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The shortage of radiologists and job satisfaction of
trainee radiologists
The latest warning cry regarding a
crucial shortage of radiologists (in
this case from the UK’s Royal College
of Radiology, RCR) doesn’t actually
come as much of a surprise given the
seemingly never-ending tales of woe
regarding one of the basic challenges
of the profession, which is that while
there are more and more requests for
radiology examinations to be carried out, there are fewer and fewer
radiologists available to report them.
The recent report (www.rcr.ac.uk
“RCR’s annual workforce report highlights UK’s radiologist shortfall” Sept
2018) on radiologist shortage in the
UK gives a dire warning that radiology services could be on the brink
of collapse if more is not done to
fill vacant posts and train more consultants across the UK. According
to the RCR a shortage of senior
radiologists in the UK has resulted
in staff experiencing a 30% increase
in their workloads over the period
2012 to 2017, while only 15% more
radiologists were recruited during
that time. The staff shortage has led
to NHS hospitals in the UK having to outsource analysis of scans to
private companies or pay for their
staff to work overtime – resulting in
a hefty increase in costs. Dr Nicola
Strickland, president of the RCR, was
quoted as saying that the situation
was worrying. She said “I do really
feel the entire service will collapse if
something isn’t done about training
more radiologists in the UK to fill
all the vacant consultant posts, so we
have to get imaging properly staffed
and enough radiologists trained to
make up this deficit.”
While the situation in the UK seems
particularly acute, the problem is
by no means limited to the UK.
To a greater or less extent the phenomenon of increasing radiologist
workload, increasing levels of burnout and decreasing recruitment into
the profession is common to most
European countries.
And while technological advances
such as the application of Artificial
Intelligence - derived algorithms
have great promise to be able to

ease the burden of increasing workload, such advances are still relatively young so it will take some time
before their full potential is realised.
In the meantime the shortage of radiologists will worsen.
In the face of all this, one of the
approaches the European Society of
Radiology (ESR) has taken is based
on the assumption that it is all the
more important to ensure that the
number of trainees who are actually
entering the profession are satisfied
with their training, so as to minimise
any drop-out. To analyze this, the ESR
conducted a survey across Europe
among radiologists in training to
gather and evaluate data on workplace satisfaction, ESR educational
initiatives, mobility of professionals
and stress levels. (European Society of
Radiology (ESR). Radiology trainees
forum survey report on workplace
satisfaction, ESR education, mobility
and stress level, Insights into Imaging
2018, Sept . doi.10.1007/s13244-0180649-7). The main purpose was to
evaluate job satisfaction in radiology
trainees as well as to identify factors
influencing overall job satisfaction,
factors that influence work satisfaction, familiarity with patient and personnel safety issues factors influencing the mobility of professionals and
awareness of available ESR training
programmes. The conclusions are
sobering: ESR found that the level
of satisfaction at work among young
radiologists is only “adequate, and
not sufficient”. A high percentage of
radiologists in training consider that
the workplace is stressful. The degree
of responsibility and involvement in
training tasks is scarce in young radiologists.
The ESR suggests that for satisfaction
levels to improve, it is vital to include
more creative aspects of the profession, such as research and teaching,
in balance with the routine aspects
of radiology. Which brings us back
to the original problem: who is going
to be reading the growing number of
examinations while the lucky few are
carrying out their research or teaching duties?
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ESR issues paper on structured
reporting in radiology
The European Society of Radiology (ESR) has recently issued a
position paper on the use of structured reports in radiology (ESR paper
on structured reporting in radiology. Insights Imaging. 2018; 9:1-7. doi:
10.1007/s13244-017-0588-8).

.European Society of Radiology (ESR) Structured reporting is emerging as a key element of optimising radiology’s
contribution to patient outcomes and ensuring the value of
radiologists’ work. It is being developed and supported by
many national and international radiology societies, based on
the recognised need to use uniform language and structure
to accurately describe radiology findings. Standardisation of
report structures ensures that all relevant areas are addressed.
Standardisation of terminology prevents ambiguity in reports
and facilitates comparability of reports. The use of key data
elements and quantified parameters in structured reports (“
radiomics” ) permits automatic functions (e.g. TNM staging), potential integration with other clinical parameters (e.g.
laboratory results), data sharing (e.g. registries, biobanks) and
data mining for research, teaching and other purposes. The
resently published article outlines the requirements for a successful structured reporting strategy (definition of content
and structure, standard terminologies, tools and protocols)
as well as a potential implementation strategy. Moving from
conventional prose reports to structured reporting is endorsed
as a positive development, and must be an international effort,
with international design and adoption of structured reporting templates that can be translated and adapted in local
environments as needed. Industry involvement is key to success, togrther with a baisis of international data standards and
guidelines.
The summarized key points of the paper are
• Standardisation of radiology report structure ensures
completeness and comparability of reports.
• Use of standardised language in reports minimises
ambiguity.
• Structured reporting facilitates automatic functions, integration with other clinical parameters and data sharing.
• International and inter-society cooperation is key to
developing successful structured report templates.
• Integration with industry is needed
European Society of Radiology (ESR)
communications@myesr.org
NOVEMBER 2018
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Clinical distinction of cerebral
ischemia and triaging of patients in the
Emergency Department
Stroke specialists often see conditions known as stroke “mimics” and
“chameleons” that can complicate accurate diagnoses, according to a
recent report (Hextrum S &, Biller J.Clinical Distinction of Cerebral
Ischemia and Triaging of Patients in the Emergency Department:
Mimics, Wake-ups, Late Strokes, and Chameleons. Neuroimaging Clin
N Am. 2018 Nov;28:537-. doi: 10.1016/j.nic.2018.06.001).
Stroke mimics are medical conditions that look like strokes, while
chameleons are strokes that look like other conditions.Diagnostic
accuracy “may be complicated by the abundance of both ‘stroke mimics’
and ‘stroke chameleons’ ” said neurologists and authors Dr Shannon
Hextrum, and Dr José Biller. They examined mimics and chameleons

Postcontrast MR imaging sequence of a patient with SMART syndrome. (A) Two axial
views during hospital admission, showi g left hemispheric contrast enhancement. (B)
Two axial views 7 weeks later, without enhancement. Images courtesy of Neuroimag
Clin N Am (Hextrum & Biller, Neuroimag Clin N Am doi 10.1016/j.nic.2018.06.001

associated with ischemic strokes, which account for about 85 percent
of all strokes. Ischemic strokes are caused by blood clots that block
blood flow to an area of the brain. (The other main type of stroke,
hemorrhagic, is caused by bleeding in the brain.)
Permanent damage from an ischemic stroke can be minimized
by quickly restoring blood flow. This can be done by administering
the clot-busting IV drug tPA or by performing a minimally invasive
surgery to remove the blood clot. But such treatments can do more
harm than good if a patient is incorrectly diagnosed. The exact
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CT identified as non-invasive alternative to guide treatment for
Complex Coronary Disease
A new study shows that computed tomography (CT) can be a useful aid in heart team decision-making for complex coronary disease
(Collet C et al. Coronary computed tomography angiography for heart
team decision-making in multivessel coronary artery disease. Eur Heart
J. 2018: 39: 3689. doi: 10.1093/eurheartj/ehy581). The results of the study
also suggest that state-of-the-art imaging technology may offer a noninvasive diagnostic alternative to conventional coronary angiography.
Coronary artery disease (CAD) and its complications are a leading cause of death throughout the
world. According to therapeutic
guidelines, left main or three vessel diseases represent the most
severe, high risk CAD cases, often
requiring coronary artery bypass
graft surgery (CABG) or percutaneous coronary intervention (PCI)
as treatment.
The international, multicentre SYNTAX III Revolution trial
included 223 subjects with diagnosed left main or three vessel disease. Each patient was diagnosed using conventional, invasive angiography and subsequently received a multislice CT scan on the GE
Healthcare Revolution CT system. Data from each subject were
evaluated by two randomized heart teams to make a treatment
recommendation of CABG, percutaneous coronary PCI, or either.
One heart team made treatment recommendations based only on
the coronary CT angiography (CTA) imaging, and the other made
treatment recommendations using angiography. Based on the trial’s
findings, the treatment decisions between the two randomized heart
teams were in almost perfect agreement These results highlight the
potential of CT to not only diagnose coronary disease, but also assist
in subsequent heart team decision-making.
“The implications of these trial results for the future are tremendous,” said Professor Patrick W. Serruys, principal investigator and
study chairman.“In the next five to ten years, with its increasing accuracy, I think we are going to see the new generation of multislice CT
scans play an increasingly important role in diagnosing and treating
CAD. It will take time and it will take multiple trials, but the results of
prevalence of stroke mimics is unknown.
According to previous studies, anywhere
from 1.4 to 38 percent of patients admitted
for suspected ischemic strokes actually have
other conditions.
For example, Drs. Hextrum and Biller cite
the case of a 79-year-old woman who experienced sudden weakness on the right side
of her body and difficulty speaking - classic
signs of a stroke. But a CT angiogram showed
no evidence of stroke, and she later was correctly diagnosed as having viral encephalitis.
In another stroke mimic, a 60-year-old man
had difficulty walking, speaking and reading.
He also had vision problems that were preceded by a headache. The patient had earlier
6

our SYNTAX III trial suggest a promising, real change in our practice.”
This change could include streamlining the care pathway. The
multislice CT scan offers an easier, less-invasive patient experience,
takes less time and provides a clear, comprehensive anatomical picture to assist clinicians with diagnoses and treatment recommendations. Professor Serruys suggests the CT’s potential as a diagnostic
tool for complex coronary disease could enable so-called ‘cath labs’
to transition from diagnostic to interventional suites that concentrate
on the significant load of coronary and structural heart disease
patients.
“Technological advancements
are drastically improving medical
insights and opportunities as well
as patient care,” continued Serruys.
“The ability to capture an image of
the whole heart in one beat with the
multislice CT and then see the coronary artery from multiple views is
very appealing to interventional cardiologists and surgeons. The images
provided by the multislice CT are a bonus that can help surgeons plan
and mentally prepare to treat patients in the interventional suite”. After
reviewing the trial’s results, 84 percent of surveyed cardiac surgeons
agreed that planning and executing surgery based on the multislice
CT scan is viable. “Cardiovascular disease affects millions of patients
globally, and our goal is to improve access to high quality imaging solutions by providing cost effective tools that help physicians confidently
and efficiently diagnose and treat these patients,” said Scott Schubert,
general manager of GE Healthcare’s Premium CT business. “This
study highlights the potential of this technology to greatly improve the
care pathway as well as patient care using non-invasive techniques.”
The 512 slice Revolution CT from GE — the CT used in the trial
— delivers uncompromised image quality and clinical capabilities
through the convergence of coverage, spatial resolution, temporal
resolution and spectral imaging. It is designed to help diagnose even
the most challenging patients with revolutionary and differentiated
capabilities across all clinical areas.
doi: 10.1093/eurheartj/ehy581

received radiation for a brain tumor. Rather
than a stroke, he was experiencing SMART
syndrome (stroke-like migraine attacks after
radiation therapy). A wide range of other
conditions can also mimic ischemic strokes,
including seizures, sepsis, low blood sugar,
dizziness, vertigo, drug and alcohol toxicity
and multiple sclerosis. In treating an ischemic stroke, it’s critically important to restore
blood flow within the first few hours before
brain cells die. But fewer than 10 percent
of ischemic stroke patients receive a clotbusting drug and fewer still undergo surgery
to remove the clot. One reason may be the
prevalence of stroke chameleons.
Stroke chameleons with non-specific
D I

E U R O P E

symptoms, such as nausea, vomiting and
decreased mental activity, pose a particular challenge when triaging patients in the
emergency room. But often, such patients
also have neurologic deficits that can indicate a stroke. Accurately diagnosing an ischemic stroke requires a detailed history and
neurologic examination, which should not
be rushed in an effort to speed administration of the clot-busting drug, Drs. Hextrum
and Biller wrote. The authors conclude:
“Attention to subtleties of the neurologic
examination and listening closely to patients
remain critical for both diagnostic accuracy
and development of sound clinical judgment.”
doi: 10.1016/j.nic.2018.06.001
NOVEMBER 2018

PSMA PET imaging in the monitoring of LuPSMA therapy
of advanced prostate cancer
In the battle against metastatic castrate-resistant pros- marked reduction of prostate specific antigen (PSA).
“This work reflects an appreciation for all the basic
tate cancer, studies have demonstrated a high response
rate to radionuclide therapy targeting prostate specific science and translation work that has been performed
membrane antigen (PSMA) using the radionuclide lute- by many groups over a long period of time to develop
tium-177 (177Lu). At the recent Annual Meeting of the prostate-specific membrane antigen (PSMA) theranostics
Society of Nuclear Medicine and Molecular Imaging as a paradigm-changing practice for improving patient
(SNMMI), researchers reported on a phase II prospec- outcomes,” explained Professor Michael Hofman of
tive trial (High activity, pain reduction and low toxicity the Peter MacCallum Cancer in Melbourne, Australia.
with Lutetium-177 PSMA617 theranostics in metastatic “These images tell a story about exceptional responses
castrate-resistant prostate cancer (mCRPC): results of a observed in patients who had progressed after standard
therapies. They
phase II prospecmatch striking
tive trial). In this
improv e m e nt s
trial, men who
in patient qualhad exhausted
ity
of
life.
conventional
With further
therapies were
research,
we
screened. using
look forward to
gallium-68
seeing nuclear
( 68 Ga)-PSMA11
medicine evolve
positron emisas a key spesion tomogracialty and stanphy (PET) imagdard-of-care in
ing. Those with
cancer
manhigh
PSMAagement.” He
expression
added, “I would
proceeded
to
177
also like to
Lu-PSMA617
(LuPSMA) ther- Figure 1. The above image was chosen as the Society of Nuclear Medicine and Molecular imaging (SNMMI) extend thanks
“Picture of the year” which is awarded for the most promising advances in the field of nuclear medicine and
ANSTO,
apy and expe- molecular imaging. This year, the SNMMI Henry N. Wagner, Jr., Image of the Year was chosen from more than to
rienced
high 2,200 abstracts submitted to the society’s annual meeting and voted on by reviewers and the society leadership. Australia’s proresponse rates, The image shows 68Ga-PSMA11 PET maximum intensity projection (MIP) images at baseline and 3 months after ducer of nowhich is clearly 177Lu-PSMA617 treatment in 8 patients with PSA decline 98 percent in a prospective phase II study. Any disease c a r r i e r - a d d e d
Lu t e t i u m - 1 7 7 ,
demonstrated in with SUV over 3 is in red.
Picture credit Michael Hofman et al. Peter MacCallum Cancer Centre, Melbourne, Australia.
and Endocyte,
the PSMA PET
which produces
imaging [Figure
1], which was selected as the 2018 SNMMI Image of PSMA; they helped make this study possible.”
Dr Umar Mahmood, chair of the SNMMI Scientific
the Year.
Each year, SNMMI chooses an image that exempli- Program Committee, noted, “The last decade has seen a
fies the most promising advances in the field of nuclear blossoming of theranostics to treat tumors with molecmedicine and molecular imaging. The state-of-the-art ularly-guided radiotherapy. The expansion of patients
technologies captured in these images demonstrate benefiting from this approach is remarkable, and it is
the capacity to improve patient care by detecting dis- wonderful to know that this effort is being led by nuclear
ease, aiding diagnosis, improving clinical confidence medicine physicians and scientists.”
Mahmood added, “Prostate cancer, which affects miland providing a means of selecting appropriate treatments. The 2018 Image of the Year goes to a team of lions of men around the world, can be painful and deadly
researchers at the Peter MacCallum Cancer Centre in in the metastatic setting. This phase II prospective study
Melbourne, Australia. The image demonstrates excep- by Michael Hofman and colleagues clearly shows the bentional responses in a series of patients who received efit to men with castrate-resistant prostate cancer treated
LuPSMA therapy after other treatments stopped work- with a beta emitter targeting PSMA when their tumors
ing. In each patient, the extent of tumor spread before expressed PSMA. It is gratifying to see the benefit of the
and after treatment is visualized clearly using PSMA approach both rigorously and objectively demonstrated
PET. These patients experienced improved quality of in this trial, in terms of improvement in disease burden
life, including reduction of pain, and correlated with and improvement in the pain severity the men suffered.”
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Study shows that screening for
abdominal aortic aneurysm does
not contribute to the decrease in
AAA mortality
A recently published study from a multinational
Scandinavian research group had the multiple aims: estimating
the effects of organized ultrasound screening for abdominal
aortic aneurysm (AAA) on AAA mortality; measuring the
incidence and level of overdiagnosis; quantifying the number
of surgical interventions for AAA and thereby estimates of
the level of possible overtreatment (Johansson M et al. Benefits
and harms of screening men for abdominal aortic aneurysm in
Sweden: a registry-based cohort study Lancet. 2018 ;39: 2441.
doi: 10.1016/S0140-6736(18)31031-6).
Screening for abdominal aortic aneurysm (AAA) has been
implemented in the several countries such as UK, USA and
Sweden on the basis of outcomes from four randomized trials

non-significant reduction in AAA mortality associated with
screening was found; it was found that two men avoid death
from AAA for every 10 000 men offered screening. Screening
was associated with increased odds of AAA diagnosis and an
increased risk of elective surgery, such that for every 10 000
men offered screening, 49 men were likely to be overdiagnosed, 19 of whom had avoidable surgery that increased their
risk of mortality and morbidity.
The authors conclude that AAA screening in Sweden did
not contribute substantially to the large observed reductions
in AAA mortality. The reductions were mostly caused by
other factors, probably reduced smoking. The small benefit
and substantially less favorable benefit-to-harm balance call
into question the continued justification of AAA screening
interventions
doi: 10.1016/S0140-6736(18)31031-6

Brain MRI could distinguish
bipolar disorder from depression
New research has found that neurons deep inside the brain
could hold the key to accurately diagnosing bipolar disorder
and depression (Korgaonkar MS et al. Amygdala Activation
and Connectivity to Emotional Processing Distinguishes
Asymptomatic Patients With Bipolar Disorders and Unipolar
Depression Biol Psychiatry Cogn Neurosci Neuroimaging. 2018
pii: S2451 (18):30236-2. doi: 10.1016/j.bpsc.2018.08.012). The
researchers used sophisticated MRI scanning to see how the
amygdala — the neurons that play a key role in processing
emotions — reacts as a patient processes facial expressions

in the 1980s and 1990s. The most recent trial results showed a
34% relative risk reduction in AAA mortality, or a 0·3 percentage point absolute risk reduction. However, the trials displayed
great heterogeneity; screening had no effect in two trials and
the confidence intervals were non-overlapping. Since these
trials, the incidence of AAA has decreased by more than 70%
in the UK and Sweden, probably because of reduced smoking.
To study the effect of AAA screening in Sweden, individual
data on the incidence of AAA, and AAA associated mortality, and surgery for AAA in a cohort of men aged 65 years
who were invited to screening between 2006 and 2009, were
compared with data from an age-matched contemporaneous cohort of men who were not invited for AAA screening.
National data were also analyzed for all men aged 40-99 years,
to explore background trends. Adjustment for confounding
was done by weighting the analyses with a propensity score
obtained from a logistic regression model on cohort year,
marital status, educational level, income, and whether the
patient already had an AAA diagnosis at baseline.
It was found that AAA mortality in Swedish men had
decreased from 36 to 10 deaths per 100 000 men aged 65-74
years between the early 2000s and 2015. Mortality decreased
at similar rates in all Swedish counties, irrespective of whether
AAA screening was offered. After 6 years with screening, a
8
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such as anger, fear, sadness, disgust and happiness. The research
showed that this key structure within the brain responds differently depending on whether the person has bipolar disorder
or depression. In people with bipolar disorder, the left side of
the amygdala is less active and less connected with other parts
of the brain than in people with depression. The findings from
this study had 80% accuracy in making this distinction. Lead
researcher Dr M Korgaonkar from the Westmead Institute for
Medical Research and the University of Sydney, Australia said
these differences could potentially be used in the future to differentiate bipolar disorder from depressive disorders. “Mental
illness, particularly bipolar disorder and depression, can be difficult to diagnose as many conditions have similar symptoms,”
Dr Korgaonkar said. “These two illness are virtually identical
except that in bipolar individuals also experience mania This
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means distinguishing them can be difficult
and presents a major clinical challenge as
treatment varies considerably depending
on the primary diagnosis“. A wrong diagnosis can be dangerous, leading to poor
social and economic outcomes for the
patient as they undergo treatment for a
completely different disorder. Identifying
brain markers that could reliably tell
them apart would have immense clinical
benefit. “Such a marker could help us better understand both these disorders, identify risk factors for developing these disorders, and potentially enable clear diagnosis from early onset,” Dr Korgaonkar
added. Approximately 60% of patients
with bipolar disorder are initially misdiagnosed as major depressive disorder.
Alarmingly it can take up to a decade for
these patients to be accurately diagnosed
with bipolar disorder. Bipolar disorder
often first presents in the depressive
phase of the illness and bipolar depression is similar to major depression in
terms of clinical symptoms. Emotion
processing is a core problem underlying
both these disorders.
doi: 10.1016/j.bpsc.2018.08.012

Innovations in
ultrasound technology
could improve breast
cancer detection
A recently published paper from a
group of researchers from the ETH,
Zurich, Switzerland describes a new
ultrasound technique that could help
distinguish benign breast tumors
from malignant ones. (Sanabria SJ et
al Spatial domain reconstruction for
imaging speed-of-sound with pulseecho ultrasound: simulation and in
vivo study. Phys Med Biol. 2018 Oct
26;63(21):215015. doi: 10.1088/13616560/aae2fb.)
Ultrasound (US) imaging is a lowcost, portable, easily accessible, realtime, and non-invasive technology.
Conventional B-mode ultrasound
images show the reflectivity of tissue
interfaces and scattering within the
body. Although for many tissues this
may present contrast, yet it can fail to
differentiate others. In particular, for
breast cancer imaging, B-mode shows
higher sensitivity than the gold standard
NOVEMBER 2018

In vivo SoS imaging of an 88 year old woman with breast cancer . Left panel: B-mode image. Right Panel reconstruction with proposed Spatial Domain Reconstruction (SDR). An angular range of (−22.5, 22.5) was used. Image
adapted from Sanabria et al Phys Med Biol. 2018 Oct 26; 63(21): 215015.

x-ray mammography to early-stage
invasive cancers. However, it provides
low specificity to differentiate benign
and malignant tumors, and thus cannot
prevent unnecessary biopsies. Moreover,
B-mode image interpretation is still not
a quantitative approach, with its outcome very much dependent on operator experience
The Speed-of-sound (SoS) is a quantitative imaging biomarker, which is
sensitive to structural changes caused
by pathology, and hence could facilitate
diagnosis.
The Zurich team has thus taken
an additional parameter into account,
namely the echo duration. This
new method produces images with
enhanced contrast, which could prove
useful for cancer diagnosis. It not only
detects the presence of tumors, but also
aids in distinguishing benign tumors
from malignant ones. This innovation
relies on a simple principle: the density
and rigidity of the tissues determine
the speed of the sound echo, because
tumors are more rigid than the surrounding tissue, especially when they
are cancerous. As a result, sound travels
3% faster on average in malignant tissues than in healthy tissues, and also
1.5% faster than in benign tumors.
A simple change of software

In clinical trials, the Zurich team
demonstrated the effectiveness of their
prototype in detecting breast tumors.
“Our goal is to provide physicians with
a better tool for decision-making during
D I
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routine checks, and to avoid unnecessary biopsies,” says Dr. Orçun Göksel,
of the ETH Zurich and director of the
study. “Compared with conventional
ultrasound, our images are much easier
to interpret.”
The technique can be used with any
equipment, because the key innovation
is the processing software. A device that
exploits the speed of sound recently
entered the market, but it requires a
cumbersome and expensive infrastructure – the part of the body being
observed needs to be submerged in
degassed water.
“Ultrasound is successful because it
is safe, portable and inexpensive,” says
Göksel. “Any physician’s office can accommodate a compact, handheld probe. Our
technology preserves these advantages
while addressing the main limitation of
conventional ultrasound – image quality
– which is still a problem for diagnosis in
many clinical cases.”
The team is continuing clinical trials, particularly in the area of
liver disease and certain muscular
disorders due to ageing that often
lead to stiffening of tissues. Their
patent-pending technique requires
only minor adaptations to current
devices. “As a result,” says Göksel, “it
could find rapid commercialisation.
Thanks to a grant from Innosuisse,
we are currently developing a system
that will work at the push of a button
and hopefully be used by hospitals
every day.”
doi: 10.1088/1361-6560/aae2fb
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Study shows that AI
may fall short when
analyzing data across
multiple health systems
Artificial intelligence (AI) tools
trained to detect pneumonia on chest
X-rays suffered significant decreases in
performance when tested on data from
outside health systems, according to
a study conducted at the Icahn School
of Medicine at Mount Sinai and published in a recent special issue of PLOS
Medicine on machine learning and health
care (Zech JR et al. Variable generalization performance of a deep learning model
to detect pneumonia in chest radiographs:
A cross-sectional study. PLoS Med. 2018
Nov 6; 15(11): e1002683. doi: 10.1371/
journal.pmed.1002683.). The researchers
started from the premise that although
early results in using convolutional neural networks (CNNs) on X-rays to diagnose disease have been promising, it must
be remembered that it has not yet been
shown that models trained on X-rays
from one hospital or one group of hospitals will work equally well at different
hospitals. Before these tools are used for
computer-aided diagnosis in real-world
clinical settings, their ability to generalize
across a variety of hospital systems must
be verified
As interest grows in the use of the
computer system frameworks known as
convolutional neural networks (CNN) to
analyze medical imaging and provide a
computer-aided diagnosis, recent studies
have suggested that AI image classification may not generalize to new data as
well as commonly portrayed.
Researchers at the Icahn School of
Medicine at Mount Sinai assessed how AI
models identified pneumonia in 158,000
chest X-rays across three US medical
institutions: the National Institutes of
Health; Indiana University Hospital;
Mount Sinai Hospital. (The Mount Sinai
Health System is New York City’s largest
integrated delivery system encompassing
seven hospital campuses, a leading medical school, and a vast network of ambulatory practices throughout the greater New
York region)
The researchers chose to study the
diagnosis of pneumonia on chest X-rays
because of its common occurrence,
12

clinical significance, and prevalence in
the research community. In three out of
five comparisons, CNNs’ performance in
diagnosing diseases on X-rays from hospitals outside of its own network was significantly lower than on X-rays from the
original health system. However, CNNs
were able to detect the hospital system
where an X-ray was acquired with a highdegree of accuracy, and “cheated” at their
predictive task based on the prevalence
of pneumonia at the training institution.
Researchers found that the difficulty of
using deep learning models in medicine is
that they use a massive number of parameters, making it challenging to identify
specific variables driving predictions, such
as the types of CT scanners used at a hospital and the resolution quality of imaging. These findings suggest that artificial
intelligence in the medical space must be
carefully tested for performance across a

wide range of populations; otherwise, the
deep learning models may not perform as
accurately as expected.
“Our findings should give pause to
those considering rapid deployment of
artificial intelligence platforms without
rigorously assessing their performance
in real-world clinical settings reflective of
where they are being deployed,” says senior
author Dr. Eric Oermann, Instructor
in Neurosurgery at the Icahn School of
Medicine at Mount Sinai. “Deep learning
models trained to perform medical diagnosis can generalize well, but this cannot be
taken for granted since patient populations
and imaging techniques differ significantly
across institutions.”
First author John Zech, of the Icahn
School of Medicine at Mount Sinai said
“If CNN systems are to be used for medical diagnosis, they must be tailored to
carefully consider clinical questions, tested
for a variety of real-world scenarios, and
carefully assessed to determine how they
D I
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impact accurate diagnosis,” says This
research builds on papers published earlier this year in the journals Radiology
and Nature Medicine, which laid the
framework for applying computer vision
and deep learning techniques, including
natural language processing algorithms,
for identifying clinical concepts in radiology reports for CT scans.
doi: 10.1371/journal.pmed.1002683.

3D mammography
detected 34 percent
more breast cancers in
screening
After screening 15 000 women over a
period of five years, a major clinical study
in Sweden has shown that 3D mammography, or digital breast tomosynthesis
(DBT) , detects over 30% more cancers
compared to traditional mammography
- with a majority of the detected tumors
proving to be invasive cancers. The extensive screening study was conducted by
Lund University and Skåne University
Hospital in Sweden, and the results have
recently been published (Zackrisson S et
al. One-view breast tomosynthesis versus
two-view mammography in the Malmö
Breast Tomosynthesis Screening Trial
(MBTST): a prospective, population-based,
diagnostic accuracy study. Lancet Oncol.
2018. pii: S1470-2045(18)30521-7. doi:
10.1016/S1470-2045(18)30521-7.
“With breast tomosynthesis, 34 per
cent more cancer tumors were detected
compared to the current standard mammography screening. At the same time,
we were able to reduce the compression
of the breast during examination, something that may encourage more women
to participate in screening”, explains
Sophia Zackrisson, associate professor at
Lund University and radiologist at Skåne
University Hospital (SUS), continuing:
“We did, however, need to call back a
few more women for additional examinations compared to traditional mammography. We needed to confirm that these
women did not have cancer, as this method
finds more structures in the breast in general. So, there was an increased call-back
rate.”
In traditional mammography screening, all breast tissue is captured in a single
image. Breast tomosynthesis, on the other
NOVEMBER 2018
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hand, is three-dimensional and works
according to the same principle as tomography. This means that several low-dose
x-ray images are taken of the breast from
different angles, which are reconstructed
by a computer to show thin layers of the
breast. With more and improved image
information and less overlapping tissue

Hospital may be more efficient than those
previously examined in international studies. In Skåne, only the DBT method has
been used whereas other studies have combined DBT with traditional mammography screening. This leads to more image
material and a higher radiation dose.
“We have shown that we can achieve
the same result with a simpler and perhaps even better method”, says Sophia
Zackrisson.
In the future, parts of the image review
in connection with breast tomosynthesis may be automated with the help of
computers, but it will take time. There
is currently a lack of appropriate readyto-use and tested software. Studies on
this are underway, including in Sophia
Zackrisson’s research team.
doi: 10.1016/S1470-2045(18)30521-7

New nuclear medicine
imaging method shows
strong potential for
cancer imaging
structures, the chance of detecting tumors
increases. Further, the radiation dose may
be lowered in certain circumstances.
“There is a need to improve screening
for many women, and breast tomosynthesis is clearly the most appropriate method
to transition to in breast cancer screening.
Breast tomosynthesis will be introduced, it’s
just a question of when and to what extent”,
says Sophia Zackrisson.
Breast tomosynthesis is already used at
Skåne University Hospital, among other
places, to investigate suspected breast
cancer. Prior to a possible large-scale
introduction in the general breast cancer
screening programme, the research team
is now conducting a cost-benefit study.
All types of screening involve a risk
of overdiagnosis, which in turn may
lead to unjustified treatments. Therefore,
the research team, in collaboration with
their European colleagues, will conduct a
metastudy in which they will aggregate and
analyze their collective research results.
The lack of radiologists who can review
the increased image material generated by
3D methods presents a further challenge
before large-scale introduction. However,
the method used at Skåne University
NOVEMBER 2018

A new nuclear medicine imaging
method could help diagnose widespread
tumors, such as breast, colon, pancreas,
lung and head and neck cancer better
than current methods, with less inconvenience to patients and with equal or
improved accuracy according to a recent
study (Loktev A et al A Tumor-Imaging
Method Targeting Cancer-Associated
Fibroblasts. J Nucl Med. 2018; 59: 1423.
doi: 10.2967/jnumed.118.210435).
The new imaging method, developed by a team of German researchers,
targets cancer-associated fibroblasts,
a subpopulation of tumor stroma
cells These fibroblasts are an attractive target for diagnostic imaging and
therapy, as they are present in more
than 90 percent of epithelial carcinomas, including pancreatic, colon
and breast cancer. Cancer-associated
fibroblasts (CAFs) have a high expression of fibroblast activation protein
(FAP) and are known to be involved in
tumor growth, migration and progression. They are also genetically more
stable than cancer cells, making them
less susceptible to developing therapy
resistance. “The appearance of FAP in
CAFs in many epithelial tumors and
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the fact that overexpression is associated with a worse prognosis led to the
hypothesis that FAP activity is involved
in cancer development, as well as in
cancer cell migration and spread,” said
Dr Uwe Haberkorn, of the University
Hospital of Heidelberg . “Therefore,
the targeting of this enzyme for imaging and endoradiotherapy can be considered as a promising strategy for the
detection and treatment of malignant
tumors.”
Based on an FAP-specific enzyme inhibitor (FAPI), the team developed the positron emission tomography (PET) tracer
gallium-68 (68Ga)-labeled FAPI, which was
tested first on mouse models then through
proof-of-concept PET/CT imaging of three
patients. The results showed high tracer
uptake by the tumors and fast body clearance, resulting in high contrast images and
very low binding to healthy tissue in both
animals and tumor patients.
Haberkorn pointed out,“A comparison
with fluorodeoxyglucose [18F-FDG]—the
common standard in tumor imaging —
revealed a clear advantage of our tracer
with regard to tumor uptake and image
contrast in many tumors.”

Novel radiolabeled small molecules bind to fibroblast
activation proteins in cancer-associated fibroblasts
found within the tumor stroma.. Image credit Loktev
and Lindner et al.

The fact that radiolabeled FAPIs allow
fast imaging with very high contrast in
tumors that have a high stromal content makes them versatile, pan-tumor
agents. These molecules can be coupled
to DOTA or other chelators, allowing
labeling not only with 68Ga, but also with
therapeutic isotopes such as lutetium-177
(177Lu) or yttrium-90 (90Y). As the FAPI
tracers contain the universal DOTAchelator, a theranostic approach could
also be feasible.
doi: 10.2967/jnumed.118.210435
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Coronary calcium
levels a better predictor of patients
at risk for coronary
heart disease
A new study presented at the recent
American Heart Association Scientific
Session conference found that testing
a patient’s coronary calcium levels is
a better predictor of blocked coronary arteries at risk for a heart attack
and the need for revascularization
than standard risk-assessment equations used in medical practice today.
“With coronary calcium, we’re looking
at a marker indicating the actual pres-

ence of anatomic disease — we’re not
just looking at probabilities of disease
based on a patient’s standard risk factors”, said Dr JL Anderson, a cardiologist and cardiovascular researcher
at the Intermountain Medical Center
Heart Institute in Salt Lake City,
UT, USA. “The risk factors are worth
knowing, but they don’t tell whether
or not you actually have the disease”.
Cardiovascular disease remains the
greatest cause of morbidity and mortality in the Western world, and determining who’s most at risk continues
to be suboptimal, said Dr. Anderson.
Two-thirds of people with cardiovascular disease come from the very
large, and what’s traditionally been
considered the low-risk portion of
the population based on standard risk
factors, which means a lot of at-risk
people are missed during screenings.
In the new study, researchers at the
Intermountain Medical Center Heart
Institute, identified 1,107 symptomatic patients who presented to the
healthcare system without any known
14

coronary artery disease and who had
a PET-stress test to measure coronary
flow, conducted as part of their diagnostic evaluation.
The PET/CT test also enabled a
coronary calcium score to be measured. Based on the coronary calcium
score and standard risk factors documented in their medical records, three
different atherosclerotic cardiovascular disease risk scores were calculated:
the standard Pooled Cohort Equation
(based on traditional risk factors), the
Multi-Ethnic Study of Atherosclerosis
(MESA) Risk Score (which combines
coronary calcium and traditional risk
factors), and the Coronary Calcium
Score alone
Researchers tracked those patients
to identify who, based on PET scan
results suggesting a blocked artery,
went on to revascularization (a coronary stent or bypass surgery) and who
had a subsequent heart attack or died
during the subsequent two years.
They found that risk equations
that included coronary artery calcium
measurements, i.e. the MESA Score
and the Coronary Calcium Risk Score,
were better able to predict the presence of symptomatic coronary artery
disease requiring revascularization
than the Pooled Cohort Equation,
which relies only on standard risk factors such as age, gender, blood pressure, and cholesterol measurements.
However, after the PET-scan results
were acted upon, all three equations
were only moderately successful in
determining who over two years of
follow-up would go on to die or have
a heart attack. Noteworthy though was
that of the 29 patients who showed
no coronary artery calcium, none had
any major heart problems in the timeperiod tracked.
“Calcium in the artery doesn’t tell
you the extent of soft plaque, but it
does mark that disease is present” Dr.
Anderson said. “These results tell us
that coronary calcium adds importantly to probability estimates.”
He also said the cost of coronary
calcium screening is low, in the range
of $100 or less, and should be considered in the future as part of routine
medical care after age 50 for men and
55-60 for women.
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“We accept that mammograms
should be done for women and colonoscopies should be done for everybody
at a certain age, and they’re much more
expensive than a calcium scan”, he said.
Dr. Anderson hopes that the findings lead to coronary calcium tests
becoming more accepted and covered by medical insurance as a means
to better predict who is at coronary
risk, which not only will get high-risk
patients into treatment earlier, but also
keep patients who aren’t truly at risk
from being overtreated.
https://intermountainhealthcare.org/
news

Breast screening
linked to 60 per cent
lower risk of breast
cancer death in first
10 years
Women who take part in breast
screening have a significantly greater
benefit from treatments than those
who are not screened, according to a
recently-published study of more than
50,000 women, led in the UK by Queen
Mary University of London (Tabár L
et al. The incidence of fatal breast cancer measures the increased effectiveness
of therapy in women participating in
mammography screening. Cancer. 2018
Nov 8. doi: 10.1002/cncr.31840).
The research, using data from
Sweden, finds that women who chose
to participate in an organised breast
cancer screening programme had a
60 per cent lower risk of dying from
breast cancer within 10 years after
diagnosis, and a 47 per cent lower risk
of dying from breast cancer within
20 years after diagnosis. The authors
say that this benefit occurs because
screening detects cancers at an earlier stage, meaning that they respond
much better to treatment. The study
was co-authored and funded by the
American Cancer Society and appears
in the American Cancer Society’s peerreview journal Cancer. In the UK,
mammography screening is offered
to all women aged 50-70 through the
NHS Breast Screening Programme,
with participation rates averaging
NOVEMBER 2018
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more than 70 per cent but varying
dramatically across the country, with
lower rates in poorer, inner-city areas.
Senior author Professor Stephen
Duffy from Queen Mary University of
London said: “Recent improvements in
treatments have led to reduced deaths
from breast cancer. However, these
new results demonstrate the vital role
that screening also has to play, giving
women a much greater benefit from
modern treatments. We need to ensure
that participation in breast screening
programmes improves, especially in
socio-economically deprived areas.”

The study involved 52,438 women
aged 40 to 69 years in the county of
Dalarna, Sweden, during 39 years of
the screening era (1977-2015). All
patients received stage-specific treatment according to the latest national
guidelines, irrespective of the mode
of detection.
The investigators, led by Dr. Laszlo
Tabar of Falun Central Hospital
in Sweden, used a new method to
improve the evaluation of the impact
of organised mammography screening on death from breast cancer, by
calculating the annual incidence of
breast cancers causing death within 10
years and within 20 years after breast
cancer diagnosis.
The authors conclude that “although
some consider that advances in adjuvant therapy and chemotherapy mainly
are responsible for improved breast cancer prognosis in screened populations
in the modern era, we believe that it is
time to focus attention on the combination of diagnosis and therapy, instead of
viewing them as independent, or worse,
as competing interests. Our results demonstrate that the benefit of therapy is
significantly greater for women who
have participated in mammography
screening”.
http://dx.doi.org/10.1002/cncr.31840
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Prostate cancer
radiotherapy more
precisely targeted
with nuclear
medicine imaging
A recent study concludes that
PSMA PET/CT can detect prostate
cancer that is outside of the prostate
with higher sensitivity and specificity than standard imaging modalities
Current standard imaging techniques for initial staging of prostate cancer often underestimate the
extent of disease beyond the prostate. The recent study demonstrates
that prostate-specific membrane
antigen (PSMA) positron emission
tomography/computed tomography
(PET/CT) can pinpoint prostate
cancer locations with superior accuracy (Calais J et al, Potential Impact
of 68Ga-PSMA-11 PET/CT on the
Planning of Definitive Radiation
Therapy for Prostate Cancer. J
Nucl Med. 2018 Nov;59:1714. doi:
10.2967/jnumed.118.209387). More
accurate detection makes more precisely targeted treatment possible.
Men with non-metastatic disease
who chose radiotherapy could,
therefore, improve their chances of
a successful outcome with PSMA
PET/CT imaging to more accurately define the areas targeted for
irradiation.
“The planning of radiotherapy
for prostate cancer starts with precise delineation of the anatomic targets for delivery of radiotherapy,”
explains Dr NG Nickols of UCLA
and the VA Greater Los Angeles
Healthcare System in Los Angeles,
CA, USA. “The prostate is always
included in the irradiated volume,
but there is currently no consensus
about whether pelvic lymph nodes
that appear to be free of cancer on
standard imaging should also be
irradiated.” He states, “Incorporation
of PSMA PET/CT into the process
of radiotherapy planning might
improve the success rate of curativeintent prostate radiotherapy by identifying patients with occult (invisible
to conventional imaging) metastatic
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disease or local (pelvic) disease that
is not visible on conventional imaging and modifying target volumes
and dose to adequately cover and
control local disease.”
In this project, 73 patients with
localized prostate cancer and no
prior local therapy underwent gallium-68 (68Ga)-PSMA-11 PET/
CT scans. All patients had PSMApositive primary prostate lesions. In
addition, 25 of the 73 (34 percent)
had PSMA-positive pelvic nodal

3D rendering map of all PSMA-positive lesions (yellow) of the 27/73 patients (37%) with extra-prostaic
metastasis Image from Calais J et al. oi: 10.2967/
jnumed.118.209387, courtesy of J Nucl Medicine.

metastases, and 7 (9.5 percent) had
PSMA-positive distant metastases.
PSMA-positive lesions not covered
by planning volumes based on the
clinical target volumes from standard imaging were considered to
have a major potential impact on
treatment planning.
Nickols reports, “We found that
addition of the information from
PSMA PET/CT to standard imaging
had a major impact on the planning
of curative-intent prostate radiotherapy for 16.5 percent to 37 percent of
patients, depending on whether one
initially elects to target pelvic nodes
that are free of disease on conventional
imaging.” He adds, “These findings represent another convergence of molecular imaging and precision radiotherapy.
PSMA PET/CT offers unprecedented
accuracy and sensitivity for detecting
the location of prostate cancer within
a patient, and modern radiotherapy
offers a non-invasive and generally safe
method for delivering a tumoricidal
dose of radiotherapy to the targeted
cancer.”
doi: 10.2967/jnumed.118.209387
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Pulmonary hypertension

Chronic Thromboembolic disease
By Dr. Deepa Gopalan
Introduction:

Chronic thromboembolic disease (CTEPH) is a dual vascular disorder related to incomplete resolution of pulmonary
embolism (PE) and is placed under Group 4 of the revised
clinical classification of pulmonary hypertension (PH) [1].
The current definition of CTEPH is a mean pulmonary artery
pressure of ≥25 mmHg, a pulmonary capillary wedge pressure of ≤15mmHg and the presence of organised thrombi in
the pulmonary artery after at least 3 months of anticoagulant
treatment [2]. Although PE and CTEPH are presented as a
continuum, in about 25% of CTEPH cases, there is no prior
history of symptomatic PE [3]. Hence, the true prevalence
and incidence of CTEPH cannot be accurately predicted from
acute PE follow-up studies. In addition, survivors of acute
PE can develop post-PE syndrome characterised by chronic
thrombotic remains in the pulmonary arteries, persistent
right ventricular dysfunction, decreased quality of life and/or
chronic functional limitations [4]. The definition of ‘the postPE syndrome’ is evolving but CTEPH is thought to be its most
extreme and uncommon manifestation whilst disturbances
in pulmonary arterial flow and ventilation and impairment
of cardiac function are relatively more frequent features. The
cumulative CTEPH incidence varies between 0.1% and 9.1%
[5]. The large margin of error is attributed to referral bias, nonspecific clinical presentation, lack of uniformity in diagnostic
algorithms between different institutions and the difficulty in
differentiating acute PE from acute chronic thromboembolic
disease.
Why is it important to diagnose CTEPH?

CTEPH is unique amongst other causes of PH as it is potentially possible to obtain a complete cure in selected patients
with early intervention in the form of pulmonary endarterectomy. Conversely, if left untreated, it has a poor prognosis with
5-year survival rate of 10% in cases with mean pulmonary
artery pressure (mPAP) of over 50 mmHg [6]. Data from
cohort studies indicate that current practice patterns fail to
achieve appropriate diagnosis at an opportune time. An International CTEPH Registry data has demonstrated a median
time of 14 months between symptom onset and diagnosis
in expert centers [7]. There are multifarious reasons for the
referral delay including paucity of clinical symptoms in early
stages with overt right heart failure developing only later in the
disease course. Despite the availability of sophisticated imaging
methodology, CTEPH can be under or mis-diagnosed due to
the relative rarity of the disease and poor awareness among
The Author
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the imaging community contributing to lack of expertise in
interpretation. Furthermore, economic constraints can restrict
access to multimodality techniques.
Pathophysiology of CTEPH:

Over the last few years, meaningful advances have been
made in our understanding of the complex pathophysiology of CTEPH [8, 9]. Organisation of the persistent thrombotic material within the pulmonary arteries leads to fibrotic
transformation and mechanical obstruction. These manifest as
intravascular stenoses, webs, and occlusions, mainly in the large
and medium-sized pulmonary arteries at the site of previous
PE.This results in flow redistribution and progressive increase
in pulmonary vascular resistance (PVR). Over time, there is
secondary remodelling of the low resistance pulmonary microvasculature with the development of a peripheral arteriopathy
similar to the small vessel disease of classic pulmonary arterial
hypertension (PAH). Remodelling can be also be triggered by
development of broncho-pulmonary collaterals forming anastomoses between the systemic vasculature and precapillary
pulmonary arterioles well as pulmonary veins. The small vessel
vaculopathy can result in discrepancies between the demonstrable macro-vascular disease on imaging and the pulmonary
hemodynamics on right heart catheterisation.
Treatment of CTEPH:

The concept of multi therapeutic approach for CTEPH is constantly evolving. Pulmonary endarterectomy (PEA) remains
the current Standard of Care and there have been tremendous
improvements in existing surgical techniques with periprocedural mortality <2% to 5% in experienced centers [10]. Balloon
pulmonary angioplasty (BPA) is emerging as an attractive
alternative, with promising results, particularly for patients
with inoperable disease. Riociguat, a new class of oral drug and
stimulator of soluble guanylate cyclase, has been approved as
the first medical treatment following successful demonstration
of its efficacy in a multicenter randomised study of patients
with non-operable CTEPH or persistent/recurrent PH after
PEA [11]. Given the positive impact of these therapies, it is
imperative to make the correct diagnosis of CTEPH so that
appropriate treatment can be instituted.
Diagnosis of CTEPH:

Routine screening for CTEPH is not routinely advocated following acute PE but any patient with unexplained PH or persistent breathlessness following previous VTE should undergo
evaluation for CTEPH.
Echocardiography is the initial test of choice in the diagnostic
algorithm and is an indispensable screening tool for the assessment of PH. There are detailed guidelines describing the echocardiographic assessment of the right heart [12, 13]. Whilst it is
non-invasive, does not involve radiation and is readily available,
limitations of echocardiography include operator dependency
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Fig 1. SPECT-VQ/CT in a 50 year old male with CTEPH.
There are multiple segmental perfusion defects (black
arrows) with normal ventilation. Mosaic attenuation (white
arrow) is demonstrated on the low dose CT lung window
reconstruction in the mid panel.

and poor acoustic window in patients with
large body habitus or those with significant
obstructive airways disease. In addition, in
the early stages of the disease, echocardiography can miss PH in as many as 10–31% of
cases [14]; doppler pressure estimates alone
are not reliable to exclude PH. Also, some
patients with chronic thromboembolic disease (CTED) may have normal resting pulmonary haemodynamics. This group may
benefit from cardio-pulmonary exercise test
(CPET), as it provides insight into the vascular reserve. In a retrospective study, CPET
was able to detect chronic thromboembolic
disease despite normal echocardiography
[15]. CPET has the potential to differentiate
thromboembolic disease from other causes
of PH and although multicentre prospective validation is lacking, CPET is emerging
as a promising complementary diagnostic
tool for functional evaluation of pulmonary
vascular disease.
VQ scintigraphy is the most sensitive test
in the diagnostic algorithm for excluding
CTEPH. Normal perfusion has a negative
predictive value approaching 100% and
hence VQ is an effective screening tool
[16]. Although the most typical finding in
CTEPH is the presence of segmental wedge
shaped perfusion defects with corresponding normal ventilation, any mismatched
perfusion defect is abnormal and requires
downstream testing. Mismatched perfusion defects can be present in a variety of
conditions such as large vessel vasculitis,
pulmonary arterial malignancies such as
sarcoma, fibrosing mediastinitis and extrinsic compression of the pulmonary artery.
Perfusion abnormalities can also be seen in
NOVEMBER 2018

idiopathic pulmonary arterial hypertension
(IPAH) as well as pulmonary venoocclusive disease (PVOD and capillary haemangiomatosis (PCH). These tend to be mostly
heterogenous reduction of perfusion in a
non-anatomical distribution but occasionally can also be segmental defects. Another
important consideration is that injected
technetium labelled macro-aggregatesd
albumin particles can pass through partially
recanalysed vessels in CTEPH resulting in
potential underestimation of the disease
severity [17].
Single Photon Emission Computed
Tomography-Ventilation-Perfusion
(SPECT-VQ) is a 3-dimensional technique with higher sensitivity than planar
VQ in detection of CTEPH [18] The
radiation profile of SPECT VQ is better
than CT, particularly with reference to
the female breast as it delivers only 4 %
of the CT dose [19]. However, there is
an emerging trend to actually add lowdose CT to SPECT-VQ [Fig 1] as this has
been shown to improve the specificity of
the technique by identifying concomitant
parenchymal lung disease in patients with
perfusion defects [20] It is possible to do
perfusion quantitation with SPECT-VQ
in CTEPH and this can provide a measure of disease severity as was shown in a
recent publication [21] A case study from
Japan has also shown the possibility of
using SPECT/CT as an adjunct to balloon
pulmonary angioplasty as the 3D fusion
images can be rotated to different angles
and the culprit lesion in the pulmonary
artery causing the regional hypoperfusion
can be easily identified on the image overlay [22]. Although these are single centre
experiences, the utility of SPECT-VQ in
CTEPH is beginning to be apparent.
The vascular abnormalities of CTEPH
have been extensively described in the literature and can be delineated by a variety
of techniques [Fig. 2a-e] Of these, catheter
pulmonary angiography is deemed to be
the historic gold-standard and has the best
temporal resolution that allows for excellent
anatomical characterisation of both proximal and distal pulmonary vasculature. In
addition, important information can also
be gained from the capillary phase of pulmonary angiography as reduced subpleural perfusion is associated with poor surgical outcome of CTEPH, with increased
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Fig. 2. CTEPH pulmonary vascular abnormalities on multimodality techniques in different patients.
2a. Axial CT (left) with calcified eccentric thrombus (arrow)
and sagittal MR SSFP sequence (right) with eccentric noncalcified thrombus (star)
2b. CT volume rendered technique (VRT) showing a significant lower lobe trifurcation web (arrow)
2c. Axial CT with tight stenosis followed by post-stenotic
dilatation in the left upper lobe (arrow)
2d. Abrupt truncation of diseased upper lobe vasculature
(thin arrow) compared to a more normal transition of vessel
calibre in the lower lobe (block arrow)
2e. A large pouch defect in the right lower lobe (black
arrow). Note the preserved perfusion (white star) in the
upper lobe in comparison to the absent perfusion in the
occluded middle and lower lobes.

mortality and higher postoperative PVR
[23]. In spite of the sophisticated non-invasive alternative modalities, there is renewed
interest in catheter angiography due to the
advent of BPA for CTEPH patients who
are not suitable for surgery. It is important
to keep in mind that catheter angiography
can be performed at the same sitting as right
heart catheterisation which is an integral
part of the CTEPH diagnostic algorithm,
thereby saving the need for an additional
puncture.
Computed Tomography pulmonary
angiography (CTPA) is a widely available non-invasive technique that can provide exquisite images of the pulmonary
17
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Fig 3. Coronal CT, lung window reconstruction in a 65
year old male with CTEPH. The black areas represent
abnormal perfusion with reduced vessel count whilst the
grey zones represent preserved perfusion.

circulation. Multidetector CT is now
acknowledged to the reference standard
for acute PE. However, while acknowledging the advantages, most existing guidelines and consensus documents are more
guarded in their recommendation for its
use in CTEPH. This is not only due to the
difficulty in excluding distal disease where
the morphological changes are difficult to
visualise in the macro-circulation but also
due to the variability in CT interpretation
in non-CTEPH expert centres. However,
in high-volume institutions, CT has been
shown to outperform MR angiography
and catheter angiography by having the
best image quality and the highest level of
sensitivities and specificities at the main/
lobar and segmental levels [24]. CT has several advantages over other modalities. It can
distinguish acute PE from CTEPH as they
have very dissimilar appearances. This is of
immense clinical importance as these conditions need different therapeutic options. It

Fig 4. DECT, coronal windows in a 45 year old female
with CTEPH. There is eccentric thrombus in the left pulmonary artery (block white arrow) with a corresponding
large perfusion defect in the left lower lobe (white star)
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has also been shown that a substantial number of patients diagnosed with acute PE
might already have underlying chronic disease with previously unidentified PH [25].
This is particularly relevant in the clinical
setting where patients present acutely and
are being considered for thrombolysis. CT
also has the potential to differentiate other
conditions that mimic CTEPH such as
Takayasu’s vasculitis, pulmonary artery sarcoma conditions that cause extrinsic vascular compression like sarcoidosis, congenital
abnormalities of the pulmonary artery and
in situ thrombosis [26]. It is also possible to
use CT for precise depiction of the bronchial and non-bronchial collateral vessels
that develop during the course of CTEPH
but this requires simultaneous opacification
of the pulmonary and systemic circulations.
CT is excellent for evaluating the underlying
lung abnormalities that can be evident in
CTEPH such as mosaic attenuation, characterised by geographical heterogeneity of lung
parenchymal perfusion [Fig. 3]. This is a useful discriminator for chronicity in patients
with suspected acute-on-chronic disease. Its
presence in the absence of visually demonstrable abnormalities in the pulmonary
arteries should raise the suspicion of distal
thromboembolic disease. Complications
such as pulmonary infarction and parenchymal scarring can be easily depicted by
CT and kept under surveillance if necessary.
A paramount unmet need in PH imaging
is the ability to adequately delineate distal
pulmonary vasculature.
Dual energy CT (DECT) is an innovative off-shoot of CT technology that allows
for the concomitant visualisation of the
morphological changes in the pulmonary artery as well as the lung perfusion
abnormalities by simultaneous acquisition
of two datasets at different tube voltages
[Fig. 4]. Based on material decomposition
of iodine, it is possible to portray relative
regional blood volume in the pulmonary
parenchyma but iodine is only measured at
a single time point. Hence, DECT is only a
surrogate measure of microvascular circulation. Qualitative and quantitative perfusion blood volume [PBV] maps have shown
good correlation with mosaic attenuation
and pulmonary haemodynamics measured
on right heart catheterisation respectively
and thus have the potential to diagnose distal vasculopathy as well as measure disease
severity.[27, 28].
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Pioneering flat-panel techniques such as
cone-beam CT are principally useful as an
intra-procedural adjunct whilst performing
BPA rather than for CTEPH diagnosis.
The role of cardiac magnetic resonance
imaging (CMR) is two-fold. Evaluation
of the pulmonary circulation is a multistep process with a 3D contrast enhanced
dynamic time-resolved perfusion sequence
to assess the microcirculation followed by a
high spatial resolution contrast-enhanced
angiography (CE-MRA) for visualisation of the macro-circulation [Fig. 5] The
diagnostic accuracy is improved with the
combination technique [29] Overall, MR is
comparable to CTPA and catheter angiography for disease detection in main, lobar
and segmental vessels but is inferior for the
subsegmental vasculature [30]. In a recent
publication from a single centre comparing
the efficacy of perfusion MR and SPECT
VQ, MR demonstrated 100% sensitivity
for CTEPH screening [31]. It is possible
to render a 3D roadmap of the pulmonary
vascular abnormalities by creating rotating
maximum-intensity projections. This can
be used for operability assessment in high
volume centres with concentrated expertise.
CMR is also the reference standard for
assessment of right ventricular (RV) morphology and function. Semi-quantitative
analysis of balanced Steady-state free precession (SSFP) cine sequence provides
an accurate and consistent estimation of
biventricular function. The RV adapts to the
gradual increase in pulmonary pressures
initially by hypertrophy and subsequently
by progressive dilatation with global
impairment of systolic function. Worsening
pressure overload results in interventicular
septal flattening followed by end-systolic
bowing toward the left ventricle (LV). The
reversal of the septal curvature leads to LV
under-filling with decreased stroke volume
even in the presence of normal LV systolic
function. Late gadolinium enhancement
(LGE) at the right ventricular insertion
points is non-specific but is deemed to be
a marker of adverse prognosis in CTEPH
[32]. Aortic and pulmonary artery flows
and distensibility can be measured using
phase-contrast sequence (PC-MRI) allowing for estimation of cardiac output as well
as the extent of broncho-pulmonary shunting. The shunt severity has been demonstrated to decrease in proportion to the success of the surgical revascularisation.
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Fig 5. Coronal view of MRPA (left) and MR perfusion (right) in a 57 year old male with proximal CTEPH. There is a
pouch defect (block white arrow) in the right lower lobe with occlusion of right middle and lower lobe vessels and a
tight trifurcation stenosis in the left lower lobe (arrowhead). with corresponding perfusion defects.

There is a growing body of evidence for
using multi-parametric MR techniques
for characterisation of RV structure and
physiology but their clinical utility in
CTEPH is yet to be proven. Multidirectional 4D phase-contrast MR is a compelling tool for evaluation of the flow patterns
within the RV and pulmonary circulation.
Whilst it has the potential to provide
unique insights into pulmonary arterial
physiology, its role in CTEPH remains to
be explored.
Based on current evidence, non-invasive
measures of haemodynamic parameters
show only modest success. Right heart catheterisation is mandatory as accurate estimation of PVR is integral to decisions regarding appropriate treatment. If the PVR is not
commensurate with the extent of demonstrable disease on imaging, there is likely to
be a signifiant small vessel component and
surgery may not be the most appropriate
treatment.
Need for multidisciplinary team (MDT)
discussion:

Given the disease complexity, all CTEPH
cases should be referred to an expert centre for further management. It is imperative
from the start to involve radiologists with
specialist interest in PH imaging, anaesthesiologists and intensive care physicians in addition to the pulmonologists, cardiologists and
cardiothoracic surgeons as each member of
the multidisciplinary team has a defined role
in determining the success of the CTEPH
programme. It is critical to remember that
whilst technical feasibility is an important
consideration, surgical appropriateness is
governed by other factors such as co-morbidities and patient choice.
NOVEMBER 2018

Conclusion:

Multimodality CTEPH imaging allows for
comprehensive evaluation of the right ventricle and pulmonary circulation in terms of
anatomical delineation, functional quantification and tissue characterisation. Emerging
techniques such as hybrid SPECT-CT, dual
energy CT, 4D phase contrast MR have enormous potential but need prospective trials to
establish their applicability in a wider clinical
setting.
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Computed tomography

Abdominal aortic calcification
may signal future heart attacks
Computed tomography (CT)-based measures of
calcification in the abdominal aorta are strong predictors of heart attacks and other adverse cardiovascular events—stronger even than the widely used
Framingham risk score, according to a recent study [1].
Cardiovascular diseases are the leading cause of
death worldwide. Of these deaths, heart disease and
stroke are the deadliest. Effective measures of cardiovascular disease risk are crucial in predicting which
patients are most in need of early interventions like
diet and lifestyle changes, or medications to lower
cholesterol.
“We found a strong association between abdominal
aortic calcification and future cardiovascular events,”
said lead author Dr Stacy D. O’Connor, assistant professor of radiology at the Medical College of Wisconsin
in Milwaukee., WI, USA “With heart disease being a
leading cause of death, anything we can do to make our
patients more aware of their risk is going to help.”
The Framingham risk score is a well-known and
widely used prediction model for cardiovascular disease based on traditional risk factors like age, cholesterol and blood pressure. However, many patients
evaluated by the Framingham risk score fall into an
indeterminate risk category and could benefit from
additional noninvasive tools for refining risk assessment like measures of atherosclerosis, the narrowing
of the arteries due to plaque buildup. CT is commonly
used to measure calcium, a component of plaque, in the
coronary arteries.
CT can also measure calcium in the abdominal
aorta, the large vessel that carries oxygenated blood to
the lower extremities. The abdominal aorta can be seen
on abdominal imaging exams such as CT colonography, also known as virtual colonoscopy, and in the diagnostic workup for acute cholecystitis, the inflammation
of the gallbladder often caused by gallstones.
For the new study, conducted at the University of
Wisconsin School of Medicine and Public Health in
Madison, researchers assessed the relationship between
abdominal aortic calcification on CT and cardiovascular events in 829 asymptomatic patients with a
mean age of approximately 58 years. The patients had
undergone nonenhanced screening CT colonography
between April 2004 and March 2005. The researchers
were able to follow the patients for an average of 11
years to see if they had developed adverse cardiovascular events like heart attack, stroke, death or congestive
heart failure.
Of the 829 patients, 156 (18.8 %) had a major cardiovascular event. The events occurred almost seven
years after CT, on average, and included heart attack
20
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Figure 1. Images from CT colonography show segmented abdominal aortic calcification measured with semiautomated CT tool on (a) coronal and (b) sagittal images.
Within the region of interest over aorta selected by user, the tool automatically segments and quantifies aortic calcification (shown in blue). Image from [1] , courtesy
of Radiology.

in 39 and death in 79. CT-based abdominal aortic
calcification was a strong predictor of future cardiovascular events, outperforming the Framingham risk
score. Abdominal aortic calcification was more than
five times higher, on average, among those who had a
cardiovascular event than those who didn’t.
The results point to the potential of abdominal aortic calcification assessment as an opportunistic screening tool—something that could be added to other
exams without the need for additional patient time or
radiation dose. Patients could be assigned to preventive
treatment regimens based on their cardiovascular risk
categories.
“There are thousands of CT scans performed every
day across the United States, so this gives us an opportunity to reach a lot of people,” Dr. O’Connor said. “For
instance, if someone is getting a scan for cholecystitis and
we see abdominal aortic calcification on the CT, we can
address things like blood pressure and cholesterol with
the patient.”
The researchers plan to build on their results by
studying larger groups of patients. They also intend
to move toward a fully-automated protocol for more
widespread implementation of the assessment.
“It’s our hope that these opportunistic measures can
be added to reports for patients undergoing routine
abdominal CT, regardless of the imaging indication,” Dr.
O’Connor said.
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Healthcare software
Using IT to improve the
management of contrast media and
radiation dose in imaging centers
Guerbet, the French-based global specialist in contrast
agents and solutions for medical imaging has created a
digital services department and introduced two new powerful software packages in support of its thriving contrast
media business.
We wanted to find out more about these developments in
general and the new software packages in particular so we
spoke to Adan Martin, head of the Digital Services department at Guerbet.

Q

Let’s start with the Digital Services department.
What exactly is its mission?

The starting point is the recognition within Guerbet that our
role is much more than “simply” developing and marketing high quality contrast media products, delivering such
products to our customers and letting them get on with it.
We realize that for a modern radiology department or imaging center to provide the optimal care to its patients in a
cost-efficient manner it has to manage and closely monitor
the use of contrast media (both iodinated contrast for CT
and Gadolinium-based contrast agents for MRI) as well as
recording and adapting if necessary, the levels of ionizing
radiation to which the patients are exposed. Which is why
we introduced a year ago our two new software packages.

Q

So what are these new software packages and what
do they do?

Our Contrast&Care software is, as the name suggests, a
package specifically developed to enable the optimal management of all aspects of contrast administration. The system collects all data such as contrast media used, patient
data and injection protocols. Importantly, these data are
then shared with the hospital’s own IT systems, such as the
RIS, HIS, electronic medial record or the PACS system. The
system facilitates the traceability of contrast media used,
for example by managing any batch recall and logging any
adverse events encountered.
From the patient’s point of view, “at-risk” patients, e.g. those
with renal insufficiency can be flagged, the individual history
of gadolinium administered can be recorded and all previous
injection history can be downloaded at the stroke of a button
From the point of view of cost-management of the imaging center, the system enables informed choices to be made
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regarding contrast media usage, comparison of best practices
between facilities and allows multi-factoiral analyses of contrast media usage to be easily carried out.

Q

And what about the software for ionizing radiation?

Q

And how have the software packages been accepted
so far in the market?

Again, as the name suggests, Dose&Care enables the monitoring of the levels of ionizing radiation to which the patient
has been exposed. The software records the data from all
imaging modalities using ionizing radiation, such as CT,
radiography, fluoroscopy etc., and creates patient-specific
files to allow optimization of protocols and compliance with
regulatory requirements.
With the increasing focus on the issue of monitoring exposure to ionizing radiation, for example via Euratom guidelines, imaging centers are realizing that their old paper-based
procedures are not only laborious but also present challenges
regarding ensuring patient data confidentiality, which with
the recent introduction of the GDPR regulations is even
more a priority.

We introduced the software at last year’s RSNA and the reaction has been very positive, not just from the standpoint of
the efficiency of the system in carrying out its functions, but
also from the point of view of its ease-of-use and intuitive
operation
The common objective of both the Contrast&Care and Dose
&Care systems is to facilitate the administrative tasks of the
imaging center and to free their personnel up from routine
bureaucracy so that they can focus more on patient care and
optimal imaging.
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Radiology Work-flow

A systematic review of double
reading in diagnostic radiology
By Dr. H Geijer & Dr. M Geijer

The optimal outcome of diagnostic
imaging would of course ideally be
one hundred percent accuracy in all
diagnoses, but unfortunately, in practice this is not possible. Instead, the
pragmatic approach that is adopted
is to keep the number of discrepancies as low as possible. One way to
achieve this goal is via the system of
double reading, namely the arrangement in which two observers review
the same study before the report is
finalized. However, it is evident that
this approach has the side-effect of
requiring considerable resources.
In a report from Norway, double
reading of one third of all radiologic
examinations consumed 20-25 % of
all available radiology working hours
[1].
There are conflicting opinions on the
role of double reading, which has
prompted further investigation into its
real value. This article summarizes the
results of a recent systematic review of
double reading in diagnostic radiology
[2].

A) Double reading of trainee or residents’ cases by a more
experienced colleague is common. The value — and necessity— of this is hardly debatable.
B) Perhaps the most common type of double reading occurs
in screening, where two readers create separate reports that
are then compared. However, screening is a particular situation which is different from that of clinical radiology since
sensitivity must be very high, even at the cost of lower specificity. In screening, the logical “OR” rule is often applied, i.e.
if one of the readers indicates a lesion, the case is regarded
as positive.
C) Another type of double reading occurs when one of the
readers is a computer, in so called computer aided diagnosis,
CAD. This is often employed in screening settings when conventional double reading between two readers is not used.
D) In quality assurance and research settings, two readers
might produce independent reports that are compared later.
E) Sometimes, a third reader might be employed to solve
disagreements between the first and second reader. This is
called arbitration when the third reader is aware of the specific disagreements and pseudo-arbitration when not.
F) Another special type of double reading is when a certain
percentage of reports are double read retrospectively. This
is of no benefit for the individual patient, but is performed
entirely for quality assurance purposes. The American College of Radiologists (ACR) RADPEER program [3] is an
example of this.
G) In clinical practice, which is the subject of our review, the
first reader produces a report which is checked by a second
reader before the report is finalized and sent to the referring
physician [2]. Thus, both readers have direct influence on the
treatment of the individual patient.
Review of literature — Methods
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A systematic review of the literature was performed, searching for studies reporting error rates in double reading compared with single reading. The focus was on double reading
between radiology specialists, so double reading of residents
or double reading for screening purposes (i.e scenarios A and
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Double reading can be performed in a number of
scenarios:
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Fifteen articles evaluated double reading
in CT. In trauma CT, although the rate of
discordances was high, namely 26-37 %,
patient care was in fact changed in only 2.3
%, as reported in one study [4]. In abdominal CT, 17 % initial discordances resulted
in treatment change in 3 % of cases after
double reading [5]. Chest CT for pulmonary nodules can employ CAD as one of
the readers. The results were in fact better
than double reading between two human
readers [6,7].

“...A reasonable compromise might be to institute
double reading only for
selected, high-risk types of
examinations ...”

In general radiology, a large study involving over 11,000 cases found a mean rate of
disagreements of 4.4 % [8] while another
study of similar size found 2.7 % discordances, with missed findings being the
most common discordance [9].
A large number of the selected articles dealt
with double reading by a sub-specialty
radiologist of initial reports produced by
a general radiologist. The discrepancy rate
was higher in this setting than in double
reading between radiologists of the same
degree of specialization. One article
reported that a higher degree of sub-specialization resulted in higher discrepancy
rates [10]. In chest radiology, a thoracic
radiologist reported fewer indeterminate
nodules than the general radiologist [11].
In CT and MRI of head and neck cancer
patients, the subspecialized neuro-radiologist changed the interpretation in 41 %
cases, mostly up-staging the tumor [12],
while another study reported a clinically
significant discrepancy rate of 12 %, most
of these being perceptual errors [13].
Discussion

Our review found a wide variety of discrepancy rates in various studies, ranging
between 0.4 % and 22 %, with minor discrepancies being more common.
There was a lack of clear evidence for
or against systematic double reading. In
NOVEMBER 2018

general, double reading increased sensitivity at the cost of reduced specificity
due to both more true positive and more
false positive findings being reported in
double reading. The advantage of double
reading must, however, be balanced by
the resources it consumes. A reasonable
compromise might be to institute double
reading only for selected, high-risk types
of examinations such as trauma CT and
possibly CT of the thorax and abdomen.
There were only two studies [4,5] which
involved a reading arrangement which
corresponded exactly to that of our main
question, namely the value of double reading in a clinical context by a non-blinded
second reader before the report is finalized. This resulted in a change in patient
care in 2.3 - 4 % of cases. Double reading
in CT has been evaluated in a recent systematic review [14] which found a major
discrepancy rate of 2.4 %, and even lower
when the second reader was non-blinded.
Thus, it seems that double reading discovers comparatively few discrepancies,
but nevertheless consumes a considerable
amount of available radiologists’ resources.
Double reading probably has the highest
benefit in complicated studies that are read
under pressure, such as polytrauma CT.
More surprisingly, it seems that double
reading by a sub-specialized radiologist
results in more discrepancies. To an extent

“...Radiology sub-specialization might be a more
economical way to increase
quality than double reading
on a grand scale...”
this might be due to the sub-specialist
being more familiar with the demand
from the clinicians in the particular field of
expertise. This naturally begs the question:
why are not all radiologists sub-specialized? With digital radiology, images can
easily be transmitted over long distances,
so there are really only organizational
obstacles to this. Radiology sub-specialization might be a more economical way
to increase quality than double reading on
a grand scale.
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Quantitative MRI with shorter scan times
By I Hachette & Dr. M Warntjes

Clinically important
information, such as
the brain volume and
degree of myelination
can now be efficiently
quantified through a
single 6-minute acquisition MRI scan. This
article summarizes the
principles and applications of SyMRI, that is
commercially available
from the Swedish company, SyntheticMR
Conventional MRI images are
acquired using the image signal
contrast between tissues and are not
based on absolute signal intensities.
The long scanning times of conventional MRI are both expensive for
the hospital and tiresome for, and
disliked by the patients.
With SyMRI, a product from the
Swedish company SyntheticMR, a
rapid image acquisition sequence
of six minutes can produce eight of
the most common image contrasts
defined in the clinical protocol. This
can significantly shorten examination times in daily practice. In addition, SyMRI provides quantitative
data on brain tissues such as white
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and gray matter and cerebrospinal
fluid, as well as a reliable assessment
of brain parenchymal volume and the
fraction of the intracranial volume.
SyMRI includes industry first FDAcleared myelin measurements, which
show great potential in pediatrics and
in the assessment of patients with
neurodegenerative diseases.
SyMRI has regulatory approval in
several countries, including the US
and European countries, and is compatible with GE, Philips and Siemens
MRI platforms.
Brain structures and tissues on
MR images are characterized by the
gray scale contrast in the images,
which, depending on the settings of
the scanner being used, can highlight

MRI systems being used, the tissue
under examination may be reported
differently. Assessment becomes even
more challenging when there are tissue changes as a result of pathology
and/or over time, such as in neurodegenerative diseases or in the developing pediatric brain [2, 3].
In such clinical application areas,
there is a great potential for quantitative MRI. Objective measurements
of tissue volumes could enable the
radiologist to quickly assess patient
status and enable comparisons with
a healthy cohort. Follow-up of the
patient’s development over time
could then be expressed quantitatively. This approach would remove
some of the existing uncertainty

Fig. 1. SyMRI workflow. SyMRI creates the parametric SyMaps, from which eight different contrast images
and tissue segmentations are created.

and differentiate tissue components
and biomarkers. Although conventional contrast-weighted images provide good anatomic detail, the signal
intensity is not absolute. Assessment
of such images relies on the subjective
view of the radiologist, as well as the
specific behavior of the MRI scanner
being used [1]. Qualitative measures
such as hyper-intense, hypo-intense
or iso-intense only provide a relatively crude scale for image interpretation. Therefore, depending on the
individual skills of the radiologist
and the variability between individual
D I
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and provide a valuable tool to aid
radiologists in their daily work. The
choice of treatment and monitoring can then be based on objective
measurements and data, so providing an additional level of confidence
for clinicians. As for the patient, the
approach would lead to a faster and
more reliable diagnoses.
Shorter scan times with
synthetic contrasts

Tissue relaxometry is a quantitative method that measures MR imaging parameters such as R1 and R2
NOVEMBER 2018

relaxation rates (the inverse of T1 and
T2 relaxation times), as well as the proton density (PD). In many cases this
technique is very time-consuming and
requires multiple sequences, which may
not be feasible in a routine clinical setup.
SyMRI provides an efficient way
of integrating quantitative MRI into
the clinical work flow [Figure 1]. The
quantitative measures are based on
the absolute quantification of physical
parameters of the patient that govern
the image signal intensity in MRI, R1
and R2 relaxation, and proton density
[4]. From these values it is possible to
differentiate tissue and synthetically
recreate contrast-weighted images that
are independent of scanner settings.
The SyMRI multi-dynamic multiecho (MDME) acquisition sequence
has a total scan time of around 6 minutes, after which the R1, R2 and PD
maps are calculated. Once these maps
are generated any contrast-weighted
image can be synthesized, with a free
choice of echo time TE, repetition time
TR and inversion delay TI. Hence,
standard contrasts such as T1W, T2W
and FLAIR images, but also Double
Inversion Recovery (DIR), Phase
Sensitive Inversion Recovery (PSIR)
and Short Tau Inversion Recovery
(STIR) can be synthesized using the
same scan data [5].
DIR and PSIR images are known to
be useful in the detection and monitoring of Multiple Sclerosis plaques,

specifically in the cortical or mixed
white matter – gray matter areas [6].
In conventional MRI, adding DIR and
PSIR sequences generally increases
examination time beyond clinically
acceptable levels. With SyMRI, all these
contrasts are acquired simultaneously
in the same single sequence.
An additional advantage with
synthetic MRI is that the algorithms
remove scanner imperfections such as
coil sensitivity, B1 field inhomogeneity
and RF pulse profile effects. As a result,
synthetic images will appear nearly
identical on any MRI scanner system,
no matter from which MRI vendor.
[Figure 2]
Tissue segmentation and volumes

Tissue segmentation derived from
a conventional scan is based on differences in contrast between tissues, a
process which requires provisional filters and normalization of signal intensities. Quantification of tissue volumes
can thus vary depending on vendor
and system settings.
With SyMRI, it is possible to obtain
co-registered quantitative data from a
single scan. The use of parametric maps
as input for the segmentations removes
much of this variability and delivers
quantitative data largely independent
of scanner settings. The resulting values are robust and can be compared
over time and across different systems.
The narrow inter-scanner variability
can thus aid larger institutions who

Fig. 2. Cross system reliability. SyMRI has been shown to deliver robust volumes across different systems,
between different field strengths and manufacturers for (A) Philips 3T, (B) GE 3T, (C) Siemens 3T, (D) Philips 1,5T,
(E) GE 1,5T and (F) Siemens 1,5T. This can aid institutions with several different systems, as well as facilitate
multi-center studies.
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may have several different scanner
models and manufacturers, as well as
facilitating multi-center studies.
The resulting segmentation in SyMRI
has been shown to be robust and precise. Automatic segmentation of white
matter, gray matter CSF, and myelin is
expected to be of importance in the clinical workflow in the future [7].
SyMRI can also measure the brain
parenchymal fraction (BPF), i.e. the
ratio of brain volume to intracranial
volume. This measurement is showing
great promise as a means of measuring
atrophy in patients with neurodegenerative disorders. Patients with multiple
sclerosis have been shown by SyMRI
to have significantly lower BPF than
healthy age-matched controls [8].
Myelin segmentation

Myelin is the membrane segmented
along the nerve fibers, and which
enhances signal speed. The content of
myelin in the brain can be estimated
from R1, R2 and PD as quantified by
SyMRI. The myelin model assumes
four compartments for modelling
the brain, where myelin is one part,
and the other three compartments are
described by water in cellular, free and
parenchymal partial volumes [1]. The
proportionality of the myelin partial
volume as determined by SyMRI to
the actual myelin volume has been
validated in vitro and by histopathological examination [9].
Myelination is the last stage of white
matter development. In the pediatric
developing brain, the fibers continue to
mature in a specific directional pattern,
referred to as spatiotemporal development. This development process of
spatiotemporal myelination is believed
to be associated and correlated with
normal function and behavior in children, whereas delayed myelination is
shown in children with developmental
delay. Many psychiatric disorders such
as autism, attention deficit disorder and
schizophrenia have recently been connected to myelination problems [10].
Multiple sclerosis

Multiple sclerosis is a neurodegenerative disease that involves myelin loss.
Although MRI is a sensitive method for
25
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References

Fig. 3. Example of the application of SyMRI in the pediatric realm. Scanning was performed on children of
various ages between 0 and 4 years old. A T1W image was synthesized (top row). Based on the same data a
myelin volume map was created (bottom row). The red line indicates the intracranial volume. It is clear that the
total myelin increases both in density and volume during these years (Images from Cincinnati Children’s Hospital
Medical Center).

detecting MS plaques, the correlation
between the number of plaques and disease severity is not clear, a phenomenon
known as the “clinico-radiological paradox” [11]. Here, quantitative MRI could
be a solution. For example, glutamate
and glutamine levels have been found to
be increased in the normal white matter of MS patients, and could thus be a
biomarker of tissue damage and disease
severity, independent of the number of
plaques. Quantitative MRI with SyMRI
has shown decreased R1 and increased
PD values in the normal appearing white
matter of MS patients when compared
with white matters in control groups [12].
Since multiple sclerosis involves
myelin loss, the most straightforward biomarker for MS would seem to be myelin,
but finding reliable measurements of
myelin volumes has so far been challenging. The application of SyMRI is an industry first in enabling the measurement of
myelin partial volumes and offering a
validated method ready for clinical use.
Myelin can be automatically calculated,
quantified and visualized in SyMRI [1, 4].
The pediatric developing brain

The rapid maturation of the brain
at young age is associated with large
changes in image contrast and various
scanner MRI settings may be required
as a function of age in order to distinguish brain features or to assess healthy
brain development. Since the synthetic
contrast images are independent of scanner settings, it is possible to retrospectively generate new contrasts specific to
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the patient. Using a single sequence to
acquire multiple contrast images could
also help accelerate the imaging process
and reduce the need for anesthesia or
sedation in older children, while lowering
the sedation time for young children [10].
Quantifying brain tissue volumes
shows great promise in pediatrics, where
abnormal volumes may indicate pathology or developmental delays. Reference
curves could be used to quickly and
accurately assess the child’s development, which could not only accelerate
the assessment process but also provide
additional information to the child’s
parents.
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12:45-13:15 Poster, Station #3, Hye Jin Baek et al., Synthetic Brain MRI
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Hardcopy Backboard, Shohei Fujita, MD, How to Read Contrast-Enhanced
Synthetic MRI of the Brain
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Carotid artery MRI improves risk
assessment for cardiovascular disease
Carotid intima-media thickness (IMT) measured
manually with B-mode UltraSound is the most widely
used imaging method to assess the level of early carotid
atherosclerosis because it is inexpensive, noninvasive,
involves no ionizing radiation, requires no contrast
agent (at least as is traditionally performed), and is
readily repeatable.
However, recent meta-analyses suggest that its clinical usefulness may be limited because it does not
improve cardiovascular disease (CVD) risk prediction
beyond traditional risk factors in the general population.
MRI measurements of wall thickness in the carotid
arteries improve cardiovascular disease risk assessment, according to a new multicentric study just published .
The carotid arteries are the two major arteries on
either side of the neck that carry blood into the head
and brain. Like the coronary arteries, they can become
narrowed with plaque build-up, in the process known
as atherosclerosis. Research has shown that plaque
build-up in the carotid arteries often mirrors that in
the coronary arteries. However the carotids are more
easily imaged, making them potentially useful vessels
for the assessment of the risk of strokes, heart attacks
and other adverse cardiovascular events.
“The carotid artery serves as window into the cardiovascular system,” said study lead author Dr. Bruce A.
Wasserman from Johns Hopkins University School of
Medicine in Baltimore, MD, USA “Plaque developing
in the carotid artery can contribute directly to a stroke,
and its features—which determine its vulnerability to
rupture—are closely related to those found in coronary
artery plaque in the same patients.”
The ultrasound-based carotid intima-media thickness (IMT) test is the most widely used imaging method
to assess the level of early-stage carotid atherosclerosis.
However, research suggests that IMT offers only minor
improvement in cardiovascular disease risk prediction
when added to the Framingham risk score, the commonly used measure that takes into account factors
like cholesterol, smoking and family history.
Vessel wall MRI is a promising, noninvasive technique that can image the entire carotid wall circumference, in contrast to ultrasound measurements of IMT
that are usually based solely on views of the artery’s
far wall. MRI can also see all three layers of the artery,
including the adventitia, the outermost layer not visible on IMT.
“High-resolution MRI can tell us the stage of plaque
in the wall and tell us about plaque features that could
lead to stroke,” Dr. Wasserman said. “It can also see
28

D I

the adventitia, a vessel layer
that may have an important
role in cardiovascular risk
because small vessels proliferate there, leading to thickening of the artery, which
may be responsible for early
disease development and progression.”
From July 2000 to
December
2013,
the
researchers enrolled 698 Dr. Bruce A Wasserman of the
men and women from the Johns Hopkins University School
Multi-Ethnic Study of of Medicine was the lead author
Atherosclerosis (MESA), a in the recently published study [1]
major, long-running project
involving six major research
centers around the U.S. Study participants ranged in
age from 45 to 84 years old with a mean age of 63 at
first visit and no known history of cardiovascular disease. The participants underwent ultrasound and MRI
between 2000 and 2004 to compare carotid artery wall
thickness. During subsequent follow-up, the researchers looked for any correlation between carotid artery

Figure 1. Study flow diagram. CVD = cardiovascular disease, IMT = intimamedia thickness. Image courtesy of Radiology
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“We’ve come a long way with MRI
techniques and their ability to discriminate the carotid artery wall and
assess adventitia thickness,” he said.
“Ultrasound has also improved, and
we want to be able study cardiovascular risk and carotid artery thickness
using these contemporary techniques.”
Further studies are planned with
the newer technology and in larger
population groups.
Figure 2. Images show common carotid artery (CCA) wall thickness assessment in a 62-year-old man by using, A, ultrasound
and, B, MRI. Images courtesy of Radiology

wall thickness measurements and coronary heart disease and stroke.
“What we saw was surprising,”
Dr. Wasserman said. “MRI measures
of carotid artery wall thickness were
more consistently associated with cardiovascular events than was intimamedia thickness using ultrasound.
This tells us that perhaps MRI could
be a better predictor of cardiovascular
events, especially stroke.”
The association between wall
thickness and cardiovascular events

was stronger with both non-contrast
and contrast-enhanced MRI than it
was for IMT.
Dr. Wasserman cautioned that
more research is needed to define
how much MRI can add to the predictive models currently in use.
MRI is expensive and would be
impractical as a stand-alone measure of cardiovascular risk, but it
could have a role in providing critical supplementary information for
some patients.

Conclusion

For individuals without known cardiovascular disease at baseline, wall
thickness measurements by using
MRI were more consistently associated with incident cardiovascular
disease, particularly stroke, than were
intima-media thickness by using US.
References
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Book Review

PACS-Based Multimedia Imaging Informatics: Basic Principles
and Applications, 3rd Edition

By Dr. H.K. Huang
Pub. by Wiley 2018; 672 pages ISBN: 978-1-118-79576-7. Hardcover $199.95; e-book $ 159.95
Thoroughly revised to present the very latest in PACS-based
multimedia in medical imaging
informatics—from the electronic patient record to the full
range of topics in digital medical imaging—this new edition
by the founder of PACS and
multimedia image informatics
features even more clinically
applicable material than ever
before. It uses the framework of
PACS-based image informatics,
not physics or engineering principles, to explain PACS-based multimedia informatics and its
application in clinical settings and labs. New topics include
Data Grid and Cloud Computing, IHE XDS-I Workflow
Profile (Integrating the Healthcare Enterprise Cross-enterprise
Document Sharing for Imaging), extending XDS to share
NOVEMBER 2018
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images, and diagnostic reports and related information across
a group of enterprise health care sites.
PACS-Based Multimedia Imaging Informatics is presented in 4 sections. Part 1 covers the beginning and history of Medical Imaging, PACS, and Imaging Informatics.
The other three sections cover Medical Imaging, Industrial
Guidelines, Standards, and Compliance; Informatics,
Data Grid, Workstation, Radiation Therapy, Simulators,
Molecular Imaging, Archive Server, and Cloud Computing;
and multimedia Imaging Informatics, Computer-Aided
Diagnosis (CAD), Image-Guide Decision Support, Proton
Therapy, Minimally Invasive Multimedia Image-Assisted
Surgery, BIG DATA.
The book is the single most comprehensive and authoritative resource that thoroughly covers the critical issues of PACSbased hardware and software design and implementation in a
systematic and easily comprehensible manner. It is a must-have
book for all those involved in designing, implementing, and
using PACS-based Multimedia Imaging Informatics.
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I ND UST RY NEWS
ESR and GE announce
exclusive artificial
intelligence partnership for ECR 2019
The European Society of Radiology
(ESR) and GE Healthcare will partner on artificial intelligence (AI) for
the upcoming European Congress
of Radiology (ECR) on February
27-March 3, 2019 in Vienna, Austria.
The partnership includes joint sessions on artificial intelligence and
a 300 m² dedicated space on GE
Healthcare’s 850 m² booth where visitors can experience the AI transformation through interactive tools.

The average hospital generates 50
petabytes of data annually, including
clinical notes, lab tests, medical images,
genomics, and more. Yet less than 3%
of it is used. Artificial intelligence has
the potential to make sense of the data
and to generate actionable insights
that help improve provider efficiency,
increase diagnostic accuracy, personalize treatment, improve patient experience, and enable remote and predictive
maintenance. GE Healthcare has 200+
imaging applications and is working
with partners like Nvidia, Microsoft,
Amazon, and Intel to embed analytics,
cloud capability, and AI into devices,
workflows, and technologies already
used by healthcare providers today.
“AI will be one of the leading topics
at next year’s ECR and this exclusive
partnership with GE Healthcare is a
major step in making ECR 2019 the
leading event on artificial intelligence
for radiologists and related medical
professionals. Through our joint efforts
congress participants will be able to
30

witness AI excellence on the highest
level, making next year’s exhibition an
event no one should miss”, said ESR
President Professor Lorenzo E. Derchi
from Genoa, Italy.
“We are honored to partner with the
European Society of Radiology for the
leading European radiology event. AI is
one of the most exciting developments
in healthcare today and a key enabler
to achieve precision health. Done correctly, it can be the technology of the
decade, perhaps the century, in healthcare. But there’s still much work to do,
with sound data science and eliminating data siloes being key. Europe and
the European radiology community
have a key role to play in the AI transformation”, said Catherine Estrampes,
President and CEO of GE Healthcare
Europe.
GE Healthcare,
Chicago, IL, USA
www.gehealthcare.com.
Eur Society Radiology
Vienna, Austria
www.myesr.org/

assessment, prevention and ensuring a
faster return to the field of play
The agreement between the two
iconic organizations was first signed
six years ago and top-of-the-range
imaging modalities including CT,
MRI and Ultrasound were installed
into a dedicated Medical Centre at
Manchester United’s Aon Training
Complex. The renewed contract will
continue the diagnostic imaging
partnership benefitting players and
staff at Manchester United Football
Club, clinical communities operating in sports medicine and ultimately
patients in the wider world.
Studies seeking the answers to

Manchester United
and Canon continue
clinical collaboration
Manchester United Football Club
has announced a renewed multiyear agreement with Canon Medical
Systems Europe as its official medical
systems partner.
The unique partnership will
ensure that world-class football players continue to gain instant access
to advanced imaging equipment to
examine injuries and undertake preemptive screening for preventable
injuries, improving player welfare
and maintaining career longevity at
an elite level. The collaboration will
also continue to push the boundaries of medical research and, through
translational methods, will benefit
patient populations and healthcare
professionals internationally. The
relationship to drive medical research
in cardiology, musculoskeletal and
sports medicine while simultaneously supporting elite football injury
D I
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prevent clinical conditions, improve
diagnosis or enhance treatment in the
areas of cardiology, musculoskeletal
(MSK) and sports medicine are regularly undertaken at the Aon Training
Complex. Research initiatives conducted throughout the partnership
have been presented at high-level
European Cardiology conferences, all
of which have been very well received.
This includes musculoskeletal MRI in
football medicine and exercise myocardial performance in adolescent
athletes research to extend knowledge and understanding in the fields
of sports medicine.
Mark Holmshaw, President and CEO
at Canon Medical Systems Europe, said:
“As we continue to develop our medical
system partnership with Manchester
NOVEMBER 2018

ESGAR
2019
June 5-8
Annual Meeting and Postgraduate Course

ROME
ITALY

ESGAR WORKSHOP ACTIVITIES 2019
Case-based Liver Workshop, Paris/FR
January 17 - 18, 2019
Case-based Pancreas Workshop, Paris/FR
April 25 - 26, 2019
Liver Imaging Workshop, Riga/LV
May 23 - 24, 2019

CLINICAL
WORKSHOPS

MR Imaging of Rectal Cancer Workshop, Amsterdam/NL
July 8 - 9, 2019
Acute Abdomen Workshop, Helsinki/FI
August 29 - 30, 2019
Upper and Lower GI Tumours Workshop, Brussels/BE
September 19 - 20, 2019
Liver Imaging Workshop, Milan/IT
September 26 - 27, 2019
MR Imaging of Rectal Cancer Workshop, Paris/FR
December 12 - 13, 2019

TECHNICAL
WORKSHOPS

MULTIDISCIPLINARY
WORKSHOPS
JUNIOR SUMMER
SCHOOL (JESS)

CT Colonography Hands-on Workshop, Paris/FR
April 10 - 12, 2019
Abdominal CT for Everyday Practice Workshop, Verona/IT
May 2 - 3, 2019
CT Colonography Hands-on Workshop, Dublin/IE
October 9 - 11, 2019

ESGAR/ESDO Workshop on Hepatobiliary, Pancreatic and GI
Tract Neoplasms, Valencia/ES
April 4 - 5, 2019
ESGAR/EPC Pancreatic Workshop, Rome/IT
October 4 - 5, 2019

Junior ESGAR Summer School, Gozo/MT
July 15 - 19, 2019

www.esgar.org

INDUSTRY NEWS
United Football Club, we do so with
enhanced vigor and innovation strengths
following our transition from Toshiba
Medical Systems to Canon Medical

Canon Medical’s Aquilion One at the
Aon training complex medical centre
Systems earlier this year. As part of the
Canon Group, we are seeing direct results
of our collaboration, taking imaging technologies to the next level. Besides this, we
can draw on the 100-year medical system
pedigree and presence in over 140 countries to ensure access to the latest product and solutions from our research and
development teams. Medical technology
powers confident diagnoses, speeds up
treatment planning and ensures a faster
return to the field of play. It is at the
heart of modern healthcare, improving
outcomes for everyone, whether that is
in sports performance, or wider clinical
practice.”
Dr Steve McNally, Head of Sports
Medicine and Science at Manchester
United, said: “During the past six years,
our partnership has redefined the standard for medical imaging in elite sport.
Daily access to state-of-the-art equipment and intelligent technologies has
improved responsiveness to clinical presentations. Most importantly, we have
developed a concept of ‘performance
imaging’ over and above clinical diagnostics. By utilizing innovative techniques borne out of shared ideas and
experiences from Canon Medical’s wider
network of experts, we can now profile
and monitor our players in ways we
have never done before. This not only
enhances athlete health and safety but
also provides invaluable information to
guide the athletic development process.
As part of the partnership, we have also
shared data that will assist in improving
health services for the general public.”
https://eu.medical.canon
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Siemens Healthineers opens
new corporate headquarters
At the beginning of October, Siemens
Healthineers celebrated the official opening of the company’s new corporate headquarters in Erlangen The office building
in Karlheinz-Kaske-Strasse took two years
to build and involved an investment in the
mid double-digit million range. The generous, open office spaces and more than 120
differently designed meeting rooms offer
a modern and attractive environment for
up to 1000 employees. The building will
be used by the Managing Board and the
central functions of the company, including

an independent, publicly listed company, we
want to shape the future of medicine from a
position of global leadership,” said Dr. Bernd
Montag, CEO Siemens Healthineers. “With
our new corporate headquarters, we have
created a dynamic and flexible contemporary working environment that will allow
us to implement the targets we have set ourselves for our customers and partners,” he
added.
The employees of Siemens Healthineers
were involved in the conception of their
new working environment from the outset,

Siemens HQ

human resources, finance and controlling
as well as communications and marketing.
“Siemens Healthineers is one of the largest German companies active in an absolute
growth area – and is also one of the most successful Siemens businesses. Not least because
of the public listing the company is already
more successful than before.” said Michael
Sen, Chairman of the Supervisory Board
of Siemens Healthineers AG.“When we first
discussed the construction of new corporate
headquarters within the Siemens Healthcare
management team a good four years ago,
it quickly became clear that we wanted to
stay close to our roots in Erlangen. Our new
headquarters show that clusters of excellence
are able to positively shape a whole region
in Germany and attract follow-up investments,”
“Siemens Healthineers is a young company that also has a long tradition – and
nowhere is this as clear as in Erlangen. As
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as the new headquarters was intended to
be future-oriented and foster cooperation
between employees as well as customers
and partners. It is regarded as the model
for all other Siemens Healthineers locations
worldwide. With its material and color concept, the building is a visible commitment
to our corporate culture, simultaneously
offering an open, team-oriented, communication-friendly and efficient working environment. The generous office landscape is
complemented by around 75 “think tanks”,
which employees can go into at any time
for concentrated work or for meetings and
telephone calls. 14 “Meet & Talk” rooms
are also available for informal exchanges,
while 40 conference and meeting rooms
offer slightly more space for intensive discussions with guests and colleagues.
Siemens Healthineers
Erlangen, Germany
www.healthcare.siemens.com
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Philips launches collaboration
program on application of AI in
healthcare
Philips has announced the launch of its first global startup collaboration program involving Philips’ innovation
hubs in Cambridge (US), Eindhoven (the Netherlands),
Bangalore (India) and Shanghai (China) focused on the
application of artificial intelligence (AI) in healthcare.
The program focuses on the application of AI-based clinical decision support tools, such as image interpretation,
analysis and integration, as well as workflow tools, such as
intelligent treatment plans for radiology, ultrasound and
oncology. After careful analysis, the most promising 19
early stage start-ups out of 750 applicants were selected
for inclusion in Philips’ proven incubator program for
start-up companies.
During the intensive 12-week ‘AI in Healthcare for
Radiology, Ultrasound and Oncology’ program, Philips
will simultaneously engage with the 19 early stage startups from 14 different countries, with the aim of validating
their propositions, helping to build, test and scale their
ideas, and exploring possible collaborations. In addition

with the care providers who will use them. Philips’ vision
is to use a combination of AI and other technologies with
knowledge of the clinical and operational context in which
they are used – a people-centered approach that it refers to
as ‘adaptive intelligence’. The goal is to develop integrated
solutions that adapt to the needs of healthcare providers
and that are embedded into their workflows.
To support the adoption of AI in key healthcare
domains, Philips has developed an AI platform for healthcare - Philips HealthSuite Insights – which delivers healthcare-specific tools and technologies to address the full
process of building, maintaining, deploying and scaling
AI solutions. The tools and technologies available through
HealthSuite Insights already enable the machine learning and deep learning applications in Philips’ diagnostic
imaging solutions, telehealth solutions, and oncology and
genomics offerings.
Complementing the company’s global research and
development program and its acquisitions driven portfolio extensions, Philips has extended its collaboration programs to health technology start-ups and venture capital
activities. Philips HealthWorks accelerates breakthrough
innovation through internal venturing and external startup engagement. This program enables the company to
assess, foster and monitor promising early stage start-up
companies for potential future collaborations, as well as
providing Philips with an in-depth view of the most recent
developments in health technology from around the globe.
Philips Healthcare
Amsterdam, The Netherlands
www.philips.com

Management of MRI imaging data
and AI for European PARENCHIMA
project
to benefitting from Philips’ know-how and experience in
the professional healthcare domain, the selected start-ups
will have access to expertise in the company’s innovation
ecosystem, which comprises hospital, academic, industry
and financial partners.
“At Philips, we use intelligent technology to improve
people’s health across the health continuum – from healthy
living and prevention to diagnosis, treatment and home care
– while also increasing the efficiency of healthcare delivery,”
said Alberto Prado, Head of Philips Healthworks. “We are
already working closely with clinical partners to develop
AI-enabled solutions that are grounded in scientific research
and validated in clinical practice. This new collaboration
program recognizes the role that start-up companies play in
bringing breakthrough healthcare innovations to the market.”
AI-based solutions have great potential to improve
patient outcomes and the efficiency of care delivery, but
such solutions must be based on a thorough understanding
of the clinical needs and developed in close collaboration
NOVEMBER 2018
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QUIBIM is a company from Valencia, Spain which
applies artificial intelligence and advanced computational
models to radiological images in order to objectively measure changes produced by a lesion or by a pharmacological
treatment, so offering additional quantitative information
to the qualitative approach of radiology
The company has recently been selected as the main
partner to manage all imaging data and analysis algorithms of the PARENCHIMA initiative,. This is a European
Co-operation in Science and Technology (COST) action
project initiated in April 2017 with the objective of boosting the use of renal MRI biomarkers to improve the management of chronic kidney disease patients. Leading scientific researchers in medical imaging of the kidney from
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25 European countries will be using QUIBIM Precision
platform for highly advanced image analysis. One of the
challenges of the project is to centralize the medical imaging data and algorithms from all partners to allow for
acquisition protocols and algorithms comparison in terms
of quality and precision. The outcome of the project will
consist of two new standards for image acquisition and
analysis in MR of the kidney.
In the recent annual meeting of the consortium in
Prague, which took place on 4-5 October, an agreement
was established between QUIBIM and PARENCHIMA
consortium partners for the selection of QUIBIM Precision
platform as the best system for images management and
integration of new analysis algorithms.
The Parenchima project.
Renal MRI biomarkers are today underused in research
and in clinical practice due to the need for dedicated inhouse expertise and development. Transferring solutions
to other centres is therefore a challenge, and this leads to
a significant duplication of efforts, a lack of standardization in the methods, and difficulties in comparing results
between centres. This also limits commercial exploitation,
and hinders the set-up of multi-centre trials or translation
into clinical practice.

The overall aim of PARENCHIMA is to eliminate the
main barriers to the broader study, commercial exploitation and clinical use of renal MRI biomarkers.
PARENCHIMA will coordinate the research of leading
European groups in this area to:
• improve the reproducibility and standardization of
renal MRI biomarkers;
• increase their availability by developing an openaccess toolbox with software and data;
• demonstrate biological validity and clinical utility in
a prospective multicenter clinical study.
Frank Zöllner, Professor of medical physics at the
University of Heidelberg and leader of working group for
PARENCHIMA database and software said “QUIBIM has
strong expertise in AI algorithms and managing data and
we are confident that they are the right collaborator for
this project”. Angel Alberich-Bayarri, CEO of QUIBIM said
that ”QUIBIM is excited to be part of this project, which will
lead to new standards of image acquisition and analysis in
Chronic Kidney Disease (CKD), an unaddressed clinical
scenario. I am confident that the impact of this study will be
global and improve lives of millions of patients, since it is a
disease affecting 10% of population worldwide”
Quibim,
Valencia, Spain
www.quibim.com
www.renalmri.org
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Agfa HealthCare wins 2018 Award
of Distinction
Agfa HealthCare has been recognized with the 2018
Award of Distinction by Waterloo MedTech of Canada,
for ongoing innovation in healthcare technology in the
Waterloo Region of Ontario. The award was presented on
24 NOVEMBER 2018 during Waterloo MedTech’s 2018
conference, which focused on “Canadian MedTech: What
is Holding us Back?”
Waterloo MedTech represents companies making an
impact on healthcare delivery in the Waterloo Region
of Ontario, Canada, through technology innovation. The
organization works closely with industry vendors and providers to promote healthcare innovation and a rich health
IT ecosystem within the region. It provides innovators
with support for the legal, clinical and industry next-steps
required to take their ideas to market. The goal is to leverage collaborative innovation in the Waterloo region to
address the gap between healthcare research and its adoption in practice.The 2018 Award of Distinction was presented to Agfa HealthCare during the 3rd annual Waterloo
Region MedTech Conference, held 24 NOVEMBER 2018
in Waterloo, Ontario. Each year, the conference offers
compelling speakers from healthcare institutions, businesses and government, to raise awareness of the Region’s
healthcare IT players, in order to attract talent, investors
and providers.
“Agfa HealthCare in Waterloo has been an upstanding
member
in our medical technology
community
since 1991, and
has developed
medical imaging and related
software, well
ahead of its time, and used all over the world” said Mark
Wheley, one of the co-founders of Waterloo MedTech.
“Their continued focus on innovation and fostering our
healthcare community are part of the reason we recognize
them with distinction.”
“I am very proud in accepting this award on behalf
of Agfa HealthCare from Waterloo MedTech,” comments
Brad Genereaux, Manager Product Management for Agfa
HealthCare. “Agfa HealthCare is a player in the health IT
community in Waterloo and I am honored that we are being
recognized for it. We are committed to leveraging the potential of innovative, intelligent technologies, including developing solutions that utilize machine learning and advanced
analytics, to help our customers make a positive impact on
patient’s health, delivery of care and satisfaction, and on the
enterprise’s clinical, operational and financial well-being.
This recognition justifies our continued efforts to innovate
in ways that make a real difference.”
Agfa Healthcare
Mortsel, Belgium
www.agfahealthcare.com
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For more information about our Society, please visit: icimagingsociety.org.uk

IMAGING NEWS

Collaboration on the development of Artifical Intelligence
applications in the diagnosis by MRI of liver diseases
GE Healthcare and Perspectum Diagnostics have
announced that they will invest in the development of
scalable AI solutions to diagnose liver disease using MRI
through a newly formed consortium they have formed in
collaboration with the University of Oxford.
The UK Research and
Innovation (UKRI) organisation will invest £10 million
as part of their Industrial
Strategy Challenge Fund in
developing a national digital radiology and pathology
infrastructure, with supplementary
investment from GE Healthcare and
Perspectum Diagnostics, to develop
Artificial Intelligence and scalable
MRI services to diagnose liver disease
from primary care.
Liver disease affects up to 25%
of the adult population in the USA
and in the UK. Due to the invasive
nature of current diagnostic and staging gold standard,
biopsy, many patients are not diagnosed or are diagnosed late. New MRI technologies, such as Perspectum’s
LiverMultiScan, can help identify and monitor disease
non-invasively. GE Healthcare, a leading provider of MR
services in the world, has invested in digital and AI solutions for chronic disease pathways to improve access to
state-of-the-art healthcare.
Perspectum and GE Healthcare will now form part of
the National Consortium for Intelligent Medical Imaging
(NCIMI), with a focussed project on liver and metabolic
health. The development of AI-enabled tools that automate the assessment of liver iron load, will aid in the early
diagnosis of patients with hemochromatosis, before they
develop end-organ complications, such as cancer and
diabetes. Early detection can enable preventative action.
In one case example, James, a 26-year-old Information
Security Manager, was found to have high iron levels.
“Thanks to a chance LiverMultiScan, at aged 26, I found
out that I had elevated liver iron. Following further tests, it
was confirmed that I had Genetic Hemochromatosis (GH),
which I’d never heard of before. Since then I’ve learned a
lot about the condition and feel incredibly lucky to have
been diagnosed so early, before any symptoms. I learnt that
the majority of people don’t get diagnosed until much later
in life when a lot of the damage has already been done.
Thanks to a quick and painless MRI I’m now able to manage my iron levels without medication and am unlikely to
suffer any adverse effects from GH.”
Corrina Towers, Chair of Haemochromatosis UK
commented “The work that the Innovate UK Grant will
fund through the Oxford Consortium could literally be
a game-changer for the early and incidental diagnosis
36
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of iron overload and genetic haemochromatosis. As our
newly published report ‘Living with the Impact of Iron
Overload’ shows, iron overload need not impact mental
and physical health nor impact the quality of life in the
way it currently is because of delayed diagnosis. The use
of AI to accurately measure
stored liver iron will undoubtedly improve future outcomes
for potentially hundreds of
thousands of people, which is
why Hemochromatosis UK is
delighted to be involved and
support this ground-breaking initiative.”
The biggest cause of iron overload is genetic haemochromatosis,
where genetic mutations cause iron
homeostasis to malfunction, leading to iron overload, particularly
in the liver. Iron overload is currently diagnosed and tracked through blood tests, though
these can be unreliable due to various confounders
(e.g. inflammation confounds the key iron related blood
marker, ferritin). Treatment is simple blood donation,
as iron is required to generate new red blood cells. If left
unchecked, iron can cause progressive damage, resulting
in cirrhosis, primary liver cancer and even diabetes and
heart disease.
Professor Sir Michael Brady, Executive Chairman
of NCIMI and Founder-Chairman of Perspectum
Diagnostics, commented “We are excited to be working
on projects alongside our industry partners which will
positively impact patient treatment and patient pathways
in the NHS by supporting the development and use of AI
in healthcare.”
LiverMultiScan is FDA 510(k) cleared in the U.S. and
CE marked in Europe. It enables non-invasive and quantitative liver tissue characterisation to quickly and consistently quantify liver fat, as well as biomarkers which
have been shown to correlate with iron and fibro-inflammation. It is a rapid and scalable technology that can be
seamlessly integrated into existing MR examinations,
without the need for contrast agent. In practice patients
undergo an MRI scan on a compatible scanner – this
takes less than 15 mins and no contrast agent is required.
The scans are sent electronically to a secure reporting
laboratory to be quantified using a proprietary algorithm. The results are processed by clinical and imaging
specialists. The report is usually sent back to the referring
doctor within 24 hours. It provides summary values of
three biochemical characteristics of the liver as well as
images that depict the health of the whole organ.
https://perspectum-diagnostics.com/
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Breast Imaging
Artificial Intelligence used in
clinical practice to measure
breast density
An artificial intelligence (AI) algorithm measures breast density
at the level of an experienced mammographer, according to
a new study just published [1]. The researchers said that the
study, which was the result of a collaboration between breast
imagers and AI experts from the Dept of Radiology, Mass
Gen Hospital (MGH), Harvard Medical School, Boston USA
and MIT, Cambridge, MA, USA, represents a groundbreaking
implementation of AI into routine clinical practice.
Breast density can mask cancers on mammography and is an
independent risk factor for the disease. The masking effect and
cancer risk are significant enough that many states have laws
mandating women be notified if they have mammographically
dense breasts. Despite its importance, breast density assessment
is an imperfect science, and research has shown much discrepancy among radiologists in making density determinations.
“We’re dependent on human qualitative assessment of breast
density, and that approach has significant flaws,” said study lead
author Dr C. Lehman of MGH. “We need a more accurate tool.”
Dr. Lehman and colleagues collaborated with AI expert Dr
Regina Barzilay, professor of computer science and electrical
engineering at the MIT, and her team to develop an algorithm
that can automatically measure breast density. They used tens of
thousands of high-quality digital mammograms from MGH to
train and test the algorithm before implementing it in routine
clinical practice. Eight radiologists then reviewed 10,763 mammograms that the model had determined were either dense or
non-dense tissue.
The interpreting radiologist accepted the algorithm’s assessment in 10,149 of the mammograms, or 94 percent. Dr. Lehman
noted that the 94 percent agreement rate between the radiologists and the algorithm does not necessarily mean the machine
was wrong in 6 percent of the cases. Reader variability could be
the reason.
“We were thrilled with the results,” Dr. Lehman said. “Now at
Mass General, the deep learning algorithm processes all our screening mammograms and provides density, which is either accepted
or rejected by the radiologists.”
“The study results show that the algorithm worked remarkably
well,” Dr. Barzilay added. “But what’s more important is that it is
being used every day to measure breast density in mammograms
at a major hospital.”
The system has been in continuous operation at MGH
since January and has processed approximately 16,000 images,
according to Dr. Barzilay.
Dr. Lehman attributed the successful clinical implementation
of the AI model to two factors: the availability of high-quality,
annotated data evaluated by expert radiologists, and the collaborative efforts of experienced, accomplished medical and
computer science professionals.
“We have to have radiologists and other physicians who
NOVEMBER 2018
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Figure 1. Clinical implementation assessment. Comparison of the original interpreting
radiologist assessment with the deep learning (DL) model assessment for (a) binary
and (c) four-way mammographic breast density classification. (b, d) Examples of mammograms with concordant and discordant assessments by the radiologist (b) and with
the DL model (d). Image courtesy of Radiology.

understand the pressing needs of our patients and can partner
with computer scientists who are experts in AI,” she said.
The algorithm has the potential to standardize and automate
routine breast density assessment, the researchers said. On a
broader scale, the researchers see AI as central to the development of personalized breast cancer risk assessment for each
woman who undergoes mammography. AI is uniquely suited
to breast imaging because it can draw upon a large, mature
database with advanced, structured reporting that links images
with outcomes. This predictive power is a potential boon to all
women, including groups who have been inadequately served
by current prediction models. “We’re teaching the machine to
directly predict cancer risk even before the radiologist will see any
cancer,” Dr. Barzilay said. “The best time to control the disease is
when it starts.”
“With AI, we now have the ability to leverage vast amounts of
information into more personalized, more targeted care for our
patients,” Dr. Lehman added. “In the case of breast cancer, we can
better predict how likely a woman will have cancer in her future
and improve the chances that it will be treated successfully.”
References
1. Lehman CD et al. Mammographic breast density assessment using deep
learning: Clinical Implementation. Radiology. 2018: 180694. doi: 10.1148/radiol.2018180694.
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Concurrent-Read CAD helps
streamline Automated Breast
Ultrasound (ABUS) interpretation
By Dr. Yulei Jiang

Screening mammography remains the main imaging
modality for breast cancer screening in asymptomatic
and average risk women. Its effectiveness, however,
is reduced in women whose breast tissue is heterogeneously dense or extremely dense, because dense
breast tissue makes it more difficult for breast cancer
to be detected in mammograms. In the US, about 35
states have legislations that require health care providers to inform women about dense breast tissue. In this
way women can be informed not only of the increased
risk of cancerous lesions being missed in screening
mammograms because of the masking effect of dense
breast tissue, but also of the increased risk of developing breast cancer, associated with having dense breast
tissue [1].
Breast ultrasound can be a supplement to mammograms in breast cancer screening of women with dense
breast tissue [2, 3]. Screening breast ultrasound can
detect breast cancers not seen in screening mammograms. However, hand-held breast ultrasound faces
challenges for screening. Its operator dependence and
increased demand on radiologists’ involvement make it
challenging in screening applications.
ABUS as adjunct for breast cancer screening

Automated breast ultrasound (ABUS) was first
approved as an adjunct to mammography for breast
cancer screening by the US Food and Drug Administration (FDA) in 2012. ABUS provides automated
scanning of the patient, thereby eliminating operator
dependence—a major constraint of hand-held breast
ultrasound. Volumetric B-mode image datasets are
obtained for each patient in about 15 minutes. Radiologists interpret ABUS images of the entire breast volume together with standard screening mammograms to
identify potential abnormalities that need to be worked
up.
The Author
Yulei Jiang, Ph.D.
Associate Professor
Department of Radiology
The University of Chicago
Chicago, IL USA
Email: yjiang@uchicago.edu
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As an adjunct to screening mammography, ABUS has
been shown to be able to increase the number of breast
cancers detected from mammograms alone [4, 5]. A
retrospective observer performance study of 17 Mammography Quality Standard Act (MQSA) certified US
radiologists who interpreted 185 first-generation ABUS
images (somo•v, GE Healthcare) showed that interpreting screening mammograms and ABUS images
together significantly increased the area under the ROC
curve (AUC, from 0.72 to 0.82, p < 0.001), indicating
improvement in diagnostic accuracy. The sensitivity
increased significantly from 58% to 74% for 52 cases
with cancer in the study (p < 0.001). Specificity did not
change significantly (from 78% to 76%, p = 0.5) for 133
cases without cancer in the study. Clinical studies have
also shown that ABUS used as an adjunct to screening mammography increases cancer yield in screening
[6-8].
Challenges to ABUS interpretation

Clinical and reader studies indicate that it takes 2.9 to
9.5 minutes to interpret an ABUS dataset [6, 7, 9, 10].
and this does not include comparison of any previous images. The volumetric nature of the images, the
complexity of the B-mode image slices, and the efforts
needed from radiologists to dismiss image artifacts and
pseudo abnormalities, contribute to the length of time
required to read ABUS cases. While this might be seen
as an improvement over screening hand-held breast
ultrasound if the radiologist scans the patient, it nonetheless represents a significant demand on radiologists’
time and the clinical workflow.
Concurrent-read CAD

Computer-aided diagnosis (CAD) devices were first
introduced into clinical practice for interpretation
of screening mammograms. Today, CAD devices are
widely used in the interpretation of screening mammogram, and they are currently the subject of intense
interest fuelled by recent advances in deep learning
and artificial intelligence. QVCAD (from QView Medical, CA, USA) is a new CAD device for interpretation of screening ABUS images. The US FDA approved
QVCAD for screening ABUS somo•v images in 2016
and subsequently approved QVCAD for screening
ABUS Invenia images (GE Healthcare) in 2017.
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CAD systems in clinical use today
function typically as what is known as
a “second reader.” These systems are
invoked after a radiologist completes
the interpretation of the images, and
the role of the CAD system is to make
sure that the radiologist did not overlook suspicious findings that the computer has identified. The radiologist is

“... This is a fundamentally different workflow from secondread CAD systems...”
then supposed to look at findings that
the computer identifies to make sure
that they are not suspicious.
If a finding were indeed found to be
suspicious, then the radiologist’s interpretation would be changed because
of the computer finding. In most situations, radiologists determine that findings identified by the computer are in
fact not suspicious, and while it is easy
to come quickly to this conclusion,
nevertheless a look back at the images
is still required.
QVCAD does not function in the
same way as other second-read CAD
systems. Instead, it is invoked as soon as
a radiologist begins to interpret ABUS
images. Case presentation begins with
2-dimensional synthetic images linked
to the raw 3-dimensional ABUS volume dataset. These 2-dimensional
images, are called navigator images and
are a part of the QVCAD system. They
provide the radiologist with a quick
overview of the case without having
to scroll through the 3-dimensional
volumes. In addition, the computer
findings are included in the navigator
image, making them available to the
radiologist at the outset.
Once the radiologist identifies
potential areas of interest, he or she
then goes into the 3-dimensional volumes to investigate focal areas. Case
interpretation is possibly less dependent on meticulous survey of the
3-dimensional volumes than reading
ABUS images without QVCAD. This
is a fundamentally different workflow
from second-read CAD systems. This
NOVEMBER 2018

concurrent-read paradigm makes it
possible to save interpretation time,
whereas with second-read systems
reducing additional interpretation
time is the best one could hope for.
In addition, for second-read CAD
systems, radiologists must be vigilant against additional false-positives
caused by not effectively dismissing
non-lesion findings that the computer
identifies.
For a concurrent-read CAD system,
the effect on sensitivity is paramount.
Because the computer findings are presented to radiologists at the outset of
case review, thereby potentially influencing their expectation of the case,
radiologists must guard against missing cancers that they otherwise would
detect, to ensure that any benefit of the
concurrent-read CAD system does not
come at a cost of reduced sensitivity.

QVCAD helps ABUS interpretation:
Performance Study

To evaluate the effect of QVCAD on
reader performance in interpreting
screening ABUS cases, we conducted
a retrospective observer performance
study with 18 MQSA-certified US
radiologists and 185 first-generation
ABUS cases (somo•v) [11]. The study
was designed to compare reader performance, in terms of both diagnostic
accuracy and interpretation time, in
reading screening ABUS cases with
and without QVCAD. Screening
mammograms were not included in
this study. All cases were from screening of asymptomatic women with BIRADS C (heterogeneously dense) or
D (extremely dense) breast tissue density. The study included many more
cancer cases than typically seen in a
screening setting so that reader accuracy on cancer cases can be measured

Figure1. QVCAD navigator images (top) showing a 2-dimensional summary of the raw 3-dimensional
ABUS dataset superimposed with computer findings displayed as color circles and artificially dark areas
of possible speculated lesions. Review of the volumetric slices are linked (bottom)
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QVCAD could be a welcome tool to
help make ABUS more effective for
breast cancer screening.
References
1. American College of Radiology (ACR). Breast
Density Mandates Spread State to State. 2018;
Available from: https://www.acr.org/advocacy-andeconomics/advocacy-news/advocacy-news-issues/
In-the-April-14-2018-Issue/Breast-density-mandatesspread-state-to-state.

Figure 2. To review a 3-dimensional ABUS dataset without QVCAD, a radiologist review transverse, coronal, and sagittal slices of six volumes.

with reasonably good precision, as
is commonly done in retrospective
reader performance studies. Each
reader read each case twice, once
without and once with QVCAD, separated by about four weeks. Their interpretation accuracy with QVCAD was
compared with their interpretation
accuracy without QVCAD, and their
interpretation time with QVCAD was
compared with their interpretation
time without QVCAD.
For diagnostic accuracy, measured
in terms of AUC, the performance
averaged across all readers was statistically non-inferior when readers interpreted ABUS cases with
QVCAD as compared with when
they read the same ABUS cases
without QVCAD. The AUC value
was 0.85 with QVCAD and 0.83
without QVCAD, with p < 0.01 for
a non-inferiority test that the AUC
value does not reduce by more than
0.05. Sensitivity and specificity did

“... Interpretation time was
significantly shorter with
QVCAD compared to without
QVCAD....”
not changed significantly between
without and with QVCAD.
Interpretation time was significantly
shorter with QVCAD compared to
without QVCAD. The average interpretation time of all readers and all
cases was 3 minutes and 33 seconds
without QVCAD, and it reduced to 2
minutes and 24 seconds with QVACD,
saving on average more than one
42

minute per cases and reducing the
interpretation time by 33%. Of course,
this did not include time for comparison with any prior images or preparing
clinical report.
Clinical relevance

The results of this retrospective reader
study indicate that, used clinically to
help improve the workflow in the interpretation of ABUS images, QVCAD
will help streamline the interpretation
process and reduce the time needed to
read ABUS images. This should come
as a helpful tool to radiologists who
read screening ABUS cases. It is possible that radiologists may find the
navigator images particularly helpful.
Clinical experience with QVCAD is
needed to confirm this expectation
from the reader study.
This reader performance study was
carried out with older ABUS images.
Analysis of current ABUS images (e.g.,
Invenia) has since been performed
and showed that QVCAD performs
similarly, in terms of cancers identified by the computer and the number
of its false-positive findings, as it does
on older ABUS images (somo•v) [12].
This suggests that the benefit in reducing interpretation time observed in the
reader performance study will likely
persist with contemporary ABUS systems. This expectation awaits confirmation from clinical experience. With
greater awareness of reduced effectiveness of screening mammograms for
women with dense breast tissue, particularly through awareness raised via
patient notification of having dense
breast tissue, ABUS could see increased
use in breast cancer screening, and
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Breast Imaging
Why implementing abbreviated breast
MRI is a good idea: perspectives from
North America
By Dr. B. E. Dogan

Breast magnetic resonance imaging (BMRI) has been
used with increasing frequency over the past 10 years
because of its well-documented high sensitivity for detecting breast cancers, especially those that are occult on
conventional imaging. Compared with other screening
modalities, such as X-ray mammography and ultrasonography, MRI has a substantially higher diagnostic
sensitivity and cancer yield and lower interval cancer
rates [1-6]. In large patient populations, BMRI screening cancer yields, range from 2.6% to 9.3% [1-11], with a
large number of patients having benign outcomes. Since
BMRI is also used as an advanced diagnostic test, clinical
MRI protocols usually utilize multiple sequences to best
characterize and establish the extent of malignant disease,
but these additional sequences result in longer scan and
overall table times. In diagnostic imaging centers, the
acquisition time for BMRI protocols ranges from 20–60
minutes depending on the sequences used [6-11].
BMRI has become an established modality for breast cancer screening mainly for women with an elevated familial risk
of breast cancer. For high-risk women (e.g. those with hereditary gene mutation carriers or whose lifetime breast cancer
risk is greater than 20%), the American Cancer Society recommends yearly BMRI screening in addition to mammography
beginning at age 30 years [12]. However, the large number
of screening MRI studies resulting from this regimen have
given rise to substantial health care cost-related concerns that
may limit access to high-quality MRI screening for women
with a familial risk of breast cancer. Furthermore, the long
acquisition time of BMRI can increase the study cost, compromise patient comfort, and decrease image quality (IQ). In
the American College of Radiology (ACR) Imaging Network
6666 trial, women cited their inability to tolerate the long scan
time owing to claustrophobia (25.4%) and the long scan time
leading to “time constraints” (18.2%) as the primary reasons
they refused MRI screening [13].

retrospective in nature. In a recent single-site study of
women with a mildly to moderately increased breast cancer risk, Kuhl et al. [14] showed that separate interpretations of the images from a complete BMRI protocol and
of a subset of images containing only the pre-contrast
and the post-contrast arterial phase had equivalent diagnostic accuracy and negative predictive value. All of the
invasive cancers were less than 1.0 cm in size, and there
were no axillary metastases identified clinically or at
sentinel lymph node biopsy. The negative predictive value
of the Abbreviated MRI was 99.8%. The mean acquisition
time was three minutes for the Abbreviated MRI versus
17 minutes for the full DCE-MRI. The specificity and
positive predictive value of Abbreviated MRI was equivalent to the full protocol.. Although this and later studies
[15,16)] provided a framework for expanding screening MRI (in a manner similar to the screening mammography versus diagnostic mammography concept),
they did not evaluate protocols containing a T2-weighted
sequence, which is one of the minimal requirements of
ACR BMRI accreditation [17]. In addition, these retrospective reader studies do not reflect the true clinical
scenarios in which substantial table time for field shimming and repeat series may be required due to the use of
the conventional chemical shift selective fat saturation
methods in both T2-weighted and dynamic contrastenhanced (DCE) T1-weighted imaging.
Therefore, there is a need to develop a short screening breast MRI protocol that includes a bright- fluid

Abbreviated MRI Techniques

Prior efforts to demonstrate a shorter MRI scan to
be adequate for annual high-risk screening have been
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T2-weighted sequence and a fast more than 20% of women reported
T1-weighted dynamic sequence with experiencing discomfort related to the
consistent fat saturation and image qual- duration, immobility, prone position,
ity similar to standard of care (SOC) or noise associated with undergoing
MRI protocols. Over time, Abbreviated MRI [23]. This finding parallels that of
MRI protocols have evolved to include a previous study of women undergoa fluid-bright series, with any contrast- ing breast cancer screening, in which
enhanced protocol that takes less than MRI scan time, or “lying in the tunnel,”
10 minutes to perform being accepted was the item most frequently reported
as Abbreviated.
(by a statistically significant percentage
In our work [18], we assessed the fea- [21.4%] of patients) as causing “rather”
sibility of using a short BMRI (SBMRI) to “extreme” discomfort [24]. Although
protocol that produces high-quality only 5% of patients discontinue MRI
BMRI images, including pre-contrast fast owing to claustrophobia [1], long BMRI
fat-saturated Dixon-based T2-weighted scan times can result in the unnecessary
sequence, which is in compliance with administration of sedatives, and this has
the ACR accreditation requirements important sedation risk and cost implifor BMRI [17] to screen patients at cations, particularly in the screening sethigh risk for breast cancer, and com- ting. With its considerably shorter scan
pared our protocol with SOC-MRI. We time, the SBMRI protocol proposed in
selected a high-risk patient population the present study helps mitigate a signifbecause they commonly undergo mul- icant drawback of yearly MRI screening.
tiple annual breast MRI exams in their Besides the reduced acquisition time,
lifetime and are the subgroup of patients the Dixon approach used in our SBMRI
most likely to benefit from a shortened protocol obviates the need for any manscreening MRI concept.
ual shimming, manual center frequency
We found that SBMRI screening adjustment, or even repeat acquisition
consisting of bilateral high-resolution that often increase substantially the
T2-weighted images, pre-contrast examination time and/or inconsistency
T1-weighted images, and four phases of in image quality (IQ) of breast MRI. In
post-contrast T1-weighted images has turn, the shorter examination time of
a median scan time of 9 minutes and a the SBMRI study were believed to drasmedian table time of 13 minutes. These tically improve patient tolerance and
times are significantly shorter than the study consistency. Therefore, the proscan time and table
posed SBMRI protimes achieved
tocol has the potenwith SOC-MRI
tial to make BMRI
“ ...our SBMRI protocol achieved a
(30 and 42 minscreening
more
significantly shorter scan time without
utes, respectively,
widely accessible to
compromising image quality ...”
P<0.0001). Also,
patients.
compared with
The ability of
the most rigorBMRI to detect
ous standard of care diagnostic breast early breast cancer (both invasive and
protocols currently in use, our SBMRI in situ disease) is directly related to
protocol had a drastically shorter overall high-quality imaging, particularly with
table time. To our knowledge, this is the respect to the signal-to-noise ratio and
first prospective clinical study report- the spatial resolution of the MR image.
ing a SBMRI protocol that included The detection of early breast cancer (e.g.
T2-weighted and dynamic T1-weighted small invasive cancers and ductal carcisequences that fulfill ACR accreditation noma in situ) requires the simultaneous
criteria and were compared with SOC- imaging of both breasts with a high-field
MRI in the same patient cohort.
MRI unit employing a breast coil and
providing high spatial resolution with
Clinical Implications
thin slices and a high matrix (an in-plane
The clinical implications for these resolution of ~1 mm) [17] We found no
results are as follows: one reason for significant difference in the IQ evaluapatient noncompliance in MRI screen- tion of normal breast structures between
ing programs is the patients’ inability to the Fast Triple Echo Dixon (FTED) and
tolerate long scan times. In one study, iterative decomposition of water and fat
44
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Figure 1. Breast magnetic resonance imaging
(MRI) of a 51-year-old woman with a strong family
history of breast cancer
(A) A VIBRANT axial image from standard-of-care
MRI (SOC-MRI).
(B) Fast T2-weighted sequence in the same (axial)
scan plane show corresponding intermediate signal intensity.
(C) A VIBRANT axial “fat-only” image from the
same scan location demonstrates internal fat
within the lesion, suggesting a benign process.
(D) Early-phase axial dynamic contrast-enhanced
MRI obtained 3 years before the MRI studies in
A-E confirm the stability of the enhancing mass,
which all 3 readers assessed as benign.
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Figure 2. 48 year-old woman with known BRCA1 mutation and a remote
history of left breast cancer status post left mastectomy 10 years prior. Axial
early subtraction series shows a 3mm enhancing mass in the right breast
1 o’clock position (arrow). On corresponding fast T2 weighted fat saturated
image at the same slice location, the lesion is isoechoic and undiscernible. MRI-directed ultrasound-guided needle biopsy showed invasive ductal
cancer, ER, PR and HER2 negative (triple-negative).

with echo asymmetry and least squares estimation (IDEAL)
sequences or in the assessment of enhancing lesions between
the eFLEX and VIBRANT sequences. Therefore, our SBMRI
protocol achieved a significantly shorter scan time without
compromising image quality Moreover, motion artifact and
image blurring were observed significantly less frequently on
FTED sequences than on IDEAL sequences, likely owing to
better patient tolerance and the reduced scan time, and this
contributed to the enhanced IQ of the FTED T2-weighted
series.
One of the significant advantages of our proposed protocol
compared to those of prior retrospective reader studies [1416] is that it includes a bright fluid (T2-weighted) series. The
T2-weighted image set helps differentiate T2-hyperintense
benign pathology from malignant pathology by allowing
correlation of suspicious enhancement on DCE-MRI series
(intramammary lymph nodes and fibrocystic changes),
thereby helping to increase the specificity of the MRI study.
T2-weighted/bright fluid series is a required component of
ACR breast accreditation [17]. Furthermore, for patients with
suspicious abnormalities on SBMRI, the “fat-only” FTED
series can be utilized as needed to help assess possible fat-containing enhancing lesions [Figure 1], such as fibroadenomas,
fat necrosis or lymph nodes, without necessitating a second,
NOVEMBER 2018
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or “diagnostic,” MRI scan. The FTED sequence utilized in our
SBMRI protocol uses a set of 3 fast switching bipolar readout
gradients during each echo spacing period of fast spin echo
(FSE) to produce 3 raw images in a single acquisition. While
we do not anticipate a need to review all three image sets (fat
only, water only and in-phase) routinely for each patient, each
image set can be referenced by the readers during reading as
needed to help with the diagnosis.
The second sequence in our SBMRI protocol was a
3-dimensional fast Dixon dual echo spoiled gradient echo
(eFLEX) sequence for volumetric T1-weighted imaging
before and after contrast injection. Unlike a conventional
3-dimensional fast spoiled gradient echo sequence, the
eFLEX sequence acquires 2 echoes consecutively after each
radiofrequency excitation, and the images corresponding
to the 2 echoes are post-processed to yield water-only and
fat-only images. We elected to use the above two sequences
to construct our SBMRI instead of only using IDEAL and
Vibrant sequences of SOC MRI due to the following advantages: first, FTED is significantly shorter than IDEAL, and
can be applied without the need for a manual fat saturation.
Furthermore, none of these sequences require a manual
“prescan”, which further decreases the patient’s table time
or the time spent within the magnet bore. Second, both
eFLEX and FTED yield a “fat-only” image set, which can be
helpful to further characterize an enhancing lesion. Given
these advantages, the SBMRI protocol allows a complete and
comprehensive MRI protocol to be constructed unlike the
“abbreviated” MRI protocol. In the abbreviated MRI concept,
the patient may need to return for a more detailed MRI to
further characterize the lesion and determine the need for
a biopsy. The additional image sets obtained in SBMRI may
not be needed for every case; however, they are available
for utilization by the radiologist when an abnormality is
identified.
Abbreviated MRI in Average Risk Women

If Abbreviated MRI protocols are adopted successfully,
breast MRI may become more widely available to women
at average or mildly elevated risk for screening- including
women with dense breast tissue or those with a personal history of breast cancer [25]. Like the cancers detected in high
risk women, the majority were small, T1 invasive cancers,
less than 1.0 cm in size, and over 90% were node negative.
The cancers detected were of intermediate (39%) or high
histologic grade (43%) with one third of cancers being of the
triple negative subtype. The positive predictive value (ppv)
of the Abbreviated MRI was 35.7%, well within the range
of ppv accepted for mammographic screening (25-40%).
Additionally, the interval cancer rate in women undergoing
several rounds of screening with Abbreviated MRI was zero.
After conclusion of the study, when the women returned
to traditional breast cancer screening methods, no cancers
were detected by mammography or ultrasound within the
first three years, suggesting that Abbreviated MRI screening
may have a “protective” effect on subsequent breast cancer
detection so that the frequency of AB-MRI screening might
be reduced in average risk women, another significant cost
saving.

E U R O P E

45

Breast Imaging
Abbreviated MRI for Screening
Women with Dense Breast Tissue
— The EA1141 Trial

The effect of breast density legislation in the United States has prompted
the evaluation of supplemental screening methods for breast cancer detection
in women with dense breast tissue who
are without other breast cancer related
risk factors. The ECOG/ACRIN group
is organizing a prospective multicenter
trial, the EA-1141 trial comparing abbreviated MRI and DBT in breast cancer
screening in women with dense breasts
[26]. In this trial, women aged 40-75 with
dense breast tissue (BIRADS C or D) but

“ ...Abbreviated MRI has the potential
to replace mammography as a standalone imaging tool for the detection of
breast cancer...”

not at increased risk of breast cancer will
undergo DBT and Abbreviated MRI in
randomized order for two consecutive
years. Outcome metrics assessed will be
the cancer detection rate (CDR) of the
two modalities as well as the histopathological profiles of cancers detected by
the two imaging methods. The study will
also assess patient reported quality of life
as well as their willingness to undergo
repeated breast MRI for breast cancer
screening. The trial leaves the specific
sequences of the abbreviated protocol
up to the individual centers and only
requires that the scans be obtained in
less than ten minutes. Patient accrual has
been completed and results are expected
within the next year.
Abbreviated MRI in Women with
a Personal History of Breast
Cancer

Abbreviated MRI has more recently
been shown to be of benefit for women
with a personal history of breast cancer but no other breast cancer risk factors. Choi et al. reported the outcomes
of Abbreviated MRI in a cohort of
725 women with a personal history of
breast cancer [28]. They found that the
diagnostic performance of AB-MRI for
women with a history of breast cancer
surgery is comparable to that of the full
diagnostic MRI protocol, but with the
advantages of short examination and
interpretation times and low costs.
46

Conclusion

Abbreviated MRI consisting of a
single T2 weighted fast spin echo (FSE)
triple echo Dixon sequence and a dual
echo fast spoiled gradient echo sequence
(FSPGR) before and after the administration of contrast, is feasible, and
compliant with ACR standards for the
accreditation of breast MRI. Sensitivity
for breast cancer detection is equivalent to that of full protocol DCE-MRI,
but with greatly reduced scan and table
times, While cancers detected with
Abbreviated MRI are usually small T1,
node negative invasive cancers, they
often have aggressive histopathological
tumor profiles. Given its superior performance and the greatly reduced scan
times resulting from the use of abbreviated protocols, Abbreviated MRI has the
potential to replace mammography as a
stand-alone imaging tool for the detection of breast cancer, not only in high
risk women, but in women of average
or mildly elevated risk, such as women
with dense breast tissue or a personal
history of breast cancer.
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The role of deep learning in breast
screening
By Dr. H Harvey, Dr. E Karpati, Dr. G Khara, Dr. D. Korkinof, M O’Neill, Dr. A Ng, Dr. C Austin, T Rijken& Dr. P Kecskemethy

A bold vision for the future of breast cancer
screening is required if programmes are to maintain double-reading standards against the backdrop of a workforce crisis across the UK, much
of Europe and even Japan. Traditional ComputerAided-Detection (CAD) for mammography decisionsupport could not reach the level of an independent reader. Our deep learning system, Mia
(Mammography Intelligent Assistant), is on the
cusp of providing consistent, accurate and interpretable mammography reading that can slot into
current arbitration workflows. Mia provides the
potential for single reading programmes, such as
in the US, to reach EU double-reading accuracy,
as well as providing new and practical support for
adoption of the emerging modality of digital breast
tomosynthesis.
The greatest challenge facing breast screening units is not
that of accuracy, it is that there is
a global radiology workforce crisis
taking place against a backdrop of
an exponential increase in imaging
volume. For instance, there are 80
Breast Screening Units in England.
The total number of women invited
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in 2016/17 in England for Breast
Screening rose by 3.7% to 2.96 million. Of those, 2.2 million accepted
the invitation and were screened,
and 18,402 cancers were detected
[1]. A recent UK workforce consensus demonstrated that 25% of
units have two or fewer breast radiologists. Furthermore, between now
and 2022, for every two breast radiologists that join the NHS, three are
predicted to leave [2]. However, the
UK is not alone. Japan, for instance,
has the lowest proportion of radiologists per population in the G7,
and it is estimated that an increase
of staff by a factor of 2.5 is required
in order to meet international standards [3]. Many other countries are
also struggling to recruit and retain
the required staff to run screening
programmes effectively.
Currently in the EU every mammogram is ‘double-read’ by two
independent radiologists. However,
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many screening centres struggle to
fulfil double reading requirements
in a timely manner. Additionally,
there is wide variation in recall
rates between different centres. In
the US, where screening is not invitational and only single read, the
accuracy of screening is lower, with
significantly higher recall rates than
double reading programmes [4].
Blinded double reading reportedly
reduces false negative results and
the average radiologist can expect
an 8%–14% gain in sensitivity with
double reading pairing [5]. Doublereading has undoubtedly improved
accuracy, but at the cost of increasing human resource requirements.
Current Solutions – Computer
Aided Detection (CAD) Systems

After the advent of full field
digital mammography (FFDM) at
the turn of the millenium, medical
imaging data became available in a
format amenable to computational
analysis. The huge volume of screening cases coupled with advances in
computing (both from a hardware
and software perspective) meant
that attempts at automated diagnosis were inevitable. These early systems are known as CAD (Computer
Aided Detection), of which iCAD
Secondlook, and ImageChecker (by
R2/Hologic) are the most widely
known. As these products have been
around for several years, there is a
rich body of research, both positive
and negative, into how effective they
are, and whether they impact positively on patient outcomes [6-11].
The studies were conducted with
different methodologies, sample
sizes, population cross-sections and
outcome metrics. While a one-toone comparison is difficult, a number of key trends are easy to identify.
Firstly, there is a significant level
47
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Figure 1. An example of a filter bank used in traditional CAD development. These filters cannot fully
encompass the variety of pathologies seen in the real world. Reproduced from [15].

of variance between the conclusions
regarding whether the technology is
effective. This ambiguity has meant
a low, or even lack of CAD adoption
in Europe, and decreasing confidence
is also illustrated by fewer and fewer
US hospitals utilizing it (especially
since reimbursement incentives have
decreased in recent years).
CAD systems also fall outside the
realm of blinded double-reading by
their very positioning within the radiologists’ workflow. They were designed
to overlay Regions of Interest (ROIs)
and present them directly to the reading radiologist, in effect giving them
more information to interpret, and
potentially biasing their decision. The
outputs from these CAD systems could
not be separated from the radiologist’s
independent review of the images as
any final decision was made in conjunction with the CAD outputs, rather
than independently from them. The
overall consensus is that these systems
output a large number of false positive
marks on each case, which can increase
reading times [12]. Any of these false
positives triggering a recall will have
a significant impact on downstream
healthcare costs and patient welfare.
For example, Elmore et al [13] demonstrated that for every $100 spent on
screening with CAD, an additional $33
was spent to evaluate unnecessary false
positive results. More importantly, a
significant increase in women were
undergoing undue stress and emotional
worry as they feared for the worst. In a
seminal prospective UK trial (CADET
II) [14], although CAD was shown to
aid single reader detection of cancer,
there was a 15% relative increase in
recall rates between human/CAD combination and standard double-reading
by two humans.
48

The high proportion of false positive marks given by these early non
deep-learning systems rendered them
ineffective as a truly independent
reader as they were not able to provide meaningful case-wise recall suggestions, hence the only viable output
option was providing ROI outlines.
The flaws with traditional CADs
stem from the underlying technology used. Traditional machine learning techniques are often referred to as
‘expert systems’. In this case, the breast
radiologist is the expert who develops hand crafted features and lowlevel pattern libraries in conjunction
with an engineer, usually based on
heuristics and pixel-distributions, that
can correctly learn to classify objects
in images [Figure1]. These are then
written into code. In mammography,
to achieve an optimal CAD tool, this
requires a set of features capable of
correctly detecting the diverse range
of abnormalities that arise biologically
in the breast. This is a demanding task,
as microcalcifications are completely
different in shape, texture, and size
to masses, while the morphology of
architectural distortions is even more
subtle. It is intuitive and reasonable to
assume that the standard low-level feature sets used historically would always
be unable to capture the entirety of
meaningful information contained in
mammograms.
The Promise of Deep Learning

Deep learning has already revolutionised many image analysis tasks. In
2012, the ImageNet Large Scale Visual
Recognition Challenge (ILSVRC),
which challenges entrants to build
systems to correctly classify the contents of an image (with 1000 possible
classes), was won by AlexNet [16], a
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deep Convolutional Neural Network
(CNN). It reduced error rates from (a
then state of the art) 25.7% to 17.0%.
This ushered in a paradigm shift for
object recognition, with traditional
machine learning techniques being
universally replaced by deep learning
(DL) based systems over the following years. In 2017, the final year of
the ImageNet challenge, 29 of the 38
teams competing were able to achieve
errors below 5.0% thanks to advances
in deep learning (the current state of
the art is 2.25%). This rise was facilitated by ever increasing amounts of
digital data (as these CNNs require
large numbers of images to train), and
technological advances in graphical
processing units (GPUs), the hardware which allows these models to be
trained quickly.
The success of these models comes
down to their flexibility. From a radiologist’s perspective, an expert practitioner no longer needs to spend the
majority of her/his time developing
hand engineered features that capture
specific lesion characteristics; instead
the CNN is capable of learning the
relevant features intuitively from large
image datasets and their overall lesion
labels. This flexibility comes at the cost
of requiring larger datasets and significant computing power.
There has been an increase in
research proposing the use of deep
learning (DL) for mammography over
the past few years, largely divided into
two approaches: patch-based and casewise (whole image).
Patch-based approaches break an
image down into smaller regions for
analysis, rather than taking an entire
image as an input, as CNNs traditionally were developed to accommodate
square input image sizes between 250
and 300 pixels in width and are not
suitable out-of-the-box for mammography given the large size of images.
These systems have traditionally been
used to aid in localisation of lesions
within an image. However, local decision-based approaches have a number of significant problems. The most
notable is that when the many small
decisions are re-combined back into
the full image the result is typically
a large number of false positives or
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overall drop of performance in line
with the increased complexity of the
task.
Dhungeet et al.[17], and Ertosunet
et al.[18] can be accredited with starting off the new wave of deep learning with hybrid approaches, combining traditional machine-learning with
deep learning. The former suggested
a cascaded CNN-based approach followed by a random forest and classical
image post-processing. The latter published a two stage deep learning system
where the first classifies whether the
image contains a mass, and the second
localizes these masses.
In 2016, the DREAM challenge
was set up, inviting machine learning researchers to develop systems
to detect breast cancers on a proprietary dataset for a monetary grand
prize [19]. This was the first public
competition to highlight DL’s superiority in a mammography screening
setting. The input data consisted of
around 640,000 images of both breasts
and, if available, previous screening
exams of the same subject, clinical/
demographic information such as
race, age and family history of breast
cancer. The winning team (Therapixel,
France) attained a specificity of 80.8%
at a set sensitivity of 80% (AUC 0.87)

[20] with their DL system. Ribli et
al. came second in the challenge with
their DL system capable of not only
classifying malignancy, but also outlining the regions in an image which
supported this decision [21].
Carneiro et al. achieved an area
under the Receiver Operator Curve
(ROC) of 0.9 for malignancy classification on the publicly available DDSM
[22] and inBreast datasets [23]. Their
model was pre-trained on ImageNet (a
tactic regularly employed by practitioners), and yielded significant improvements in mass and microcalcification
detection. In 2017, Teare et al. [24]
proposed a DL system that achieved
a malignancy specificity of 80% at a
sensitivity of 91% on DDSM, and their
own proprietary dataset (which contained an equal number of malignant
and non-malignant cases). Geras et al.
developed a DL system capable of classifying screening cases into BI-RADS
0, 1, or 2 [25].
However the inability to identify
malignant lesions limits its ability to
perform as an independent reader.
Finally, Kim et al. developed a system
which made a malignancy prediction
on an entire mammography case (all 4
views) [26]. The model was trained on
malignant (biopsy proven), and normal

(with at least 2 years of negative follow up) cases from multiple hardware
vendors. They achieved a sensitivity of
75.6% at a specificity of 90.2% (with an
overall AUC of 0.903). More recently
Rodriguez-Ruiz et al. [27] demonstrated that a DL system (Transpara™,
Screenpoint Medical, Nijmegen, The
Netherlands) could increase the accuracy of radiologists using CAD-style
displays of a likelihood of malignancy
given a user-selected area.
While all of this research was conducted on various different datasets,
with a variety of different outcome
metrics, none of the above cited works
(including the winners of the DREAM
challenge) reached close to the performance of single human reading
radiologists as a standalone system.
Nevertheless, the progress over the last
few years highlights how DL technology is moving beyond the past performance of traditional CAD systems, and
closer to the goal of an independent
reader.
Breast density assessment is another
area of research interest for the deep
learning community. In the US in particular, where density assessments are
mandated in several states, DL systems
can provide an automated BI-RADS
density category. Such a system has

Figure 2. Progressive generation of synthetic mammograms from low to high pixel resolution. Reproduced from [30].
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already been implemented in clinical practice at Massachusetts General
Hospital [28].
Despite the data and computational
resource requirements of DL, it has the
potential to drive a revolution in medical image analysis, improving accuracy
due to improved false positive and
negative rates, increasing consistency
and speed, automating analyses and
speeding up assessment time. All of
these elements provide useful practical
support for screening programmes and
services. The ultimate goal is to detect
malignancies at a level that undoubtedly supports radiologists and breast
units, which is at or beyond the level
of an experienced single reader’s average performance. However, current
available mammography datasets are
largely unrepresentative of the range of
true screening cases in clinical practice
[29], so further work is required in
order to provide developers with the
necessary data to train and validate
clinically applicable models.
Generative Adversarial Networks
(GANS) are a promising type of
machine learning that can be used
to synthesise medical images using
features learnt from the latent space
of a real dataset. Our group recently
published a pre-print describing our
success at creating high-resolution
mammograms using GANs [Figure
2], [30], and postulated that there may
be potential for synthetic data to help
augment sparse training datasets and
assist in domain transfer tasks.
Independent Reading

To truly make a positive impact in
breast cancer screening, the largest
pain point must be addressed urgently
- that of a radiologist workforce in crisis. In order to achieve this ambitious
goal, an automated system is needed
that is able to make the same decision
that a consultant radiologist makes
when reviewing mammogram cases,
with at least the same accuracy and
consistency. This decision is a binary
one - to callback a woman for further
investigations or not - which case-wise
deep learning systems are now able
to achieve. We developed a DL system, known as Mia (Mammography
Intelligent Assessment), trained on
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over 1 million real-world screening
mammography images gathered to
explicitly achieve this goal, and are
the first group to receive regulatory
approval for a deep-learning system to
act as a second (or third) reader that
provides case-wise callback decisions.
Our initial retrospective evaluation of
this system (under consideration for
peer reviewed publication at the time
of writing) on an unseen validation set
of a screening cohort of 3860 patients
(with outcomes proven by biopsy or at
least 3 years negative follow-up) indicated that it compares favourably to
established performance benchmarks
for modern screening digital mammography [31], the criteria for identifying radiologists with acceptable
screening mammography interpretive
performance [32], and the minimally
acceptable interpretive performance
criteria for screening mammography
[33]. Further studies will of course be
needed to make direct comparisons
with radiologists in a real-world setting, which is why we are working in
partnership with the East Midlands
Radiology Consortium (EMRAD), an
established collaboration of seven NHS
Acute Trusts in the East Midlands, UK,
as well as several other NHS, EU and
US sites to further validate Mia on a
large cohort of screening cases.
The current European standard of
double reading followed by arbitration,
either via a third experienced radiologist or multi-disciplinary team, could
be feasibly maintained by combining
human and software decision-making
while ensuring true blinding between
readers. Just as there is arbitration now
when two radiologists disagree on a
callback decision, the same process
could be applied when a human and
machine disagree, and only then would
the system’s interpretation of the case
be queried. In this manner, radiologists would be entirely uninterrupted
to assess cases to the best of their training and expertise, reducing any potential for bias introduced from CAD outputs. Furthermore, an independent DL
reader does not provide any extra distractions, or require additional clicks
within the radiologist’s workflow.
Gaining radiologist’s acceptance
that an automated independent reader
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is performing an analysis at or above
human performance, which can be
checked if necessary, will be an important step that has to be a high-priority
focus area of work in the field. Indeed,
there are already non-radiologist staff
taking on the role of an independent
reader, with many sites across the UK
training and employing consultant
mammographers in order to bolster
their workforce [34], as such, there is
already a move, driven by necessity,
towards non-radiologist interpretation
of images.
Some may argue that effectively
replacing one of two humans within
a clinical setting will alter the training of breast radiologists and also
affect their required reporting numbers to maintain their qualifications.
According to Woodard et al. [35] radiologists become more specific in their
assessment of mammograms over their
careers, but less sensitive. A system
that performs as well as experienced
radiologists from day one, with consistency, would help mitigate against this
recognised learning curve, and has the
potential to help in the training of the
future workforce, all-the-while ensuring patients care is maintained, or even
improved.
To incorporate an independent
DL reader within double reading
programmes would not require significant re-organisation of how these
programmes are run. A system that
integrates with current reporting
methodologies into a workflow with
arbitration is in theory relatively simple to deploy. However, in the US, and
other single-reading nations, doublereading workflows are not the norm,
and therefore the infrastructure of
double-reading would need to be created, enabling the benefits of European
double reading standards to be applied
to these single reading programmes.
Tomosynthesis

While 2-dimensional FFDM is the
the current standard for breast cancer screening, increasing amounts of
research into 3-dimensional digital
breast tomosynthesis (DBT) are gaining traction. Even though DBT has
the potential to further increase the
accuracy of cancer detection, it comes
NOVEMBER 2018

at the cost of requiring more time to
interpret, given the large amount of
images produced, and a slight increase
in radiation dose [36]. Mostly for these
reasons, DBT has not yet seen widespread adoption for population screening where there are large volumes of
cases, and instead is mainly used for
symptomatic or difficult cases, such as
dense breasts [37]. In an attempt to
mitigate against the additional timecost of interpreting these cases, vendors offer 2D synthetic images created from 3D tomosynthesis datasets.
Machine learning techniques have
been successfully applied to these synthetic images, providing an increase
in radiologist accuracy for those that
used CAD-enhanced synthetic mammograms when compared to standard
2D FFDM alone [38].
Due to the increased number
of image slices in DBT, the labelling requirements are significantly
increased, and large enough training
and validation DBT datasets for deep
learning on screening populations are
not yet available. However, machine
learning techniques such as domain
transfer mean that DL systems trained
on 2D mammograms are poised to
be applied to DBT. This is achieved
by leveraging the useful transferable
features from a model trained for 2D
mammography, so that a tomosynthesis
model does not need to be redeveloped
completely from scratch. Nevertheless,
as DBT and DL use increases in practice, it is inevitable that independent
DL systems will start to be used within
this modality also.
Conclusion

Traditional machine learning
approaches are sufficient to provide simple decision-support such
as malignancy detection and density assessment, but our deep learning system, Mia, has the potential to
shift the paradigm from simple CAD
clinical-decision support to being a
truly independent reader. Mia could
enable single reading programmes to
achieve the low recall rates and accuracy of double read programmes. By
incorporating human-level, or superior, automated mammography and
tomosynthesis analysis into an arbitrated workflow, the workforce crisis
NOVEMBER 2018

in breast screening could be somewhat
mitigated. Reaching this goal requires
collaboration between data scientists
and clinicians, with consideration
towards the requirements of largescale data sharing and computational
resource costs, as well as integration
within current practice.
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Patient-assisted compression
improves image quality, patient
experience
By Dr. R Iordache

The benefits of screening mammography have been
confirmed in hundreds of studies [1-3]. However, at least
a third of women over 40 do not consistently undergo
recommended screenings [4]. There are numerous reasons for this, but one of the most common is fear and
anxiety related to the pain of compression [5-10]. Indeed,
a review of a total of 7 studies involving 5,741 women
found that up to 46% avoided exams because of a previous painful experience [11]. Another study found that
nearly a fourth of 109 women attending a screening
clinic took pain or anti-anxiety medication before the
exam [12].
Yet breast compression is an integral part of the
exam, required to improve image quality and reduce the
amount of absorbed radiation [13].
Several options are available to improve the patient
experience and reduce pain and anxiety during breast
screening. These include providing more information
about the exam before screening; using breast cushions
or pressure-standardized mammography; improving the
interaction with the technologist; reducing the overall
amount of compression; and giving the patient more
control over the compression itself [6, 12, 14-18].
Despite these options, a 2008 Cochrane review of 7
randomized clinical trials involving 1,671 women concluded at the time that “there are very few proven interventions” to reduce pain and discomfort of screening
mammography, especially procedures that can be easily
introduced into the screening workflow, and it called for
more research on such options [14].
Patient-Assisted Compression

Control is a particularly significant factor in one’s
anticipation of and reaction to a painful event, with
studies finding that increased control and self-efficacy
can reduce the perception of pain [19, 20]. Even giving
women verbal control over the amount of compression during a mammogram, such as reminding them
that they can tell the technologist if the pressure is too
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intense, can reduce the perception of pain [21]. More recently,
the first patient-assisted compression (PAC) device, in which
the patient has physical control
over the intensity of the compression, has been commercially released.
The first published study Dr. Razvan Iordache,
of PAC appeared in 1993, Clinical Manager,
when researchers from Duke Women’s Health, GE
University Medical School Healthcare
assessed the effect of PAC on Email
screening mammography and razvan.iordache@ge.com
patient satisfaction in 109 women who received standard
two-view imaging. The technologist performed compression in one breast and the patient in the other, with
women randomized as to which breast was imaged first.
Patients used a handheld button to control the compression [12].
Thirty-one percent of patients reported significantly
less pain with PAC (P<0.03) regardless of who compressed the breast first, while 56.9% reported no difference between the 2 approaches. Overall, 96% reported
satisfaction with the procedure and a willingness to
repeat the experience. Image quality was similar regardless of who performed the compression as long as the
technologist performed the first compression, suggesting,
according to the researchers, that there was a learning
curve.
Another study conducted over a 6-month period in
2009 assessed the effect of PAC on the mammography
experience and image quality in 139 patients compared
to previous technologist-compression (TC) exams. The
investigators observed a slight decrease in breast thickness for the craniocaudal (CC)
and mediolateral
oblique (MLO)
views and a slight
increase for the
right MLO view.
There was also
a mild increase
compression
Figure 1. Hand-held by the patient, the Patient- of
Assisted Compression device is smaller than a typical strength in the selfTV remote control device.
compression group
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2D or 3D+2D mammography. Prior to the procedure, the
technologist provided a simple yet detailed explanation about
the procedure and the device, including the importance of
compression in relation to breast thickness, radiation dose,
and image quality. Such explanations took less than a minute
for 90% of the women [24].
The technologist performed the compression for the first
breast (randomly choosing left or right) in CC, then the
technologist ensured patient positioning and initiated minimal compression of 3 decanewtons (daN)to immobilize the
breast before inviting the patient to use the PAC device to
finalize the CC compression in the other breast. The same
First Approved Patient-Assisted Compression
procedure was used for MLO views. There was no specific
Device
compression force required by the technologist, just that
In 2017, regulatory authorities in several countries, includ- the breast be immobilized and flattened as much as possible
ing the European Union and the United States, approved the given the patient’s comfort. The patient could compress up to
industry’s first PAC device. About the size of a computer 20 daN, with 2 decompressions of 1 daN possible under the
mouse, the wireless device features a “plus” button to increase technologist’s control and surveillance.
compression and a “minus” button to decrease it [Figure 1].
The technologist could intervene if it appeared the patient
A single-blind, prospective, randomized study was con- was using insufficient compression.
ducted to compare image quality in
It was found that compression was
two-view (CC and MLO) breast images
significantly higher with Patient-Asissted
“... adding PAC to the exam had Compression (PAC) than Technologist
acquired using PAC versus TC compression in 30 consenting women presenting
Compression (TC) for both views
little impact on the workflow...”
for screening exams with digital mam(P<0.0001), with an average breast thickmography. Each participant had one
ness under compression significantly difbreast imaged with both PAC and TC compression and the ferent only for CC (-1.90 mm, P=0.02) and the mean glanduother breast with TC only, per standard of care. Two readers lar dose significantly different only for CC view (-0.03 mGy,
blinded to the patient history and compression mode evalu- P=0.02). These findings are similar to those observed in a
ated the images. They rated all image quality as acceptable, routine clinical practice at a large Midwest imaging center in
with all PAC images deemed of equal or better quality than the US [25]. Of the 1,814 patients who used the PAC device
the TC images. A single PA acquisition was determined to in that study, 63% achieved higher compression than the
require a repeat scan due to positioning versus four repeats technologist-provided compression the previous year [25].
needed among the TC acquisitions [23].
A radiologist blinded as to which breast was self-comA larger study evaluating the efficacy of the device and pressed evaluated the cases in the trial carried out by the
its impact on patient experience in 100 women (median group of Balleyguier[24]. The image quality obtained with
age 59) during mammography was recently published in PAC was rated superior to that of TC in 10% of cases, equivathe European Journal of Cancer [24]. Sixty-six patients had lent in 85%, and inferior in 5%. In three of the five cases
post-surgery or post-treatment examinations and 34 patients judged to be inferior, suboptimal positioning prior to comwho were considered at intermediate risk of breast cancer pression appeared to be at fault because the device was not
had screening mammograms; all exams consist of bilateral handed to the contralateral arm. These exams were conducted early in the study and the protocol was changed to
ensure appropriate positioning.
Adding PAC to the exam had little impact on workflow,
with 84% of cases requiring similar or less time than those
typically completed at the authors’ institution.
In a post-procedure questionnaire, 17% of women reported
discomfort during the procedure and 13% reported pain, with
no significant difference between the self- or technologist-compressed breast. These results were particularly striking given
that two-thirds of the study population had a history of breast
cancer, which can lead to even more painful mammogram [26].
As the authors noted: “The fact that the majority of our
study population . . . found the procedure painless may indiFigure 2. In one study [24] of the effect of Patient-Assisted Compression, the
cate that they perceive the pain differently because of the way
techologist performed the compression for one breast, then initiated minimal comthe mammography examination is performed with the selfpression (3daN) on the other breast to immobilize it, before inviting the patient to
compression device.”
complete the compression using the PAC device.
for all views except the right MLO. A discrete decrease of
the motion blur score was found for all incidences using the
self-compression technique compared to the conventional
technique [22].
The investigators also reported that 83% of the patients
were extremely satisfied with the PAC experience, noting
that they appreciated the ability to control their compression and actively participate in the exam. Fifteen percent of
patients had more negative comments, however, saying that
the procedure took longer, was too complicated, and/or that
they preferred technologist-provided compression.
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Figure 3. By pressing on the “plus” button of the PAC device, the patient can
increase the compression on her breast; pressing the “minus” button reduces the
compression.

In addition, 90% of patients reported that they found
the device useful and 74% agreed that the device made it
more likely they would return for their next mammogram.
Anecdotally, the women reported less apprehension about
compression and a greater ability to manage their own stress
and pain by actively participating in the exam.
This result is similar to that found in a patient satisfaction
study conducted with 160 patients in 2 sites in Europe who
underwent mammography with the same PAC device. In that
survey, 79% of patients reported that it improved the comfort
of their exam and 54% said it led to less anxiety [27].
Conclusion

A significant percentage of women do not adhere to
national guidelines for screening mammography. Fear of the
results, pain, and anxiety are among the primary reasons for
such non-compliance. The majority of the pain results from
the compression, which is required to reduce dosage absorption and improve image quality.
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Table 1. Comparison of Patient-Assisted Compression (PAC) and Technologist
Compression (TC) [24]. The figuires in red indicate statistically significant differences.
Abbreviations: daN decaNewtons; CC cranio-caudal view; MLO medio lateral oblique
view; AGD average glandular dose in milligray (mGy).

1.

Providing a handheld, wireless device that allows women
to control compression intensity, however, can significantly
reduce the pain and anxiety associated with mammography with no impact on image quality. The minimal impact
on workflow (one minute or less to explain the procedure)
may, according to the researchers, actually provide a benefit,
because it offers an opportunity to improve patient/staff dialogue and the overall mammography experience.
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also improve screening compliance.
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T ECH N O LOGY update
Consistency in head CT
examinations

HealthLytix is a company which
develops quantitative medical imaging solutions that leverage machine
learning. The company has now
released their CT CoPilot product,
which seamlessly integrates into existing workflow to improve radiologist
efficiency, measurement accuracy,
and clinical confidence by automatically generating consistent views of
head CT exams. It also provides automated quantitative measurements
and subtraction series to increase
conspicuity of change between
exams. Dr. Nikdokht Farid, of the
Neuroradiology Division, UCSD, CA,
USA, said that CT CoPilot “quickly
and automatically provides correctly
aligned images, which enables me to
read head CT scans faster and more
confidently. It has increased my productivity and has become indispensable in
my interpretation of head CTs.”
Studies performed at UC San
Diego have shown that CT CoPilot
can improve reader certainty by 23%

when determining increased ventricular volume and by 14% when determining decreased ventricular volume.
Related research showed that CT
CoPilot reduced the average radiologist interpretation time by 73% when
assessing for change in ventricular
volume, without sacrificing clinical
accuracy.
“We recognized that the dramatic
increase in radiologist workload is driving the need for greater productivity
while maintaining clinical confidence
and diagnostic accuracy. ”, says Nathan
White, CTO at HealthLytix. “We
expect CT CoPilot to be well received
by neuroradiologists and those who
rely upon CT scans to manage trauma
patients”
CT CoPilot will be available commercially in early 2019.
HealthLytix
San Diego, CA, USA
www.healthlytix.com
56

Monitoring brain blood flow characteristics
Neural Analytics, the medical
robotics company developing and commercializing technologies to measure
and track brain health, has announced
that it has received the CE Mark for
its NeuralBot System, a robotic assistance technology which automatically
adjusts orientation and position of
the company’s ultrasound products.
When used with the company’s Lucid
M1 Transcranial Doppler Ultrasound
System, the new system can assist clinicians to non-invasively monitor a
patient’s brain blood flow characteristics and can provide information to
diagnose a variety of neurological disorders.
“This technology allows us to look
inside the brain, evaluate blood flow

needed to make clinical decisions and
improve patient outcomes,” said Dr
Leo Petrossian, Co-Founder and Chief
Executive Officer of Neural Analytics.
“Our products provide clinicians with
a cost effective and non-invasive assessment of a patient’s brain health, and can
help clinicians diagnose brain disorders,
potentially without the need for more
invasive testing.”
The worldwide prevalence of stroke
in 2010 was 33 million cases, with 16.9
million people having their first stroke.
Stroke claims a life every five seconds
and is the second most common cause
of death accounting for over 11.9 percent total deaths worldwide The burden of disease caused by stroke is set
to double worldwide by 2030. The

characteristics and track emboli in
patients. It provides us with critical
information on brain health in realtime to help us diagnose neurological
disorders, prior to the need for additional, more invasive testing,” said
Prof. Claudio Baracchini, Director of
the Stroke Unit and Neurosonology
Lab at the University of Padua (Italy)
and President of the European Society
of Neurosonology and Cerebral
Hemodynamics (ESNCH).
Neural Analytics have presented
research data that demonstrated there
was no statistical difference between
ultrasound blood flow data collected
with the NeuralBot System and data
collected manually by an expert technician with using traditional ultrasound
platform.
“We are committed to advancing
brain healthcare through transformative technology that empowers neurologists with the critical information

number of stroke events in Europe is
projected to rise from 1.1 million to
1.5 million per year by 2025. Stroke is
a time sensitive disease and requires
intervention within 24 hours of onset
of symptoms. Incorrect assessment of
large vessel stroke leads to misdiagnosis
and treatment delays, resulting in death
or disability for stroke patients. Despite
recent advances in life-saving treatments for acute ischemic stroke, fewer
than five percent of stroke patients
qualify for intervention because they
do not present early enough.
The NeuralBot System with the
Lucid M1 TCD System is approved
in Europe as the ‘Lucid™ Robotic
System’ and has also received 510(k)
clearance from the Food and Drug
Administration.

D I
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Neural Analytics
Los Angeles, CA , USA
https://neuralanalytics.com
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Performance dashboard for
wireless flat panel detector
system

At RSNA 2018, Konica Minolta
will be introducing new advances
for its AeroRemote platform, namely
a comprehensive performance
dashboard for AeroDR Wireless
Flat Panel Detector Systems that
automatically collects and aggregates AeroDR system health and
usage data into simple yet powerful analytical views. The enhanced
AeroRemote Insights streamlines

navigation through multiple dashboards with a customer-inspired
application for analyzing performance by anatomical region. This
anatomical map uses color coding
to provide instant indications of
performance metrics, guiding managers quickly to areas of interest.
“AeroRemote Insights represents Konica Minolta’s continuing
investment in the development of
advanced data analytics, deployed
through the Internet of Things, by
refining analytic tools that increase
the value of conventional hardware
and software solutions,” says Steven
Eisner, Senior Product Manager at
Konica Minolta.
With AeroRemote Insights, managers can evaluate department, system or technologist performance
from any AeroDR device by reviewing details such as image reject rates
and reasons, dose indices, exam
58

counts and DR panel impact events.
This data is easily filtered by date or
exam type, further helping managers pinpoint where improvements
can be made.
Included with AeroRemote
Insights are Live Notifications that
alert managers and support staff
when a DR panel has been accidentally bumped or dropped. At the
same time, the actual AeroDR panel
user is prompted to run a 30-second diagnostic check to ensure the
DR panel is functioning. Results
are emailed to all parties, including
the Konica Minolta Customer Care
Center, so they can respond accordingly. Leveraging Internet of Things
technology in this way alerts users
to potentially catastrophic events,
but also encourages more careful
handling of these expensive components.
“With AeroRemote Insights, we
continue to help customers proactively monitor our systems and
support our service teams in gathering data, predicting appropriate responses and solving common
issues,” says Kevin Chlopecki, Vice
President of Service Operations.
Konica Minolta
Wayne, NJ, USA
www.konicaminolta.com/

AI-powered image enhancement for digital radiography

Over more than 35 years
of industry-leading expertise,
ContextVision’s cutting-edge technology has supported clinicians
in their accurate interpretation of
medical imaging. ContextVision’s
latest product, Altumira has been
specially designed to meet the
demanding needs of digital radiography, and addresses the significant
challenges of durability and the
maintenance of high image quality
that have been difficult to solve up
till now, including:
• Varying exposure conditions
between patients.
D I
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• A wide variety of image characteristics and requirements for all
types of anatomies.
• Varying dose and intensity levels, as well as organs and collimators
in motion in dynamic sequences.
The new Altumira system is
designed for all digital radiography
systems, from plain X-ray to the
most advanced angiography systems. “We can now provide greater
contrast and resolution in parallel
with intelligent noise suppression
and harmonized intensity levels
also for low-dose fluoroscopy as
well as in high-quality angiography sequences,” said Ann-Sofi Hoff,

Marketing and Product Portfolio
Manager, ContextVision. “With our
next-generation image enhancement,
we’re bringing great value and confidence to both manufacturers and
radiologists, providing them the
highest image quality in every exam.”
This new product represents the
latest extension of ContextVision’s
present product portfolio of stateof-the-art image enhancement for
2D/3D/4D ultrasound, MRI, X-ray
and mammography.
“ContextVision’s success is built
on extensive technological and
application knowledge paired with
a broad technology platform,” said
Fredrik Palm, Vice President of
OEM Business, ContextVision.
“Deep learning is a natural fit and
we’ve now incorporated it as a core
technology. We are relentless in our
pursuit of R&D and product development to continuously spearhead
the medical image processing and
image analysis field with invaluable
products.”
ContextVision
Stockholm Sweden
www.contextvision.com.
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Dedicated cardiovascular CT system

The result of a strategic partnership between GE
Healthcare and the Israeli company Arineta, the
CardioGraphe is the world’s first dedicated cardiovascular CT system and is designed specifically for high performance cardiovascular imaging that is affordable and
accessible.
Cardiovascular disease continues to be a leading cause
of death around the world. Often, patients in most urgent
need of cardiac imaging have high or unstable heart rates,
which can be challenging to scan using a traditional CT
system. The availability of a full coverage CT system that
provides the robust clinical detail needed to diagnose and
assess these patients can be limited due to their physical
location, their full schedule for multi-anatomy scans, or due
to the cost of a general purpose CT system. CardioGraphe
is the first CT designed to meet this challenge.
“Cardiovascular disease is a huge concern, and our goal
is to improve access to high quality imaging solutions by

providing cost effective tools that help physicians confidently
and efficiently diagnose and treat these patients.” said Scott
Schubert, GM Global Premium CT, GE Healthcare.
CardioGraphe is breakthrough technology that makes
non-invasive cardiovascular imaging more affordable in
a traditional hospital setting and accessible for the first
time in a chest pain emergency department, physician
office, or in a point-of-care setting for treatment planning of vascular interventions. Because of its innovative
Stereo CT design with focused field of view, the system
is compact, easy to use, and dose efficient. The system
creates a 3D image of the coronaries, valves, chambers
and myocardium in one heartbeat and can also perform
CT angiography studies beyond the heart, including the
aorta and carotids. The system’s rotation speed of 0.24 seconds, currently the fastest available, combined with GE’s
SnapShot Freeze intelligent motion correction software,
freezes coronary artery motion for patients with high or
unstable heart rates. The speed of this new technology
provides physicians with information about heart function and provides the anatomic detail required to plan
procedures such as PCI and Transcatheter Aortic Valve
Replacement (TAVR).
“We have independently evaluated cases from the CT
NOVEMBER 2018
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scanner for image quality and interpretability, as part of
the 510(k) reader study. Using a 5-point Likert scale, 100%
of cases were interpretable, with 92.7% rated excellent and
7.3% rated good,” according to Matthew Budoff, MD,
FACC, Professor, UCLA School of Medicine.
GE Healthcare,
Chicago, IL, USA
www.gehealthcare.com.

Philips introduces integrated breast
ultrasound solution

Philips has announced its “ultimate ultrasound solution
for breast assessment” which is available with the Philips
EPIQ and Affiniti ultrasound systems, and uses a combination of the eL18-4 transducer and anatomical intelligence.
Thus, the all-in-one solution brings together high-quality
imaging with complementary clinical tools tailored for
breast screenings. With the new breast solution, clinicians
can efficiently assess, monitor and treat breast diseases,
increasing diagnostic confidence and helping to improve
patient care. Many clinicians depend on ultrasound to
enhance detection of breast cancers, especially in women
with dense breast tissue, which is unrelated to weight or
breast size. According to a report published by the Journal
of the US National Cancer Institute, an estimated 43.3%
of women between the ages of 40 and 74 years old have
extremely dense breast tissue. With X-ray mammography,
dense breast tissue can sometimes mask small cancerous
lesions. Clinicians often rely on ultrasound as a followup diagnostic test in cases where lesions are suspected.
Developed in partnership with clinicians around the
world, the Philips ultimate ultrasound solution for breast

assessment empowers clinicians to detect breast lesions
with confidence and allows them to do so in an intuitive,
efficient way. Together, this solution enhances the patient
experience by reducing total exam time, eliminating the
need for inconvenient room or equipment changes, and
avoiding multiple appointments which can result in additional anxiety for patients awaiting diagnosis.
“Ultrasound plays an increasingly important role in
E U R O P E
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breast cancer screening and assessment, helping to detect
lesions that mammography alone may not find. Philips is
committed to developing the tools clinicians need to deliver
the best care for their patients,” said Jeff Cohen, Ultrasound
General Imaging Business Leader, Philips. “Our integrated
ultrasound solution for breast assessment delivers high-quality imaging enhanced by anatomical intelligence for results
clinicians can trust.”
Dr. Marcela Böhm-Vélez, Weinstein Imaging Associates
said “For women with dense breasts, ultrasound can be very
helpful in detecting masses not easily seen on the mammogram. I have been impressed by Philips’ continued investment and innovation in developing breast assessment solutions, so that I can provide optimal care for my patients.”
The new integrated breast solution combines several
features that work seamlessly together for comprehensive
and confident screening and diagnosis.
The PureWave eL18-4 ultra-broadband linear array
transducer is a single transducer that delivers high-quality
imaging for patients, including those who may be more
technically challenging to image. PureWave crystal technology delivers fine-elevation focusing to provide exceptional detail resolution and tissue uniformity, as well as
extended depth of field performance.
Anatomical intelligence for breast enhances reproducibility and streamlines workflow while preserving
image quality during the breast exam. The automation and
intelligence provides visual mapping and annotation of
screened anatomy, with minimal user interaction, to give
clinicians confidence while documenting full coverage of
the breast during the acquisition phase.
Full solution elastography ElastQ Imaging shear
wave and strain elastography allows clinicians to rapidly assess a wide array of breast lesions with elevated
diagnostic confidence. By combining both wave methods, ElastQ Imaging reveals more definitive information
on tissue stiffness in the breast. New precision biopsy
allows physicians to enhance the patient experience by
performing more targeted biopsies. Reduced blind zones
and enhanced needle reflections elevate clinical during
interventional procedures.
Philips Healthcare
Amsterdam, The Netherlands
www.philips.com

Real-time motion correction in MRI

The joint results of a strategic agreement between
Siemens Healthineers and the U.S.-based company
KinetiCor to co-develop technologies for patient monitoring and for correction of patient motion in MRI exams
have now been presented. The collaboration between the
companies involves the joint development of an MRI inbore camera system, known as the Kinetic Sensor, which
is now an integral part and one of the key features of
Siemens Healthineers BioMatrix technology and of the
new 1.5 Tesla MRI Magnetom Sola scanner and of the
3T Magnetom Vida system from Siemens. The in-bore,
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real-time patient viewing system, allows close patient
monitoring and prospective motion correction for neurological MRI exams.
A successful MRI exam requires a patient to stay still.
Patient motion, however, can result in non-diagnostic exams,
requiring rescans or in the worst case having to reschedule
the exam. For certain patients, such as young children and
adults who have trouble staying still due to pain, trauma
and/or cognitive difficulties, sedation may be required for
a successful MRI exam. For these reasons, patient motion is

The Kinetic Sensor, one of the key features of the BioMatrix technology, of the 1.5
Tesla MRI scanner Magnetom Sola and the 3T Magnetom Vida system, is the first
in-bore, real-time patient viewing system, allowing close patient monitoring and
prospective motion correction for neurological MRI exams

a known and costly factor in MRI. The new in-bore camera
system helps to significantly reduce motion-related artifacts
in MR imaging, enabling diagnostic imaging in the presence
of motion, and may help reduce the need for sedation for
children and adults who are less able to stay still in the MRI
scanner.
The sensor employs a 4-camera system which tracks
every movement of the patient’s head in the scanner. The
camera has an ultra-slim profile, shaped to the bore of the
Magnetom Sola and Magnetom Vida MRI systems. Realtime motion information from KinetiCor’s camera, used
in combination with Siemens MR pulse sequences with
integrated prospective motion correction technologies,
enables the imaging to continually adapt to the patient’s
movements. The resulting product, the new BioMatrix
Kinetic Sensor on the latest scanner generation of Siemens
Healthineers, helps deliver standardized, high-quality MRI
examinations that support clinical users on their way to
delivering precision medicine.
Jeffrey Yu, MD, Chief Executive Officer at KinetiCor,
expressed excitement about the strategic agreement with
Siemens Healthineers and what this will mean for the future
of MR imaging. “KinetiCor is delighted with the successful collaboration with Siemens Healthineers as one of the leading MR
manufacturers. Together, we will jointly bring the first real-time
patient monitoring and advanced prospective motion correction system to the market. The KinetiCor system increases
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diagnostic quality, is able to reduce rescans, and to improve patient comfort
while improving workflow efficiency and
patient throughput,” he concluded.
“Working closely with our valued partners, we were once again able to demonstrate our role as a leading innovator in
the field of magnetic resonance imaging,”
stated Dr. Christoph Zindel, Head of
Magnetic Resonance Imaging at Siemens
Healthineers. “With our BioMatrix technology our customers are able to decrease
rescans and to cut healthcare costs by
reducing unwarranted variations,”
Siemens Healthineers
Erlangen, Germany
www.healthcare.siemens.com

New ultrasound system with
image reconstruction architecture designed to support
easier diagnosis and workflow

Samsung Medison, has introduced
both a new generation of premium
ultrasound system, the HERA W10 and
also a prototype of a chair-type ultrasound system.

HERA — Hyper-aperture Enhanced
Reconstruction Architecture — is a new
premium platform that incorporates
Samsung’s new Crystal Architecture to
provide advanced technology and capabilities with a new level of image quality. The new platform combines Crystal
Architecture with the advanced transducer technology known as S-Vue and
allows an 11-fold increase in processing
power and 10 times the data transfer
NOVEMBER 2018

speed of Samsung’s previous system. It
is expected to facilitate the examination of high-risk pregnancies and early
diagnosis of abnormal fetus conditions.
“Samsung is proud to introduce a
new premium ultrasound system HERA
W10 and a form factor innovation ultrasound HERA I10, as well as solutions
that greatly improve the efficiency of
hospitals,” said Dongsoo Jun, CEO of
Samsung Medison. “Samsung will continue to provide the best solutions possible and bring meaningful changes in
the healthcare industry.”
Several new features incorporated in
the HERA W10 offer clinicians an optimized workflow and more information to
overcome challenges. The features include:
• Crystal Architecture, which offers
a superior image with single crystal
probe technology S-Vue, a new beamforming technology CrystalBeam and
an advanced post-processing engine
CrystalLive.
• ShadowHDR, which provides a
shadow suppressed image, especially
applicable to highly attenuated regions
such as fetal head and spine.
• HQ-Vision which allows users to
acquire high resolution images for the
detection of clinically important details.
• MV-Flow, which offers a detailed
view of blood flow in relation to the surrounding tissues or pathology with an
enhanced spatial and temporal resolution.
• LumiFlow which provides a threedimensional visualization of continuous and volumic vascular image.
• Touch Customization allows users
to easily change the position of buttons
on the touchscreen for each mode and
feature.
In addition to the HERA W10,
Samsung has also announced the prototype HERA I10, which shares the same
platform as HERA W10, but has a completely new ergonomic redesign. HERA
I10 is a next-generation chair-type ultrasound system with a design that is entirely
different from the industry norm and
meets the unique needs of Ob/Gyn professionals. HERA I10 provides a comfortable experience for both the doctor and
the patient by addressing the discomfort
caused by the spacing and the position of
the clinicians and eliminating the need
for the patient to shift the body, as it automatically adjusts for proper positioning.
D I A G N O S T I C
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It also reduces the force required to move
the control panel back and forth and the
resistance force on the wrist.
Samsung Medison
Seoul, Korea
www.samsunghealthcare.com.

Blended images on
intraoperative imaging system

KUBTEC has announced the launch
of a major new feature to its range of
specimen imaging system.
The Image Blender enables breast
surgeons and pathologists to obtain
an improved view of the location of a
patient’s cancer by combining optical
and X-ray pictures into a single graduated image. This gives surgeons the
information they need to more accurately ascertain whether and where additional tissue may need to be removed in
order to be sure of a successful operation. In addition, it enables pathologists
to make more accurate slices of the cancer specimen, saving time and resources.

John Leach, Vice President of
Marketing at Kubtec said “The Image
Blender makes the patient specimen
image a more powerful source of actionable information. It is a key component
in our strategy to create the best clinical
images and provide healthcare professionals with proprietary intelligent tools
that improve workflow.”
The Image Blender is available
on KUBTEC XPERT 40 and XPERT
80/80L specimen imaging systems,
together with the KUBTEC Mozart
Specimen Tomosynthesis System.
Kubtec
Stratford, CT, USA
http://www.kubtec.com.
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Ultrasound solutions for
women’s healthcare

Making their first appearance at
the World Congress of Ultrasound in
Obstetrics and Gynecology (ISUOG) in
Singapore, Canon Medical was Diamond
sponsor of the Congress and hosted a
four-day program of educational activities, including insight sessions, satellite
symposium and live scans. Key opinion
leaders in maternal fetal medicine were
invited to share their experiences and
demonstrate the clinical value of Canon’s
imaging technologies.
Canon Medical’s portfolio of women’s
healthcare solutions include the flagship
Aplio i-series that now includes unique
features such as Fetal Wall Motion
Tracking: a raw-data based speckle
tracking technology that helps clinicians
assess fetal heart function in greater
detail for earlier detection of fetal and
maternal risk during pregnancy.
A new ultra-wideband matrix transducer that delivers finer imaging detail
was also shown for the first time at
ISUOG. In addition, Canon Medical
exhibited the recently launched Aplio
a-series, which integrates technologies
from the Aplio i-series, including a wide

range of women’s healthcare applications designed to enhance diagnosis
for the busy routine imaging department. Rounding out the suite of products being presented, the Xario g-series
delivers a unique set of mobility and
productivity features, including an
impressive cable-free 8-hour battery
performance and 2 second start up
time, while continuing to offer Canon
Medical’s proven imaging capabilities.
Toshio Takiguchi, CEO of Canon
Medical Systems Corporation says:
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“Guided by our corporate philosophy of
Made for Life, our commitment to women’s
healthcare continues to be an important
focus for the company and demonstrates
our long partnership with ISUOG and clinicians in the global OB-GYN community.”
Canon Medical Europe
Zoetermeer, The Netherlands
https://global.medical.canon

solution for breast tomosynthesis delivers critical benefits to both radiologists
and their patients. The new technology
is trained to detect malignancies and
determine the probability of malignant
findings, providing radiologists with a
“certainty of finding” score for each case
and each detected lesion. These scores
represent the algorithm’s confidence that

New study shows significant advantages of Artificial
Intelligence in Digital Breast
Tomosynthesis

iCAD have just released the findings of a study which confirmed that
the latest artificial intelligence (AI)
software solution to support digital
breast tomosynthesis (DBT) increased
improvements in both reader sensitivity
(8.0 percent on average) and specificity
(6.9 percent on average). In addition,
when reading tomosynthesis cases with
the software, radiologists’ reading times
were reduced by more than half (52.7
percent on average).
“As incidence rates of breast cancer
continue to rise, we are proud to provide valuable technology that is proven
to significantly improve detection rates
while reducing unnecessary recalls
resulting from false positives. We also
understand that radiologists are concerned about the extra workload and
long reading times of tomosynthesis
cases in everyday practice and we are
pleased to have created a meaningful
solution to address this problem,” said
Jeff Hoffmeister, MD, Vice President
and Medical Director at iCAD. “As
tomosynthesis moves into the screening
arena, our AI software provides important benefits to radiologists, their practices, and their patients.”
“iCAD’s unique technology assists me in
detecting more cancers, reassures me of my
findings, and helps me concentrate on the
essential work of a radiologist. The product
reduced my reading time by approximately
50 percent, allowing me to read these cases
in nearly the same amount of time as 2D
mammograms. I consider it to be one of
the greatest tools in modern radiology,”
said Dr. Axel Gräwingholt, Radiologie am
Theater, Paderborn, Germany.
iCAD’s high-performance, concurrent read, cancer detection and workflow
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With the software, each tomosynthesis case is
analyzed and assigned a Case Score on a scale
from 0 - 100%. The Case Score represents the
algorithm’s confidence a malignancy is present.
The Case Score can also be used to assist radiologists in the prioritization of their caseloads.

the detected soft tissue densities (masses,
architectural distortions and asymmetries) and calcifications are malignant.
“Upon receiving CE mark approval
and showcasing our solution at the
European Congress of Radiology earlier
this year, we’ve seen tremendous interest
in our product among European radiologists,” said Ken Ferry, CEO of iCAD.
“We are proud to be able to offer providers and patients alike greater access
to an advanced breast cancer detection
solution that is proven to substantially
increase cancer detection performance
and help to dramatically streamline
workflows.”
iCAD’s revolutionary AI technology is available for use with leading
digital breast tomosynthesis systems
in Europe
iCAD, Inc.
Nashua, NH, USA
www.icadmed.com
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Working together to understand your needs and
challenges drives valuable outcomes that positively
impact you and your patients’ future.
Canon Medical’s vision and commitment to improving life for all, lies at the
heart of everything we do. By partnering to focus on what matters, together
we can deliver intelligent, high quality solutions.
With Canon Medical, true innovation is made possible.

http://eu.medical.canon

