlights just how dramatic is the impact of such an increase
D I
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in workload (McDonald RJ, Schwartz
KM, Eckel LJ, Diehn FE, Hunt CH,
Bartholmai BJ, Erickson BJ, Kallmes DF
The Effects of Changes in Utilization
and Technological Advancements
of Cross-Sectional Imaging on
Radiologist Workload. Acad Radiol.
2015 Sep;22(9):1191-8). A group of
researchers from the Mayo Clinic analyzed the statistics at their institution
on the use of cross-sectional imaging
over the last decade and found that the
combined numbers of CT and MRI
carried out over this period doubled
but that, over the same period, the
number of individual images being
interpreted increased no less than
ten-fold. This translated into the average radiologist at the Mayo Clinic
interpreting CT or MRI examinations
being required to interpret one image
every 3-4 seconds in an 8-hour workday to meet workload demands !
Therein lies the central paradox
of the radiology profession. On the
one hand the central and flourishing role played by imaging in nearly
all medical disciplines is indisputable, yet on the other hand for the
average radiologist “in the trenches”
there are growing numbers of admittedly anecdotal stories of burn-out.
In itself this is not surprising given
the workloads involved; however even
worse are the reports of declining job
satisfaction, with ever-diminishing
contact between radiologists and the
end-patient and the growing feeling
that the role of the radiologist is being
reduced to that of a simple provider
of images and legally required official
reports.
By and large the radiology professional bodies are aware of this general
issue confronting their members —
especially radiologists at the beginning
of their career — and try valiantly
to improve the situation, for example
through encouraging radiologists to
take part in multi-disciplinary teams
(MDT) in fields such as oncology.
While MDT meetings undoubtedly
provide a forum for radiologists to
contribute more to the overall clinicaldecision making process, frequently
the time spent by radiologists in MDTs
just means that there is a bigger backlog of work awaiting in the reading
station. Yet another paradox. n
3
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Large statistical study suggests
that detecting more small cancers
in screening mammography is
overdiagnosis

The association of screening mammography with
breast cancer incidence and mortality is currently a subject of active debate. The fact that screening mammography rates vary considerably by location in the United
States, provides a natural opportunity to study such associations in that country. The results of a huge ecological
study with the objective of studying the results of screening mammography and involving more than 16 million
women in the United States have just been published
(Harding C et al. Breast Cancer Screening, Incidence,
and Mortality Across US Counties.JAMA Intern Med.
2015. doi: 10.1001/jamainternmed. 2015.3043). It was
found that screening mammography was associated with
increased diagnosis of small cancers but not with significant changes in breast cancer deaths or a decreased
incidence of larger breast cancers. The researchers suggest that these results suggest significant overdiagnosis,
The goal of screening mammography is to reduce breast
cancer death by detecting and treating cancer early in the
course of the disease. If screening detects tumors early, the
diagnosis of smaller and more treatable cancers should
increase, while the diagnosis of larger and less treatable cancers should decrease. However, there are increasing concerns
that the screening process unintentionally leads to overdiagnosis by identifying small, indolent or regressive tumors that
would not otherwise become clinically apparent.
Dr R Wilson of Harvard University and coauthors carried
out their ecological study of 16 million women aged 40 and
older who lived in 547 U.S. counties reporting to American
Surveillance, Epidemiology and End Results (SEER) cancer
registries during the year 2000. Of these women, 53,207 were
diagnosed with breast cancer that year and followed up for
the next 10 years.
The authors examined the extent of screening in each
county and measured breast cancer incidence in 2000 and
incidence-based breast cancer death during the 10-year followup, with incidence and mortality calculated for each county.
SEPTEMBER 2015
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The authors found that across counties there was a correlation between the extent of screening and breast cancer
incidence but not with breast cancer mortality. An increase
of 10 percentage points in the extent of screening was associated with 16 percent more breast cancer diagnoses but not
significant change in breast cancer deaths.
More screening was also associated with increased incidence of small breast cancers of 2 centimeters or less but
not with a decreased incidence of larger breast cancers. An
increase of 10 percentage points in screening was associated
with a 25 percent increase in the incidence of small breast
cancers and a 7 percent increase in the incidence of larger
breast cancers.
Across U.S. counties, the data show that the extent
of screening mammography is indeed associated with
an increased incidence of small cancers but not with
decreased incidence of larger cancers or significant differences in mortality. The simplest explanation of these
data is widespread overdiagnosis, which increases the
incidence of small cancers without changing mortality,
and therefore matches every feature of the observed
data. However, the authors note that it behoves clinicians to be wary of ecological studies because of the
problem of ecological fallacy, which is the making of
inferences about individuals from group data in statistical analyses because individuals may not possess those
characteristics. Ecological studies provide no information as to whether the people who were actually exposed
to the intervention were the same people who developed
the disease, whether the exposure or the onset of disease
came first, or whether there are other explanations for
the observed association.
“As is the case with screening in general, the balance
of benefits and harms is likely to be most favorable when
screening is directed to those at high risk, provided neither
too frequently nor too rarely, and sometimes followed by
watchful waiting instead of immediate active treatment,” the
study concludes.
http://tinyurl.com/Harding-et-al-paper

DNA damage seen in patients
undergoing cardiac CT angiography
scanning
Along with the burgeoning use of advanced medical
imaging tests (particularly CT) over the past decade
have come rising public health concerns about possible links between low-dose radiation and cancer. The
worry is that increased radiation exposure from such
diagnostic imaging procedures as CT scans can damage DNA and create mutations that spur cells to grow
into tumors. A new study (Nguyen PK et al. Assessment of
the Radiation Effects of Cardiac CT Angiography Using Protein
and Genetic Biomarkers JACC Cardiovasc Imaging. 2015; 8:
873. doi: 10.1016/j.jcmg.2015.04.016. ) indicates that DNA
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cellular damage is
detectable in patients
after the scans Using
new
laborator y
technology, scientists at the Stanford
University School
of Medicine have
shown that cellular
damage is detectable
in patients after CT
scanning. (A CT scan
can expose patients
to at least 150 times
the amount of radiation from a single
chest X-ray. In 2007,
the National Cancer
Institute
in
the
United States estimated that 29,000
future cancer cases
could be attributed to the 72 million CT scans performed in the US that year.
“We now know that even exposure to small amounts
of radiation from CT is associated with cellular damage,” said Dr P Nguyen, one of the lead authors of the
study. “Whether or not this causes cancer is still not clear,
but these results should encourage physicians to adopt
dose reduction strategies.” The use of medical imaging
for heart disease has exploded in the past decade,” said
Joseph Wu, MD, senior author of the study. “These exams
expose patients to a nontrivial amount of low-dose radiation. But nobody really knows exactly what this low-dose
radiation does to the patient. We now have the technology
that allows us to look at very subtle, cell-level changes.”
Researchers examined the blood of 67 patients undergoing cardiac CT angiograms. Using techniques such as
whole-genome sequencing and flow cytometery to measure biomarkers of DNA damage, researchers examined
the blood of patients both before and after undergoing
the procedure.
“Because we don’t know much about the effects of lowdose radiation — all we know is about high doses from
atomic bomb blast survivors — we just assume it’s directly
proportional to the dose,” said Nguyen. “Results showed
an increase in DNA damage and cell death, as well as
increased expression of genes involved in cell repair and
death. Although most cells damaged by the scan were
repaired, a small percentage of the cells died”. Nguyen
added: “We shouldn’t eliminate CT scans because they’re
very important, but they can be made safer by reducing the
doses, by getting better machines and technology, and by
giving patients something to protect them It is important to
note that no DNA damage was detected in patients receiving the lowest doses of radiation and who were of average
weight and had regular heart rates.”
http://tinyurl.com/Nguyen-et-al-paper
6
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Study shows effect of increase in
Cross-Sectional Imaging studies on
radiologist workload
The number of cross–sectional imaging examinations
(e.g. CT or MRI) being carried out continues to increase
significantly. In addition the number of images acquired per
study and needing interpretation by a radiologist is increasing even more rapidly.
A recently published study from the prestigious Mayo
Clinic in the United States (McDonald RJ, et al. The Effects of
Changes in Utilization and Technological Advancements of CrossSectional Imaging on Radiologist Workload. Acad Radiol. 2015; 22:
1191) set out to examine the effect of changes in utilization

and advances in such cross-sectional imaging on radiologists’
workload. To do this the Mayo Clinic researchers identified
all CT and MRI) examinations performed at their institution between 1999 and 2010 and recorded the total number
of images associated with each examination. Annual trends
in institutional numbers of interpreted examinations and
images were then translated to changes in daily workload for
the individual radiologist by normalizing to the number of
dedicated daily CT and MRI work assignments, assuming a
255-day/8-hour work day schedule.

From 1999 to 2010, a total of 1,517,149 cross-sectional
imaging studies (approx two-thirds of which were CT, the
remainder MRI) involving no fewer than 539,210,581 individual images were carried out. The total number of annual
cross-sectional studies carried out over the period studied
increased twofold while the annual number of departmental
cross-sectional images interpreted increased 10-fold increase.
Adjusting for staffing changes, the number of images requiring interpretation per minute of every workday per staff
radiologist increased from 2.9 in 1999 to 16.1 in 2010 !
The researchers conclude that imaging volumes have
grown at a rate disproportionate to increases in imaging
utilization at the Mayo Clinic. This has resulted in the average radiologist who interprets CT or MRI examinations now
having to interpret one image every 3-4 seconds in an 8-hour
workday to meet workload demands.
http://tinyurl.com/Mayo-study-CT-MRI-workload
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Animal studies and human autopsies
show deposits of Gadolinium in brain
Contrast-enhanced MRI studies typically involve use of
a gadolinium ion (Gd) which is administered in the form of
a chelated molecule which can vary in chemical form (e.g
cyclic or linear). For several years now all gadolinium containing contrast agents have carried warning labels against
the possibility of gadolinium-induced Nephrogenic Systemic
Fibrosis (NSF). In practice the risk of inducing NSF by gadolinium-based contrast agents (GBCAs) can be essentially
eliminated by avoiding the their use in patients with poor
renal function. It is assumed that in patients with normal
renal function, all Gd is eliminated from the body.
Now several studies suggest that even in patients with
normal renal function, traces of Gd can be found in the
brain after GBCA administration. In a recent study from
the Mayo Clinic in the United States (McDonald RJ et al.

were associated with progressive and persistent T1 signal
hyperintensity in the DCN and with Gd deposition in the
cerebellum in contrast to the macrocyclic GBCA for which
no effect was observed.
So far no direct toxic effects of the gadolinium deposits
have been identified. The FDA has so far adopted a watching
brief aand has not yet taken any action apart from asking
healthcare professionals to consider limiting the use of gadolinium-based contrast to “clinical circumstances in which the
additional information provided by the contrast is necessary.”
http://tinyurl.com/GBCAs-brain-deposit-paper
http://tinyurl.com/Robert-et-al-paper

Study shows that imaging can
improve treatment of COPD
patients

Intracranial Gadolinium Deposition after Contrast-enhanced MR
Imaging, Radiology. 2015; 275: 772) researchers set out to deter-

mine if repeated intravenous exposures to gadolinium-based
contrast agents (GBCAs) were associated with neuronal tissue deposition. In the study, signal intensities from T1-MR
images and postmortem neuronal tissue samples from 13
patients who had undergone at least four GBCA-enhanced
brain MR examinations were compared with those from 10
patients who did not receive GBCA. Post-mortem neuronal
tissues were analyzed using a variety of analytical techniques. It was found that the neuronal tissues of patients who
had received GBCAs contained gadolinium and that the level
deposited in the brain showed a significant dose-dependent
relationship correlating with signal intensity changes on precontrast T1-weighted MR images.
In another study, this time in animlas, the effects in
healthy rats of multiple injections of GBCAs on T1-weighted

Gadolinium-based contrast agents (GBCAs) are widely used for enhancing contrast in MRI images and are generally considered safe. Above image (courtesy
of H Hellborn) shows an MRI image of a defect in the blood-brain barrier after
stroke. T1-weighted images. Left image without contrast medium; right image with
contrast medium. Recent studies suggest that Gadolinium deposits can be found
in the brains of patients with normal kidney function and who have received certain
forms of GBCA.

signal intensity in the deep cerebellar nuclei (DCN),
including the dentate nucleus were reported (Robert P et
al., T1-Weighted Hypersignal in the Deep Cerebellar Nuclei After
Repeated Administrations of Gadolinium-Based Contrast Agents in
Healthy Rats: Difference Between Linear and Macrocyclic Agents.
Invest Radiol. 2015; 50: 473). It was found that linear GBCAs
SEPTEMBER 2015

D I

Magnetic resonance imaging (MRI) and computed tomography (CT) provide important information on the symptoms
and exercise capabilities of people with mild-to-moderate
chronic obstructive pulmonary disease (COPD), according
to a recently published study (Kirby M et al. COPD: Do Imaging
Measurements of Emphysema and Airway Disease Explain Symptoms
and Exercise Capacity? Radiology. 2015 Jul 7:150037). COPD is the

progressive disease of the lungs that affects approximately
65 million people worldwide. Diagnosis usually involves
spirometry whose result is expressed as the forced expiratory
volume in one second (FEV1). However spirometry has limitations. “COPD is a very heterogeneous disease,” said study
co-author Dr G Parraga, from the Robarts Research Institute
in London, Ontario, Canada. “Patients are classified based
on spirometry, but patients with the same air flow may have

E U R O P E
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different symptoms and significant variation in how much
regular activity they can perform, such as walking to their
car or up the stairs in their home.”FEV1 does not necessarily reflect the whole picture of the lungs, but airways disease
and emphysema can be directly measured with imaging. Dr.
Parraga and colleagues set out to develop a way to explain
COPD symptoms and exercise capability.
For the study, they performed conventional CT and
inhaled noble gas MRI on 116 people with COPD, including 80 with milder disease. The patients also underwent
lung capacity testing, filled out a quality of life questionnaire
and took a six-minute walk to measure their exercise tolerance over a short period of time. The results showed that in
mild-to-moderate COPD patients with modestly abnormal
FEV1, MRI measurements of emphysema were strongly correlated with exercise limitation, while both CT and MRI
measurements of emphysema helped explain symptoms.
“FEV1 doesn’t tell the whole story. With lung imaging, we
can look at patients with mild disease much more carefully
and change treatment if necessary.” Findings associated with
COPD include emphysema. While no cure exists for emphysema, there are steps people can take to mitigate symptoms.
Emphysema is under-recognized as a source of COPD, Dr.
Parraga said, and as a result, patients may be getting suboptimal treatment. “Our study shows that when COPD symptoms and exercise limitations are discordant with FEV1 measurements, we should consider using lung imaging to provide
a deeper understanding of the patient’s disease and to help
improve their quality of life.”
. http://tinyurl.com/KIrby-et-al-paper

Advanced MRI scans could help
predict people at risk of
schizophrenia
Neuroimaging has been used in clinical practice for over
30 years, but it is still perceived as rarely offering the psychiatrist much help in direct patient management. Now new
scanning methods which map the wiring of the brain could
provide a valuable new tool to predict people at risk of
schizophrenia, according to a new study (Drakesmith et al.
Schizophrenia-like topological changes in the structural connectome
of individuals with subclinical psychotic experiences. Hum Brain
Mapp. 2015; 36: 2629). Schizophrenia is a serious mental dis-

people,” asaid Professor Derek Jones, Director of CUBRIC.
“However, until now, no study has tried to use this information to look at healthy individuals with some of the same
symptoms but without actually having the condition.” he
added. Using Diffusion Weighting MRI scan to map the wiring of the brain, the team scanned 123 people who have vulnerability to psychosis, and 125 people without vulnerability.
The results showed that the ability of the brain network in
people vulnerable to schizophrenia to transmit information from one region to another was reduced and some
information pathways were rerouted. Cardiff University’s Dr
Mark Drakesmith, who led the research, said: “The changes
we’ve identified in the brain networks are extremely subtle.
“However, DW MRI has enabled us to map the wiring of
the brain, and made some key discoveries that would not
have been detected using more established brain imaging
techniques.
http://tinyurl.com/Drakesmith-et-al-paper

Blood Test to Detect Traumatic
Brain Injury Could Reduce
Unnecessary CT Scans
The results of a new study show that a simple blood test
to measure brain-specific proteins released after a person
suffers a traumatic brain injury (TBI) can reliably predict
both evidence of TBI on radiographic imaging and injury
severity (McMahon PJ et al. Measurement of the glial fibrillary acidic protein and its breakdown products GFAP-BDP

order, which causes hallucinations, delusions and disordered
thought. The WHO estimates that schizophrenic disorders
affect around 26M people worldwide and result in moderate or severe disability in sixty percent of cases. It has long
been known that the symptoms of schizophrenia are partly
explained by disordered connectivity in the brain. Now, a
team of scientists from Cardiff University Brain Research
Imaging Centre (CUBRIC), the Institute of Psychiatry,
Psychology and Neuroscience, Kings College London and
the University of Bristol, UK, have, for the first time, used
MRI to identify how the brains of young people, who have
some of the symptoms of schizophrenia, are wired differently.
“We already know that the brains of people with schizophrenia are wired differently and are less efficient than healthy
8
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biomarker for the detection of traumatic brain injury compared to computed tomography and magnetic resonance
imaging. J Neurotrauma. 2015; 32: 527). In particular, the
study shows the potential benefit of adding the detection of
glial fibrillary acidic protein breakdown products (GFAPBDP) to clinical screening with CT and MRI. Paul McMahon,
University of Pittsburgh Medical Center, and a team of international researchers, analyzed blood levels of GFAP-BDP
from patients ages 16-93 years treated at multiple trauma
centers for suspected TBI, and evaluated the ability of the
blood-based biomarker to predict intracranial injury as compared to the findings on an admission CT and a delayed MRI
scan. A net benefit was recorded for the use of GFAP-BDP
over imaging-based screening alone. There was a net reduction in unnecessary scans by 12-30%. Dr J T Povlishock,
Professor of Medical College of Virginia Campus of Virginia
Commonwealth University, noted that “this impressive
multi-center study joins with other streams of emerging
evidence supporting the use of biomarkers as an important
tool in the clinical decision making and prediction process.”
“Importantly, this study significantly expands upon other
studies that speak to the usefulness of GFAP and, specifically,
serum-derived GFAP-BDP in identifying those traumatically
brain injured patients whose clinical course is complicated
by intracranial injury, demonstrating that GFAP-BDP offers
good predictive ability, significant discrimination of injury
severity, and net benefit in reducing the need for unnecessary
scans, all of which have significant implications for the brain
injured patient,” said Dr. Povlishock..
http://tinyurl.com/cMahon-et-al-paper
.

Study shows potential for ultrasound
to detect signs of preterm labor

The quantitative assessment of the cervix is crucial for the
estimation of pre-term delivery risk and the prediction of the
success of labor induction. Researchers from North Carolina
State University, Institut Langevin and Paris-Descartes
University have conducted a proof-of-concept study that
raises the possibility of using ultrasound techniques to detect
cervical stiffness changes that indicate an increased risk of
preterm labor in pregnant women (Muller M et al. Assessment

of the Cervix in Pregnant Women Using Shear Wave Elastography:
A Feasibility Study. Ultrasound Med Biol. 2015 doi: 10.1016/j.ultrasmedbio.2015.06.020) . The work may ultimately give doctors

a new tool for determining when to provide treatment that
can prevent preterm birth. Premature births can mean low
birthweights and other medical problems for newborns, but
there are steps that can be taken to reduce the chances of premature birth if early warning signs are detected. One of those
early symptoms is a softening of the cervix. Traditionally, this
stiffness is assessed by manually palpating the cervix. “But
that’s a subjective measure, and we wanted to determine if
ultrasound could be used to quantitatively assess how stiff
the cervix is - and, by extension, whether a woman is at risk
of going into labor prematurely,” said Dr M Muller, lead
author of the paper .
Muller and colleagues used shear wave elastography
(SWE), which has been used to evaluate stiffness of many
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tissues, e.g. in cancer diagnosis. The researchers carried out
SWE evaluations of 157 pregnant women who were already
scheduled for ultrasound examination. The researchers
found that patients between 24 and 35 weeks pregnancy
who had below average cervical stiffness were at higher risk
of going into preterm labor. “This work is only a first step,”
Muller cautioned. “We know the technique is reproducible.
We know we can measure these changes in cervical stiffness.
However, we need to carry out a longitudinal study that follows patients throughout pregnancy. That would give us a
better understanding of how cervical stiffness changes over
the course of pregnancy - and that would help us determine
which changes are likely indicative of early onset labor.”
Muller also noted that, while the SWE technique uses
high-end ultrasound equipment, the equipment can also be
used for normal prenatal examinations as well as SWE assessments of cervical stiffness.
http://tinyurl.com/Muller-et-al-Paper

MR imaging study looks at brain
effects of early adversity, mental
health disorders
Early adversity is an important risk factor that relates to
internalizing symptoms and altered brain structure. an A
recently published article by a group of authors from the
UK and Canada showed that adversity during the first six
years of life was associated with higher levels of childhood
internalizing symptoms, such as depression and anxiety, in
a group of boys, as well as altered brain structure in late
adolescence between the ages of 18 and 21,. (Jensen SK et al.
Effect of Early Adversity and Childhood Internalizing Symptoms on
Brain Structure in Young Men JAMA Pediatr. 2015. doi: 10.1001/
jamapediatrics).

Both altered brain structure and an increased risk of
developing internalizing symptoms have been associated
with adversity early in life. Dr ED. Barker, of King’s College
London, and coauthors examined how adverse experiences
within the first six years of life relate to variations in cortical
gray matter volume in the brains of adolescent males. The
study included a group of 494 mother-son pairs whose mothers reported on family adversities encountered by their sons
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through age 6. Mothers
also reported on levels
of internalizing symptoms (depressive and/
or anxiety) when the
boys were ages 7, 10
and 13.
Imaging data from
MRI was collected in
late adolescence. The
authors found that
among the 494 men
included in the analysis, early adversity was associated with alterations in brain
structure. Childhood internalizing symptoms were associated with lower gray matter volume in a brain region.
Early adversity was associated with higher levels of internalizing symptoms, which in turn were associated with a
region of lower gray matter volume.
“The finding that childhood experiences can affect the
brain highlights early childhood not only as a period of
vulnerability but also a period of opportunity.
http://tinyurl.com/Jensen-et-al-paper

Pediatrics CT: tube current,
dose reduction and body weight

Medical radiation accounts for half of the total radiation humans are exposed to per year, and CT examinations
form the major part Since children are more susceptible
to radiation than adults, decreasing radiation exposure in
pediatric CT is an important issue. However, obtaining a
consistent image quality at a low radiation dose requires
careful tailoring of the exposure parameters. The CT tube
current and tube voltage are commonly adjusted based on
the body weight. A recent paper (Karmazyn B Effect of body
size on dose reduction with longitudinal tube current modulation in pediatric patients. AJR Am J Roentgenol. 2015; 204: 861)

set out to evaluate whether dose reduction by tube current modulation in pediatric abdominal CT depends on
patient body size. The researchers used a weight-based
longitudinal tube current modulation in pediatric abdominal CT. (Longitudinal tube current modulation involves
variation of the radiation dose among anatomic regions by
varying the tube current along the z-axis of the patient).
In their retrospective study, the authors compared the
effectiveness of dose reduction on different weight groups.
Between February 2012 and January 2013, 369 children
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underwent an abdominal CT with longitudinal tube current modulation. A tube voltage of 80 kVp was used for
all children weighing less than 20 kg, and 100 kVp in all
heavier children. Tube current was adjusted automatically
based on the patient-specific water-equivalent attenuation
of the scout images. The adjustment of tube current based
on scout images serves to produce relatively consistent
noise levels across the various regions of the anatomy. The
authors also evaluated whether their exposure technique
showed high variability in the water-equivalent diameter.
They therefore randomly chose 100 CT scout images
from their study population. The results showed that the
average dose reduction in pediatric abdominal CT with
longitudinal tube current modulation was 19%. Between
the six weight groups, the average dose reduction differed
considerably. Children weighing <20 kg, 20-40 kg or >100
kg showed less effects (11%, 16%, 18%) than children in
the three other weight groups(40-60 kg: 26%, 60-80 kg:
30%, 80-100 kg: 31%).
The authors hypothesized that especially smaller children with a low variability in water-equivalent diameter
show less effects due to a shorter scan time and fewer gantry rotations. This impedes an automated change of the
tube current, and thus does not result in a lower radiation
exposure. The authors therefore highlight the role of the
radiologist who should be aware of such effects.
http://tinyurl.com/Karmazyn-et-al-paper

Risk stratification for contrast
media extravasation

Leakage of contrast agent into the surrounding tissue
is a known and sometimes severe complication of contrast agent administration. Identified risk factors for contrast medium extravasation (CME) in CT examinations
include the choice of the injection-site and the osmolarity
and volume of the contrast agent. No risk factors have
been discovered for MRI contrast media extravasation so
far. A group of researchers from Harvard Medical School,
Boston, USA retrospectively analyzed more than 500,000
CT and MRI data sets to identify and compare risk factors
for extravasation of contrast media. The radiologists also
stratified their results by gender, age and the inpatient/
outpatient status. (Shaqdan K et al. Incidence of contrast medium

extravasation for CT and MRI in a large academic medical centre: a report on 502,391 injections. Clin Radiol. 2014; 69: 1264).

Of the data sets examined, 352,125 (70%) had a CT scan
with iopamidol (Isovue 370, Bracco). MRI examinations
comprised four different contrast media (gadopentetate
dimeglumine (Magnevist; Bayer Healthcare), gadobenate
dimeglumine (Multihance, Bracco), gadoxetate disodium
(Eovist, Bayer HealthCare), and gadofosveset trisodium
(Ablavar, Lantheus Medical Imaging,)).
The authors classified the CMEs as adverse events with
a) no harm; b) minor temporary harm (pain, swelling, and/
or mild erythema); and c) major harm requiring surgical
consultation (altered tissue perfusion, change in sensation,
skin ulceration, blistering). Patients were grouped by gender,
inpatient or outpatient status, and further subdivided into
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three age groups: younger than 18, between 18-60, and older
than 60 years.
Depending on the indication, MRI contrast agents were
injected manually or by an automated power injector. In CT
examinations, all injections were automated. The authors also
recorded the injection site.
In total, 541 (0.11%) of all patients showed signs of extravasation after contrast-enhanced MRI or CT examinations. 43
experienced no harm, 497 minor temporary harm, and only
one patient suffered from major harm, featuring blistering/
ulceration. However, no surgical intervention was required.
86% (466) of the extravasations occurred after injection
into the antecubital fossa, followed by injections into the
forearm (32) or wrist (17).
Patients undergoing CT showed a higher risk for developing extravasation than MRI patients Inpatients were
more likely to show CMEs than outpatients, irrespective
of the type of investigation Age did not influence the risk
of CME after CT. In MRI studies, patients older than 60
had a statistically significantly higher risk for CMEs. In CT
scans, the difference between women and men was statistically significant (p=0.0023) – with women showing more
CMEs than men. The authors also demonstrated a statistically significant difference between manual and automated

injections in MRI examinations: automated injections thus
carried a higher risk for CME.
Evaluation of all relevant factors for CME in CT and
MRI examinations resulted in the conclusion that inpatient women older than 60 years carried a high risk.
It was even higher with automated injections for MRI
examinations.
The overall outcome of the study was that contrast
media extravasation risk depends on a variety of different factors, among them the type of examination, age,
sex and kind of administration of contrast agent. Elderly
women seem to be especially susceptible to extravasation,
though there is no plausible explanation for the statistical
differences
http://tinyurl.com/Shaqdan-et-al-paper
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Research suggests antioxidants
may protect against ionising
radiation in medical imagting

New research presented at the recent annual meeting of
the Society of Interventional Radiology (SIR) in Atlanta,
USA suggests that premedication with an oral antioxidant
cocktail before medical imaging exams could significantly
reduce DNA injury from ionising radiation.
“An oral antioxidant cocktail of seven pills including betacarotene, vitamin C, alpha lipoic acid and n-acetyl cysteine
offered prior to medical imaging for screening or intervention, may result in a reduction in the risk of cancer induction. The results suggest that antioxidant pre-medication can
protect DNA from damage induced by X-rays in medical
imaging exams,” said Dr Kieran Murphy, University Health
Network Toronto Western Hospital, Toronto, Canada, who
was presented with the 2015 SIR Foundation “Leaders in
Innovation” Award.
Murphy highlighted that the volume of medical imaging exams involving ionising radiation is constantly. The
mutagenic effect of ionising radiation is involves a variety of molecular mechanisms including double stranded
DNA breaks. “However a cell responds to focal DNA damage
through initiation of a biochemical repair mechanism involving a protein complex being bound to the DNA strand at the
defect,” Murphy explained.
Murphy’s initial work focused on in vitro antioxidant
premedication in which reduction in DNA injury caused by
irradiation was measured via a biochemical test based on
3D microscopy using fluorescently labeled gamma-H2AX
protein, A small prospective randomised study was then
carried out in 10 patients undergoing technetium methylene
diphosphonate bone scans with identical doses. Half the
patients were given a set of oral antioxidants one hour before
they received a bone scan.
“Premedication with the current formulation of antioxidants significantly reduced DNA damage (as measured by
the in vitro test) after injection of a clinically standard radiation dose of technetium for a bone scanning. In the control
bone scan patients, the in vitro test suggested that there had
been significant DNA damage.
http://tinyurl.com/antioxidant-protection-paper
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Imaging in oncology: the role of MRI
today and tomorrow

The packed audience at the Bracco-sponsored scientific symposium on MRI in oncology
at this year’s ECR congress were treated to top-of-the-line presentations given by clinicians renowned in their field and who described the current status and future potential
of MR imaging in prostate, breast and pancreas cancer respectively. A feature common
to all presentations was the demonstration of the important role played by ContrastEnhanced MR imaging in the different pathologies.

Highly efficient MR Contrast media
in clinical practice

As an introduction to the session Prof Marti Bonmati gave a
short presentation describing how
higher relaxivity contrast media
are advantageous in improving
diagnosis and clinical outcome.
Simply put, contrast media
increases contrast resolution,
thereby improving the detection of
lesions and their characterisation,
Prof Marti Bonmati of the depart- classification and grading. In addimnent of Medical Imaging at La
tion the approach allows quantitaFe University and Polytechnic
Hospital, Valencia, Spain chaired tive voxel-based biological data to
the session and gave a short be extracted, permitting analysis
introductory presentation.
of perfusion, angiogenesis, permeability, flow, cell number and viability. With MR contrast media the signal intensity enhancement
achieved varies with the dose administered, the rate at which
the contrast agent is administered, the MR sequence parameters
selected and, importantly, the relaxivity of the agent which in turn
is related to its biological distribution and physicochemical properties. The chemical nature of the chelating molecule affects the
biodistribution, pharmacokinetic properties and relaxation rates.
There are two main groups of gadolinium-based contrast
agents, namely those with high relaxivity e.g. the Multihance
product from Bracco with a relaxivity at 1.5T of approximately
6.2 L/mmol.s-1 and another group with a lower relaxivity at 1.5T
of approximately 3.9 - 4.6 L/mmol.s-1
At higher field strength, relaxivities progressively decrease,
e.g. at 3T the relaxivity of the Multihance product is approximately 5.4 L/mmol.s-1.
Contrast media with similar relaxivities and administered at
similar doses, give similar enhancement. From the quantitative
point of view it is important to recognise that there is a bolus dispersion, i.e. a dilution during the first pass through the lungs and
the heart. Bolus dispersion leads to a normalization of the bolus
shape for an equivalent total dose. Relaxivity remains however
the most important factor. In oncology, CE-MR imaging can
be used for many different tasks. This can lead to evaluation of
tumor variability, but also to the characterisation of many different tumor features of such as structural, metabolic, physiological,
cellular, biophysical and molecular features.
12

D I

MRI in prostate cancer
management: an evolving role

The starting point of Prof Oto’s
presentation was the dramatic
changes in the quality of prostate
MR imaging over the years. Comparison of the first MRI image of
the prostate taken in 1982 with
those routinely obtainable today
shows a striking improvement in
image quality. Such improvement
Prof A Oto
is due not just to evolution in techSection Chief, Abdominal Imaging
Department of Radiology, nology, but also in the whole prosUniversity of Chicago, Chicago tate “landscape”, particularly as far
IL, USA.
as PSA screening is concerned.
As regards technology there has
been significant improvement in scanner technology (e.g. 1.5T
to 3.0T), in coils (endorectal and phased array coils) and also in
functional sequences e.g. Diffusion Weighted Imaging (DWI)
and dynamic contrast-enhanced imaging (DCE). Currently multiparametric MRI (mpMRI) — a combination of T2W, ADC
mapping and DCE — is the optimal approach to imaging the
prostate, and has a PPV of 98 %. There are however still some
pitfalls with mpMRI, namely in transition zone cancer and prostatitis. Additionally, even though T2W and ADC mapping are the
mainstay of prostate imaging there is a subset of prostate cancer
(PCa) which is only visible with DCE. For this DCE should
always be retained in the armory of available techniques.
In addition to technological evolution the overall “landscape”
of PCa has changed over the last decade, as a direct consequence
of the introduction of PSA screening. A consequence is that
radiologists see an increasing number of patients of younger
age and succeed in diagnosing prostate cancer at an earlier stage.
However, there have been two major problems associated
with this trend, namely inefficient diagnosis and overtreatment.
MRI can help with both these problems.
A further significant change in the field over the last three
decades or so is that of evolving indications of the MRI technique. Initially, MRI was primarily used for detection, localization and local staging of PCa. Over the last decade, many
new indications for the technique have arisen, such as risk
stratification, delineation of lesions, targeted biopsies, follow-up
and triage for active surveillance (an important emerging area),
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FIGURE 1. There are several areas where MRI has a potential role in the management
of PCa: 1. In patients with elevated PSA, even before TRUS guided biopsy. 2. MRI has
recently been approved by the European Association of Urology for the examination of
negative biopsy. 3. Once the patient has been diagnosed with PCa, he faces a wide range
of treatment possibilities. MRI can provide a lot of information to help make such a decision more evidence-based. 4. In patients undergoing active surveillance, one third will need
radical prostatectomy. MRI can help in identifying such patients. 5. For patients undergoing
focal theapy, it is of course desirable to know where the lesion is. 6. LIkeewise in cases of
biochemical recurrence, i.e. where PSA levels rise after treatment it is important to know
where the cancer is. MRI can help in this. .

decisions for focal therapy as well as detection of any recurrence of
the cancer.
MRI has a significant potential in several stages of the management of PCa, although, as yet, none of these applications have been
established as being a method of standard clinical care.
As Figure 1 shows, MRI can provide valuable information in the
management of PCa. The challenge is to use this information to generate improved outcomes. Certainly MRI-guided biopsy is becoming
more and more widespread. There are three subsets of this, namely
1) straightforward MRI biopsy (in bore); 2) cognitive registration
where the urologist uses the MRI information to mentally guide
the ultrasound biopsy process and 3) MR-US fusion, where the
MRI images are sent to the urologist’s ultrasound instrument and
fused together on the work station to enable the biopsy to be taken
precisely on target.
This latter MRI-US fusion approach involving collaboration
between radiologist and urologists is becoming more and more common. Overall the cancer detection rate with the approach is lower
than that of TRUS-guided biopsy, but more clinically significant PCa
is detected, with fewer cores. Importantly the MRI-US fusion guided
biopsy detects clinically significant PCa missed by TRUS- guided
biopsy.
Regarding the role of MRI in active surveillance, there are cases
of apparently low risk PCa being shown on MRI follow-up to have
developed in fact into aggressive high risk cancer requiring radical
prostatectomy.
As far as focal therapy is concerned, currently a man diagnosed
with Pca has two options: either whole gland therapy or active surveillance. Focal therapy is a middle ground solution balancing oncologic efficacy and safety and has the goal of eradicating the target
and in so doing sparing the at-risk organs (rectum or bladder) and
keeps the treatment options — either focal or whole gland therapy —
open. There are several approaches to focal therapy, e.g. cryotherapy,
high intensity focussed ultrasound, electroporation, photodynamic
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therapy, radiotherapy and MRI-guided laser ablation. This latter
approach has generated encouraging phase one results; phase two
studies are being initiated.
Regarding the future, there are several areas where progress is
needed. One of these is standardization, both for image acquisition and
reporting, e.g. via the PIRADS system. Validation is also needed, e.g in
multicentric clinical trials so that the true benefits of MRI involvement
can be evaluated. Cost-effectiveness of MRI must also be demonstrated
Despite the future need to address these issues, currently there is
no doubt that MRI can address the shortcomings of diagnosis and
treatment of PCa. Targeted biopsies, follow-up, risk stratification and
focal therapy are emerging MRI indications. However organized
research is needed for validating and establishing the role of MRI.
All in all this is an exciting field, and one in which urologists are
heavily involved. It is important for radiologists to be aware and
actively involved as well.

Breast Cancer Screening:
who, when and how?
Following on from the previous
presentation on prostate cancer, there
are several features in breast cancer
screening which have similarities in
prostate cancer: most importantly the
conclusion that breast cancer is a heterogeneous disease with a broad spectrum of cancers that differ with regard
to their biologic importance. RadioloProf Christiane Kuhl, Dept of gists should respond to the increasing
Diagnostic and interventional clinical need of avoiding overdiagnosis
Radiology, University of Aachen of prognostically irrelevant disease as
RWTH, Germany
well as under-diagnosis of prognostically important cancers, and improving treatment stratification. The
one thing that has been proven by the mammographic screening
trials conducted in the 1970s is that early diagnosis of breast cancer
— i.e. diagnosis of breast cancer that is confined to the breast — does
translate into improved survival. Age-standardized mortality rates
of breast cancer show a significant decrease in mortality from breast
cancer over the past decades – an effect that is at least in part contributable to early diagnosis through mammographic screening. In
the light of these encouraging trends, the question can be put: why is
there a need to look for additional breast cancer screening methods?
One answer to this is overdiagnosis. Precise estimations of the
number of over-diagnosed cases vary; recent estimations are that
about 10% of breast cancer cases are “overdiagnosed”. Whatever
the precise level of over-diagnosis, the fact remains that mammography is particularly sensitive for the detection of slowlygrowing cancers. There is an inherent, technologically based bias
in mammography for the detection of architectural distortions,
spiculations and calcifications, i.e. pathophysiological processes
(e.g. hypoxia, necrosis, fibrosis) that reflect regressive changes.
The same characteristics apply to breast tomosynthesis (DBT). It
is well established that mammographically visible lesions enjoy
a better prognosis than lesions that were mammographically
occult, i.e. were diagnosed as interval cancers – an effect known
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as “length time” bias. Overdiagnosis is just an extreme form of
length time bias.
Surprisingly enough, given the current debate and focus on overdiagnosis, i.e. the tendency of mammographic screening to pick up
prognostically irrelevant disease there is another issue that one could
call “underdiagnosis”, i.e. the fact that mammography screening has a
limited sensitivity for prognostically relevant disease. This has been
known for some time from the results of several trials, e.g. the DMIST
trial of several years ago, where the average sensitivity for both techniques was around 36%. Likewise, cancer epidemiology studies show
that, despite many years trials of mammography screening, breast
cancer continues to be the most important cause of cancer death in
women. The fact that many women continue to die of breast cancer
is in itself a rebuttal of the idea that overdiagnosis is the only, or even
the major, issue associated with mammographic screening.
In summary, mammography screening has two apparent shortcomings, namely overdiagnosis of prognostically irrelevant cancer as well as
underdiagnosis of prognostically important disease. This is the rationale
behind the search for, and evaluation of new screening methods which
may provide better performance, namely avoiding both over- and underdiagnosis.There are several such candidate screening technologies:
Candidate breast cancer screening modalities

Five technologies have the potential to fill such a role, namely
Digital breast tomosynthesis (DBT); contrast enhanced digital mammography; hand-held ultrasound (HHUS); automated ultrasound
(ABUS); and MRI. Of these, data of their use in screening applications are available for DBT, HHUS and MRI.
• Screening Digital Breast tomosynthesis (DBT).
There are several large clinical studies available (the most recent
being Friedewald SM et al JAMA. 2014;311:2499) which show that
when DBT is used in conjunction with full field digital mammography, on average an additional 1.25 cancer cases out of 1000 patients
can be detected, i.e. a significant increase compared to screening
mammography alone.
•Hand-held ultrasound (HHUS).
A large clinical trial (Berg WA et al JAMA. 2008; 299: 2151)
compared screening with ultrasound plus mammography versus
mammography alone. It was found that the addition of ultrasound
increased the number of detected cancer cases by 4.1 out of a 1000
patients, so a considerable increase on mammography alone. However the average time need for the radiologist to complete a bi-lateral
screening ultrasound examination was 21 min. The same group
extended their ultrasound trial to include a single MRI screening
(Berg WA et al JAMA 2012; 307: 1394). They found that the inclusion
of a single MRI screening round increased the number of detected
cancers to 14.6 per 1000 patients, i.e. a huge increase compared to

FIGURE 2. MRI has the highest sensitivity for the detection of breasr cancer.
The combination of other modalities such as mammography (Mx) or ultrasound (US)
with MRI does not significantly increase the sensitivity of MRI alone.
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FIGURE 3. The current use of MRI for screening for breast cancer is expensive , with high
direct and indirect costs and limited availability of systems. The concept of Abbreviated
Breast MRI (AB MRI) was introduced to enable MRI to become a real screening tool and
not just an imaging modality for women at high risk. AB-MRI uses a reduced MRI acquisition time, which is done by stripping the pulse sequence protocol down to the essential,
reducing the radiologist’s reading time and having expert breast MR radiologists read the
images. The protocol is reduced to one pre-and one post-contrast acquisition. The Maximum
Intensity Projection images are used to detect significant enhancement and the First post
Contrast Subtracted image (FAST) used to characterize any enhancement.

ultrasound combined with mammographic screening.
• MRI
There have been several trials of MRI in breast cancer, e.g. the
EVA trial (Kuhl C J Clin Oncol. 2010; 28: 1450) from which one of
the striking conclusions was the very high sensitivity of the technique in detecting breast cancer [Figure 2]. This high sensitivity has
been confirmed in several other trials, although a few have reported
slightly lower sensitivities. These latter results have been explained
by a relatively low detection of DCIS cases, which has significantly
”improved over time with experience” Warner E et al Breast J. 2011;
17: 9. What comes out of all these trials is that the rate of interval
cancer is extremely low.
Moreover, MRI has a technology-inherent bias to preferably
detect biologically important disease. All pathophysiological processes that are required for carcinogenesis, cellular proliferation,
invasion, and metastatic growth, such as angiogenic activity and
local protease activity, lead to strong and early enhancement of
breast cancer on MRI. Accordingly, MRI is a biomarker for prognostically important disease, especially DCIS.
One criticism of MRI for screening for breast cancer is that it is
expensive, all the more so since only a small percentage of women
examined will be found to have breast cancer. For this reason, many
studies of MRI in breast screening have an enriched cohort, including women who have a high risk of developing cancer. A deeper
analysis of the costs of breast MRI shows that MRI could become
a true screening modality if the acquisition time could be reduced,
the radiologist’s reading time reduced and if there were expert MRI
radiologists available to read the images. This is the principle behind
the abbreviated (AB MRI) protocol approach [Figure 3] which uses
a reduced time protocol with acquisition times of 3 min vs 17 min
for a full diagnostic protocol (Kuhl CK J Clin Oncol. 2014; 32: 2304)
This approach, using an MRI table time of about 3 min and
an expert radiologist reading time of about 2 sec, was shown to
be able to give an additional cancer yield of 18.3 per 1000 women
who had been previously screened using a full diagnostic protocol.
The AB MRI approach appears to fulfil the criteria of the desirable radiological role of imaging methods with a maximum sensitivity for prognostically relevant disease and a low sensitivity for
prognostically unimportant disease
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The role of MRI in the diagnosis and
early detection of pancreatitis: current
situation and future perspectives

Pancreatic neoplasms, can be
classified into solid and cystic
categories.
For solid pancreatic neoplasms,
CT is the modality of choice, with
MRI being a problem-solving
technique. In contrast, for cystic
pancreatiuc neoplasms, MRI is
the method of choise and CT a
Dr Riccardo Manfredi
Department of Radiology, problem-solving technique.
University of Verona, Verona, Italy
There are several pathologies
in the solid pancreatic tumor category:
• Pancreatic Adenocarcinoma
This is one of the most common of all pancreatic neoplasms, representing 75-80% of all cases. The very poor
prognosis (5y survival < 5%) is due not only to the very
aggressive nature of the cancer but also to the problem of
late diagnosis. The carcinoma is desmoplastic in nature
with the amount of fibrous tissue being the reason behind
the frequently used description of the pathology as “the
scar that never heals”. The fibrous tissue can be detected
in ultrasound analysis and CT shows hypodensity due to
the desmoplastic reaction. On MRI the fibrous tissue gives
low signal both on T1 weighted images and T2 weighted
images. With contrast enhanced imaging, since pancreatic
adenocarcinoma is hypovascular, there is delayed wash-out.
• Pancreatic Neuroendocrine tumors (NETs).
These represent <2% of all pancreatic neoplasms. In
contrast to pancreatic adenocarcinoma, 75% of pancreatic
NET patients survive 2yrs after diagnosis. From the clinical
point of view, the tumors can be non-functioniing (83% of
cases) or functioning (17%) These latter have a better prognosis. On T1-weighted MR imaging the majority of NETs
are hypointense while on T2-weighted MRI the majority
are hyperintense..
However what is important is that on contrast-enhanced
imaging, they are hypervascular in 76% of cases, in contrast
to pancreatic adenocarcinoma. This is an important clue in
the differential diagnoses between these two solid pancreatic cancers with different prognoses.
There are several pathologies in the cystic pancreatic
tumor category: 90% of the cases of cystic neoplasms are
covered by four types, namely intraductal papillary mucinous neoplasms, IPMNs, serous cystic neoplasms (SCA),
mucinous cystic neoplasms (MCA) and solid pseudopapillary neoplasms(SPN). Regarding MR imaging of cystic
neoplasms, the first point is to assess the extent of communication of the cystic neoplasms with the pancreatic
duct. If there is such communication, then IPMN is most
likely; if not the chances are that it is SCA, MCA or SPN.
• Intraductal papillary mucinous neoplasms (IPMNs )
With a mean age of onset of 60 years and an equal predominance between men and women, IPMNs arise in the
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FIGURE 4. Example of Intraductal papillary mucinous neoplasm (IPMN), a cystic
pancreatic neoplasm. Pancreatic neoplasms can be categorised as solid or cystic. In
the latter category MRI is the imaging modality of choice. For differential diagnosis,
the acronym FLAG is useful, where F= frequency of the pathology, L=Location of
lesions; A= the Age of patient and G= the Gender of the patient.

pancreatic duct system. The symptoms are intermittent
occurences of pancreatitis caused by the blockage of the
pancreatic duct system and the development of upstream
pressure. In IPMNs the progression of adenoma to carcinoma depends principally on the location of the lesion.
When there is involvement of the main pancreatic duct the
chance of progression to malignancy is about 70% whereas
if the site is in the side ducts, the risk of progression is 25%.
Another risk factor for adneoma-carcinoma progression is
age: the more elderly the patient, the more likely a transformation to a malgnant stage. Some estimates of the time
taken for such a transformation is approximately ten years,
but the precise time is still unknown.
A close follow-up of the patient is required to monitor
for signs of malignant transformation. Signs are the size of
the main pancreatic duct but more importantly the presence of mural nodules (Figure 5). On MRI, these latter
must enhance, reflecting new vascularization. Since they
are small in size it is important in contrast-enhanced imaging to use an agent of high relaxation.
• Serous cystadenoma (SCA)
In contrast to IPMNs which are characterized by recurring episodes of acute pancreatitis, SCAs, are mainly
asymptomatic and are mainly non-communicating. There
is equal male/female predominance and the mean age of
onset is 70 years of age. The malignancy rate is 0 %. The
macroscopic appearance of SCA is “honeycomb” and on
pathology, the epithelial cells are glycogen -rich which is
the hall-mark of SC, which can occur anywhere in the
pancreas (52% of cases in the pancreatic head, and 48% in
the body/tail),
• Mucinous cystic neoplasms
MCNs are a differnent entity. and are mostly located
in the body/tail of the pancreas, Nearly all patients are
females with a mean age of onset 45 years. On pathology,
MCNs have an appearance of ovarian stroma. One theory
to explain this is that in embryonic development., the ovaries are very close to the tail pancreas. From the biological
point of 5.5% of MCNs are carcinoma in situ, 12% are
invasive carcinomas, 10.5 % are borderline and 72% are
adenomas.
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Mammography
By Dr A Masarwah

Mammographic breast density as
a prognostic factor for invasive
breast cancer
Increased mammographic breast density affects the sensitivity of mammography examinations and is considered as an established risk factor for breast
cancer development. In this article breast density will be looked at from a
slightly different point of view. with a focus on density as an independent poor
prognostic factor for breast cancer.

B

reast cancer remains the most common cancer and leading cause of cancer related deaths
in women worldwide. It is estimated that 1.7
million new cases were diagnosed in 2012
alone accounting for 11.9% of cancers worldwide. In
response to this high prevalence, research efforts have
been concentrated on discovering potential modifiable
and non-modifiable risk factors and prognostic factors that are able to be implemented in clinical practice. The most important prognostic factors correlating
with the outcome of the patients are tumor size, lymph
node status, hormone receptor status, tumour grade
and status of Human epidermal growth factor receptor
2 (HER2).
Mammography plays a key role in the diagnosis of breast
cancer and is currently considered to be the primary
investigative modality. Early detection through screening studies enables small asymptomatic cancers to be
found with an overall favorable prognosis. However,
mammography is not without its flaws. Increased mammographic breast density (MBD) makes it difficult to
detect small tumors which results in a higher occurrence of clinically detectable interval cancers. Legislation
for breast density notification is becoming increasingly
widespread in the USA, with many states mandating the
reporting of their MBD to women with dense breasts
and undergoing screening.
MBD refers to the appearance of breast tissue on a
mammogram, reflecting variations in breast tissue
The Author:
Amro Masarwah MD,
Department of Clinical Radiology,

Mammographic breast density has been recently attracting its fair share of interest not only for its effect on
the sensitivity of mammography examinations, but also
for its role as a risk factor for cancer development as
well as for its role as a prognostic factor of patient outcome. Nowadays, almost no single breast-related congress goes by without a session devoted especially to
mammographic density. The reasons for this are quite
understandable. It is now well known and accepted that
increased MBD is a risk factor for the development of
breast cancer, so strong that it’s second only to patients’
age and BRCA mutations [3].
Kuopio University Hospital study

Kuopio University Hospital,

The original purpose of our study [4] was to examine
MBD and other mammographic features from a prognostic point of view. In addition, we aimed to assess
the relationship with other known prognostic factors
and patient outcomes. We started with measuring all
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composition and its x-ray attenuation characteristics. Unlike other breast cancer risk factors, MBD can
change over time and is largely influenced by inherited genetic factors, decreases with age, and is further
reduced by multiparity and menopause. Historically,
Wolfe et al. [1] were the first group to attempt to classify density into different categories. Wolfe was also
the first to suggest that women with elevated densities
are at more risk of developing breast cancer. Since
then, several systems have been put forward to assess
MBD with varying definitions and cut-off points. The
most commonly used system nowadays is the American
College of Radiology: Breast Imaging-Reporting and
Data System (BI-RADS) [2] which previously classified MBD into four continuous quartiles, with different risks of developing breast cancer. The recently
updated BI-RADS classifies density subjectively into
text descriptors reflecting the possible masking effect
of different MBD classes [Figure 1].
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mammographic characteristics and the percentile mammographic density of 270 patients with invasive breast
carcinomas visually using the craniocaudal projections
of the original diagnostic mammograms. In an effort to
minimize bias, five radiologists took part in the analysis.
Patients were then distributed into 6 different percentile
density categories (<5 %, 5-10 %, 10-25 %, 25-50 %, 50-75
% or >75 %). We also dichotomized patients into very low
density (VLD <10%), low density (LOD <25%) and mixed
density (MID >25%) to allow for variables to be considered as arbitrary in the analyses. Several statistical tests
were then performed to assess the relationship between
the mammographic findings and our variables, as well as

Table 1. Overall and disease free survival for patients with mixed density (MID) and
low density (LOD) breasts.

univariate and multivariate tests to assess survival effects.
We observed an inverse relationship between MBD and
tumor histological grade. Patients with LOD breasts (densities <25%) were found to have a worse overall disease-free
and disease-specific survivals [Figure 3A] as compared to
patients with MID densities (>25%) as shown in Table 1.
Upon further analysis of the density groups, none of the
groups showed any significant difference in survival when
compared to the rest of the population. When the survival
analysis was repeated for the subdivisions of the LOD
group separately, only patients with very low densities of
≤5 % (n=45) and 5-10 % (n=54) displayed a statistically
significant difference when compared to the survival of the
remaining patients (p=0.018 and p= 0.028, respectively).
Patients with densities of 10-25 % (n=59) did not show
such a survival difference (p=0.600). Overall survival in
the ≤5 %, 5-10 % and 10-25 % subclassifications was 68.9
%, 72.2 % and 83.1 %, respectively and the disease-specific
survival was 77.8 %, 75.9 % and 88.1 %. Patients with densities <10 % (VLD) showed the strongest association with
overall, disease-free and disease-specific survival as shown
in Table 2 and Figure 3B.
We then performed a multivariate analysis adjusting for
eight known breast cancer prognostic factors (age >50,
menopausal status, BMI >30, axillary lymph node involvement, tumor size >2 cm, ER, PR and HER 2 status). Patients
with VLD breasts had a hazard ratio (HR) of 3.275 (95 % CI
1.750-6.127; p<0.001), second only to tumor size of >2cm
(HR 3.455; 95% CI 1.833-6.511; p<0.001).
In summary, our results indicate that VLD density at the
time of diagnosis is an independent, poor prognostic factor
that predicts a significantly worse disease-free and overall
survival and a higher histological tumor grade.
The underlying biology linking breast density with tumor
SEPTEMBER 2015
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Figure 1. Mammograms of four different patients to demonstrating the differences in the
mammographic breast density classification according to the BI-RADS lexicon as follows;
A) entirely fatty content, B) scattered areas of fibroglandular tissue, C) heterogeneously
dense breasts and D) extremely dense breasts.

progression and prognosis is unclear, but speculations have
been made on the implications of the breast microenvironment in aggressive tumour biology. One possible explanation
is that VLD breasts have a relatively higher percentage of
fat that may provide a tumor microenvironment facilitating
cancer growth and progression and, interestingly, the roles
of lipogenic regulation pathways and adipose dysregulation
in breast cancer have been recently acknowledged. Furthermore, the relative loss of the protective myoepithelial cell
layers and normal human breast epithelium known to occur

Table 2. Overall and disease free survival for patients with very low density (VLD)
breasts compared to the rest of the patients.
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Figure 3B: Overall survival for patients with VLD breasts (mammographic breast
densities of <10%).

Figure 2: Mammographic images showing, Left panel very low density (VLD) breast
and Right panel mixed denisty (MID) breast.

in VLD breasts may also play a role [6].
Nevertheless, one of the major issues facing MBD measurements is the lack of a universally accepted reliable,
reproducible and fully objective method of measurement.
Although the idea that MBD may play a role in prognosis is
not new, most previous studies tackling this issue provided
inconsistent and conflicting results mostly pertaining to
methodological inconsistencies and the different classification systems and density cut-off points used. On the one
hand, most qualitative measurement methods have been
criticized as being somehow subjective whereas on the other
hand quantitative methods lack strong agreement and are
quite challenging to implement in routine clinical practice.
A study by Kim et al. [7)] showed that there was even considerable variability in breast density assessments in short
term re-imaging studies of the same patients (at a mean

interval of 27.6 days). The authors noted that this variability
was mostly found with women with high MBD breasts. We
are in agreement with those findings, since we believe that
there is a variability in density measurements in patients
with mixed densities breasts whereas in the extreme low
density range the characteristics can be more easily spotted and the density measurement results are reproducible.
We believe that this makes the cut-off point of 10% found
in our study even more relevant. This measure we believe is
highly reproducible both using visual assessment and computer-assisted density assessment methods. For instance most
patients who are misclassified between BI-RADS 1 and 2 lie in
the percentile density range of 15-35%; patients with extreme
low densities can be spotted more clearly and reliably.
In conclusion, although high mammographic breast density
is a well-known risk factor for breast cancer development,
our results show that only very low density held a prognostic effect on breast cancer patient outcome. This effect was
evident even after correcting for age, obesity and menopausal status. Breast density is a readily available, cheap
and easy-to-interpret form of information and, according
to our analysis, is an independent and clinically important
prognostic feature.
References;

Fig 3A: Overall survival for patients with LOD breasts (mammographic breast densities of <25%).
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Mammography
By Dr M Daniaux, Dr W Santner, Dr T De Zordo

A new tool in mammography:
contrast-enhanced dual energy
mammography
Worldwide breast cancer is the most common cancer in women, with an
ever-increasing morbidity, but decreasing mortality rate. The “gold standard”
in diagnostic breast imaging is still mammography, with digital mammography now having almost completely replaced analog mammography. Other
common additional examination methods in breast imaging are ultrasound
and magnetic resonance mammography (MRI), although the recommended
indications for those methods can vary significantly from one country to
another. Based on their initial experience with temporal subtraction contrastenhanced mammography, Lewin and coworkers published a first feasibility
study of dual-energy contrast enhanced mammography (CESM) in 2003 [1].
Thus, CESM is a relatively new imaging technique capable of detecting
neo-angiogenesis and has the potential to play an important role in assessing multifocality or multicentricity in breast cancer, or even in screening the
population of women with high-density breasts [2]. Over the last decade,
developments in both hardware and software have improved dual energy
contrast-enhanced mammography; in particular, recent developments have
reduced the radiation dose so opening the way for larger population studies to be carried out [3, 4, 5].
Technical background

The development of blood vessels is an essential step
in the growth of a tumor; CESM can provide images
of such neo-angiogenesis. In practice, as in CT imaging, a contrast agent is administered via the antecubital vein using an automatic intravenous injector (we
use 1,5 mL agent/kg body weight at a flow rate of 2-3
mL/s) with a bolus chaser of saline).
The Authors:
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The particular system we use is the SenoBright
CESM (GE Healthcare, Buc, France) which uses dual
energy acquisition. The standardized protocol in our
department involves beginning the mammogram
acquisitions 2 min after bolus injection in craniocaudal (CC) projections of both breasts, each projection being imaged first at low and then at high energy,
followed by mediolateral oblique (MLO) views in
the same way. In cases of confirmed, known cancer
we begin with the healthy side. It is known that the
peak of enhancement occurs about 3 min after starting the injection; overall, the whole procedure does
not last more than 7 min [Table 1]. To avoid artifacts

1. Breast Care Center Tyrol, Department of Radiology, Medical
University Innsbruck, Anichstr. 35, 6020 Innsbruck, Austria.
2. Institut für Radiologie, Hirslanden Klinik Aarau, Schänisweg,
5001 Aarau, Switzerland.
Table 1. Outline of protocol for Dual-Energy CESM. Abbreviations:
CC Cranio-caudal; MLO mediolateral oblique
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had a sensitivity of 94,7% by detecting 16,8% more carcinomas [9].
All reports in the literature have
shown contrast enhancement in
almost all malignant lesions of the
breast. However, contrast enhancement can also be found in benign
breast lesions such as atypical ductal hyperplasia, fibrocystic mastopathy, intraductal papilloma, fibroadenoma, radial scar, adenosis, phylloid tumor, cytosteatonecrosis, cysts,
seroma, periductal inflammation and
skin lesions [1, 3, 5]. Slight background enhancement was reported
by Jochelson et al. in 26% of their
patients.

Figure 1. 66 year-old woman with breast cancer on the left breat hardly detectable on conventional mammography
(left panel). CESM (right panel) shows a clip-marked tumor with slight contrast enhancement and unsharp margins.

patients are recommended to hold
their breath during mammography.
To visualize any neo-angiogenesis the
x-ray spectrum must be set below the
k-edge of iodine (33.2 keV) for low
energy images and above the k-edge
for high energy images [5, 6]. Thus,
for low energy acquisition the tube
voltage is at 26-30 kVp whereas for
high energy acquisition it is at 45
– 49 kVp. Within a period of only
1-3 seconds the dual–energy system
acquires images using both energies.
The automatic digital subtraction of
the low- and high energy image generates a view of iodine enhancement
uptake [5, 7].
Since CESM involves taking 8 views
the radiation dose for CESM is
about 20% more than for standard
mammography with 4 images [5].
However other publications have
reported that CESM has an even
lower radiation dose than full-field
mammography [8] or only a minor
SEPTEMBER 2015

increase in mean radiation dose of
1.72– 1,78 mGy compared to fullfield mammography [9].
Clinical studies

One of the main advantages of CESM
is the ability to detect breast cancers,
which can’t be seen in conventional
mammography. The published literature shows CESM to be significantly more sensitive than conventional mammography, without any
loss in specificity [3]. In comparison
to mammography and ultrasound,
CESM showed a better positive and
negative predictive value [3]. In fact
CESM showed an improved specificity compared to conventional
imaging. Using the Breast Imaging
and Data System (BIRADS) score
Dromain et al. reported a sensitivity of 92% and a specificity of
46% by adding the CESM modality to standard mammography plus
ultrasound [10]. Fallenberg et al.
reported that in comparison to
conventional mammography, CESM
D I
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Rare findings of negative results on
CESM for malignant masses were
reported. These included lobular
carcinoma (1), small ductal carcinoma in situ (3), tubular carcinoma
(2) or low-grade invasive ductal carcinoma (2), and Paget disease [3, 5].
In a prospective multicenter study
involving 53 patients and comparing the accuracy of CESM with that
of MRI for breast cancer staging it
was found that CESM was slightly
less sensitive than MRI (50/53 index
tumors detected with CESM vs.
53/53 with MRI), but slightly more
specific (1 false positive with CESM
vs. 5 false positives with MRI) [11].
CESM had a lower sensitivity for
visualization of additional ipsilateral cancers than MRI, but higher
specificity. This resulted in fewer
second looks and fewer unnecessary biopsies. Helal et al. reported
at the RSNA 2013 meeting that in
patients with advanced breast cancers CESM was not inferior to MRI
for the detection and characterization of breast malignancy, but
they found a lower specificity with
CESM (66.6% vs. 86.6%) resulting in a slightly lower accuracy for
CESM (80.6% vs. 90.3%). Fallenberg
et al. found that there was no significant difference between CESM
and MRI in breast cancer detection
21
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Conclusion

CESM is a relatively new diagnostic tool allowing imagining of breast
tumors which cannot be seen on
conventional mammography. In
comparison to MRI, CESM is much
more cost-effective and is a true
alternative when the availability
of MRI is limited. The diagnostic
results reported for CESM in the literature appear to be very similar to
those generated by MRI. However,
additional studies should be carried
out to further evaluate the diagnostic performance of CESM in larger
population groups.
References

Figure 2, 50 year old woman with breast cancer on the right breast already detectable by conventional
mammography (left oanel) and strong contrast enhancement on the CESM image (right panel).

and size measurement and that
both modalities correlate well with
histology [8].
CESM in clinical practice

CESM provides functional information, which is complementary to the
morphologic findings from mammography, thereby aiding the detection and characterization of breast
lesions [10]. Low energy images
are comparable to those obtained
by conventional mammography
which should always be interpreted
together with CESM images. The low
energy images enable microcalcifications to be shown.
Currently in our practice we don’t
generally use CESM for screening
purposes, but rather in a preoperative and staging setting in order
to improve the detection rate and
the selection of breast lesions to
be biopsied. CESM also improves
diagnostic accuracy in patients with
dense breast tissue or those with
unclear findings in mammography
or ultrasound [3, 12]. CESM is a
reliable imaging technique, which
could be used instead of MRI in
cases where MRI is contraindicated. In symptomatic patients
CESM could replace mammography thanks to its to its superior
22

diagnostic accuracy. It has been
suggested that CESM could be used
as a “problem solving” technique
in cases with ambiguous mammographic and ultrasound assessments
[3]. In such situations CESM offers
the advantage of being a fast imaging technique, immediately availability in the mammography suite
and without requiring an additional
appointment or delay. This is particularly important when the availability of MRI is limited [3].
Limitations

As with all diagnostic methods
CESM also has some limitations, one
of which is that currently there are
only a limited number of companies
offering the imaging technique commercially. The use of contrast media
means that there is an additional cost
factor and there are known contraindications to iodine contrast agents.
Starting from the installation of a
peripheral venous access system,
the total length of time necessary
for the whole examination from is
about 10 min longer than a conventional mammography. In comparison to full-field mammography, the
radiation dose of CESM is a slightly
higher. Of course there is no ionizing
radiation at all with MRI.
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Mammography
By Dr Lia Morra

Recent advances in Computer-Aided Detection
systems for Digital Breast Tomosynthesis
Digital Breast Tomosynthesis is rapidly emerging as a technique for breast
cancer diagnosis and screening. In this article, we review recent advances
in Computer Aided Detection (CAD) systems for tomosynthesis and, with the
results of a retrospective study using an independent, multicenter dataset,
show the potential of the technology.

M

ammography is currently the only approved
screening test for average risk women. For
women invited to have mammography
examinations, reductions in breast cancer
mortality have been reported of 25% and 31% in incidencebased mortality and control-case studies respectively,
whereas for screened women the corresponding figures
for mortality reductions are 38% and 48% respectively [1].
However, despite its widespread acceptance as a screening
tool, mammography still has significant drawbacks. Its
sensitivity is greatly affected by breast density, and there
are growing concerns about the potential harms of unnecessary biopsies, over-diagnosis and over-treatment.
Digital Breast Tomosynthesis (DBT) is a three-dimensional imaging modality in which multiple projections of
a compressed breast are acquired at different angles and
reconstructed into a series of thin high-resolution slices.
The resulting volume minimizes the effect of overlapping
structures, which can potentially obscure cancers and give
rise to summation artifacts that mimic mammographic
abnormalities.
There is a growing body of evidence that DBT can significantly outperform 2D digital mammography both in
terms of increased sensitivity and reduced recall rates for
non-cancer cases [2,3,4]. The popularity of DBT among
radiologists is thus increasing. In a recent survey in the
United States, 30% of radiologists interviewed routinely
performed DBT and more than 30% were planning to
acquire DBT equipment [5].
Implementing DBT in mass screening programs poses several organizational challenges, since a typical tomosynthesis reconstruction consists of an average of 60 1-mm slices
(the number of slices can range from 30 to 80, depending on breast thickness). From a radiologist’s viewpoint,
The Author
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interpretation time has been reported to increase, even
by a factor of two compared with conventional mammography, thus increasing costs and possible errors due
to reader fatigue [7].
Over the past few decades, Computer Aided Detection
(CAD) systems have been introduced as a way to avoid
perception errors by automatically marking suspicious
areas of mammograms for radiologists to consider, and
ultimately increase sensitivity. CAD systems have been the
subject of extensive research in recent years and various
commercial systems are now available. The technology
has gained wide acceptance, in particular in the United
States where its adoption has been favoured by reimbursement policies. In Europe, the role of mammography CAD
in mass screening program remains controversial. While
CAD was shown to increase cancer detection rate (albeit at
the expense of specificity), results from controlled studies
comparing single reading + CAD with conventional double reading are not consistent. As a result, the use of CAD
as an alternative to double reading is not yet warranted [8].
Recently, three-dimensional CAD systems for DBT have
also been introduced. CAD has the potential to play a
significant role in tomosynthesis implementation, possibly different from that in conventional mammography.
In other areas of application of the technology, CAD has
been shown in Virtual Colonoscopy not only to increase
sensitivity, but also to reduce reading time when used in a
first-reader paradigm [9]. Reducing reporting time while
keeping high quality standards would lower costs and
allow skilled radiologists to increase their throughput.
Early reports also suggest that the impact of double reading
on DBT reporting is reduced [10], and this opens interesting perspectives for the use of CAD assisted single-reading
in screening. At the moment no attempts have been carried out to study CAD radiologist interaction in the DBT
field. Unlike their use in mammography, CAD systems for
DBT images are still in relative infancy, so precise details
of their performance in this application are limited. Very
few papers have been published, mostly focusing on mass
detection and with limited datasets [11,12].
The purpose of the study described in this article was to
evaluate the performance (sensitivity and specificity) of
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Figure 1. Example of lesion (architectural distortion) clearly more visible on tomosynthesis slices (left image) than in the
corresponding mammogram (right image)

a commercially available tomosynthesis
CAD system (CAD BREAST DTS, im3D
SpA, Torino, Italy) on an independent,
multicenter dataset [13].
Computer-aided detection systems

Generally, the term Computer-Aided
Detection refers to pattern recognition
software systems that identify and mark
suspicious features on an image. As in
earlier 2D systems, the CAD BREAST
DTS allows detection of both masses
and microcalcification clusters. Projections are first reconstructed using the
Briona library (Real Time Tomography LLC, Villanova, PA), with specific
settings for either masses and microcalcifications, in order to optimize
their detection. Suspicious regions are
then detected by applying proprietary
algorithms to the reconstructed threedimensional tomosynthesis views. Mass
detection is performed based on several
image features, taking into account the
presence of opacity and/or spiculations.
Microcalcifications are detected on each
tomosynthesis slice, and then grouped
in three-dimensional clusters based on
their proximity; isolated calcifications
are discarded in this process. The resulting images are displayed using markers
(bounding boxes) around the segmented
candidates, as shown in Figure 2. Mass
candidates with superimposed CADdetected microcalcification clusters are
SEPTEMBER 2015

jointly displayed; thus, each CAD mark
corresponds to either a candidate mass,
microcalcification cluster, or mass with
associated microcalcifications.
The most straightforward use of CAD is
as a second reader: the radiologist reads
the image, then activates the CAD and
reviews the specific regions marked. Of
course, CAD systems can also mark features that satisfy the criteria of the algorithms used but which do not necessarily
represent findings that the radiologist
would consider as warranting further
investigation (CAD false positive).
Results

CAD was retrospectively reviewed on
175 patients from 3 different centers: 123
patients with histology-proven, screendetected malignant lesions and 52 normal cases, with at least one year negative
follow-up. All datasets included CC and
MLO DBT views acquired on a Selenia Dimensions mammographic unit
(Hologic Inc, Bedford, MA), and were
previously unseen by the system. Positive cases included women self-referring
to mammography either for subjective
symptoms, follow-ups after breast surgery, or spontaneous screening and also
women recalled for further workups
within the regional screening program.
Lesions were annotated by experienced
breast radiologists aware of all available
reports. CAD performance was assessed
D I
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as per-lesion sensitivity (percentage of
cancers which were marked by CAD)
and false-positive rate in patients with
negative results. The number of false
CAD marks per normal image is commonly used as an alternative measure
for specificity.
CAD obtained a 89% (95% C.I. 82-94%)
per-lesion sensitivity, detecting 99 of the
111 screen-detected cancers annotated
by the radiologist. CAD detected 62/72
of lesions presenting as masses only,
20/22 of lesions presenting as microcalcification clusters, and 17/17 masses with
associated microcalcifications.
With negative cases, CAD yielded an
average of 2.7 (+/- 1.8) false positives per
breast view (0.5 false positives as microcalcification clusters, 2.1 as masses and
0.1 as masses with associated calcifications). As shown in Figure 3, in approximately 50% of the cases CAD presented
at most 2 candidates per negative view.
Conclusion

Over the last two decades, commercial
2D CAD systems for mammography
have reached high sensitivities (94-96%)
on screen detected lesions, with false
positive rates as low as 0.5 FPs/breast
view. In mammography, the detection of
microcalcification clusters is easier than
that of masses, with higher sensitivity
and lower number of false positives.
This is not surprising as masses can vary
widely in shape, appearance, margins
and size, and margins are often masked
by superimposing glandular tissue.
In contrast to the situation with 2D
CAD, there are only a few studies analyzing the stand-alone performance of
3D DBT CAD.
For the first time, a commercial system
[13] has now been assessed on an independent testing set of histology-verified
cancers presenting as both masses and
microcalcification clusters.
In this study, roughly 90% of screendetection lesions were also detected
by CAD. The sensitivity of CAD was
higher for microcalcification clusters
(95%); only two clusters were discarded, probably due to low conspicuity with respect to the background.
Masses are a more difficult target;
most lesions missed in the current
25
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Figure 2 . Example of tomosynthesis slices with super-imposed CAD marks. In the right CC view, a CAD-detected 12-mm invasive ductal carcinoma, presenting as a
spiculated mass with associated microcalcifications, is visible. CAD marks artificially highlighted in above images for illustration purposes.

study were either very small (less than
10 mm), located very close to the pectoral muscle in the MLO view, or visible on one scan only. The number
of false positive marks per volume is
higher than current 2D technology,
mostly due the large number of slices
to be processed. Nonetheless, specificity is expected to markedly improve
in the future years, as with most CAD
technologies.
There were limitations to our study:
images from only one vendor’s breast
tomosynthesis system were included, and
most of the cohort came from a diagnostic (rather than screening) population.
Improvements in overall performance
may still be needed, depending on how

DBT is integrated into future screening
protocols, which is still the subject of
some debate.
Future reader studies will tell us whether
3D CAD technology for digital breast
tomosynthesis can outperform 2D mammography CAD and deliver the next
generation of breast cancer screening.
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IBM to acquire Merge Healthcare

IBM have announced their plans to acquire — for an
estimated $1 Billion — Merge Healthcare, one of the largest
global suppliers of medical imaging IT and vendor neutral
archiving (VNA) systems. IBM’s latest venture into healthcare (following the acquisition of Phytel. and Explorys. last
year), is based on expanding the capability of the company’s
artificial intelligence (AI) platform ”Watson” to drive new
diagnostic software for medical applications. In the case of
the Merge Healthcare acquisition, the “Watson” platform will
now have access to more than half a billion medical images
stored in Merge’s enterprise archive storage platform, with
the intention of developing new image analytics capabilities.
Industry observers suggest that the arrival of a new, deeppocketed, market entrant will concern the big six industrial
medical imaging suppliers (GE Healthcare, Philips Healthcare,
Siemens Healthcare, Toshiba Medical Systems, Hitachi
Medical and Samsung) who have developed their own radiology IT solutions and platforms. However the emergence of
enterprise storage and image management software vendors
such as Merge and Lexmark Healthcare has also seen traditional imaging vendor share erode in the last five years. If IBM
can make Watson AI products for image analytics clinically
relevant and seamlessly integrate these tools into the EMR,
control of the radiology IT market may increasingly shift away
from traditional radiology IT vendors and may even force a
departure of industrial medical imaging suppliers away from
IT software altogether.
http://www.merge.com

VuCOMP focusses on CAD for breast
tomo, sells Breast Density software

VuCOMP, the developer of advanced computer vision systems for the detection of breast cancer, has become the first
company to submit a premarket approval application (PMA)
to the U.S. FDA for computer-aided detection (CAD) for digital breast tomosynthesis (DBT) The CAD system is designed
to use VuCOMP proprietary computer vision algorithms to
identify areas of mammograms consistent with breast cancer.

The submission includes both clinical validation and internal
software testing that compares CAD performance of DBT and
digital radiography (DR) images to DR images alone.
SEPTEMBER 2015
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“This important PMA submission demonstrates our continued focus on developing the most advanced technologies
for the early detection of breast cancer, as well as providing
radiologists with tools that will impact their diagnostic confidence,” said Jim Pike, Chief Technology Officer, VuCOMP.
The company also announced that it has sold its M-Vu
Breast Density software to iCAD, Inc. The purchase and sale
agreement includes the transfer of the breast density technology and associated service contracts, but does not include
the CAD platforms, which will remain with VuCOMP. Under
the agreement, VuCOMP will continue to sell the breast density product. “Our sale of M-Vu Breast Density will enable
VuCOMP to focus our resources on the development of
CAD for breast tomosynthesis,” said Jim Pike.
www.vucomp.com.

Guerbet acquires Mallinckrodt’s contrast
media and delivery systems business

Guerbet, the French company specialized in contrast medium, have announced that it is acquiring 100%
of Mallinckrodt’s contrast medium and delivery systems
(CMDS) busines, including production sites, intellectual
property rights and distribution subsidiaries in the various
geographical areas, in a transaction valued at approximately
$270M, entirely paid in cash.

With this acquisition, Guerbet continues in its aim to
become a new global leader in medical imaging. The combined sales of Guerbet and the Mallinckrodt business were
close to €800M1 in 2014 The key strengths of the CMDS
business that interested Guerbet included CMDS’ efficient
industrial and commercial platform with four production
sites in Ireland and in North America and a global distribution network covering approximately 65 countries, a comprehensive range of delivery systems and imaging solutions for
X-ray scanners, X-ray cardiac and vascular imaging, urological
imaging and magnetic resonance imaging and a large portfolio of patents and other intellectual property rights. In contrast
media, the CMDS business is well positioned with Optiray and
Optiject (Europe)/Ultraject (United States) in X-ray, whereas
Guerbet holds a similar position in MRI with Dotarem,
Yves L’Epine, Guerbet’s CEO commented: “This acquisition transforms and accelerates Guerbet’s future: it doubles our turnover, enables us to extend our geographical
footprint and creates complementarities in both contrast
media and imaging solutions and services. We will be very
pleased to welcome Mallinckrodt’s CMDS colleagues to
successfully and rapidly complete this integration together
a and create a new global leader in medical imaging”.
www.guerbet.com
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Barco acquires Advan

Belgium-based healthcare imaging specialist Barco has
announced that it has acquired the US-based ADVAN Int’l
Corp, a manufacturer of high-quality LCD displays for medical modality applications. The acquisition fits within Barco’s
strategy to grow its market share in the modality imaging
segment and strengthen its partnerships with leading medical
device manufacturers worldwide. ADVAN Int’l Corp, based
in Fremont, CA has been a provider of medical imaging and
healthcare LCD displays since 1997. The company has a second location in Seoul, South Korea, which operates as a liaison office. “With our centre of expertise for custom design in
Saronno (Italy), Barco already has a wide experience in delivering high-performance display technology for medical modality
applications,” says Filip Pintelon, General Manager of Barco’s
Healthcare division. “We
are looking forward to
sharing best practices in
product development,
quality management, and
operations with ADVAN
and are excited to expand our current display product line to
support the growth of the modality imaging business; particularly in the US.” The acquisition of ADVAN Int’l Corp is in line
with Barco’s corporate strategy to expand its healthcare business
into domains where it has established a leadership position, tapping into opportunities to expand the global market footprint.
The joining of forces between ADVAN Int’l Corp and Barco is
expected to result in increased sales volumes and a worldwide
expansion of the current OEM business. ADVAN Int’l Corp
posted sales of 19.8 million euro in 2014 and delivered profits
comparable with those of Barco’s Healthcare division. The total
transaction cost amounted to 16.4 million euro.
The Barco group, which in addition to its division developming and marketing high quality medical imaging monitors
also has divisons marketing networked visualization products
for the Entertainment and Enterprise markets. announced
strong first half 2015 results with group sales increasing 17%
to 506 million Euros.
www.barco.com

Philips enters collaboration on
advance treatment for prostate cancer

Philips recently announced their collaboration with
the Canada-based company Profound Medical to support
Profound’s proprietary TULSA (Transurethral Ultrasound
Ablation) technology designed to treat patients with prostate
cancer on Philips’ Ingenia and Achieva 3T MRI systems . The
TULSA technology is emerging as a new minimally invasive,
whole gland ablation of the prostate. This single session
procedure has the potential for outcomes comparable to
the best of current treatment options, but with lower rates
of side effects and higher quality of life for patients. “Philips
has stepped forward and enthusiastically shares our vision
for the technology. With their support, TULSA-PRO will
soon be available to clinicians and patients for primary
treatment of localized prostate cancer,” said Steve Plymale,
CEO, Profound Medical Corp. “This new relationship will
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provide us with access to a
large installed base of MRI
systems and customers and
we look forward to developing
this mutually rewarding relationship further.” As a leader
in image-guided therapies
Philips is expanding its efforts
in the fast growing interventional oncology domain. MRI
is emerging in oncology applications, because of its excellent real-time 3D visualization of soft tissue and Philips
has a suite of industry-leading solutions for MRI guided
procedures. Philips has deep expertise and experience in
providing clinical solutions for prostate MR imaging. “With
3T MRI emerging as a technology standard for multi-parametric MRI diagnostic imaging of the prostate, our collaboration with Profound Medical will enable us to offer
our customers access to a novel MR guided ultrasound
ablation therapy that’s critical to prostate care research,”
said Christopher Busch, General Manager MR Therapy,
Philips Medical Systems. “We look forward to teaming with
Profound Medical to refine the integration of our technologies and drive clinical research and reimbursement efforts
with the ultimate objective to improve clinical performance
and enhance the patient experience.
www.profoundmedical.com
www.healthcare.philips.com/

Cocir and Himss strengthen cooperation

The European Coordination
Committee of the Radiological,
Electromedical and Healthcare
IT Industry (COCIR) and the
Healthcare Information and
Management Systems Society
(HIMSS) have renewed their
cooperation agreement to
progress their common goal of
improving the use of information and management systems
for the betterment of healthcare. Since the agreement was
initially signed in 2008, COCIR and HIMSS have cooperated through a number of events including eHealth
Week as well through COCIR’s first eHealth Summit
last year. Collectively representing various stakeholders
in the health ICT field, with some industries holding
memberships in both organisations, COCIR and HIMSS
are committed to advancing
the best use of information
and management systems
for improving healthcare
systems. H. Stephen Lieber,
HIMSS President and CEO, said:”With this Memorandum
of Understanding HIMSS’ cooperation with COCIR
has been reinforced and we look forward to continuing jointly ensuring adequate information is available for
stakeholders so that positive policy decisions are made
to improve healthcare access quality as well as improving

E U R O P E

SEPTEMBER 2015

industry NEWS
the efficiency of healthcare systems and driving patient
outcomes.”
Joost Leeflang, COCIR President, stated, “The collaboration between COCIR and HIMSS has successfully raised
awareness to European decision-makers on the important
role of the health ICT sector in centralising best practices
and focusing on deployment. We look forward to continuing
our joint efforts transforming healthcare, towards seamless
integrated care and executing projects at European, regional
and national levels”.
www.cocir.org
www.himss.org

GE receives FDA Clearance for low
dose CT lung cancer screening
GE Healthcare is the first company with a low dose CT
lung cancer screening option that is cleared by the U.S.
FDA for lung cancer screening “Bringing low dose CT
screening to patients at a high risk for lung cancer will
reduce death from the most deadly cancer worldwide,”
said Dr. Ella Kazerooni, chair of committee on lung cancer
screening, American College of Radiology. “Performing
low dose CT with attention to high image quality at the
lowest radiation exposure to detect early cancer is at the
core of a successful screening program, and requires collaboration with imaging partners to bring technology to

bear for this purpose. The FDA’s clearance of these CT
scanners for this purpose illustrates that commitment.”
The FDA decision follows on the landmark National Lung
Screening Trial (NLST) which was conducted at 33 medical institutions with over 53,000 older, otherwise healthy
patients at high-risk due to their smoking history. Half
of the participants were screened using low dose CT, the
other half were screened using chest X-ray. The trial demonstrated that the use of low dose CT screening decisively
reduced the mortality rate from lung cancer by 20 percent
compared to use of chest X-ray. The NLST also revealed
a significant 6.7 percent reduction in the rate of death
from any cause using low dose CT screening. Physicians
using low dose CT for lung cancer screening will now have
access to the benefits from a screening indication, including GE`s new low-dose screening reference protocols.
These new protocols are tailored to the CT system, patient
size, and the most current recommendations from a wide
range of professional medical and governmental organizations. Now, qualified GE Healthcare CT scanners can be
confidently used by physicians within their FDA cleared
indications for use, delivering low dose, short scan times,
SEPTEMBER 2015
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and clear and sharp images for the detection of small lung
nodules. These nodules are critical in identifying lung
cancer at its earliest stages when it is the most treatable
and curable.
Lung cancer is the third most common cancer and the
leading cause of cancer deaths; it kills almost twice as many
women as breast cancer and three times as many men as
prostate cancer. Survival rates from lung cancer are highly
correlated to its initial stage at the time of first diagnosis. The
overall five year survival rate for lung cancer is among the
lowest (17 percent) of all types of cancer but is significantly
higher when the cancer is diagnosed at an early stage (54 percent). However, currently only 15 percent of lung cancer cases
are diagnosed at such an early stage. The use of low dose CT
lung cancer screening increases this percentage of early stage
detection, providing patients a much better prognosis.
“This is the first time in history that any CT device has
received FDA clearance for any screening indication,” said
Henry Hummel, president and CEO of Molecular Imaging
and CT at GE Healthcare.
www3.gehealthcare.co.uk

MRI contrast agent gets European
approval for use in pediatric
patients less than 2 years of age
Bayer HealthCare announced that Gadovist (gadobutrol) has received a label extension in the European Union
(EU) for diagnostic use with MRI or magnetic resonance
angiography (MRA) in pediatric patients less than 2 years
of age, including term newborns. Gadovist was approved
for this expanded use through an EU variation procedure
in which Germany acted as the reference member state.
Country approvals by regulatory bodies across the EU will
follow. “This approval provides radiologists in Europe with
an important diagnostic tool for use in the youngest pediatric population,” said Dr. Gabriele Hahn, study investigator and radiologist, University of Dresden, Germany. “The
study data confirm the safety profile, dose and efficacy of
gadobutrol young patients under the age of 2, including
newborns.”

The approval was based on an international multi-center
study showing that the pharmacokinetic and safety profiles of Gadovist in pediatric patients less than 2 years of
age were similar to those of older children and adults at
standard dose (0.1 mmol/kg), confirming that the same
weight-based dosing of Gadovist can be used as in older
children and adults.
“To date there were only limited data available regarding
the use of gadolinium-based contrast agents in pediatric
patients younger than 2 years of age, and there has been
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Carestream expands into
orthopedic cone beam CT

After the recent news of its expansion into
ultrasound imaging, Carestream has followed up
with an announcement of its intention to expand
into another imaging modality, namely conebeam computed tomography (CBCT). Carestream
is currently carrying out patient studies of new
CBCT systems for orthopedic imaging and plans
to develop the benefits of CBCT technology for
capturing images of patient extremities including weight-bearing images of knees, legs and feet,
which are of particular interest to orthopedic and
sports medicine specialists. Cone beam CT systems
use less radiation than traditional CT; are compact
and affordable; and can be used for orthopedic
imaging in a wide range of facilities including hospitals, clinics and sports medicine providers.

“We are expanding our proven expertise in
radiology with new systems and research aimed
at addressing unmet needs in the orthopedic and
ultrasound markets,” said Diana L. Nole, President,
Digital Medical Solutions, Carestream. “Our development staff are working with clinical experts and
leading healthcare providers to develop new features and functionality that enhance patient imaging in these areas.”
In a separate communiqué, the company also
announced that two of Carestream’s
Touch
Ultrasound Systems have now received FDA 510(k)
clearance, namely : the Touch Prime Ultrasound
System and the Touch Prime XE Ultrasound
System. Both premium systems are designed for
general diagnostic imaging use in radiology. These
two products are the first in Carestream’s new family of ultrasound systems, which have earned praise
for their all-touch control panel and advanced
imaging capabilities “These new ultrasound systems build upon our proven expertise in digital
X-ray systems,” said Nole, “We started with a clean
slate and worked with customers to develop a new
generation of ultrasound systems that enhance
ease of use and productivity, while incorporating
integrated GPU processing power that delivers fast
response times and extremely high image quality.”
www.carestream.com
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a significant need to better understand how they work in
the youngest of patients,” said Dr. Christiane Pering, Chief
Medical Officer (CMO) and Head of Innovation in Bayer
HealthCare’s Medical Care division. “This study and authorization by health authorities are important in supporting
pediatric radiologists with an approved contrast agent for
use in all pediatric patients.”
www.healthcare.bayer.com.

Initiative to bring cancer radiotherapy treatment to millions in Africa

In Africa, cancer kills more people than HIV/AIDS,
malaria and tuberculosis combined. It has been estimated
that approximately 40 percent of cancer cases can be prevented and 40 percent can be cured with the right treatment. Together with the Swedish company Elekta, ministries of health in almost a dozen African nations are
working to build up their radiation therapy infrastructures.
Studies have shown that more than 50 percent of all cancer
patients worldwide would benefit from radiation therapy
during the course of their disease, either as the sole therapy
or in combination with surgery and chemotherapy. Less
than 35 percent of the world’s radiotherapy facilities are
in low-income countries. Africa is a prime example of the
shortfall that leaves most cancer patients in low-income
countries without access to potentially life-saving radiation
therapy treatment.

Ian Alexander, Executive Vice President of Elekta’s
Europe, Africa, Latin America and Middle East Region, said:
“Most sub-Saharan countries lack the facilities and trained
personnel necessary to provide effective prevention, early
detection or adequate treatment of cancer. Elekta is striving
to introduce to these countries value-based health systems
that deliver high-quality care at low total costs.” Access to
radiation therapy on the continent has been hampered
by a variety of factors, including education and training.
Elekta is committed to improving these circumstances and
is investing substantially in its Learning and Innovation
Center (LINC) training facility in Cape Town, South Africa.
Here, clinicians can learn more about the use of linear
accelerators, oncology information systems and treatment
planning systems.
“It is totally unacceptable that fewer than half of Africa’s
cancer patients have access to any treatment services,”
Alexander says. “Elekta is determined to change the outlook
for millions of patients in Sub-Saharan Africa, by providing
affordable solutions.”
www.elekta.com.
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Japanese experience
shows how Hybrid ORs
are worth it
Recently the Shonan Fujisawa
Tokushukai Hospital in Japan’s
Kanagawa Prefecture reopened after
reconstruction. One of the hospital’s
new features is a hybrid operating
room – dedicated entirely to spinal

The use of a hybrid operating room for exclusive use
in image-guided spine surgery. in Shonan Fujisawa
Tokushukai Hospital Japan has resulted in the number of surgical operations rising sharply .

surgery which can be extremely challenging for the surgeon: The central
nervous system and major blood vessels often lie close to the surgical area,

requiring the highest surgical precision within a very narrow space. As a
pioneer in developing safer, minimally
invasive, image-guided spine surgery
procedures, Dr. Sohei Ebara had
extensive experience of using mobile
C-arms before choosing a fixed
C-arm for his hybrid operating room.
However, with the recent installation
of the Artis zeego robotic imaging
system from Siemens, his workflow
changed significantly. The new equipment allows him to scan larger parts
of the patient’s back without moving
the patient. “This has direct implications for the operation time. Initially,
it took us eight hours or more for scoliosis surgery with an endoscope. Now
it takes only four hours,” explained
Dr Sohei Ebara. “ However the most
important aspect of performing minimally invasive spinal surgery in the
hybrid operating room is the superior
clinical outcome and greater surgical
precision. Furthermore, with the use
of the new imaging system the radiation dose for both medical staff and
patients has decreased.
www.healthcare.siemens.com

Book review
Liver Imaging: MRI with CT Correlation
Ed by E Altun, M El-Azzazi & RC Semelka
Pub By Wiley 2015, 328 pp, € 135; ebook € 123

• The first single source work to deal with the
two primary radiologic modalities in diagnosing
and treating benign and malignant diseases of the
liver, presented with clearly laid out MRI and CT
correlations. Developed by an editor team led by
one of the world’s leading authorities in
abdominal imaging, Richard C. Semelka MD.
• User-friendly, atlas-style presentation, with
over 1500 MRI and CT images in over 320
figures featuring state-of-the-art MR and CT
imaging sequences, multidetector row CT
images, 3D reformatted
images, breath-hold MRI sequences, and cutting-edge MR 3T images
• Highly practical approach for imaging of focal and diffuse liver lesions,
complete relevant and systematic (differential) diagnostic information,
the latest references to primary literature and clinical evidence, and
patient management possibilities
• Reflects a pattern-recognition approach to MRI and CT imaging, assisting with efficient scanning of images and assessment and diagnosis of
disorders
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Hitachi to distribute Fujifilm’s 3D liver
resection simulation
software
FUJIFILM Europe, the provider
of medical image and information products and technologies for
acquiring, processing, managing and
storing diagnostic images and related
data, and Hitachi Medical Systems
Europe, a global leader in ultrasound
imaging, have announced an agreement whereby Hitachi will distribute
Fujifilm’s Synapse 3D Liver resection
planning software package through
their subsidiaries’ sales network in

Europe. Today, intra-operative ultrasound has become a mandatory tool
providing safe and accurate guidance for partial liver resectomy and
3D liver resection planning software is becoming an increasingly
important part of surgical planning.
Hitachi is the pioneer of ultrasound
fusion imaging, having introduced
the Real-time Virtual Sonography
(RVS) technique into the market
for more than 10 years. RVS technology fuses corresponding, previously acquired CT/MR volume data
with a current real-time ultrasound
examination. Conventionally, the
surgeon needs to have a workstation
alongside the patient in the operating room, but with RVS, the surgeon
can check the resection plane determined previously by using the planning software, whilst simultaneously
viewing the same anatomical plane
in the real-time ultrasound image. In
this situation, RVS can make use of
the pre-treatment CT and combine
this data with the live ultrasound,
guiding the surgeon to the location
of the lesion.
www.hitachi-medical-systems.eu
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Magnetic Resonance Imaging
By Dr GM Kukuk

Using the latest MR technology to enhance liver imaging
The Department of Radiology at the University Clinic of Bonn,
Germany carries out approximately 80 liver MRI exams per
month. These include examinations of oncology patients for
the optimization of intervention and follow-up planning, the
scanning of transplant and surgery patients, and imaging
outpatients referred by the department of hepatology.
The Radiology Department’s philosophy is to strive for liver
imaging that is “right first time” and provides sufficient and
high quality information for confident diagnosis.To do this,
the department makes use of Philips Ingenia MRI systems.

Guido M Kukuk, MD, is senior radiologist in
the Department of Radiology at the University
Clinic, Bonn, Germany . His clinical specialities are abdominal and urogenital imaging.

Senior radiologist Dr Kukuk talks about the systems with which the department
is equipped and how they are used in practice.
Equipment helping to IMprove efficiency
and high Image quality

MRI is playing an increasingly important role in
the assessment of liver patients, so clearly appropriate
equipment is vital. In Bonn, the department has two
3.0T and two 1.5T MRI systems, all Ingenia models
from Philips. The principal reasons for the department’s choice of these particular systems were their
scanning efficiency and excellent image quality. “Ingenia’s dStream digital coil technology provides increased
signal compared to the analog Achieva systems we had
previously, which translates into better image quality,” says Dr. Kukuk. “The MultiTransmit technology
of Ingenia 3.0T adds the advantage of reducing dielectric shading, which is especially valuable in abdominal
imaging.” “In addition, the Posterior coil built into the
Ingenia patient table is a time-saver,” says Dr. Kukuk.
“It allows easy patient positioning and planning and
provides high quality imaging. We can obtain a large
field of view with both 1.5T and 3.0T systems, which
allows us to extend the anatomic coverage if we notice
any pathology on the first images.”

sequence in which speed is most important is that of
the arterial phase, as this sequence cannot be repeated.
It has to be “right first-time”. So not just really fast but
with sharp images of diagnostic quality. It helps if the
patient is aware of what is going on so we carefully
explain the process to the patient before acquisition of
this sequence.”
“Because we use liver-specific contrast agents, the
minimum time we need for a liver exam is about 25
minutes,” adds Dr. Kukuk.
A smart protocol design

A typical liver exam carried out in Bonn begins
with T2-weighted imaging, single shot and with fat
suppression. “We always perform diffusion weighted
imaging (DWI) with four b-values (0, 50, 250, 800) for

The need for speed in liver imaging

“Rapid imaging is particularly helpful in patients who
have difficulty in holding their breath adequately, so
it’s desirable to have very fast T1-weighted images. The
Contact information
Dr G M Kukuk,
Senior Radiologist

The University Clinic in Bonn has two Ingenia 1.5T and two Ingenia 3.0 T MRI
systems whose dStream digital platform and recently started to use MultiVane
XD for robust motion correction and high spatial resolution as well as mDIXON
Quant for non-invasive liver fat quantification in just one breath hold.

Department of Radiology,
University of Bonn,
Germany.
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lesion characterization, for monitoring
after therapies, and for visualization of
small lesions. Before giving contrast
we routinely use the mDIXON Quant
fat quantification sequence, which is
a multipoint method for 3D water-fat
MRI. Then we use dynamic e-THRIVE
— the 3D high resolution abdominal
dynamic imaging technique which
reduces effects of B1 inhomogeneities
produced at higher field strength, and
provides good fat suppression — with
an in-plane spatial resolution of 1.5
mm and high temporal resolution in
just four breath-holds of 13.1 seconds.”
“Contrast
enhancement
is
important to help us characterize
lesions, for follow up in oncology
patients and for informing clinicians whenever decisions on possible changes to the therapeutic
regimen are being considered,” Dr.
Kukuk explains. “Because we use
liver-specific contrast agents we can
obtain the T2-weighted images after
the dynamic, to bridge the waiting
time needed with these contrast
agents. Just before the patient leaves
the scanner we acquire another
e-THRIVE in the axial plane and one
or two coronals.”
Imaging with arms up means
faster, better imaging

An increasing number of liver
patients are being scanned in an
“arms-up” position using the integrated Posterior coil and a special
positioning device. “By placing the
patient’s arms up, the field of view in
the right-left direction can be smaller
so that a right-left preparation direction can be used to cut down the scan
time,” he explains. “We can use high dS
SENSE factors — ds SENSE is the system enabling rapid parallel imaging—
for TSE imaging, so we can shorten
the echo train length. This results in
a faster scan than arms-down T2 TSE;
in addition the images show high anatomical detail.”
“For DWI, the high dS SENSE factor allows the use of a shorter echo
time (TE) so we get higher signal and
SEPTEMBER 2015

Arms-up imaging of HCC in liver. A 78-year-old male patient with multifocal hepatocellular carcinoma underwent
MRI. A special support is used for arms-up imaging. With the patient’s arms elevated higher SENSE factors can
be used. Images obtained with arms up and arms down are scanned for comparison. The arms-up T2 TSE images
show less blurring thanks to the shorter echo train lengths. The arms-up DWI images (b=800 mm/s²) show less
distortion and increased lesion conspicuity.

fewer susceptibility artifacts, which
means less distortion of the diffusion weighted images. Of course, with
higher dS SENSE factors and the shortening of the TSE factor in T2-weighted
imaging, we can drastically cut down
the overall examination time. So,
with arms-up we get faster images,
less distortion in DWI and less blurring on T2-weighted images. Almost
all patients tolerate the arms-up
scanning well.”

tion rates (SAR), acquire high spatial
resolution in short acquisition times,
and at the same time reduce artifacts
caused by motion in adjacent tissues
and organs”.
“In comparison to single-shot
T2-weighted TSE, this approach using
MultiVane XD motion suppression
provides higher spatial resolution. In
addition, it is especially valuable with

Robust motion correction
and high spatial resolution

“We use the MultiVane XD motion
correction system and are now able
to acquire high spatial resolution
T2-weighted images without seeing any
significant motion,” says Dr. Kukuk. “It’s
a great technique to obtain high spatial
resolution images of the pancreas or
the liver, as well as the surrounding
organs and tissues. The MultiVane XD
motion correction system can be combined with dS SENSE parallel imaging,
allowing us to reduce specific absorpD I
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In the University Clinic of Bonn, an increasing number
of liver patients are scanned in an arms-up position
using the integrated Posterior coil and a special positioning device. “By placing the patient’s arms up, the
field of view in the right-left direction can be smaller
so that a right-left preparation direction can be used
to cut down the scan time,”
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Clinical case: Comprehensive liver exam of focal liver lesions. Patient with multiple liver lesions showing up hyperintense on T2-weighted images. The high spatial resolution
of MultiVane XD can be appreciated by comparing the images demonstrating the two hyperintense focal liver lesions.
mDIXON Quant was performed for quantification of intralesional and hepatic parenchymal fat content. The fat content in the liver parenchyma was normal. The lesion has
a fat fraction of 25-30%. Histopathologic diagnosis was hepatocellular adenoma.
Ingenia 3.0T using the dS Torso coil solution.

patients who cannot hold their
breath or have other disabilities. I think
that this sequence has the potential
to substitute for, or even replace, the
T2-weighted single-shot sequence in
our liver exams, because of good and
consistent delineation of small lesions.”
“I recommend using mDIXON
Quant liver fat assessment routinely
in liver MRI exams. It has been well
evaluated and is fast and easy-to-use.”
Non-invasive liver fat quantification in a single breath-hold

“Fatty liver disease is a common
condition, with studies showing a prevalence of non-alcoholic fatty liver disease of up to 44% of the general European population [1]. Liver fat cannot be
quantified by ultrasound or CT, so up
till now biopsy — with its well-known
risks and disadvantages — has been
the way to quantify fatty liver disease,”
says Dr Kukuk. Instead we now use
the so-called modified DIXON technique (mDIXON), the novel multipoint
method for 3D water-fat magnetic resonance imaging. mDIXON’s unrestricted
echo time (TE) allows more efficient
scanning than traditional DIXON
34

methods. It provides four images in one
breath-hold: water and fat images, plus
in-phase and opposed-phase images.
Compared to current 3D volumetric
fat suppression methods, mDIXON
provides greater speed, improved SNR,
multiple contrasts and more robust fat
suppression
“Thus, the mDIXON Quant method
now allows non-invasive quantification of
liver fat, which is valuable for both diagnosis and follow-up during dietary changes
or therapy, for instance in hepatitis C. The
mDIXON Quant fat fraction maps provide quantitative information and also
anatomical detail. The sequence is fast,
usually taking about 16 seconds, which
is just a breath-hold for most patients. It
definitely improves our efficiency.”

“So, this fast mDIXON Quant
sequence allows us to diagnose, quantify, and follow up – that’s the real
advantage. Our gastroenterologists
were easily convinced of the value of
the method since they are well aware
of the limitations of ultrasound and
the risks of liver biopsy.”
“As for the patients, they appreciate
getting quantitation of changes seen in
follow-up exams during therapy.”
“I recommend using mDIXON
Quant routinely in liver MRI exams.
The method is fast, easy to use, and
has been well evaluated [2,3]. The time
investment is low and the benefit is
high.”
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Ultra High Field MRI

“Promise made – Promise kept”
At the 2014 meeting of the International Society of Magnetic
Resonance in Medicine (ISMRM), Siemens announced its intention to
bring in-house the manufacture of Ultra high-field magnets for use in 7
Tesla MRI systems.
Widely seen as a sign of Siemens’ commitment to the future of
7T MRI for human research and ultimately clinical use, last year’s
announcement followed an earlier decision taken by the outside
OEM contractor to discontinue the supply of high field magnets.
Now, only one year later, Siemens announced at the 2015 ISMRM
meeting the launch of the first ultra high-field MRI system, namely the
Magnetom Terra 7T, with all core components entirely designed and
built by Siemens.
We spoke to Bernd Ohnesorge, CEO of Siemens MR business unit about this
technological and project management tour de force.

CEO of Siemens MRI division, Bernd
Ohnesorge made a commitment to
continue Siemens’ leading role in the
sector of ultra high field MRI systems
by deciding to manufacture in-house
the powerful 7 Tesla magnets needed
for such systems. The Magnetom
Terra is the result of Siemens’ strategy to expand the worldwide footprint
of 7 Tesla MRI.

Q.  Just one year after the promise to get into the manufacture Q. To get back to the magnets for a moment. You have been

of your own ultra high-field magnets, here we are with the
launch of the Magnetom Terra. By any standards that is
rapid progress. What’s behind this?
The straight answer is a great effort by the development and
manufacturing teams involved in this project. However I should
also point out that we at Siemens had a good starting point for
the project in that we already have a facility — the Siemens Magnet Technology (SMT) division, located in Oxford, UK — which
is responsible for the design and production of the magnets that
we use in our current 1.5 T and 3.0 T MRI systems.
I don’t want to minimize the effort involved in scaling up
from such field strengths to tackling the issues involved in 7
Tesla fields, but we certainly weren’t starting from scratch. Once
we at Siemens had decided several years ago to not just get into
but to be committed to the ultra high-field MRI arena we knew
that such an involvement depended on the key issue of the
supply of the magnets. So when the previous OEM supplier of
ultra high-field MRI magnets decided for their own reason to
stop production we were well prepared to move forward with
the in-house development of our own actively shielded 7 Tesla
magnets. And the fruits of that plan can be seen now with the
initial launch of the Magnetom Terra, with routine production
of the system scheduled for 2017.
And while the basic architecture of the current Magnetom
Terra is set we will be continually introducing developments at
the system level, for example to introduce ever more powerful
research capabilities that the market expects.
And it is not intended as a pure research tool. The system is designed to translate cutting-edge MRI research results
into clinical applications, and is prepared for possible future
clinical use, with planned CE and FDA authorization to market for selected neurological and musculoskeletal MR imaging
applications.
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able to significantly reduce the overall weight of the system.
How did you do this?
This is an example of where we were able to leverage the
expertise and knowhow already acquired by the team at SMT
in Oxford, who have already been able to reduce the overall
weight of clinical 3 Tesla and 1.5 Tesla system magnets through
smart use of various technologies and coil design approaches.
We were able to reduce the weight of the Magnetom Terra
compared to previous systems by nearly a factor of two to about
20 tonnes, which is significant for the future clinical application
of the system — the more we can remove special installation
requirements such as reinforced floors and shielding walls, the
easier it will be to ultimately introduce the system into hospitals.
Another example of leveraging expertise from our existing
3 Tesla and 1.5 Tesla systems into the new 7 Tesla system is the
incorporation of “zero helium boil-off” technology into the
new Magnetom Terra, thus reducing running costs. This strategy of expanding the existing expertise gained from the current
fully clinical systems such as the 3 Tesla Skyra and Prisma and
the 1.5 Tesla Aera has been the underlying philosophy behind
the development of the 7 Tesla system.

Q. You make it sound just like a simple update.

No. Even with the expertise we already had in the clinical systems, going to a 7 Tesla system — especially one that
is suitable for both research and clinical applications — was
always going to be a significant research and development challenge, including the development of new imaging techniques to
minimize high magnetic field image artefacts. What did make it
easier was that Siemen’s overall objective and vision regarding
7 Tesla MRI was the result of a long-term strategy and that our
commitment to the field has never wavered. And of course for
such a major and long-term development program we were
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All the core components — including the magnets — of the newly launched
Magnetom Terra are designed and manufactured in-house by Siemens. The first
machine is now installed in the University Hospital Erlangen in Germany and is undergoing extensive testing using phantoms and other test objects, already generating
images of encouragingly high quality.

very careful to make sure that we had constant and valuable input
from our global network of partners and world-leading researchers
in the field to guide and advise us.
There are already enough data from high field research systems
to support our belief that ultimately 7 Tesla systems can play a
significant clinical role. We are proud to say that Siemens is already
today by far the leading supplier of 7 Tesla systems to this elite group
of 7 Tesla users.
This transition to clinical use will not happen overnight; we
realize that we are in it for the long haul. In a way, this also drove
the decision to start developing and manufacturing the magnets inhouse. In what is after all a significant R & D investment, we did not
want to be dependent on an outside OEM supplier for such a key
component as the magnets.
Likewise it was the overall objective of designing a 7 Tesla
system capable of cutting-edge performance for research applications, while planning CE and FDA authorization to market for
possible clinical use in certain clinical applications. For example,
the new system offers for research applications up to eight channel
parallel transmit technology for selective excitation and higher
homogeneity in challenging body regions such as cardiac and
abdominal. In addition, there are up to 64 receive channels for
higher coil density in the field of view to achieve higher acceleration factors, higher signal-to-noise ratio and higher spatial
resolution, and a better coverage of the body regions of interest.
The system provides high gradient strength of up to 80 millitesla
per meter and a fast gradient switching rate of up to 200 Tesla
per meter per second for advanced studies with diffusion and
functional MR imaging. Crucially, given the objective of clinical

Using high resolution 7 Tesla imaging enables imaging of the thin layer of cartilage
and the spherical shape of the hip. Images courtesy of Erwin L. Hahn Institut für
Magnetresonanz, Essen, Germany.

applications, the system incorporates the same syngo MR E11
software and advanced application platform as is used in Siemens’
clinical 3 Tesla and 1.5 Tesla MRI systems.

Q. Is there a conflict between the clinical and research applications

of the new Terra?
Not at all. The Magnetom Terra is a system fully capable of cuttingedge research applications but is also intended to be used as a clinical
system ultimately capable of providing diagnostic information. This
dual capacity is a reflection of the anticipated use cases for what is after
all a significant investment for the end-user. It offers great advantages
that a single end-user will have the possibility of devoting the machine
to both, research applications on the one hand and clinical, diagnostic
uses on the other. For this reason we designed the system to be able to
carry out both applications, without any compromise in quality. What’s
more, the change-over from the research mode to specific clinical
protocols only takes less than ten minutes, needed for the loading of
scan mode and the appropriate protocols and local coils.

Q. What about future regulatory requirements?

As I said, we plan CE and FDA authorization to market and
believe that the most important prerequisites are in place for this
approach to be successful. First of all we are encouraged by the quality of the images the system is already generating. The first machine
is installed in the university hospital of Erlangen, Germany, the
magnets are mature and the system is undergoing extensive testing
and evaluation using phantoms and other test systems. Secondly
the highest level of MRI field strength that is approved in Europe
for clinical applications has very recently been extended to 8 Tesla
from the previous level of 4 Tesla. (In the United States, it has already
been set at 8T for a couple of years).

Q. You mentioned that Siemens was the biggest supplier of 7T

7 Tesla MRI is of particular interest in neurology. The above 7 Tesla images TSE (left)
and 3D SWI (right) show Multiple Sclerosis lessions in the white matter but also in
the cortex. Images courtesy of MedUni Wien, Vienna, Austria.
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systems to the research community.
Yes we are very proud that there are more than 40 installed Siemens 7 Tesla machines for human use — which is more than two
thirds of the total installed base. The large installed Siemens base
means there is a very active research community in the field. We at
Siemens support the collaboration and intercommunication between
all our users, so there is a very fertile exchange of opinions, results and
techniques. This inevitably advances the field as a whole with, in particular, exciting progress being made in applications across the human
body, including neurological and musculoskeletal applications.
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Ultrasound
By Dr J Godown & Dr A Beaton

Handheld echocardiography:
how new technology could improve
the practicality and affordability of
rheumatic heart disease screening

R

heumatic heart disease (RHD), the result of
untreated or undertreated streptococcal infections, is responsible for high morbidity and
mortality among children and young adults
worldwide [1-3]. New prevalence data estimate the current global burden of RHD to be 32.9 million patients,
with the vast majority of them living in low-resource
populations [4]. Currently, the most cost-effective strategy for RHD control starts with the identification of
patients with acute rheumatic fever (ARF) or RHD
[1]. Once identified, these patients can be placed on
penicillin prophylaxis (secondary prophylaxis), which
can arrest disease progression and sometimes lead to
disease regression.

It stands to reason that the earlier a patient with RHD is
identified, the greater is the potential for the prevention
of disease progression. Certainly, this is true in patients
with documented clinical ARF and early-stage RHD
[5, 6]. However, in the developing world, identifying
these patients can be challenging. Most patients with
RHD are diagnosed late in the course of disease with
advanced valvular involvement and serious complications [7], and few patients remember a clinical history
of ARF [8].
Screening asymptomatic children and young adults for
latent RHD offers the chance for earlier disease detection
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Our group recently conducted a large-scale RHD screening study at schools in Gulu, Uganda comparing STAND
(using either the Vivid Q/I system from GE Healthcare
Electric; or the CX50 system from Phillips), with HAND,
(using a VScan system from GE Healthcare )and auscultation in the diagnosis of latent RHD [18-20]. Each
child underwent STAND examination performed by an
experienced echocardiographer. Any child with evidence
of aortic or mitral valve disease, plus a randomly selected
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and thus treatment before clinical symptoms develop.
Given this potential, the World Health Organization (WHO)
advocates screening for RHD in asymptomatic youths living
in endemic areas [3]. In the 1980s the WHO undertook
large-scale auscultation-based screening programs involving 1.4 million children in 16 developing countries; 3,000
cases were identified with previously undiagnosed RHD
(prevalence 2.2%) [9]. Unfortunately, auscultatory screening has been shown to have both poor sensitivity and poor
specificity for the detection of RHD [10, 11]. Echocardiography, which has become more widely available, has in
contrast, high sensitivity, and can detect 3-10 times as many
patients with latent RHD compared to auscultation [12-14].
Despite these advantages , there has been essentially no
global uptake of national echocardiography-based RHD
screening programs. There are many reasons for this.
First, there remains uncertainty regarding the clinical
relevance and natural history of children found to have
latent RHD [15]. Secondly, before echocardiographic
screening programs can be launched, many low-resource
areas need first to develop the critical infrastructure for
registry-based secondary prophylaxis programs [16].
Thirdly, the practicality and affordability of echocardiographic screening (in particular the implementation and
cost-effectiveness of echocardiography in low-resource
settings) requires further investigation,.
Compared to standard portable echocardiography
(STAND), handheld echocardiography (HAND), offers
a more cost-effective option. HAND has been shown to
have reasonable sensitivity and specificity for early RHD
detection, with excellent performance in the detection of
more significant valvular involvement [17]. We recently
studied the performance of HAND compared to STAND
and auscultation for the diagnosis of latent RHD.
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Table 1. 2012 WHF guidelines for echocardiographic diagnosis of RHD in
patients aged < 20 years. [19, 21]

group of children with normal results also underwent HAND
and auscultation. STAND studies were reviewed by 6 blinded
experienced cardiologists. RHD was classified as borderline
or definite based on STAND findings using the 2012 World
Heart Federation (WHF) criteria for the echocardiographic
diagnosis of latent RHD [Table 1] [21]. HAND lacks spectral
Doppler capability (required by the WHF diagnostic guidelines), and therefore modified WHF criteria were used to
classify HAND studies Auscultation was performed by two
experienced local physicians. Patients were classified as normal if no murmur was present or if the murmur was felt to
be physiologic in nature [Table 2]. All other murmurs were
classified as mitral or aortic regurgitation, mitral or aortic
stenosis, or other.
STAND was performed on a total of 4,773 children, with
HAND being carried out in 1,420 and, of these, auscultation
was carried out 1,317 (93%). Figure 1 shows typical RHD
findings by HAND. Definite RHD was detected in 52 children (1.1%) and borderline RHD in 140 (2.9%). Compared
to STAND, HAND showed good sensitivity and specificity
for RHD detection (78.9% and 87.2% respectively), but was
most sensitive for definite RHD (97.9%) [18]. Compared to
auscultation, HAND showed markedly improved sensitivity
for any RHD (78.4% vs. 16.4%, p < 0.0001) and for definite
RHD (97.8% vs. 22.2%, p < 0.0001) [Table 3] [19].

Auscultation alone will miss a significant number of cases,
thereby limiting opportunities for early intervention with secondary prophylaxis. STAND is highly sensitive for the detection
of RHD, but also has high equipment costs. Even with the high
start-up costs, new data suggest that echocardiographic screening for RHD offers an economic advantage over both clinical
screening and no screening at all [22, 23]. The development
of smaller and more affordable echocardiography machines
(HAND) holds great potential to improve the practicality and
affordability of RHD screening programs. While the reported
sensitivity and specificity of HAND is lower than STAND, we
believe that it offers reasonable case detection, missing very
few cases of definite RHD. Additionally, given limited access
to STAND, HAND offers significant improvement in both sensitivity and specificity compared to auscultation.
Despite these encouraging early results, further work is
needed prior to recommending the widespread use of
HAND for RHD screening. In the studies reported here,
HAND screening examinations were both performed and
interpreted by experts. Severely limited human resources
in most RHD endemic areas make it unlikely that future
screening efforts could be carried out by experts. Taskshifting of echocardiographic screening is essential if RHD
screening is to become a sustainable public health initiative. Use of non-experts will require simplified screening and interpretation protocols. Early work, including
that derived from our recent study [20], shows that the
use of a very simplified approach based only on aortic

Discussion

While auscultation has traditionally been the screening method
of choice for the detection of RHD in the developing world,
it has both low sensitivity and low specificity for latent RHD.

Table 2. 2012 WHF guidelines for diagnosis of pathologic regurgitation. [19, 21]
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Figure 1. Pathologic findings consistent with RHD detected by HAND. A) Apical
4-chamber view: mitral stenosis by two-dimensional imaging. B) Apical 4-chamber
view: mitral stenosis by color Doppler. C) Parasternal long-axis view: mitral regurgitation by two-dimensional imaging. D) Parasternal long-axis view: mitral regurgitation
by color Doppler. [19]
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Table 3. Comparison between auscultation and handheld echo for the detection of definite / borderline rheumatic heart disease, pathologic mitral regurgitation, and pathologic aortic regurgitation. [19]

and mitral valve function (in contrast
to valve function and morphology)
holds promise. Standardized training
programs for education and competency testing are also needed. Recent
efforts by Engelman and colleagues
have demonstrated the feasibility of
this approach [24], and the development of interactive internet-based
modules (www.wiredhealthresources.
net/EchoProject/) have advanced this
goal. Combining these two features,
Mirabel and colleagues recently conducted a field evaluation of nonexperts using HAND and a simplified
screening approach [25]. Following a
short, focused training period, nonexperts using HAND demonstrated
both good sensitivity (81%) and specificity (91%) for RHD case detection.
Our group recently completed a similarly promising field study, testing
the use of our simplified criteria [20]
and HAND by non-experts (currently
under review).

“... Hand-held
echocardiography (HAND)
is a more cost-effective
option for the deployment
of echocardiography-based
screening programs in
low-resource settings...”

Importantly, even as we advance research
into HAND for RHD screening, we must
remember that RHD screening cannot be
recommended in a vacuum. Improvements in the penicillin supply chain and
40

improved clinical infrastructure are
essential to ensure safe medication administration and long-term follow-up. Further
study into the natural history of latent RHD
is needed to understand which patients are
at highest risk of disease advancement and
should be therefore be placed on penicillin prophylaxis. Further cost-effectiveness
analyses are also needed to look at various
screening strategies, including how lessexpensive technology changes the cost/benefit balance. For these goals to be achieved,
a priority must be placed on education and
advocacy aimed at raising the global profile
of RHD and ensuring RHD is included on
the health agendas of low-resource nations.
Conclusion

Hand-held echocardiography (HAND)
is a more cost-effective option for
deployment of echocardiography-based
screening programs in low-resource
settings. We found that HAND performed reasonably well for early RHD
detection compared to STAND, and
that its performance was nearly perfect for the detection of definite RHD.
Additionally, HAND offered significant
improvements compared to auscultation alone. While important questions
and the need to develop critical infrastructure for RHD care remain before
echocardiography-based RHD screening can be recommended globally,
HAND represents a critical advancement in the development of sustainable and affordable RHD screening
programs worldwide.
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Magnetic Resonance Imaging
By Dr V Dunet & Dr C Beigelman-Aubry

Incidental extra-cardiac findings during
cardiac MR: prevalence and impact on
patient management and outcome
Cardiac Magnetic Resonance CMR is increasingly being used in Europe to assess
heart diseases. Relevant non-cardiac diseases may also be incidentally found on
CMR images. In this article we present a summary of our recent work that evaluated the prevalence of incidental extra-cardiac findings (IEFs) discovered on routine
clinical CMR examinations and their impact on patient management and outcome.
We also further discuss the implications of IEFs on the daily practice of CMR
readers and referring physicians.

O

ver the past decade or so, Cardiac Magnetic Resonance (CMR) has increasingly been used in routine practice to assess heart diseases [1]. CMR is
a highly reproducible, radiation-free method for
the characterisation of myocardial morphology and the evaluation of global and regional cardiac function. The technique
also provides useful information on tissue characteristics such
as scarring, on myocardial viability or perfusion, on storage or
inflammatory diseases and on arrhythmogenic dysplasia. For
these reasons, CMR is recommended in current guidelines for
the work-up of coronary artery disease [2] and heart failure [3].
A scrupulous reading of non-cardiac structures on CMR may
also detect relevant non-cardiac diseases present in the fieldof-view. Indeed, some incidental extra-cardiac findings such as
aortic diseases, pulmonary embolism, pneumonia or pleural
effusion may mimic cardiac symptoms and constitute alternative diagnoses. With the multiplication of MR centers and
the growing number of indications for CMR examinations,
many physicians are increwasingly willing to ask for, or to
carry out CMR and read the images in their practice. IEFs
thus constitute a triple challenge: for the CMR reader in terms
of the actual detection of IEFs and their definition, prevalence
and reporting; for the referring physician in terms of patient
management, and for the patient in terms of outcome.
Although up till now no official consensually accepted definition of IEFs on CMR exists, they are commonly divided into
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major and minor findings. Major findings are defined as those
that require initiation of a new treatment, those needing clinical follow-up, or findings of an unclear nature needing further
investigation. In contrast, minor IEFs are defined as findings
that are considered as benign diseases, which do not need
any complementary investigation nor follow-up or new treatment. Many studies have been published on the frequency
of IEFs on CMR. The prevalence of major and minor IEFs
ranged between 2-27% and 5-31%, respectively, depending
on whether or not the great vessels were considered [4-12]. In
addition to the problem of the actual definition and detection
of IEFs, the question of the practical usefulness of their identification and the impact on patient management and outcome
was also addressed.
We recently carried out a prospective study in a large population of patients referred to the CMR Center of our institution
for clinically indicated CMR [13]. The aims of the study were
to determine the prevalence of major and minor IEFs and to
assess, over the first year after CMR, the actual clincial impact
of such IEFs on patient management and outcome.
METHODS

Over a period of two-years, 762 patients (247 women: 515
men) referred for clinically indicated CMR were consecutively enrolled in our study. All sequences of our institutional
daily CMR protocol were prospectively reviewed in consensus
by two blinded, experienced thoracic radiologists. IEFs were
categorized as being either major or minor and further
classified as “known” or “unknown” by checking all previous
images available on our institution’s PACS. Unknown major
IEFs were reported to the patient’s referring physician and
additional imaging suggested to confirm or refute such IEFs.
Proven major IEFs included major IEFs known before CMR
as well as major IEFs unknown before CMR but subsequently
confirmed by further investigation.
In order to evaluate the clinical impact of major IEFs, the
patients were followed-up over a time period of on average
15 ± 6 months. The primary end-point during this follow-
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frequently in patients who underwent further testing after CMR than in cases where
no further testing was performed (14% vs
0%, respectively, p=0.001).
DISCUSSION

Table 1. The five most common incidental extra-cardiac findings (IEFs) on CMR.

up was the combination of non-cardiac
death and the initiation of treatment due
to major IEFs. A secondary end-point was
the number of hospitalizations caused by
major IEFs.
The PREVALENCE of INCIDENTAL
EXTRACARDIAC FINDINGS

Of 762 patients includined in our study,
440 (57.7%) were found to have a total of
735 IEFs, of which 304 in 239 patients were
classified as major and 431 in 201 patients
classified as minor IEFs. About fifty percent
of all IEFs were unknown before CMR.
Seventy patients with unknown major
IEFs were not further explored. This corresponded to a prevalence of 18.6% for
proven major IEFs and 26.4% for minor
IEFs. Twenty-one new diagnoses were
established, including aortic diseases in
seven patients (4.3%), pulmonary embolisms in five patients (3.1%), and tumors in
three patients (1.9%). The five most common major and minor IEFs are shown in
Table 1. An example of IEF is depicted in
Figure 1, showing a case of a penetrating
ulcer of the thoracic aorta discovered incidentally on CMR.

was thus observed in 1.4% of our study
population. Three of these eleven patients
were treated for pathologies of the thoracic
aorta, five patients for pulmonary embolism and three patients for extra-thoracic
major IEFs (renal and bladder cancer, liver
cirrhosis), corresponding to 0.4%, 0.7%
and 0.4% of the total study population,
respectively.
During the follow-up period, eight patients
were hospitalized due to major IEFs found
on CMR; these represented 1.0% of the
study population. All these hospitalizations
occurred in patients with major IEFs discovered on CMR and confirmed by investigations suggested to the referring physicians. No hospitalization occurred in the
patients with major IEFs, which were not
confirmed through additional testing or
where no further testing was actually carried out. Hospitalizations occurred more

The use of CMR to explore heart disease
is increasing in Europe, mostly due to
the multiplication of indications to CMR
examination. In addition to the cardiac
and vascular structures, CMR images give
access to intra- and extra-thoracic organs
that may display incidental findings. This
constitutes a triple challenge for the CMR
readers, the referring physicians and the
patients. An analysis of the literature,
including our study, has enabled the compilation of a list of the most important “takehome” messages regarding IEFs on CMR.
These are summarized in Table 2.
In our study, proven major IEFs were
found in 18.6% of the study population,
in line with other recent studies [4-12].
It is however worthwhile mentioning
that, in the literature the definition of
major IEFs is variable. For instance, hiatal hernia, gallstone or left superior vena
cava have been described as “significant”
by some authors [11] and as “minor” by
others [12]. Considering that the ascending aorta and main pulmonary trunk are
within the pericardium, Atalay et al. [4]
did not classify them as IEFs, thus reporting a prevalence of 27% for “important”
and of 5% for “significant” non-cardiac
findings. Nevertheless, we found that
20.7% of major IEFs concerned the aorta,

The IMPACT of INCIDENTAL EXTRACARDIAC
FINDINGS:

Of the 762 patients included in our study,
new treatments resulting from major IEFs
were initiated in 11 patients. There were no
deaths related to major IEFs. The primary
end-point of our study, namely the combination of non-cardiac death and initiation
of new treatment because of major IEFs,
SEPTEMBER 2015

Table 1. The most important “take-home” messages regarding IEFs on CMR. These were compiled from an
analysis of the literature, including our study.
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CONCLUSIONS

Figure 1. Example of IEF. Penetrating ulcer of the aorta incidentally detected during CMR examination of a patient
referred for angina. The intimal flap on axial enhanced fat-sat T1WI (Image A) reveals penetrating ulcer of the
posterior wall of the thoracic aorta, also seen on oblique sagittal view of CT angiography (Image B). This patient
was not included in our study population.

which in 0.4% of the study population led
to a new treatment being initiated. These
discrepancies clearly highlight the need
for the establishment of an agreed reading charter for non-cardiac structures on
CMR and for harmonization of the definition of minor and major IEFs, as has
been done in CT Angiography [14].
In our study, major IEFs most frequently
involved the thoracic aorta, the lungs, the
mediastinal lymph nodes and the liver, findings which are in line with previous studies
[4-12]. The most frequent extra-cardiac but
intra-thoracic diagnosis with therapeutic
impact was pulmonary embolism. These
results indicate that CMR readers should
especially pay attention to the aorta, the
pulmonary vessels and parenchyma, and
the liver. In addition, a dedicated reading
increases the rate of reported IEFs [11].
Both radiologists and cardiologists are
allowed to read CMR in Europe, so the
impact of the level of formal training of the
readers on the detection rate of IEFs was
also studied. Formal training could actually
be a concern for cardiologists when reading pulmonary or extra-thoracic images.
In a retrospective study including 1’074
patients, Greulich et al. [12] concluded that
joint reading with cardiologists and radiologists increased the rate of detected major
IEFs, compared to cardiologists alone. This
confirmed the previous study by Khosa et
al. [8] who also suggested that combined
— but not serial — CMR reading by cardiologists and radiologists improved the rate
of detected IEFs. A systematic combined
double reading of all images by cardiologists and radiologists currently seems to be
best practice.
As for the position of the referring
physician and the patient, major IEFs
may influence patient management and
outcome. The detection of previously
unknown major IEFs led to initiation of
44

a new treatment in 1.4% of the screened
study population and to a hospitalization in 1% of this population . For
patients with previously unknown major
IEFs on CMR, which were not further
explored, the prognosis during followup however appeared favorable. These
results highlight two important aspects
of IEFs management. First, the impact of
IEFs detection on CMR is not negligible
and justifies a dedicated reading of all
CMR images. Secondly, for all unknown
major IEFs, complementary examinations were suggested to the referring
physicians but not carried out in 70
patients (55%). On one hand, this may
indicate that the relevance of IEFs is
underestimated by the referring physicians, (as the study by Khosa et al. has
already suggested [8]) and highlights
the need for improving the information
available to the medical community.
On the other hand, we found that such
patients had favorable prognosis, which
could indicate that major IEFs if not
accompanied by clinically suspicious
symptoms, may have little or no impact
on patient outcome at least during the
first year after a CMR examination.
A longer follow-up period is mandatory to evaluate the impact on the long
term, however. Finally, the question of
the cost-effectiveness of the detection
of IEFs remains unanswered. The time
and cost for sequence acquisition, image
reading (potentially combined with cardiologist and radiologist), downstream
complementary testing, additional
treatment and hospitalization were not
measured in our study. In a period of
economic belt tightening and increasing
overall health costs, a prospective study
is needed to assess the precise economic
impact of the detection of major IEFs on
CMR images.
D I
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Proven major IEFs were found in 18.6%
of patients undergoing a routine CMR
examination and changed management
in 1.4% of patients. Though patients with
major IEFs unknown before CMR but
without further exploration had a favorable prognosis over a follow-up period
of 15 months, longer follow-up is needed
to determine definitively whether such
major IEFs may influence long term
patient survival. Taking into account the
increase of CMR use in Europe, harmonization of the definition of major IEF
on CMR and development of an agreed
reading charter are needed. Joint reading with radiologists and cardiologists
and sensitisation of referring physicians
to the importance of the detection and
further investigation of major IEFs seem
necessary.
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T ECH N OLOGY update
Vendor-neutral solutions for IT enterprise
and diagnostic imaging

McKesson has introduced Conserus, a suite
of flexible, vendor-neutral solutions for healthcare IT enterprise and diagnostic imaging. The
suite includes flexible quality and communication
workflows, enterprise worklists driven by clinical
and business logic, an enterprise image repository
(VNA) and a clinical data exchange (XDS). The
solution suite is designed to help healthcare providers of all sizes and complexities go beyond simple
department systems and the traditional VNA, helping to orchestrate clinician and related workflow.
This is accomplished by enabling interoperability
between all existing clinical systems and thereby
providing timely access to all relevant patient information from within the environment of the departmental system.
In today’s complex health IT environment, an organization’s IT systems and applications can directly
impact its overall operational health. Hospitals are
ready to take advantage of the benefits of a modern and integrated EPR platform, yet they are often
challenged by how to integrate and share information
among its other key systems. The Conserus suite of
enterprise diagnostic imaging solutions helps organizations take advantage of the promise of image-enabling
the EPR. Now with Conserus, healthcare providers can
also better adapt to changing requirements in short
time frames.
Conserus works within the customer’s current
healthcare IT environment to help improve imaging
clinical effectiveness, resource utilisation and quality.
It brings an understanding of the diagnostic imaging
space from many vantage points– from the specifics of
workflow in radiology and cardiology to data sharing
and interoperability.
McKesson
San Francisco, CA, USA
www.mckesson.com

Digital radiography system with extended
functionality

Shimadzu has released its new digital radiography
system, the RADspeed Pro EDGE, which provides a
wide range of functionalities: from tomosynthesis via
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dual-energy subtraction to modern auto-stitching to
support diagnostics in clinical applications. General
radiography systems are of course used for many
different parts of the body, such as the chest and
abdomen or bones and joints; in orthopedic surgery
they have become an important instrument for the
initial diagnosis of a wide variety of diseases. Over
recent years, radiography systems with digital detectors have in particular gained dramatically increasing
importance. The RADspeed Pro EDGE combines
the advantages of the well-known RADspeed Pro
series in one instrument – for example the highly
praised easy operability or the comprehensive measures to reduce exposure levels. Numerous further
functionalities can be added: tomosynthesis, allowing
the generation of continuous cross-sectional images
based on just one single tomographic scan; dualenergy subtraction producing images of soft tissues
and bone tissues, or the auto-stitching method for
images covering the entire lower extremities or entire
spine. I. Shimadzu has drawn on its extensive experience with tomosynthesis applications for fluoroscopy
systems and used it for the development of the new
digital radiography system. Tomosynthesis enables
multiple digital cross-section images from a single
linear tomography scan.

Dual-energy subtraction utilizes the difference in
X-ray absorption levels of bones and soft tissue to
generate separate images of soft tissue and bone tissue, in addition to projection radiography images. This
separation is achieved by successively applying high
and low voltages and then using subsequent separate
image processing. This enables visualization of nodes
obscured behind ribs in the soft tissue of the chest area
or calcifications in bone structures,
Shimadzu
Duisburg, Germany
www.shimadzu-medical.eu

Magnetic Resonance Quantitative Analysis

Designed for imaging specialists, CAAS MRV
package is aimed at the analysis of the performance
of the heart muscle. The motion of the heart muscle can be assessed on cine MR images, allowing
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understanding contraction of the left
and right ventricle.
Additionally, tissue
damaged through
lack of oxygen, can
be assessed using
first pass perfusion
or viability. Taken
together, this gives
a complete understanding of the patients’ cardiac function. Pie Medical
Imaging have announced the latest release of CAAS MRV,
which contains intuitive and guided analysis workflows,
optimized to clinical practice. The workflows guide the
user through the required steps for functional left and
right ventricle, viability and first pass perfusion analyses.
Besides analysis of Delayed Enhanced MR images, the
new viability workflow also includes analysis of edema on
T2-weighted MR images. The analyzed images and results
of each workflow are presented side by side and can be
saved in a customizable report to suit both cardiology and
radiology requirements.
Pie Medical Imaging (Member of Esaote group)
Maastricht, The Netherlands
www.piemedicalimaging.com

medical imaging displays: The 31.5-inch 8MP screen offers
a generous wide-format workspace, ensures optimized
uniformity of color and luminance and is equipped with
the latest anti-glare coating, which all lead to the highest level of accuracy and ergonomic comfort. The new
monitor works seamlessly with NEC’s hospital wide Quality
Assurance Solution GammaCompMD QA. This specialised
software delivers confidence that hospital wide diagnostic
and viewing displays all conform to DICOM standard for
total quality assurance.
NEC
Tokyo, Japan
www.medical.nec-display-solutions.com

Premium portable ultrasound

Medical imaging display systems

The startling technical progress over recent years in
the field of medical diagnostic imaging modalities such as
CT and MRI means that images of higher resolution than
ever before can now be delivered. But in order to take full
advantage of such information there’s a corresponding need
for equally advanced medical displays.
The latest developments in medical monitor technology focus on devices capable of delivering 8 megapixel
resolution. This image format, known as 4K Ultra High
Definition (3840x2160), has quickly become an established standard in many areas of the medical imaging
sector.
From NEC Display Solutions, the MD322C8 monitor
is the top of the line from the company’s wide range of
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The M9 system from Mindray is based on a completely
new and highly innovative platform, including its advanced
CPU hardware, its multi-channel HDR flow signal processing with improved transmission, and its faster calculations
and enhanced control. The M9 combines advanced features
formerly only found in heavy cart-based systems. Despite its
compact size, the M9 boasts technologies such as Echo-Boost,
LVO with Stress Echocardiography, TTQA, UWN+ contrast
imaging and Natural touch elastography. The M9 has the
added advantage of providing all these features at the bedside,
making it an ideal shared-service solution for use within multiple clinical settings.
Equipped with Mindray’s new generation ultrasound
platform mQuadro and 3T transducer technology with
single crystal, unique Echo Boost and exclusive HDR Flow
Tehnology, the M9 offers cardiologists the most advanced
and accurate performance for scanning difficult patients. Rich
in comprehensive solutions such as premium left ventricular opacification, professional Tissue Tracking quantitative
analysis, intelligent Ejection Fraction measurement, smart
doppler and dedicated off-line research and analysis workstation UltraView, M9 is the ultimate, reliable professional tool.
Mindray
ShenZhen, PR CHina
www.mindray.com
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Updated digital imaging system

Carestream have just introduced the newest update of their
DRX digital imaging system—the Carestream DRX-Evolution
Plus— which offers major software and hardware enhancements to help expedite complex medical imaging exams and
support future advanced imaging applications. “The DRXEvolution has been embraced by radiology professionals
around the world who appreciate its ability to combine ease
of use with features that boost productivity and help radiographers capture complex exams that previously required greater
effort,” said Helen Titus, Carestream’s Worldwide Marketing
Director for X-ray Solutions and Ultrasound. “The DRXEvolution Plus includes new capabilities to further enhance
workflow and offer improved visualization of anatomy.” The
novel features of the new DRX-Evolution Plus include a sleek
new design with LED lighting for enhanced functionality
and aesthetics; greater flexibility in high-ceiling rooms via
an extended tube column; a new high-performance generator; an optional table to accommodate patients up to 320 Kg.
Other capabilities include: an innovative wall stand Buckyangulation feature which expedites cross table and other complex X-ray exams; a tube touch screen allowing a radiographer
to change techniques and view images from the tube. For maximum productivity, the system can be configured with a fixed
detector in the wall stand, and one or two additional wireless
detectors that can be used for table Bucky and tabletop exams.
Carestream
Rochester, NY USA
www.carestream.com

Anatomically intelligent ultrasound tool for
cardiac care

Philips have announced the European introduction of
HeartModel which is a new anatomically intelligent ultrasound (AIUS) tool that brings advanced quantification, automated 3D views and robust reproducibility to echocardiology.
Using HeartModel, clinicians can quickly, easily and confidently assess disease states, determine treatment, and guide
related therapies. In a recent comparison at one hospital,
clinicians were able to acquire and analyze the data necessary
to calculate the dimensions and volumes of the left atrium
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and ventricle (LA and LV) between 3 and 6 times faster using
3D measurements and HeartModel than with conventional
2D measurements and conventional volume and dimensional
analysis. With a rich digital database of anatomical structural
models and adaptive system technology, HeartModel has
access to advanced clinical information that automatically
adapts to variability in patient anatomy. This knowledge-based
identification and patient-specific adaptation provides proven
quantification of the left ventricle and atrium, and display of
routine apical views.
HeartModel is part of a suite of new tools and technologies available on Philips’ EPIQ 7 ultrasound system which
is designed to enhance automation and reproducibility to
help address some of the most critical strains on overburdened hospitals and healthcare systems who are challenged
to provide higher quality care at a lower cost. EPIQ 7 is
known for its high-image quality, advanced automation and
superb ergonomic design.“Collecting heart measurements in
3D is difficult and time consuming,” said Jose Zamorano, MD,
FESC, University Hospital Ramón y Cajal in Madrid. “Philips’
HeartModel helps to make collecting critical cardiac ultra-

sound measurements easier and more reproducible, which
will not only enable time savings, but will hopefully extend the
adoption of 3D echocardiography exams to more clinicians.”
Philips Healthcare
Eindhoven,The Netherlands
www.healthcare.philips.com

Image comparison software

Blackford Analysis, a provider of software products which
accelerate comparison of medical images, has announced that
its Smart Localizer product is now available.
Designed for users of Philips picture archiving and communications systems, including Philips iSite 3.6 and IntelliSpace
4.4 PACS, the Blackford Smart Localizer facilitates radiologic comparison of imaging findings across MRI, CT and
PET/CT studies by automating volume registration of current and prior imaging studies before the radiologist reads.
The software is designed to overcome the differences that
typically exist between comparison studies performed on different modalities and by different vendors. “Our goal is make
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TECHNOLOGY update
Premium ultrasoundsystem with advanced
clinical features

people aware of the potential that imaging has to create value
throughout the healthcare enterprise,” said Dr Ben Panter,
CEO, Blackford Analysis. “Whether to boost throughput in the
radiology department, help improve physician satisfaction or
enhance patient engagement, Blackford’s technology can help
organizations leverage the value of imaging across many segments of modern healthcare.” The Blackford Smart Localizer
can increase radiologist productivity by 10-20% per study,
when reading comparison studies. For particularly challenging exams, such as lung nodule comparisons, the productivity
increase may reach 50%.
Blackford Analysis
Edinburgh, Scotland UK
www.blackfordanalysis.com

Book review
Echocardiography in Pediatric and Congenital
Heart Disease: From Fetus to Adult, 2nd Edition
By W. Wyman et al
Pub. by Wiley-Blackwell 2015, pp 920 €263.30

This comprehensive textbook on the echocardiographic
assessment of pediatric and
congenital heart disease has
been updated in a second
edition with an emphasis on
new technologies. This highlyillustrated full-color reference
contains over 1200 figures,
and offers over 600 video clips
on a companion website. The
new edition is fully updated, with new chapters on the
assessment of the post-Fontan procedure patient and
on pregnancy and heart disease. Each lesion chapter
includes new sections highlighting the key elements of
the echocardiogram The new revision emphasizes new
technologies and quality of images.
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Samsung Medison, has launched a premium ultrasound
imaging system ‘RS80A with Prestige’ with an enhanced diagnostic package designed for use in radiology departments in
general hospital and resarch applications. The new system provides enhanced research power to the existing RS80A system
for use in a broad spectrum of diseases in the fields of abdominal, breast, cardiovascular, and musculoskeletal disorders.
The RS80A with Prestige is equipped with S-Fusion facility,
which is a function that can compare the body parts intended for
diagnosis through ultrasound imaging with CT or MRI imaging
simultaneously for analysis. Users can determine more precisely
with the high resolution of CT and MRI imaging, the location of
lesions including those that existing ultrasound imaging alone
couldn’t locate. Auto-registration in the S-Fusion aligns CT or
MRI images within 30 seconds to enable quick diagnoses. The
RS80A with Prestige also includes the S-Shearwave elastography function, which provides quantitative measurements of
stiffness using a shear wave produced around the region of
interest, so helping to analyze the characteristics of body tissue without need for biopsy. The function supports accurate
diagnosis by providing Reliable Measurement Index (RMI) and
statistics for repeated measurements.
The new system also
includes Samsung’s new
advanced 3D technology, Natural Vue, a feature which enhances
morphological
representation of internal body images even
more than the existing
Realistic Vue system
which provides realistic
presentation of images.
With the application of
the 3D/4D reflection
mode, Natural Vue can
show even a minute
protrusion that basic
imaging is unable to
display. The system also
includes the Arterial
Analysis feature, which
supports earlier detection of cardiovascular
diseases by carrying both morphological and functional analyses of the vessel.
“After the highly favorable market response to the first
RS80A system introduced last year, it is exciting to now release
the RS80A with Prestige featuring additional research functions and enhanced user capabilities,” said Soo-in Cho, CEO of
Samsung Medison, adding, “Samsung will continue to put its
best efforts in developing ultrasound technology and clinical
usability for optimal diagnosis in the medical field”.
.Samsung Medison
Seoul , Korea
www.samsungmedison.com
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1.5 Tesla Large Bore MRI with advanced
software

Ultrasound system and TEE probe enables
visualizing entire blood flow during cardiac
Toshiba has launched its 1.5-Tesla Vantage Titan MRI sys- valve procedures

tem incorporating the latest version of the M-Power platform
V3.1., designed to facilitate increased examination throughput and flexibility and to lead to an even more comfortable
examination environment. The new software also provides
enhanced cybersecurity and alert functions for safe and reliable examinations. The combination of the Vantage Titan with
M-Power V3.1 is the latest example in practice of Toshiba’s
“People-Friendly MRI”.
The development of the Vantage Titan was aimed at overcoming two basic disadvantages of current MRI systems,
namely confined examination space and loud noise. By achieving a large aperture and noise reduction without compromising image quality, the new system provides patients with a
friendly examination environment and has already captured
a significant share of the Japanese market for 1.5-T largebore MRI systems. The use of M-Power V3.1 in the Vantage
Titan now means that advanced applications previously only
available in 3-Tesla systems can now be incorporated. For
example, one feature in M-Power V3.1, namely SpineLine for
spinal examinations is added to the EasyTech lineup designed
to assist in scan slice setting by analyzing the shape of the
target anatomy. SpineLine provides a comfortable workflow by
reducing the time required for slice setting in spinal examinations.

The new Atlas SPEEDER Head/Neck coil incorporates a tilt
mechanism that helps imaging of elderly patients and patients
with spinal cord injuries, which in the past made MRI examination difficult to perform. This feature allows such patients
to be positioned in a shorter time and permits them to be
examined in a more comfortable position.
Toshiba
Tochigi, Japan
www.toshibamedicalsystems.com
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The
new
Prime edition of
Siemens’ Acuson
SC2000
ultrasound system is
the first to offer
live full-volume
color
Doppler
imaging of heart
valve anatomy
and blood-flow
using a new true
volume
transesophageal echo
(TEE)
probe.
With this technology, physicians can obtain
a more anatomically authentic
view of the heart
and
dynamic
blood flow in one view during interventional valve procedures, even in patients with ECG abnormalities. During 3D
TEE imaging, the physician guides a flexible probe into the
esophagus to acquire close-range, detailed pictures of the
heart to assess valve function. When a dysfunctional valve
leaks blood back into the heart chambers or does not open
properly to let through sufficient blood, a valve procedure
may be necessary to repair or replace the valve with an artificial one. TEE is used to guide placement of devices such as
mitraclips and artificial valves during cardiac interventions
to correct valve dysfunction. Current methods of imaging
with 3D TEE require stitching – the fusion of multiple
heartbeats – to form a complete image of heart function
and blood flow. This gated acquisition eliminates almost all
patients with any ECG abnormalities and often results in
image artifacts, which may skew results. However, the new
Z6Ms true volume TEE probe enables full 3D images of the
heart, in every heartbeat without stitching. By eliminating
the need for multiple beats to form an image and adding
volume color Doppler capabilities, the Z6Ms true volume
TEE probe allows the surgeon to visualize and assess blood
flow in real-time during a procedure to make sure the
repaired or replaced valve is working properly, potentially
reducing the need for a secondary intervention to correct
any remaining regurgitation. This quantitative information
allows physicians to quickly and easily evaluate valvular
anatomy and physiology, which aids in device sizing and
surgical repair. The new PRIME technologies including
the Z6Ms true volume TEE transducer and the eSie Valves
package are also available as an upgrade for users of previous versions of the Acuson SC2000 system.
Siemens
Erlangen, Germany
www.siemens.com
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Topics include:
• Radiation protection
• Clinical hybrid imaging in oncology
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Designed for
first time right imaging
The MRI experience is a challenge for patients young and old. Inconclusive image
quality due to patient motion is a constant issue, making it difficult for clinicians
to get accurate results in the first attempt. At the same time, one repeat exam can
throw an entire day’s schedule off by two to three hours, affecting throughput and
patient satisfaction. Ingenia 1.5T S is designed for “First Time Right” imaging and
addresses the issue in a holistic way.
Expect nothing less – Explore what Ingenia 1.5T S can mean for you at
www.philips.com/ingenia15ts

Ingenia 1.5T S is not yet CE Marked. Not available for sale in all regions.

