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A second wave of COVID-19?
Learning the lessons for radiology
from the first wave.

A

t the time of writing (mid
October), the situation in Europe
as regards the impact of the
COVID-19 pandemic is becoming daily
more critical, with ever-increasing rises
in the number of cases of infections and
intensive care beds ominously beginning
to fill up with COVID-19 patients. If a
second wave of the pandemic is about to
break on Europe (even if epidemiologists
quibble over whether the current situation is actually a second wave or a continuation of the first) it is reasonable to ask
what lessons have been learned from the
first wave.

If the number of scientific papers
published in the last few months on all
aspects of the COVID-19 pandemic is
any indication of the number of lessons
there to be learned, on the face of it there
should be no problem. However the very
number of papers being published may
actually render the extraction of lessons
or messages difficult. There has been
such a huge outpouring of scientific
and medical papers on COVID-19, that
some researchers have suggested that
machine learning-based methods may be
needed to analyse the huge and growing
amount of papers being published (Älgå
A, Eriksson O & Nordberg M. Scientific
Publications During the Early Phase
of the COVID-19 Pandemic: A Topic
Modeling Study J Med Internet Res. 2020
Sep 14. doi: 10.2196/21559). The authors
found that in a period of two and a
half months (admittedly at the peak of
the spring wave of the pandemic, i.e.
from mid-February to the beginning of
June), a staggering number of no fewer
than 16670 scientific or medical articles
related to COVID-19 were identified.
Over this period the number of papers
per week increased literally exponentially. What’s more, the number of papers
would certainly have been even greater if
the authors had not deliberately limited
their search terms to “COVID-19” — and
not “coronavirus” — since they wanted
to focus on the disease itself as opposed
to the virus. The papers they identified
cover many aspects of COVID-19, not
just radiology, but even in the radiology
D I
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sub-section, the numbers of papers are
still so large that digesting them all is a
herculean task.
Some underlying messages nevertheless can be discerned. One is that
the role of CT in the diagnosis, management and follow-up of the disease seems
to becoming clearer. For diagnosis of
COVID-19, RT-PCR is considered the
reference standard. However, RT-PCR
may have suboptimal sensitivity, for
instance because in the early stages of
COVID-19, the viral load is below the
detection limit or because of technical
issues such as sampling errors. In addition, in practice, it may take up to 24
hours to get a test result although same
day results can be achieved most of
the times. Such deficiencies of RT-PCR
have led to suggestions that CT could
become a single diagnostic test. These
suggestions have now been rebutted (e.g.
Gietema HA et al. CT in relation to
RT-PCR in diagnosing COVID-19 in The
Netherlands: A prospective study PLoS
One. 2020; 15(7): e0235844 doi: 10.1371/
journal.pone.0235844). The Dutch
authors conclude that the accuracy of
chest CT in symptomatic ED patients is
high, but when used as a single diagnostic test, CT cannot safely diagnose or
exclude COVID-19. However, CT can be
used as a quick tool to categorize patients
into “probably positive” and “probably
negative” cohorts. At least that seems
clear. What is less clear is the likely overall, and possibly permanent, effect of
the COVID-19 pandemic on the organisation of radiology departments, as described in recent publications, e.g. Shi J et
al., Radiology Workload Changes During
the COVID-19 Pandemic: Implications for
Staff Redeployment. Acad Radiol. 2020 Oct
2:S1076-6332(20)30547-X. doi: 10.1016/j.
acra.2020.09.008. These US-based
authors ominously conclude that precipitous radiology workload reductions have
already impacted subspecialty divisions,
necessitating workflow and staffing assignment changes and that ongoing staff
adjustments will be needed as healthcare
systems transition operations to a “new
normal.”n
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Front Cover Story
“LIBRA”: A PUBLICALLY AVAILABLE SOFTWARE SOLUTION FOR FULLY-AUTOMATED
MAMMOGRAPHIC DENSITY ASSESSMENT
LIBRA is being increasingly utilized around the world in multiple studies examining
mammographic density and breast cancer risk. This article summarizes
representative studies and discusses the latest software extensions of LIBRA as
well as future direction. ������������������������������������������������������������������������������������������������������������������14
Starting from a digital mammography image, the LIBRA software for the estimation of mammographic density automatically
generates image intensity histogram and cluster centers, colorcoded image clustering result (shown above), as well as a final
spatial segmentation map.
Front cover image courtesy of Dr. A. Gastounioti, Univ. of
Pennsylvania, Philadelphia, PA USA.
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IMA GI N G NEWS
Massive open-source COVID-19 medical
image database to be developed
New medical imaging and data resource center will aid AI development and
medical advancement to battle COVID-19
The largest medical imaging associations in the United States
are working together to develop a new Medical Imaging and
Data Resource Center (MIDRC), an open-source database
with medical images from tens of thousands of coronavirus
(COVID-19) patients. The MIDRC will help doctors better
understand, diagnose, monitor and treat COVID-19.
The National Institute of Biomedical Imaging and Bioengineering (NIBIB) at the National Institutes of Health
(NIH) is funding the effort through a contract to Maryellen Giger, PhD, of the University of Chicago, which will
host the MIDRC. The MIDRC effort is co-led by three
medical imaging associations with Etta Pisano, MD, and
Michael Tilkin, MS, from the American College of Radiology (ACR), Dr. Curtis Langlotz, and Dr. Adam Flanders,
representing the Radiological Society of North America
(RSNA), and Dr. Giger and Paul Kinahan, PhD, representing the American Association of Physicists in Medicine
(AAPM).
“The MIDRC database will provide a critical tool to help the
medical imaging community, doctors and scientists better
understand COVID-19 and its biological effects on humans.
This knowledge, and the technological advancements the registry can enable, will ultimately help providers save lives,” said
Dr. Etta Pisano, ACR chief research officer.
Medical imaging helps radiologists detect, diagnose and
monitor disease.
However, many unanswered questions remain about how
imaging could be deployed against COVID-19. For example,
artificial intelligence (AI) algorithms could help radiologists
better prioritize and analyze scans. But thousands of images
must be collected and annotated to train these algorithms.

Figure 1. Images in a 29-year-old man with unknown exposure history who presented with fever and cough ultimately requiring admission to intensive care unit. (a)
Axial thin-section unenhanced CT scan shows diffuse bilateral confluent and patchy
ground-glass (white arrows) and consolidative (black arrows) pulmonary opacities.
(b) Axial unenhanced image shows that the disease in the right middle and lower
lobes has a striking peripheral distribution (arrows).
OCTOBER 2020
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The MIDRC will bring together engineers, physicians and
scientists to collect and organize the data to answer these
crucial questions.
“The RSNA is pleased to collaborate on this vital resource for
COVID-19 research. This dedicated team of research scientists, engineers and imaging professionals will produce new
tools for the detection, diagnosis and prognosis of COVID19 by aggregating massive amounts of imaging and other
clinical data from COVID-19 patients. We look forward to
linkages with other national data repositories to enable a
comprehensive analysis of COVID-19 disease and its imaging
manifestations,” said RSNA Board Liaison for Information
Technology and Annual Meeting, Dr Langlotz, of Stanford
University.
Funded under the National Institutes of Health’s special
emergency COVID-19 process, the MIDRC will create an
open access platform to collect, annotate, store and share
COVID-related medical images.
The MIDRC will soon leverage existing data collection
efforts to upload more than 10,000 COVID-19 thoracic
radiographs and CT images, including many from the ACR
COVID-19 Imaging Research Registry and the RSNA International COVID-19 Open Radiology Database (RICORD).
This will allow researchers worldwide to access a wealth of
images and clinical data to answer COVID-19 clinical and
logistical questions.
“Access to this unprecedented resource will soon fuel expedited AI research to provide better diagnosis, new treatments
and more-effective monitoring to guard against COVID-19
resurgence. This is a significant step in the effort against
COVID-19,” said Dr. Giger, principal investigator of the
NIBIB MIDRC contract and chair of the AAPM Data Science Committee.
The MIDRC will include five infrastructure development
projects and oversee twelve research projects, including
approximately 20 university labs, in support of solutions to
the COVID-19 pandemic. The MIDRC will initially focus
on COVID-19 but will work to expand services to provide
imaging data and AI pipelines to aid the fight against other
diseases.
“COVID-19 is our immediate target, but the MIDRC will
ultimately enable the medical and scientific communities to
mobilize images and data for work against other existing diseases and future healthcare threats,” said Dr. Kinahan, of the
University of Washington and chair of the AAPM Research
Committee.
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Improving lung cancer CT
screening performance
in real-world settings
Focusing on lung cancer screening
subjects less likely to remain in a program — i.e., those with negative low-dose
CT exams and those who still smoke —
improves that program’s cost-effectiveness,
while maximizing societal benefits
According to a recent paper published in ARRS American Journal of
Roentgenology (AJR), focusing on lung
cancer screening subjects who are less
likely to remain in a program, e.g. those
with negative low-dose CT exams and
those who still smoke, improves that program’s cost-effectiveness, while maximizing societal benefits
For people with a long history of smoking, low dose CT lung cancer screening
(LDCT LCS) has been shown to decrease
mortality. However, adherence to an LCS
program remains significantly lower than
in randomized controlled trials. To assess
real-world LDCT LCS performance and
factors predictive of adherence to recommendations, three radiologists from the
University of Pennsylvania’s Perelman
School of Medicine retrospectively
recorded patient demographics, smoking
history and behavior changes, Lung-RADS
category, PPV and NPV, and adherence to
screening recommendations for 260 subjects returning for follow-up LDCT from
2014 to 2019.
Forty-three subjects (16.5%) had positive scans, of which 28/260 (10.8%) were
Lung-RADS category 3, 8/260 (3.1%)
were 4A, 6/260 (2.3%) were 4B, and 2/260
(0.8%) were 4X.

Four subjects were diagnosed with
cancer: 3 lung, 1 metastatic melanoma.
Meanwhile, 143/260 (55%) subjects were
current smokers at baseline, and 121/260
(46.5%) were current smokers during the
last round of LCS. Both LCS sensitivity
and NPV were 100%, while specificity was
84.8% and PPV was 9.3%.
Overall adherence was 43%, though
it increased progressively with higher
the Lung-RADS category. Additionally,
adherence was higher in former vs. current smokers (50% vs. 36.2%; p = 0.002).
Ultimately, there were only two significant independent predictors of adherence:
having smoked previously and a positive
Lung-RADS category.
“Our study demonstrates that a realworld LCS can perform similar to randomized controlled trials in regard to important performance metrics,” concluded first
author Dr. EJ Barbosa. Acknowledging
that an economic incentive, such as an
insurance premium reduction, could
improve LCS adherence, Barbosa added
that multimodal communication (e.g.
face-to-face discussions with radiologists,
letters from referring providers, reminders
via electronic health records) should be
investigated and incentivized.
“Such communications should emphasize that a negative LCS exam does not confer immunity to future lung cancer development,” the authors noted, “and that continued participation in LCS, combined with
smoking cessation, is essential to accrue the
maximum benefits of mortality reduction
amongst persons with substantial smoking
history.”
Barbosa et al . doi 10.2214/AJR.20.23637

“Our study demonstrates that a real-world lung cancer screening can perform similar to randomized controlled
trials in regard to important performance metrics,” the UPenn authors of this AJR article concluded. Image credit
American Journal of Roentgenology (AJR)
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Lung injuries from vaping
have characteristic
patterns on CT
Injuries to the lungs from vaping
have suggestive patterns on CT scans
that could help physicians make accurate diagnoses and reduce unnecessary
biopsies, according to a new study (Panse
PM et al. Pulmonary Injury Resulting
from Vaping or e-Cigarette Use: Imaging
Appearances at Presentation and Follow-up.
Radiology: Cardiothoracic Imaging 2020; 2:
doi.10.1148/ryct.2020200081)
Electronic nicotine delivery systems such as e-cigarettes and vaporizers heat nicotine, flavorings and other
chemicals to create an aerosol that the
user inhales. Use of these devices has
grown rapidly over the past decade,
particularly among young people. The
inhaled aerosols, commonly referred
to as “juices,” may contain a number
of potentially toxic or damaging substances. Last year, the US Centers for
Disease Control and Prevention (CDC)
received its first report of an illness
known as electronic cigarette or vaping product use-associated lung injury
(EVALI). Three criteria define EVALI:
e-cigarette use or vaping within 90 days
from symptom onset, abnormalities
on chest imaging and the exclusion of
other potential sources of injury like
infection. Almost 3,000 hospitalized
EVALI cases were reported to CDC
within six months of the first case, with
68 deaths confirmed.
Also last year, pathologists at Mayo
Clinic in Scottsdale, Arizona, published a
paper describing a peculiar pattern of lung
injury in young people using vape products. The injuries were wrapped around
the bronchi.
Mayo Clinic radiologist Dr. Michael B.
Gotway recently expanded on that study
by looking for patterns on chest CT scans
that might correlate with the previously
observed pathological findings. The study
included 26 patients who met the EVALI
criteria and had undergone CT and biopsy.
Dr. Gotway and colleagues classified the
CT scan pattern according to several different recognized patterns. such as ground
glass opacity, or consolidation, “We read
the CT scan and then plugged it into one
of those patterns and correlated that with
OCTOBER 2020
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Portable MRI brings brain imaging to
the patient bedside

Electronic cigarette or vaping product use-associated lung injury in a 51-year-old
man manifesting as an acute lung injury pattern at CT with subsequent organization. (a, c) Axial unenhanced CT images at presentation through (a) mid and
(c) lower lungs show ground-glass opacity with subpleural sparing (arrows); this
distribution was present in 45% of chest CT studies at presentation in our cohort
(11). (b, d) Axial unenhanced CT images obtained 6 days later show groundglass opacity has transitioned to consolidation and mild architectural distortion,
consistent with developing organization. The patient was initially treated with
antibiotics followed by corticosteroid therapy, with slow clinical improvement.
Image credit RSNA

histopathology,” Dr. Gotway said. “What we found out was that
ground glass opacity, sometimes with consolidation, is by far the
most common pattern that we see with EVALI”. That pattern was
found more commonly than a CT pattern resembling subacute
hypersensitivity pneumonitis.
The findings of this study and other related research could
provide an important diagnostic tool for physicians treating young
patients who express symptoms like chest pain and shortness of
breath.
“We hope to make radiologists aware that if they see diffuse
lung opacities in a younger patient without clearly defined
causes, then they may want to seriously consider that the
patient could have a vaping injury,” Dr. Gotway said. “Patients
may not readily admit that they’re using the material, but if a
radiologist recognizes these patterns and then tells the clinician that it could be vaping-induced injury, then maybe they
could test for a nicotine metabolite or ask the patient about
this exposure.”
Such an approach could help reduce lung biopsies, which carry
considerable expense, some risk of complications and additional
anxiety for the patient.
“These radiological findings will be especially beneficial to physicians to help them determine potentially less invasive treatment
options,” Dr. Gotway said. “We could potentially make that diagnosis
noninvasively through cooperation with our clinical colleagues. By
alerting them to a scan pattern that is suggestive of the possibility
of EVALI, we may actually save patients from having to meet a
surgeon.”
The researchers did find some good news in their study, as it
appears that signs of EVALI on imaging may resolve quickly with
cessation of use of the offending agent, often supplemented by
corticosteroid therapy.
doi.10.1148/ryct.2020200081
OCTOBER 2020
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A portable, low-field MRI device can be safely used at bedside in complex clinical care settings to evaluate critically-ill
patients for suspected stroke, traumatic brain injury (TBI), or
other neurological problems, according to the results of a proofof-concept study (Sheth KM et al Assessment of Brain Injury Using
Portable, Low-Field Magnetic Resonance Imaging at the Bedside of
Critically Ill Patients JAMA Neurol. Sept 28 doi:10.1001/jamaneurol.2020.3263).
“The portable low-field device that operates on a standard electrical plug can bring the MRI to the bedside, and it can do so safely
in a hospital environment where there is metallic material nearby,
because the magnetic field strength is lower,” says Dr. WT Kimberly,
chief of the division of Neurocritical Care at Massachusetts General
Hospital (MGH).
Together with Dr M S Rosen, director of the Low Field MRI
and Hyperpolarized Media Lab at MGH, and colleagues at Yale
University, Dr. Kimberley found that among 30 patients in the Yale
Neuroscience intensive care unit (ICU), the bedside MRI system
produced important neuroimaging findings in 29, and the findings
agreed with conventional radiology findings in all but one case, In
addition, the bedside MRI detected abnormal neurologic findings
in eight of 20 patients with altered mental status in a COVID-19
ICU.

All intensive care unit equipment, including ventilators, pumps, and monitoring
devices, as well as the point-of-care magnetic resonance image operator and bedside nurse, remained in the room. All equipment was operational during scanning.

MRI is unparalleled as an imaging technology for detecting
disease or injury to the brain and central nervous system, but
the high magnetic field strengths of standard MRI units - 1.5 to
3 Tesla - require careful screening of patients. In contrast, the
mobile MRI system trades some of the high-resolution imaging
quality of a fixed MRI for portability and lower cost. The device
contains a 0.064 Tesla permanent magnet that does not require
cooling, and can be plugged into a single electricity outlet, making
it suitable for use in settings such as emergency departments or
mobile stroke units. The lower strength magnetic field does not
interfere with metal-containing equipment in patient care units..
“This is an enabling technology to bring non-invasive neuroimaging
with the soft-tissue contrast and all of those things neurologists have
been relying on for years to environments where it otherwise would
not be possible,” Rosen says. The portable MRI system is made by
Hyperfine Research Inc.
10.1001/jamaneurol.2020.3263
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Report shows U.S. private radiology practices struggle to
survive amid COVID-19
Private radiology practices have been especially hard hit by the
COVID-19 pandemic, and the steps they take to mitigate the impact
of the pandemic on their practice will shape the future of radiology,
according to a special report from the RSNA COVID-19 Task Force
(Sharpe RE et al; RSNA COVID-19 Task Force,.Special Report of the
RSNA COVID-19 Task Force: The Short- and Long-Term Financial
Impact of the COVID-19 Pandemic on Private Radiology Practices
2020 Jul 17;202517. doi: 10.1148/radiol.2020202517)
The COVID-19 pandemic has resulted in widespread disruption
to the global economy. The resulting reduction in demand for imaging services had an abrupt and substantial impact on private radiology practices, which are heavily dependent on examination volumes
for practice revenues. Examination volumes in radiology practices
have decreased by 40%-90%. The volume reduction is anticipated to
persist for anywhere from a few months to a few years.
In the United States, private practice radiologists make up a substantial proportion of the specialty, accounting for approximately
83% of all practicing radiologists in 2019.
The report describes specific experiences of radiologists working in
various types of private practices during the initial peak of the COVID-19
pandemic and presents a detailed case study of a private radiology practice impacted by the pandemic. The authors outline factors determining
the impact of the pandemic on private practices, the challenges practices
have faced, and the financial adjustments made to mitigate losses.
“For many practices, caring for patients with COVID-19 increased
the complexity of the financial impact,” said lead author Dr Richard
E. Sharpe, MBA, senior associate consultant at Mayo Clinic in
Scottsdale, Arizona. “Volumes of advanced imaging, a higher reimbursement service for many practices, were reduced while low reimbursement services, such as radiography, often increased. At the same
time, performing these low reimbursement services in ways that
minimized the risk of virus transmission to staff and other patients
increased the time and resources required to perform these services.
These challenges were often most pronounced in private practices that
included a hospital-based component to their practice, and which
cared for COVID-19 patients with moderate and severe symptoms.”

Graph of weekly examination volumes and work relative value units (RVUs) generated in Practice A. Examination volume was steady in January and February 2020,
followed by an abrupt decrease in early March 2020 and subsequent increase
thereafter, not returning to baseline by the end of May 2020.
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Graph of examination volume in Practice A according to imaging modality. All modalities experienced a decrease in examination volume in March 2020, with the largest
decrease occurring in MRI volume. Subsequent modest increases did not return to
pre-COVID-19 levels through May 2020.

In addition to financial burdens, tremendous variability in
interpretations of state-level practice guidance existed, even in
the Seattle area that was affected early in the United States. For
example, some practices in Seattle maintained elective imaging
appointments, while other groups only indicated plans to reschedule screening examinations. Still others requested that patients
postpone all elective imaging. One group directed patients to
reschedule only if they were symptomatic for coronavirus.
In the report, the authors lay out strategic efforts that practices
are making to their mid- and long-term plans to pivot for longterm success while managing the COVID-19 pandemic.
Private radiology practices have crafted tiered strategies to
respond to the impact of the pandemic by pulling various cost
levers to adjust service availability, staffing, compensation, benefits,
time off and expense reductions. In addition, they have sought
additional revenues, within the boundaries of their practice, to
mitigate ongoing financial losses.
Some practices may opt to adjust employed physician contracts
to better mitigate practice risk from potential future volume disruptions. Base salary may comprise a smaller portion of overall
compensation, with the balance dependent on the overall financial
performance of the organization and/or individual productivity.
The longer-term impact of the pandemic will alter existing
practices, making some of them more likely to succeed in the years
ahead.
Some groups may prove unable to survive the COVID-19 pandemic, potentially fueling trends either toward consolidation into
larger radiology groups or toward increased employment by hospitals.
“We anticipate that small radiology practices may be at greatest
risk for consolidation with larger radiology groups that have a more
diversified practice model regarding inpatient-outpatient mix, subspecialty service lines, and geography,” said Dr. Kuszyk, co-author
of the report and president of Eastern Radiologists in Greenville,
N Carolina., USA
doi: 10.1148/radiol.2020202517
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Are the initial benefits of digital breast
tomosynthesis (DBT) sustained?
By Dr. M. Bahl

(during which time all women were screened with DBT
and DM) [8]. Two analyses were performed: one at the
Multiple studies conducted in Europe and the United population level that compared performance metrics over
States have demonstrated the advantages of digital time (DM group versus DBT1 [year 2013], DBT2 [year
breast tomosynthesis (DBT) over two-dimensional 2014], DBT3 [year 2015], DBT4 [year 2016], and DBT5
digital mammography (DM) for screening purposes. [year 2017] groups) and one at the individual level that
Specifically, as compared to screening DM, screening compared metrics based on screening round (0 previous
DBT has led to higher rates of invasive cancer detection DBT versus 1 previous DBT, 2 previous DBT, 3 previous
with a concurrent decline in false-positive examina- DBT, and 4+ previous DBT). Performance metrics were
tions [1-6]. For example, in a prospective comparative compared using multivariable logistic regression models
study from Italy, the cancer detection rate was 5.3 per after adjustments were made for age, race, mammographic
1000 examinations with DM, compared to 8.1 per 1000 breast density, and interpreting radiologist.
examinations with combined DBT and DM (P < .0001)
No significant changes in cancer detection rates were
[1]. The authors also reported that fewer false-positives observed between the DM and DBT1-5 groups (4.6 per
resulted from combined DBT and DM compared to DM 1000 examinations with DM versus 4.9-5.8 per 1000
only.
examinations
with
The results of early
DBT1-5 groups, P = .08
investigations based on “... there are relatively scarce data with regard to to P = .95) [8]. This
reader studies with canfinding suggests that
whether or not the benefits of DBT are
cer-enriched cases and
higher cancer detection
maintained over time and after
single-site retrospective
rates with DBT may
multiple rounds of screening...”
studies have been valinot occur at practices
dated with subsequent
that attain a high canprospective trials and multi-site studies. However, cer detection rate with DM alone. Despite no signifimost studies report performance metrics that are based cant changes in overall cancer detection rates, more cases
on the prevalent (or first) round of screening, and thus of invasive cancer relative to ductal carcinoma in situ
there are relatively scarce data with regard to whether were observed with the DBT2, DBT3, and DBT5 groups,
or not the benefits of DBT are maintained over time as compared to the DM group. This preferred ratio of
and after multiple rounds of screening [7-9]. As a invasive cancer relative to ductal carcinoma in situ may
higher cancer detection rate can be seen when DBT contribute to optimizing outcomes from mammography.
(or other new imaging modality) is used to screen a The study also found that the highest rate of cancer detecpopulation of women for the first time, emerging data tion was seen with the first round of screening (6.1 per
provide insights into the performance of DBT beyond 1000 examinations with the first DBT examination versus
the first round.
4.4–5.7 per 1000 examinations with at least one previous
DBT examination, P = .001 to P = .054), confirming the
ARE THE INITIAL BENEFITS OF DBT SUSTAINED?
prevalence effect that is observed with baseline screening
A retrospective study was performed of 304,630 screen- examinations.
ing mammograms obtained at Massachusetts General
A lower abnormal interpretation rate was seen in
Hospital (Boston, Massachusetts, USA) from March 2008 to the DBT1 group compared to the DM group (6.6%
February 2011 (during which time all women were screened versus 7.3%, P < .001), which continued to be lower
with DM only) and from January 2013 to December 2017 in the DBT2, DBT3, and DBT5 groups (P < .001 to P
= .02) [8]. The decrease in abnormal interpretation
rate was also observed after the first round of screenThe Author
ing (P < .001 to P = .002). Higher specificity was seen
Manisha Bahl, MD, MPH
in the DBT1 group compared to the DM group (93.9%
versus 93.1%, P < .001), which continued to be higher
Massachusetts General Hospital
in the DBT2, DBT3, and DBT5 groups (P < .001 to P
Department of Radiology / Division of Breast Imaging
= .004). Higher specificity was also observed after the
55 Fruit Street, WAC 240
first round of screening (P < .001 to P = .01). Although
Boston, Massachusetts, USA 02114
the magnitude of differences observed was small (e.g.,
Email: mbahl1@mgh.harvard.edu
0.4%-0.7% for abnormal interpretation rate), these
BENEFITS OF DIGITAL BREAST TOMOSYNTHESIS
(DBT)
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results demonstrate that the advantages of lower abnormal
interpretation rates and higher specificity with DBT are
sustained over time and after the first round of screening.
ADDITIONAL EVIDENCE IN SUPPORT OF THE SUSTAINED
BENEFITS OF DBT

Further evidence in support of the sustained benefits of
DBT comes from a retrospective study of 67,350 screening
mammograms obtained at the Hospital of the University
of Pennsylvania (Philadelphia, Pennsylvania, USA) from
September 2010 to August 2011 (during which time all
women underwent screening with DM) and from October
2011 to September 2016 (during which time all women
underwent screening with DBT and DM) [9]. Similar to
the aforementioned study, analyses were performed at the
population and individual levels. In the population-level
analysis, nonsignificant increases in cancer detection rate
were seen with DBT (5.0 per 1000 women screened with
DM versus 5.3-6.6 per 1000 women screened with DBT, P =
.25). Of note, the results from the study suggest that more
poor-prognosis cancers are detected with DBT than DM,
although this finding requires validation with larger studies with long-term follow-up. The study also found a lower
abnormal interpretation rate for the combined DBT groups
than the DM group (8.0% versus 10.4%, P < .001), and this
reduction in abnormal interpretation rate was sustained over
several years and multiple rounds of screening examinations.
Sustained improvements were also seen with specificity,
positive predictive value 1, and positive predictive value 3.
Two-year data from a European study add to the growing
body of evidence in support of the sustained impact of DBT

[7]. In a retrospective review that analyzed data from BreastScreen Norway, 35,736 women underwent two consecutive
screening mammographic examinations – DM after DBT,
DM after DM, DBT after DBT, and DBT after DM. In the
second round of screening, cancer detection rates were 4.3 per
1000 for DM after DBT, 4.6 per 1000 for DM after DM, 8.3
per 1000 for DBT after DBT, and 9.9 per 1000 for DBT after
DM. Abnormal interpretation rate was 3.6% for DM after DM
and was lower than 3.6% for all other groups (P < .001). The
lowest abnormal interpretation rate (1.9%) was seen among
women who underwent DBT after DBT.
IMPLICATIONS FOR THE FUTURE

The studies thus far demonstrate that the advantages of
lower abnormal interpretation rates and higher specificity
with DBT are sustained at the population and individual
levels. The resultant reduction in diagnostic imaging may
lead to savings in health care costs, resources, and time,
while reducing the ensuing anxiety for patients [10]. In
addition, the resources and time saved by decreasing abnormal interpretation rates may offset the additional time that is
needed to interpret DBT examinations as compared to DM
examinations [11]. In fact, a study of 450 breast conservation therapy patients with follow-up DM (n=288) or DBT
(n=162) found that the estimated cost per patient, including
downstream workup, was $237.83 in the DM group and
$216.14 in the DBT group [12].
However, the findings with regard to cancer detection with
DBT are mixed. The increase in cancer detection seen with a
woman’s first DBT examination may not be sustained over time,
but findings do suggest that differences exist in the biology of

Figure 1. 82 year old female presented for screening mammography. Left Panel: Left mediolateral oblique 2D view. Second Panel from left: Left mediolateral oblique
tomosynthesis image. Second Panel from right: Left mediolateral tomosynthesis image. There is architectural distortion in the superior aspect of the left breast at posterior
depth, best seen on the tomosynthesis views (arrows). Right Panel: The finding persisted on the left oblique mediolateral spot compression tomosynthesis view (arrow).
No correlate was seen on the craniocaudal view nor on ultrasound. Tomosynthesis-guided core needle biopsy was subsequently performed, which yielded grade 2 invasive
ductal carcinoma.
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practice. AJR Am J Roentgenol 2014;203(3):687DM- and DBT-detected tumors. Future 2045(13)70134-7
693. doi: 10.2214/AJR.14.12642
2. Rose SL, Tidwell AL, Bujnoch LJ, Kushwaha AC,
studies will shed light on the characteris- Nordmann AS, Sexton R, Jr. Implementation of 7. Hovda T, Brandal SHB, Sebuodegard S, Holen
tics of screening-detected cancers – that is, breast tomosynthesis in a routine screening prac- AS, Bjorndal H, Skaane P, Hofvind S. Screening
does DBT identify larger numbers of indo- tice: an observational study. AJR Am J Roentgenol outcome for consecutive examinations with digital
breast tomosynthesis versus standard digital mam2013;200(6):1401-1408.
doi:
10.2214/
lent cancers than DM? Or, does DBT lead AJR.12.9672
mography in a population-based screening program.
to increased detection of poor-prognosis 3. Skaane P, Bandos AI, Gullien R, Eben EB, Ekseth Eur Radiol 2019;29(12):6991-6999. doi: 10.1007/
s00330-019-06264-y
Haakenaasen U, Izadi M, Jebsen IN, Jahr G,
cancers, for which earlier detection would U,
Krager M, Niklason LT, Hofvind S, Gur D. Comparison
8. Bahl M, Mercaldo S, Dang PA, McCarthy AM, Lowry
be beneficial?
of digital mammography alone and digital mamKP, Lehman CD. Breast cancer screening with digital
The
ongoing
Tomosynthesis mography plus tomosynthesis in a population-based breast tomosynthesis: are initial benefits sustained?
Radiology 2020;295(3):529-539. doi:
Mammographic Imaging
10.1148/radiol.2020191030
Screening Trial (TMIST),
9. Conant EF, Zuckerman SP,
McDonald ES, Weinstein SP, Korhonen
which is a National Institutes
KE, Birnbaum JA, Tobey JD, Schnall
of Health (NIH)-funded
“... the advantages of lower abnormal interMD, Hubbard RA. Five consecutive years of screening with digital
randomized trial that compretation rates and higher specificity with
breast tomosynthesis: outcomes by
pares DM and DBT, may
DBT are sustained at the population
screening year and round. Radiology
provide insight into the difand individual levels. ...”
2020;295(2):285-293. doi: 10.1148/
radiol.2020191751
ferences in the biology of
10. Mullen LA, Panigrahi B, Hollada
tumors detected by these two
J, Panigrahi B, Falomo ET, Harvey SC.
Strategies for decreasing screening
imaging modalities [13]. In
screening program. Radiology 2013;267(1):47-56.
mammography recall rates while maintaining peraddition, further research on cancers doi: 10.1148/radiol.12121373
formance metrics. Acad Radiol 2017;24(12):1556not detected by DBT (i.e., false nega- 4. Bernardi D, Caumo F, Macaskill P, Ciatto S, Pellegrini 1560. doi: 10.1016/j.acra.2017.06.009
Brunelli S, Tuttobene P, Bricolo P, Fanto C, Valentini
11. Dang PA, Freer PE, Humphrey KL, Halpern EF,
tives or interval cancers) is warranted. M,
M, Montemezzi S, Houssami N. Effect of integratEA. Addition of tomosynthesis to convenUltimately, these metrics – cancer detec- ing 3D-mammography (digital breast tomosynthesis) Rafferty
tional digital mammography: effect on image intertion rates, types of cancers detected, and with 2D-mammography on radiologists’ true-positive pretation time of screening examinations. Radiology
and false-positive detection in a population breast
interval cancer rates – are surrogates for screening trial. Eur J Cancer 2014;50(7):1232- 2014;270(1):49-56. doi: 10.1148/radiol.13130765
12. Hasan S, Gresswell S, Colosimo B, Weinberger
the most critical metric: the impact of 1238. doi: 10.1016/j.ejca.2014.02.004
K, Anderson S, Abel S, Bigbee M, Shindel B, Hilton
5. Friedewald SM, Rafferty EA, Rose SL, Durand
C, Julian T, Trombetta M. Surveillance mammography
DBT on mortality.
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Book Review

Safety and Biological Effects in MRI
Ed by D Shrivastava & J TVaughan
Pub By Wiley Blackwell Dec 2020; 536 Pages Hardcover $190

In vivo magnetic resonance
imaging (MRI) has evolved into
a versatile and critical, if not
‘gold standard’, imaging tool with
applications ranging from the
physical sciences to the clinical
‘-ology’. In addition, there is a
vast amount of accumulated but
unpublished inside knowledge
on what is needed to perform a
safe, in vivo MRI. The goal of
this comprehensive text, written
by an outstanding group of world
experts, is to present information about the effect of the MRI
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environment on the human body,
and tools and methods to quantify such effects. By presenting
such information all in one place,
the expectation is that this book
will help everyone interested in
the Safety and Biological Effects
in MRI find relevant information
relatively quickly and know where
we stand as a community. The
information is expected to improve
patient safety in the MR scanners
of today, and facilitate developing
faster, more powerful, yet safer MR
scanners of tomorrow.
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Advanced Technologies in
Breast Ultrasound
The Italian-based company Esaote has been involved for
more than thirty years in the research and development,
manufacturing and marketing of technological solutions
for healthcare applications. Esaote is particularly active
in the breast imaging field and has this year introduced
the brand new BreastNav technology which has been
designed to support clinicians in the follow up of breast
lesions. The new tool further expands the scope of the
company’s range of breast ultrasound technologies dedicated to the breast application.
Breast cancer is one of the most common cancers in women.
Increasingly, a multimodality imaging approach is being
used in the detection and monitoring of early stage cancer
disease, with the aim of initiating appropriate treatment in
order to decrease mortality.
Thus, breast ultrasound, together with mammography,
tomosynthesis and MRI, are playing crucial roles in
the current routine in diagnostic and breast screening
procedures.

Shear Wave Elastography
QElaXto 2D is the Esaote Shear Wave Elastrography technology, which provides quantitative information of elasticity,
expressed in kiloPascals (kPa) or m/s, together with a colorcoded map representing tissue stiffness. A dispersion map
is also displayed on the screen to help the clinician position
the region of interest (ROI) and increase the reliability of the
measurements [Figure 2 ].

Figure 2. QElaXto 2D on a benign breast lesion

MULTIMODALITY AND FOLLOW UP FUNCTION
BREAST ELASTOGRAPHY

The evaluation of breast elasticity is one of the most
important procedures in the detection and characterization of breast pathologies. Further to traditional palpation
performed as a standard procedure to detect and quantify
differences in stiffness of tissues, elastosonography has
become the gold standard imaging modality for visualization, scoring and analysis of breast parenchyma and
lesion elasticity. Differences in elasticity and the presence
of particular patterns of varying homogeneity can be associated with well defined groups of benign or malignant
pathologies.

Strain Elastography
Esaote’s ElaXto technology uses strain elastography and
combines the benefits of ultrasonography with those of
the classical palpation procedure, so providing a real-time
and non-invasive assessment of tissue stiffness, that is easily
interpretable, thanks to a color-coded qualitative stiffness
mapping [Figure 1].

Figure 1. A malignant breast lesion depicted on the ultrasound system
combining Elaxto, Esaote strain elastography and traditional B-Mode imaging.
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The “Follow Up with Multimodality” function allows additional imaging modalities such as mammograms or MRI to
be displayed on the monitor, so providing in real-time a direct
comparison with the ultrasound examination [Figure 3].

Figure 3. The Multimodality and Follow Up functions allow the simultaneous
display of images from several modalities. Above, ultrasound and mammography.

BREASTNAV TO FOLLOW-UP BREAST LESIONS
WITH 3D LOCALIZATION

The BreastNav solution was designed using a model-adaptive
algorithm and represents on a virtual model the real shape and
morphology of the patient’s breast, in order to help the detection and follow up of breast lesions. The main characteristics
of BreastNav are:
• Speed: in two sweeps the model automatically adapts to
the breast shape to provide in real-time a 1:1 correlation
with ultrasound
• Ease-of-use: The technology tracks and records the probe’s
sweeps, and provides a visual display of the area being covered by the probe [Figure 4].

E U R O P E

OCTOBER 2020

other advanced technologies such as: the microV tool for the
assessment of tissue micro vascularization; the microE tool
for the enhancement of hyperechoic spots [Figure 7]; as well
as ElaXto and QElaXto 2D for evaluation of tissue stiffness.
Esaote systems also integrate a dedicated report template, realized according to the BI-RADS categorization.

Figure 4. A visual representation of the area being covered by the probe is displayed.

• Lesion localization: if a suspicious lesion is identified, its spatial
position can be easily marked with a virtual target and saved
together with a 3D localization rendering in the patient’s ultrasound
file [Figure 5].
Figure 7 BreastNav combined with the microE tool

INNOVATION AND RESEARCH

The underlying philosophy of research and development in
Esaote is based on open innovation involving external expertise
in a valuable co-operative network which includes research
centers and highly experienced physicians and their patients:

Figure 5. Suspicious lesions are identified and saved in a 3D localization rendering

• Efficiency: In follow-up examinations, the BreastNav technology
shows the previously saved target lesion as the ultrasound reference
image and the corresponding virtual-model probe position in order
to rapidly re-locate and re-identify the targeted lesion. This is facilitated by a traffic light feedback indicating when the precise spatial
position of the transducer that is required is reached [Figure 6].

“BreastNav is a very promising technology which helps better
identification and follow-up breast lesions”
— Dr. Camilla Fachinetti, Director of Breast Diagnostic Unit,
Valduce Hospital, Como, Italy.
“We’re working side by side with Esaote to optimize the innovations and technologies in the breast ultrasound field, which
really make the difference in our daily routine”.
— Dr. Enrico Cassano – Director of Breast Radiology Department, IEO, European Institute of Oncology, Milan, Italy.
More info:
Esaote Breast Ultrasound Solutions - Leaflet
Esaote BreastNav: Breast Ultrasound Advanced Solution
ESAOTE S.p. A.
GENOA, ITALY
www.esaote.com

Figure 6. BreastNav follow-up of previously identified lesion with traffic
light feedback

• Complete: for a comprehensive analysis of breast lesions,
the new BreastNav environment can also integrate several
OCTOBER 2020
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BreastNavTM is powered by MedCom GmBH
BI-RADS® incorporates the Breast Imaging Reporting and Data System ATLAS of
the American College of Radiology, Copyright 1992, 1993, 1995, 1998, 2003,
and 2013. The developer of this product is independently owned and operated,
and is not an affiliate of the American College of Radiology. The American College
of Radiology is not responsible for the contents or operation of this product or
its associated software, and expressly disclaims any and all warranties and
liabilities, expressed or implied, in connection therewith.Technology and features
are system/configuration dependent. Specifications subject to change without
notice. Information might refer to products or modalities not yet approved in all
countries. Product images are for illustrative purposes only. For further details,
please contact ypur Esaote sales representative.
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“LIBRA”: a Publically Available
Software Solution for Fully-Automated
Mammographic Density Assessment
By Dr. A Gastounioti, Dr. O H Maghsoudi, Dr. C Vachon, Dr. E F Conant & Dr. D Kontos

This article provides an overview of
LIBRA, a publically available software
solution for fully-automated mammographic density assessment. LIBRA
has been increasingly utilized around
the world in multiple studies examining mammographic density and breast
cancer risk. Here, we summarize representative studies and discuss the
latest software extensions of LIBRA as
well as future directions.
INTRODUCTION

Breast cancer is the most common cancer in women worldwide, and mammographic density (MD) is one of the strongest breast cancer risk factors [1]. MD reflects the mammographic appearance of the breast, with different proportions
of fibroglandular and fatty tissue as the basic components of
breast parenchymal tissue [2]. Women with high MD have
a 3 — 5-fold increased breast cancer risk as compared to
women with low MD [1]. Moreover, MD is also associated
with decreased mammographic sensitivity due to “masking” or obscuration of tumors by areas of dense breast tissue
[3-6].
The most commonly used method to assess MD in clinical
practice is the American College of Radiology (ACR) Breast
Imaging Reporting and Data System (BI-RADS) lexicon
[7]. According to the ACR BI-RADS lexicon, MD is visually
graded by the radiologist into one of four categories,
Type A: almost entirely fatty;
Type B: scattered fibroglandular densities;
Type C: heterogeneously dense; and
The Authors
Dr. Aimilia Gastounioti1, Dr. Omid Haji Maghsoudi1, Dr. Celine
Vachon2, Emily F. Conant1, and Dr. Despina Kontos1
1. University of Pennsylvania, Philadelphia, PA 19104, USA
2. Mayo Clinic, Rochester, MN 55905, USA
Corresponding author,
Dr. Aimilia Gastounioti
Email: Aimilia.Gastounioti@pennmedicine.upenn.edu
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Type D: extremely dense [7].
However, BI-RADS density assessments are subjective and
limited by a large degree of inter- and intra-reader variability. To overcome the subjective nature of visual BI-RADS
MD assessment, fully automated software tools that generate robust and reproducible quantitative measures [8] have
been made available by commercial vendors [9, 10] and the
research community [11]. Such software packages usually
provide both absolute as well as percentage metrics of the
amount of mammographically dense tissue in the breast.
In addition to generating reproducible quantitative metrics,
these tools provide continuous values of MD, rather than
a categorical assessment, which may also allow for more
refined, density-based breast cancer risk stratification as well
as assessment of changes in MD.

“... As of now, we estimate that LIBRA has been
applied to >150,000 mammograms....”
Among the widely-used fully-automated tools for MD
assessment, the “Laboratory for Individualized Breast
Radiodensity Assessment (LIBRA)” has been developed at
the University of Pennsylvania, and is a publically available
MD estimation software solution based on a published algorithm for digital mammography images [11]. Since LIBRA
made its first public appearance in 2015, it has been used
by multiple institutions around the world. As of now, we
estimate that LIBRA has been applied to >150,000 mammograms. In this article, we will provide an overview of LIBRA,
including a review of key application studies, latest software
extensions, and future directions.
THE LIBRA SOFTWARE

LIBRA was developed to be a fully-automated method for
area-based MD estimation from full-field digital mammography (FFDM) images, and has, thus far, been validated to
work on Hologic and GE Healthcare FFDM systems [11].
Briefly, LIBRA first applies an edge-detection algorithm to
delineate the boundary of the breast and the boundary of
the pectoralis muscle, which together define the breast tissue
area. Following the segmentation of the breast, an adaptive
multi-class fuzzy c-means algorithm is applied to identify
and partition the breast tissue area, into multiple regions
(i.e., clusters) of similar gray-level image intensity. These
clusters are then aggregated by a pre-trained support-vector
machine classifier to the final dense tissue area [Figure 1]. By
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Figure 1. Mammographic density estimation example using LIBRA. From left to right: digital mammography image, image intensity histogram and cluster centers, color-coded
image clustering result, and final spatial segmentation map with the breast region outlined in red and the dense tissue segmentation outlined in green [11].

calculating the area of dense pixels, LIBRA
provides an estimate of the total absolute
dense tissue area (DA), while normalizing
DA by the total breast area results in breast
percent density (PD%).
Besides being publically available, LIBRA
has the important advantage of being applicable to both raw (i.e., “FOR PROCESSING”) and vendor post-processed (i.e.,
“FOR PRESENTATION”) FFDM images.
This is very important since most clinical
practices do not archive raw images due to
cost and storage constraints, leaving only the
processed FFDM image data available for
retrospective analysis. Furthermore, LIBRA
generates a spatial segmentation map [Figure 1] which allows the user to confirm the
estimated MD and may also provide valuable insights about breast regions driving
breast cancer risk.
LIBRA was first publically released in 2015,
as a pre-compiled stand-alone executable to

ensure platform-wide compatibility; source
files were also made available for development purposes. In 2017, LIBRA was also
integrated into the Cancer Imaging Phenomics Toolkit (CaPTk) [12], a publically
available software platform for analysis of
radiographic images of cancer, developed
at the University of Pennsylvania. Through
CaPTk, LIBRA has two modes of operations:
(1) an interactive mode with Graphical-User-Interface where the user can select
a single FFDM image or a batch of FFDM
images for processing and
(2) a command-line interface amenable to
batch processing and scripting.
Since its first release, LIBRA has had continuously increasing community engagement. As of now (September 20) LIBRA
has received >565 downloads from multiple institutions worldwide [Figure 2a].
Moreover, studies related to the development of LIBRA and scientific discoveries

Figure 2a. LIBRA-related downloads and 2b. Citations as of September 2020.

OCTOBER 2020

D I

E U R O P E

obtained via LIBRA usage (28 publications)
[11, 13-39] have collectively received >556
citations following a trend of exponential
increase [Figure 2b]. In total, we estimate
that LIBRA has been applied to >150,000
mammographic FFDM images worldwide.
KEY STUDIES USING LIBRA TO
QUANTITATE MAMMOGRAPHIC DENSITY

LIBRA has been utilized in various studies of MD. These studies include a large
cohort study with 9,498 women within the
“Population-based Research Optimizing
Screening through Personalized Regimens”
(PROSPR) Network of the National Cancer
Institute (NCI) of the National Institutes of
Health (NIH), where LIBRA revealed MD
disparities between different ethnic groups
[15]. Additional key studies have focused
on associations of MD measures with other
established risk factors [13] and inflammatory markers [20], as well as on quantifying
MD changes due to aspirin use [19] and
bariatric surgery [16].
Moreover, LIBRA MD measures have consistently shown positive associations with
breast cancer in several case-control studies conducted by the University of Pennsylvania, the London School of Hygiene
and Tropical Medicine, the University of
Melbourne, and Lund University [17, 18,
28, 29], all focusing on density estimates
from the contralateral breast at the time of
breast cancer diagnosis. For instance, in a US
study with raw FFDM images from a racially
diverse sample of 106 breast cancer cases
and 318 controls (Ethnicity: 57% Caucasian; 22% African American; 3% Asian; 18%
15
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Table 1. LIBRA density distributions and associations with breast cancer in the latest case-control study by the Mayo Clinic [14]
Note. Data are median values, with interquartile ranges in parentheses and ranges in brackets. * Odds ratios (ORs) per SD and C-statistics were calculated from models
adjusted for age and body-mass index. Numbers in parentheses are 95% confidence intervals. FFDM: full-field digital mammography; PD%: percent density; DA: dense area.

Other/Unknown), the authors reported
strong associations between breast cancer
and the LIBRA-derived percent density,
LIBRA PD% (Odds Ratio, OR per standard deviation, SD = 2.6 (95% CI: 1.83.9)) and Dense Area, DA (OR = 2.6 per
SD (95% CI: 1.9-3.6))(29). High ORs)
with increased MD were also reported
in a Korean study evaluating LIBRA on
398 breast cancer cases and 737 controls,
where LIBRA DA demonstrated an OR
(per SD) of 1.7 (95% CI: 1.4-2.2)(17).
Moreover, LIBRA has been evaluated in European populations where it
demonstrated:
(a) an OR of 1.32 (95% CI: 1.1-1.6) for
PD% extracted from processed images of
414 breast cancer cases and 684 controls
[18], as well as
(b) statistically significant differences in
PD% change over time between breast
cancer cases and controls [28].
The latest case-control study of LIBRA by
the Mayo Clinic [14) was the first to examine LIBRA density measures as risk factors
on mammograms that had been acquired
years prior to the diagnosis of breast cancer. Using 437 women diagnosed with
breast cancer and 1225 controls, the
study reported significant associations
of LIBRA density measures with breast
cancer risk on both raw and processed
FFDM images [Table 1]. LIBRA density
estimates were also strongly correlated to
those from established commercial and
research breast density programs, such as
Volpara [9] (r = 0.85-0.90) and Cumulus
[40, 41] (r = 0.77-0.84), p<0.001 for both.
16

Furthermore, LIBRA is part of an ongoing international challenge evaluating MD
measurements in a large dataset of 1650
cases and 1929 controls from five contributing sites in Australia, Malaysia, Norway,
the UK and the USA [42].
LATEST LIBRA SOFTWARE EXTENSIONS
AND FUTURE DIRECTIONS

FFDM has been rapidly being replaced
by digital breast tomosynthesis (DBT)
for breast cancer screening. DBT, also an
x-ray imaging modality, creates reconstructed quasi-3D images of the breasts
from a series of low-dose, 2D projection
images acquired at different angles [43,
44]. In many facilities, DBT screening
is also being performed with “synthetic
2D mammograms” reconstructed from
the DBT acquisition making the FFDM
component of the screening study obsolete [45]. To follow such advancements in
breast cancer screening, LIBRA has been

“...future priorities are the extensive
validation of LIBRA for DBT, including larger, multi-site and multiracial populations, which will pave
the way to the first public release of
the DBT version of LIBRA...”
retrained for area-based density evaluation
from synthetic mammograms [37]. Moreover, LIBRA has been recently extended
for volumetric density estimation (VBD)
from 3D reconstructed slices acquired
with DBT [33].
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Briefly, the DBT VBD algorithm works in
three steps:
1) initial segmentation of the dense tissue in
raw DBT projection images,
2) use of these segmented projection images
to build a 3D density likelihood map, with
the statistical likelihood of dense tissue in
each voxel and
3) refinement of the dense tissue segmentation in the 3D reconstructed DBT data using
texture analysis and a pre-trained multi-feature classifier to identify blurring effects.
Summing the dense voxel volumes provides
total absolute dense volume (DV), while
normalizing DV by the total breast volume
defines volumetric breast percent density
(VPD%).
Future evaluation will focus on examination of LIBRA density measures on FFDM
images acquired years prior to the diagnosis
of breast cancer. Other future priorities are
the extensive validation of LIBRA for DBT,
including larger, multi-site and multi-racial
populations, which will pave the way to the
first public release of the DBT vesrion of
LIBRA. Furthermore, we aim to also look
into comparisons and potential integration
with more refined breast parenchymal complexity features which are complementary
to the amount or percent of dense tissue
in the breast and are provided by emerging
radiomic and deep learning methodologies
[31, 46-48].
CONCLUSION

LIBRA is a publically available software
solution for area-based MD assessment
OCTOBER 2020

from both raw and processed digital
mammograms and has also been recently
extended for MD estimation with DBT
images. LIBRA has been increasingly utilized around the world in various studies, confirming MD as a robust risk factor.
LIBRA is integrated into the CaPTk platform and can be downloaded from NITRC
(www.nitrc.org/projects/cbica_libra/)
and GitHub (https://github.com/CBICA/
CaPTk).
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Radiation Doses and Risks in
Breast Cancer Imaging
By Dr. R E Hendrick & Dr. G Gennaro

This article summarizes a recently published paper describing radiation doses
and cancer risks in breast cancer imaging,
particularly in current and potential screening studies involving ionizing radiation [1].
Such studies include digital mammography (DM) and digital breast tomosynthesis
(DBT), and newer technologies such as
contrast-enhanced digital or spectral mammography (CEM), breast-specific gamma
imaging (BSGI), molecular breast imaging
(MBI), and positron emission mammography (PEM). This article describes the
units used to estimate radiation doses, the
background for radiation risk estimates,
and compares radiation doses, risks, and
benefit-to-radiation-risk ratios for different
breast imaging modalities.
INTRODUCTION

Most breast imaging procedures involve ionizing radiation, i.e.
radiation that can release enough energy into human tissues to
produce biological damage such as DNA damage, cell mutation, and cancers. As some of these procedures are periodically
repeated throughout the life of a woman to allow early breast
cancer diagnosis through screening, there is always a general
concern about the risk of biological damage that repeated
exposures entail, and about the overall benefit-to-risk ratio of

RADIATION DOSES FROM BREAST IMAGING PROCEDURES

Radiation doses in x-ray imaging of the breast are usually
expressed in terms of mean glandular dose (MGD), the estimated absorbed dose to fibroglandular breast tissues averaged
over the full extent of fibroglandular tissues in the breast [4].
Averaging absorbed radiation dose across the breast is done
because at mammography x-ray energies, each 1-2 centimeters
(cm) of breast tissue decreases the quantity of x-rays by half,
so the doses to fibroglandular tissues fall by a factor of 10-100
from the entrance surface of the breast to the exit surface.
Absorbed dose is typically expressed in Gray (Gy) or milliGray (mGy). Since absorbed radiation doses are measured
in units of energy deposited per unit mass (1 Gy is defined as
the absorption of one joule of radiation energy per kilogram
of tissue), it is inappropriate to add radiation doses to different
breast tissues, such as adding the doses to left and right breasts.
It is appropriate to combine radiation doses from multiple
exposures of the same breast tissue, such as radiation doses
from the mediolateral oblique (MLO) view and craniocaudal
(CC) view to describe a two-view breast dose.
Radiation doses to the breasts from x-ray breast imaging procedures (DM, DBT or CEM) are best estimated on a representative population of women rather than derived from phantom
measurements. That has been done in a number of studies; a
few are reported here [5 - 14] and summarized in Table 1.
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screening programs.
Breast imaging procedures that use external sources of ionizing radiation (x-rays) such as digital mammography (DM),
digital breast tomosynthesis (DBT), and contrast-enhanced
mammography (CEM), limit radiation exposures to breast
tissue [2]. In contrast, breast imaging techniques that involve
the injection of radionuclides (gamma photons), such as breast
specific gamma imaging (BSGI), molecular breast imaging
(MBI), and positron-emission mammography (PEM), expose
all body organs to ionizing radiation and those additional
exposed tissues must be taken into account when assessing
radiation risks [3].

D I

DM Doses
The American College of Radiology Imaging Network’s
(ACRIN’s) Digital Mammography Imaging Screening Trial
(DMIST) compared early DM clinical performance to screenfilm mammography in a paired study, where each woman
received both exams. Based on bilateral 2-view mammography on 5,021 women, DM, which included mostly firstgeneration direct digital units, 8% prototype units, and 18%
CR units, resulted in a two-view mean glandular dose (MGD)
E U R O P E
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Table 1: Two-view MGD for x-ray breast imaging procedures. *First generation DR units including 8% prototype
units, 18% CR units
**One-view MGD reported

of 3.72 mGy. [ 5]. In clinical screening data
collected in the U.K. between 2010 and
2012 on 25,408 women, Young and Oduko
found that the average MGD per two-view
examination was 3.03 mGy for direct digital
radiography (DR), and 4.69 mGy for CR
[6]. Two other studies based on datasets
acquired on a single manufacturer’s system
(Selenia Dimensions, Hologic, Bedford,
MA), found the average MGD from 2-view
DM to be 2.74 mGy and 3.16 mGy, respectively [7,8].

DBT Doses
The primary determinant of DBT doses is
the protocol used for data acquisition. Initial
approvals of DBT systems involved collecting both CC and MLO two-dimensional
(2D) DM images along with CC and MLO
multi-angle datasets that enabled DBT
reconstruction of multiple planar images

through the breast in both CC and MLO
projections (2-view DM + 2-view DBT),
a combination of acquired DM and DBT
views. Subsequently, manufacturers added
software (and received approval) to collect
only multi-angle DBT datasets in each view
projection (CC and MLO) and reconstruct
simulated 2D CC and MLO images from
each DBT dataset (2-view DBT + SDM).
As shown in Table 1, most manufacturers designed their DBT systems to work
at increased doses compared to DM [7-9].
Only one manufacturer (GE Healthcare)
acquires DBT images at approximately the
same MGD as DM images [10]. When synthetic 2D-views replaced 2D acquisitions,
breast dose was reduced by 45% [11]. Figure
1 shows a comparison of DBT and DM doses
as a function of simulated breast thickness
using acrylic phantoms for GE, Hologic and
Siemens DBT-capable units [12].

CEM Doses
CEM involves acquisition of dual-energy
images several minutes after injection of a
non-ionic iodinated contrast agent. The
pair of 2D images is acquired during a single breast compression, one image acquired
with x-ray energies below the k-edge energy
of iodine (33.2 keV) at the same radiation
dose as a conventional DM image, and
the other acquired with x-ray energies
above the k-edge at a breast radiation dose
19-45% that of the low-energy image. The
two acquired images are combined with
appropriate weighting factors to produce
an image maximizing the conspicuity of
lesions taking up iodinated contrast agent
and minimizing the structured noise of
breast fibroglandular tissues. The resulting
radiation doses are therefore 19-45% higher
than DM doses [Table 1], [13,14]. Figure 2
shows MGDs for the GE Healthcare Senobright CEM system compared to DM doses
on the same system [13].
BSGI, MBI, and PEM Doses
BSGI and MBI rely on injection of 99mTcsestamibi, a radionuclide that emits 140 keV
photons. Label-recommended doses for
breast imaging are 740–1100 MBq (20–30
mCi) [14]. Unlike x-ray imaging of the
breasts, radionuclides expose all organs of the
body, including breasts, to ionizing radiation.
Because of the way 99mTc-sestamibi is taken up
and cleared by the body, highest organ doses
are to the large intestine wall, small intestine wall, kidneys, urinary bladder wall, and
gallbladder wall (Table 2) [15]. Over the last
decade, more efficient dual-headed detectors

Figure 1: Comparison of mean glandular doses (MGD) between 2D and DBT modes for three DBT-capable systems. PMMA is Poly(methyl methacrylate), a clear plastic
acrylic material. Reference value is the European Union reference (EUREF) limits for 2D dose as a function of breast thickness. Source: N.W. Marshall and H. Bosmans, ref
12. Permission granted by Hilde Bosmans, Ph.D., on behalf of the Belgian Hospital Physicists Association.
The blue curves in the left panel are MGDs for Hologic Genius; red curves in the middle panel are MGDs for Siemens 3D Mammography and the green curves in the right
panel are MGDs for GE SenoClaire systems.
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the lifetime risk of cancer incidence and mortality for a single screening exam as a function of age at exposure [19]. Table 3 presents
these estimates for screening with DM, DBT,
CEDM, whole-breast CT, BSGI/MBI and
PEM as a function of age at exposure for the
designated doses of each procedure. The first
four listings are for risks of breast cancer or
breast cancer-caused deaths, since these procedures expose only breast tissue to significant
amounts of radiation. The latter listings (for
BSGI, MBI and PEM) include risks of cancer
or cancer-caused deaths to all body organs.
Figure 2: Doses for contrast-enhanced digital mammography (CEDM or CEM) compared to digital mammography (MX or DM) on the GE Senobright system for a 50% glandular breast. From Dromain C, et al., ref 13. Breast
Cancer Research is an open-access journal.

built into breast compression paddles have
been developed to enable use of lower-dose
99m
Tc-sestamibi administrations. Procedures
using these more efficient devices go by the
name of molecular breast imaging (MBI),
and have demonstrated good clinical results
at administered doses of 300 MBq (8 mCi)
[16]. For MBI drawn doses of 300 mBq,
the received dose was 240 MBq of 99mTcsestamibi; about 20% of the radionuclide is
retained by the syringe and tubing [17]. Table
2 shows estimated organ doses for both the
label-recommended dose of 1100 MBq (30
mCi) in BSGI [15] and for a drawn dose of
300 MBq (with a received dose of 240 MBq
[6.4 mCi]) for MBI [16] assuming a 2-hour
void.
Positron Emission Mammography (PEM)
requires administration of fluorine-18 fluorodeoxyglucose (18F-FDG), the same radionuclide used in whole-body positron emission
tomography (PET). PEM uses a dedicated

breast imaging device to place a woman’s
breast under mild compression between two
parallel paddles, each containing an array of
gamma ray detectors that register coincident
back-to-back 512-keV gamma rays resulting
from electron-positron annihilation within
the breast. FDG is selectively taken up in solid
tumors as well as lymph nodes, due to its
increased uptake and retention in metabolically active tissue. The labeled-recommended
adult dose of 18F-FDG is 185 – 370 MBq (5-10
mCi) [18]. Because FDG is taken up by the
heart and excreted primarily through the urinary tract, highest doses are to the bladder
wall, heart wall, spleen, pancreas and kidneys.
Organ doses for 370 MBq (10 mCi) of 18FFDG are given in Table 2.
SCIENTIFIC BASIS FOR RISK ESTIMATES

Risk Estimates
The BEIR VII report (Biological Effects of
Ionizing Radiation) can be used to estimate

Table 2: Estimated organ doses for a received dose of 240 MBq (6.4 mCi) and the label-recommended dose
of 1100 MBq (30 mCi) of 99mTc sestamibi, assuming a 2 hour void, and for a 370 MBq (10 mCi) dose of 18FFDG from labeling [15].
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Benefit-to-Risk Estimates
Yaffe and Mainprize estimated benefit-toradiation-risk of screening mammography
assuming a dose of 3.7 mGy to both breasts [5]
a screening regimen that consisted of annual
screening from age 40 to 55 years followed
by biennial screening from ages 55-74 years,
and assuming a 24% mortality reduction from
screening [20]. They estimated risks in terms
of breast cancer deaths due to radiation from
screening (10.7 per 100,000 women) and benefits in terms of breast cancer deaths averted due
to screening (497 per 100,000 women), yielding a benefit-to-radiation-risk estimate of 47:1.
In terms of life-years, the risk of life-years lost
due to radiation from screening was 136.4 per
100,000 and the life-years gained from screening were 10,670 per 100,000, yielding a benefitto-radiation-risk of 78:1. The greater benefitto-radiation-risk in terms of life-years occurs
because most deaths from breast cancer occur
within a decade of diagnosis, while radiationcaused breast cancer deaths are most likely
to occur two to three decades after exposure.
A recent modeling study by Yaffe et al. estimated a 42% mortality reduction from annual
screening ages 40-49 and biennial screening
ages 50-74 [21]. If this mortality reduction
value is used, the already favorable benefit-toradiation-risk ratios increase by 75%.
The mortality benefit from screening modalities other than mammography is not known,
but it is likely that modalities with higher cancer detection rates (CDRs) in the same population will yield greater mortality reduction.
Studies have shown that DBT has 29%-89%
higher CDRs than DM in screening populations [22]. In estimating benefit-to-radiation-risks for DBT or other modalities, their
increase in dose relative to DM, in addition to
their higher CDR (as a surrogate for mortality
reduction), should be taken into account.
CONCLUSION

Most x-ray-based breast imaging modalities, such as digital mammography, digital
OCTOBER 2020

Table 3: Estimated cases of radiation-caused cancer incidence (top table) and mortality (bottom table) per 100,000 women exposed to the doses shown for various
existing and prospective screening modalities as a function of age at exposure. Adapted from ref 3 based on BEIR-VII [19].

breast tomosynthesis, and contrast-enhanced
mammography have small risks of radiationcaused cancer incidence and cancer deaths.
Benefit-to-radiation-risk estimates are highly
favorable for digital mammography and
other modalities having equal or greater cancer detection rates and similarly low radiation
doses. Modalities that involve radionuclide
injection such as BSGI, MBI and PEM have
significantly higher cancer risks unless efficient detector systems and reduced administered doses are used.
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The COVID-19 Pandemic Reveals Emerging
Priorities in the Breast Imaging Community
The COVID-19 pandemic has disrupted nearly every aspect of personal
and professional life around the world, and the breast cancer imaging
industry in Europe is no exception.
In May 2020, the European detection may negatively impact
Commission reported, “In many cancer care and patient survival
EU countries, the routine screening for years to come. For example, the
for breast cancer has been postponed. National Cancer Institute in the
Some countries have reported insuf- United States recently predicted
ficient capacity to cope with health- 10,000 more people in the U.S. alone
care services that are not related to will die in the next decade from
COVID-19, and sometimes patients breast or colorectal cancer because
have been afraid to visit healthcare of delayed screening, early detection
services during the pandemic for and treatment due to the COVID-19
fear of contagion. In some cases, this pandemic. [4]
might have led to a sudden drop in
breast cancer cases. For instance,
As a result of these events, facili- Susan Harvey, MD,
the Dutch Cancer Registry shows a ties across Europe are working Vice President of Global Medical Affairs, Breast
and Skeletal Health division at Hologic, Inc.
28% decrease in breast cancer cases toward getting back into a “new Email: susan.Harvey@hologic.com.
with ductal carcinoma in situ (DCIS) normal” with routine mammoand a 32% decrease in the number grams. In this time, it is essential
of patients with an invasive tumor that the breast imaging community shared their personal and health
from 17 February to 30 March 2020. come together and use best practices system experiences and best pracIn the week of 30 April,
tices for providing care durthe decline was 52% for
“... One way Hologic has helped to bring the ing the pandemic safely and
DCIS and 54% for invasive
effectively.
breast imaging community together is by hosttumors.” [1].
Some of the most coming a series of free webinars with clinicians
Similarly, by comparimon
examples of actions that
from various health care facilities...”
son, in the United States,
facilities have taken since reappointments for breast,
opening include:
cervical and colorectal screenings in to encourage patients to get back
March were down 86 percent to 94 to screening. This means ensuring
• Screening patients by phone
percent compared to previous years proper protocols are in place to keep when scheduling for COVID-19 virus
[2] ; and, a recent survey conducted patients, staff and radiologists safe; exposure or symptoms and allow only
by Hologic, Inc. found that 27 per- conveying to patients that these new those individuals who have cleared
cent of typically highly compliant measures are effective in decreas- the screening process at the scheduling
women plan to either skip or delay ing transmission and they should call to proceed to the in-person visit;
their mammogram in 2020 [3] .
not fear having a mammogram; and,
• Ensuring patients arrive with
as always, continuing to stress the their faces covered by either a cloth
Unfortunately, there are now importance of breast cancer screen- face covering or surgical mask;
theories that this global delay in ing by educating women on the
• Reducing and staggering
screening and thus decline in early health benefits of routine screening appointments to limit numbers of
compliance.
patients arriving and leaving by
adjusting appointment times, office
The Author
One way Hologic has helped to hours and exam days;
Susan Harvey, MD,
bring the breast imaging commu• Reminding all that handwashVice President of Global Medical Affairs,
nity together is by hosting a series ing is critical and carefully monitorBreast & Skeletal Health Division,
of free webinars with clinicians from ing for compliance with all staff and
Hologic, Inc.
various health care facilities who patient interactions;
Email: susan.harvey@hologic.com.
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• Providing remote registration and check-out;
As patients become more comfortable with screening dur• Screening patients’ for symptoms and exposures as well as ing the pandemic, it is important for clinicians and health care
temperatures when they enter the building;
professionals to be prepared for an influx of patients, creating a
• Applying lines or tape on the floor to ensure 6-foot spacing; significant backlog stressing the health care system. As a result,
• Reorganizing waiting rooms so chairs are two metres apart health care professionals must seek out both logistical and tanand back to back, while removing items like magazines that are gible solutions to prepare to mitigate the backlog.
frequently touched by multiple people
• Ensuring each clinician has
Regardless of the challenges and
the proper Personal Protective
changes that lie ahead for the breast
“... one consistent theme holds true:
Equipment (PPE);
imaging community, one consisencouraging women to get screened must remain tent theme holds true: encouraging
• Disinfecting patient dressing
a top priority to champion early detection
rooms and including one gown in
women to get screened must remain
each dressing room to avoid cona top priority to champion early
to help save lives...”
taminating other ones;
detection to help save lives.
• Providing hand sanitizer;
• Turning patients’ faces away from technologist during mamREFERENCES
mograms whenever possible;
• Minimizing number of staff involved in patient care;
1. https://ec.europa.eu/jrc/en/news/european-week-against-can• Disinfecting all spaces and equipment as well as disposing
cer-responding-cancer-care-challenges-during-covid-19-panPPE properly; and
demic
• Making sure staff members have the emotional support they 2. https://ehrn.org/delays-in-preventive-cancer-screenings-durneed (for example, consider permitting staff who are over age 65
ing-covid-19-pandemic/
or pregnant to have no clinical duties, and if reading rooms do 3. Survey: COVID Impact on Patients, Topline Findings: Wave
not allow for safe social distancing for radiologists, consider satel- 2, June 2020
lite or remote reading from home-based workstations)
4. Sharpless NE. COVID-19 and cancer. Science. 2020 Jun 19;
368(6497): 1290. doi:10.1126/science.abd3377
These actions will of course vary for facilities depending on
geographic location, patient demographics – including age and Disclaimer: this article was written in September 2020.
population density, – prevalence of the COVID-19 virus in the Circumstances may have changed since then as the situation with
area and the type of health care facility.
the COVID-19 virus is rapidly unfolding and evolving.

Book Review

Neuroradiology: the Essentials with MR and CT
By Val M Runge
Pub Sept 2020 Thieme 252 Pages, € 99.99

The Essentials with MR
and CT, Second Edition,
written by world-renowned
neuroradiologist and MRI
pioneer Val Runge, builds
on the acclaimed prior
edition. The splendidly
illustrated compendium
features in-depth discussion of important imaging
findings, focused primarily
on common disease processes. An impressive cadre
of international experts
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contribute to the text, which is written from a clinical radiology perspective and draws from firsthand experiences.
MRI physics pearls and tips throughout the book will help
radiologists avoid common pitfalls.
Designed as a practical educational resource for clinical
neuroradiology, the text is divided into three sections: the
brain, head and neck, and spine. The brain and spine chapters are divided into subsections covering normal anatomy
and major disease categories such as congenital, traumatic,
degenerative, vascular, infectious, and neoplastic. Head and
neck chapters are organized by major anatomic region.
Clinical cases encompass the use of advanced imaging
techniques such as perfusion, high-resolution imaging,
and spectroscopy.
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A Better Way to Stratify Breast Cancer Risk
By Dr. Axel Gräwingholt

Regular, age-based mammography screening reduces breast
cancer mortality by approximately 20%, yet screening mammography still misses 20-40% of breast cancers [1,2,3 ]. Most
of these missed cancers are interval breast cancers (IBC),
defined as those that are detected after a normal mammogram
but before the woman’s next scheduled screening [4].
Currently, the European breast cancer screening guidelines
recommend mammography screening every two or three
years for women aged 45-49, every two years for women aged
50-69 and every three years for women aged 70-74 [5], yet this
one-size-fits-all approach to breast cancer screening assumes
all eligible women have an equal risk of developing cancer.
Risk-based screening strategies for individual women can
reduce harm and costs, but current risk models, such as Gail
or Tyrer-Cuzick, have been shown to vary in accuracy and can
be complex and cumbersome [6, 7, 8]. Clinicians also often
assess patients’ risk based on age, breast density, and family
history, but up to 75 percent of breast cancers occur in women
without a family history or dense breasts [9, 10].
Not only are physicians seeking a more accurate, standardized
and simpler risk tool to guide risk-based screening clinical
decisions [11], but patients are also showing an increased
desire to know more about their risk. According to a recent
survey of almost 700 women conducted in six languages, 87%
of women surveyed expressed interest in learning about their
estimated lifetime risk of breast cancer [12].
NEW TECHNOLOGY OFFERS AN INNOVATIVE SOLUTION

New technology offers a more efficient and quantifiable solution to provide a stratified risk assessment for patients compared to existing breast cancer risk models. iCAD’s ProFound
AI Risk is the first and only commercially available decision
support tool that provides an accurate two-year, breast cancer
risk estimation that is truly personalized for each woman,
based only on a screening mammogram. The technology was
recently CE Marked and launched in Europe at the European
Congress of Radiology (ECR) virtual meeting earlier this year.
ProFound AI Risk uniquely combines age, breast density and
subtle mammographic changes to provide a highly accurate
About the author
Dr. Gräwingholt is the co-owner of a private radiology institute
in Paderborn, Germany, and the radiologist responsible for the
regional screening unit, where he has been routinely using iCAD’s
ProFound AI for 2D Mammography for two years. He is also clinical co-chair of the Guideline development Group of the European
Commission Initiative on Breast Cancer (ECIBC) and is an expert
consultant, lecturer and mammographic reader in several national
screening and diagnostic programs.
Email: axel.graewingholt@t-online.de
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short-term risk estimation that
is truly personalized for each
woman. It offers clinically proven
results that empower clinicians to
tailor a woman’s breast screening
regimen and potentially identify
cancers earlier.
The technology is supported by a
recent study led by researchers at
the Karolinska Institutet in Stockholm, Sweden, based on the prospective screening cohort KARo- Dr. A Gräwingholt
linska MAmmography Project for axel.graewingholt@t-online.de
Risk Prediction of Breast Cancer
(KARMA), which spanned from
2011-2017. Of 70,877 participants in the KARMA cohort, 974
incident cancers and 9,376 healthy women were sampled. The
image-based model (ProFound AI Risk) reached an area under
the curve (AUC) of 0.73 (95% CI 0.71, 0.74). ProFound AI Risk
performance was also externally validated in samples from the
Cohort of Screen-Age Women (CSAW) and Malmö Breast
Tomosynthesis Screening Trial (MBTST) cohorts. Researchers found a statistically significant superior area under the
curve (AUC) performance when comparing the ProFound
AI Risk model to the Tyrer-Cusick v8 model (+11 points)
or GAIL model (+12 points) at 2-years, all including density
within their calculations. High risk women as determined by
ProFound AI Risk were more likely diagnosed with stage II
and >= 20 mm tumors and less likely with stage I and estrogen
receptor-positive tumors. Researchers concluded ProFound AI
Risk identified women at high likelihood of being diagnosed
with breast cancer within two years of a negative screen and in
possible need of supplemental screening [13].
I have witnessed firsthand the value this technology offers
in my research at my center in Germany, where I am currently working on an ongoing retrospective study evaluating ProFound AI for 2D Mammography on interval cancers,
or lesions that are detected between routine mammography
screenings.
ProFound AI Risk has the potential to revolutionize the way
breast cancer risk is assessed and harmonize the standard of
care in breast screening worldwide. This first-in-kind solution
provides crucial data about patients’ individual risk of developing breast cancer and empowers clinicians to tailor unique
screening regimens for patients based on their individualized risk. As the field of mammography is beginning to head
more towards risk-based screening versus age-based screening,
ProFound AI Risk is at the forefront of this new approach
to breast cancer screening that is trending towards more
personalized care.
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CASE STUDY
In 2015, a 63-year-old woman was diagnosed with a 35 mm large breast cancer in her left breast in the retro mammillary
tissue. The density of the breast tissue was overall categorized as ACR C. Histopathology results from surgery indicated
the tumor was invasive NST, G2, ER and PR positive, Her2 negative. T2, N0, M0.
Retrospectively, the algorithms ProFound AI 2D, ProFound AI 3D and ProFound AI Risk were applied to her images
acquired in 2011, 2012 and 2015.

Images: 2011

Case score: 24. Lesion score Lcc: 19 - Lesion
score Lobl: no findings;
Analysis with ProFound Risk:
M – Moderate with 0.65

Images: 2012

ProFound AI Case Score: 38 Lesion score
Lcc: 23 - Lesion score Lobl: 25/29
Analysis with ProFound Risk:
H – High with 1.16
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Images: 2015

ProFound AI Case Score: 80 Lesion
score LCC: 62 - Lesion score LOBL:
68/21 Analysis with ProFound Risk:
H – High with 6.09

CASE STUDY DISCUSSION:
In 2011, the lesion was represented as calcifications
and dismissed by two radiologists because of its
well rounded and regularly shaped. appearance.
When retrospectively applying ProFound AI to
the images from 2011, the lesion is detected with a
low lesion score only in cc view and a low overall
Case Score, which probably would have also led to
the radiologist’s decision to not recall the woman.
Risk at that time was also retrospectively calculated
as moderate.
The picture changes in late 2012, when the lesion
again was dismissed by two radiologists. Although
the calcifications increased in number compared
to the priors, the changes were subtle. ProFound AI

marked the lesion with a slightly higher Lesion Score
and overall Case Score. However, ProFound AI Risk
changed from “medium” to “high” risk that year.
In 2015, at tumor diagnosis, ProFound AI detected
the lesion, with a significantly elevated Case Score
and Lesion Score. Again, ProFound AI Risk calculated the patient’s risk as “high.”
CONCLUSION:

Adding ProFound AI and ProFound AI Risk to
mammography screening may help radiologists
evaluate patients’ individual risks of breast cancer
and detect tumors sooner, when more treatment
options exist.

Book Review

Rad Tech’s Guide to MRI: Basic Physics, Instrumentation,
and Quality Control, 2nd Edition
Ed by W H Faulkner Jr. & E Seeram
Pub Jan 2020 Wiley-Blackwell 144 Pages, E-book $ 40.99; Print $50.0
The second edition of Rad Tech’s Guide to MRI provides practicing
and training technologists with a succinct overview of magnetic
resonance imaging (MRI). Designed for quick reference and examination preparation, this pocket-size guide covers the fundamental
principles of electromagnetism, MRI equipment, data acquisition
and processing, image quality and artifacts, MR Angiography, Diffusion/Perfusion, and more.
Written by an expert practitioner and educator, this handy reference guide:
•
Provides essential MRI knowledge in a single portable,

26

D I

easy-to-read guide
• Covers instrumentation and MRI
hardware components, including
gradient and radio-frequency
subsystems
•
Provides techniques to handle
flow imaging issues and improve
the quality of MRIs
•
§Explains the essential physics
underpinning MRI technology
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Contrast Enhanced Mammography
(CEM) in the evaluation of breast
calcifications: preliminary experience
By Dr. Gianfranco P. Scaperrotta & Dr. Catherine Depretto

This article summarizes the results of a
recent study evaluating the role of CEM
in the detection and characterization
of breast calcifications. We used CEM
to evaluate the presence of contrast
enhancement at the site of calcifications and obtained histopathological
results from vacuum-assisted biopsy
(VAB) samples. In order to assess
disease aggressiveness in malignant
lesions, we then examined the association of lesion size with immunohistochemical characteristics. We found
that CEM has the ability to recognize
neoplasms larger than 5mm, with high
a proliferative index (Ki-67 > 20%) and
frequently HER2 positive. These findings
suggest that CEM could detect aggressive malignancies.
The widespread use of mammography and screening programs has resulted in a considerable increase in the detection
of non-palpable infra-clinical lesions, in particular ductal carcinoma in situ (DCIS) [1].
The typical early manifestation of DCIS is calcifications,
whose interpretation is one of the greatest challenges for the
breast radiologist. There are specific and appropriate radiological symptomatology to describe calcifications, as indicated
in the Breast Imaging Reporting and Data System (BI-RADS)
lexicon, developed by the American College of Radiology
to standardize terminology [2]. Various studies have been
The Author
Gianfranco P. Scaperrotta, MD & Catherine Depretto, MD
Fondazione IRCCS Istituto Nazionale dei Tumori di Milano,
Via Giacomo Venezian, 1,
Milano, 20133, Italy.
Corresponding author: Dr. G.P. Scaperrotta
Email: gianfranco.scaperrotta@istitutotumori.mi.it
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carried out to determine whether features of calcifications can
be used to predict malignancy [3] and whether descriptors of
calcifications could help to stratify the risk of malignancy [4].
The BI-RADS Fifth Edition atlas subdivides suspicious calcifications into two-categories: category 4B (amorphous, coarse
heterogeneous, and fine pleomorphic) and category 4C (fine
linear/fine linear branching calcifications) [2].
The majority of biopsies carried out for suspected calcifications detected in mammography turn out to have a benign
histology [5]. It is therefore evident that the use of radiological
symptoms alone for the characterization of calcifications is
no longer sufficient. For years we have been looking for new
imaging techniques that could increase diagnostic accuracy in
the presence of calcifications.
Contrast-enhanced mammography (CEM) is an emerging
breast imaging technique that uses contrast-enhanced recombined images for the assessment of neoangiogenesis [6]; CEM
combines the relative ease, low cost and availability of mammography with a high sensitivity resulting from the use of
contrast medium [7].
The aim of our study was to evaluate the presence or absence
of enhancement, to investigate correspondence between
enhancement at the site of calcifications and underlying
pathology, and to determine the extent of calcifications and
histochemical signs of disease aggressiveness in malignant
lesions.
MATERIALS AND METHODS

Between May 2018 and July 2019, 34 patients with 36 lesions
were enrolled for CEM examinations before scheduled vacuum assisted biopsy (VAB) for suspicious calcifications (BIRADS 4).
The inclusion criteria were: patients with ACR BI-RADS 4
calcifications on mammograms; no related mass lesions at
physical examination and breast ultrasound. The exclusion
criteria were: renal function impairment or history of an allergic reaction to contrast medium.
A Selenia Dimensions Mammography System (Hologic,
Marlborough, Massachusetts, USA) was used with the appropriate software to perform “Dual Energy” subtractions. CEM
images were analyzed by a radiologist with more than twenty
years of experience in breast imaging, but with a less developed experience in CEM evaluation.
About one week after CEM, patients had their pre-scheduled
stereotactic VABiopsy carried out. The procedures were performed with the Affirm Prone Breast Biopsy System (Hologic,
Marlborough, Massachusetts, USA).
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enhancement corresponding with the site of calcifications [Figures 1 and 2]; in 26 cases (62.3%) no enhancement was observed.
Out of the 10 cases with enhancement 7 were malignant (B5) and
3 benign (B2). Out of the 26 cases without enhancement, 8 were
malignant (B5) and 18 were benign (B3 and B2).
However, we must take into consideration that currently there is no
codified system to evaluate enhancement and therefore there may
be errors of interpretation.
Data on lesion size, immunohistochemical and Ki-67 were not
available for all 15 malignant lesions but only for those 11 already
treated at our Institute (4/15 patients have not undergone surgery
yet) [Table 2].
Looking at the presence of enhancement, tumor size and Ki-67
values of the 11 malignant lesions, we noted that the five enhancing
lesions had a size greater than 5 mm (for 4/5 patients ≥1cm) and a
Ki-67 value higher than the cut-off of 20%. The six no-enhancing
lesions, instead, had low degrees of cell proliferation (Ki-67 < 20%)
and size less than 5 mm (3/6 patients had microfocal disease —our
pathologist categorizes single or multiple foci with DCIS <1 mm or
a single focus of IDC < 1mm as “microfocal”).
CEM enhancement occurred more frequently in IDC lesions (4/5)
while absence of enhancement occurred mostly in DCIS lesions
(5/6) and in a microfocal IDC.
CEM enhancement occurred mainly in HER2 positive and Basallike carcinomas (4/5) and only in one Luminal A IDC 10 mm in
size; besides the very small lesion size, non enhancing lesions were
prevalently Luminal A DCIS.
DISCUSSION
Figure 1: Suspicious calcifications of the left breast that entirely occupy the upper
outer quadrant. In CEM there is a diffuse non-mass enhancement (DCIS) and, in the
deep seat, a centimeter long mass enhancement that corresponds to the infiltrating
component.

In the case of malignancy (B5), patients were referred for breast
surgery. The size of lesions and the results of immuno-histochemical evaluation were available in most cases after definitive surgery.
In the case of B2 or B3 results, patients underwent a 6-months
follow up with digital mammography (B2) or CEM (B3). For all
malignant lesions, we evaluated either the presence or absence of
CEM enhancement and the size of lesions, their immuno-histochemical results and proliferation index (Ki-67). Arbitrarily, we set
a cut-off of 5 mm for lesion size (based on the TNM AJCC 2017
classification [8]) and 20% for Ki-67, according to AIOM guidelines [9] and our oncologists’ interpretation of aggressive disease.
RESULTS

Our preliminary results are based on 36 lesions consisting of suspicious calcifications at mammography in 34 patients who then had
CEM carried out CEM and subsequently biopsy sampling.
The calcifications were BI-RADS 4b in 14 cases (39%) and BIRADS 4c in 22 cases (61%). The extent of calcifications was on
average 26,3 mm.
Based on results of histology at VAB, lesions were classified as B5 in
15/36 (42%), B3 in 7/36 (19%), B2 in 14/36 (39%). B5 lesions went
to surgery, whereas B3 and B2 went to 6-month follow up.
The 15 malignant cases comprised 11 DCIS, 2 IDC and 2
IDC+DCIS.
At CEM examination, 10 cases (27.8%) showed contrast
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Breast calcifications continue to be a major challenge for the breast
radiologist in terms of detection, characterization, radiologicalhistological correlation and the correspondence of those signs with
the extent of the underlying pathology.
DCIS is associated with calcifications in 90% of cases [10]. BIRADS morphology and distribution descriptors have been introduced to standardize the terminology and suggest different degrees
of suspicion [2]. Due to non-continuous proliferation of DCIS
inside the lobar ducts, it is possible that malignancies may exceed
the extent of visible calcifications and remain occult when surgery
is planned, leading to subsequent wider resections and relapse
occurrence in the follow-up [11]. Apart from any possible interpretative errors by radiologists, a non-negligible part of DCIS may
remain totally occult at routine breast imaging examination. Breast
examinations using contrast media may improve disease detection
and preoperatively suggest the supposed real extent of the disease,
thus improving its management [12].
CEM is a emerging diagnostic technique that combines the morphological features of standard 2D mammography with the functional features of MRI because it uses a conventional, non-ionic
iodinated contrast media. It has numerous advantages, in particular, it is not influenced by breast density, it has relatively low costs,
being based on the use of mammographic equipment with a wide
availability. Moreover, most patients usually consider the procedures quite comfortable because of the short time of examination
and the closeness of the operators. [13]
One of the most interesting aspects of CEM is that it allows the
calcifications to be seen in the low energy image and the possible
enhancement in the recombined image, thus allowing an adequate
and precise spatial localization. In case of enhancement, it is possible to carry out a precise stereotactic biopsy procedure instead
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CONCLUSIONS

In conclusion, our preliminary study
seems to show that in CEM the presence
of enhancement in correspondence with
suspicious calcifications indicates a disease
with a high proliferative index and with
dimensions > 5 mm. This could be useful
to distinguish indolent tumors from more
aggressive neoplasms worthy of treatment,
with a consequent reduction of overdiagnosis and overtreatment. We consider our
preliminary findings as a starting point for
the development of further studies with
large number of patients.

Table 1 Features of the 11 malignances

of attempting a more complicated MRIguided breast biopsy.
CEM has almost the same sensitivity of
MRI in the detection of invasive cancers
[14] but only a few authors have evaluated the performance of CEM for lesions
that are represented only by calcifications
without an associated mass, i.e. prevalently
pre-neoplastic or in situ disease [7]. In this
context, neoangiogenesis is probably not so
developed as in the case of invasive cancers,
and even breast compression during the
examination may limit the contrast media
flow and enhancement [15].
Unlike studies published in the literature
[7], we had some malignant cases without
CEM enhancement. These studies reported
a weak enhancement in the presence of all

Figure 2. Surgical scar in the centre of the right breast.
There are two clusters of calcifications: the external ones,
linear branching calcifications, are suspicious. In contrast,
the central ones, pericicatricial, seem to be liponecrotic. In
CEM we see that both clusters have enhancement and
are therefore both suspicious.
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DCIS, without, however, adequately stratifying the disease (low grade versus high
grade) or evaluating the size of lesions.
We found 5 cases of DCIS with enhancement (lesion size ranging from 7 to 27
mm, average 15.6 mm) and 6 DCIS without enhancement (all less than 5 mm).
Our preliminary results therefore seem to
show that suspicious calcifications with
enhancement indicate a more extensive
(> 5 mm) disease. These data could allow
the selection of calcifications for biopsy.
This is part of the attempt to reduce overdiagnosis and consequent overtreatment
which represent the great challenge of
modern breast radiology. We also evaluated the biological features of these malignances through the analysis of Ki-67 in
order to look for a possible explanation
of false negative CEM results. Several
studies have shown that the expression
of Ki-67 in malignant tumors is related
to pathological grade [16]. Ki67-positive
tumor cells grow fast, have high invasion
and poor prognosis [17]. As there are
many discrepancies between laboratories
in assays for Ki-67, these scores should
be determined in the light of established
local laboratory values [17]. We applied a
cut-off of 20% as used by our oncologists
to define more proliferative lesions.
As Kuhl et al. said for pure DCIS at MRI,
CEM looks promising for finding highgrade disease [12]. CEM enhancement
occurred more frequently in IDC lesions
(4/5) with high Ki-67 values, while absence
of enhancement occurred mostly in DCIS
lesions (5/6) and in a microfocal IDC, all of
them with low Ki-67 values.
Moreover, CEM enhancement occurred
mainly in HER2 positive and Basal-like
carcinomas (4/5) and only in one Luminal
A IDC of 10 mm in size. In addition, the
very small size, non-enhancing lesions were
predominantly Luminal A DCIS.
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BREAST CANCER
The reasons for the decrease in breast
cancer mortality in many populations —
adjuvant therapy or screening mammography?
By Dr. RC Burton

The modern era of breast cancer treatment began
in the 1970s with the USA National Surgical Adjuvant Breast and Bowel Project (NSABP) randomized controlled trial (RCT) of anti-cancer chemotherapy given in cases of early breast cancer (EBC)
as adjuvant therapy after surgical removal from the
chest wall and adjacent axilla of all detectable breast
cancer [1]. The watershed study of adjuvant chemotherapy was the 1976 Italian RCT that reported
a statistically significant reduction in breast cancer mortality using a combination of cyclophosphamide, methotrexate and 5-fluorouracil (CMP)
adjuvant chemotherapy compared with observation
in women with EBC [2]. After these results adjuvant
therapy began to be introduced to the routine management of EBC [1].
Diagnosis of EBC has been a priority in breast cancer management for more than half a century [1].
However, it is critical to note that as breast cancer
treatment improves for both EBC and late/advanced
breast cancer the impact of early diagnosis on breast
cancer mortality decreases, and that this particularly
applies to the screening of asymptomatic women [3].
The first RCT to evaluate the effect of screening
mammography in breast cancer (the Health Insurance Plan (HIP) in New York State) began in 1963
in the US when a combination of screening mammography and clinical breast examination (CBE)
was compared to usual care [4]. By 1990, a total of
10 RCTs of screening mammography with or without CBE versus observation or CBE alone in women
between 40-74 years had finished recruiting and
in 1990 it was being reported that screening mammography had significantly reduced breast cancer
mortality. For example, an Australian meta-analysis
revealed that screening mammography was associated with a relative mortality reduction (RMR) of
19% (95% Confidence Interval-CI 0.06-0.30) [5].
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This and other reports led to the initiation of population and opportunistic screening programs in many
countries throughout the world from the late 1980s
onwards [6]. An 11th RCT in women 40-49 years of
age in the United Kingdom (UK) was completed in
the 1990s [7]. Meta-analyses by the World Health
Organization’s (WHO) International Agency for
Research on Cancer (IARC) of five Swedish RCTs
comparing screening mammography with observation in women aged 50-69 years showed a statistically significant reduction in breast cancer mortality
(p< 0.05), with an RMR of 25% (95% CI 15 - 33) [6,
8]. There were no other age groups of women for
which screening mammography +/- CBE resulted in
a statistically significant reduction in breast cancer
mortality when meta-analyses were performed [6,8].
The Early Breast Cancer Triallist Collaborative Group (EBCTCG) based in Oxford in the UK has
been conducting systematic reviews for over 30 years
of the effects on breast cancer mortality of adjuvant
biological, endocrine and cytotoxic chemotherapy
in women with EBC; the fifth EBCTCG review was
published in 2005 [1, 9]. It reported that breast
cancer-specific mortality in women with EBC would
be approximately halved by the use of six months

“... the impact of competent adjuvant therapy on breast cancer mortality should be
apparent within two years in a population
of these women receiving appropriate competent adjuvant therapy ...”
of anthracycline-based chemotherapy followed by 5
years of adjuvant tamoxifen over the next 15 years.
It was also reported that for premenopausal, middleaged women with estrogen receptor positive (ER+)
breast cancer, the administration of this adjuvant
chemotherapy for more than one year plus adjuvant
tamoxifen to all women for more than two years
would significantly reduce their cumulative breast
cancer mortality [9]. Therefore, the impact of competent adjuvant therapy on breast cancer mortality
should be apparent within two years in a population of women receiving the appropriate competent
adjuvant therapy. Adjuvant therapy for breast cancer
was progressively initiated in high/middle income
countries starting from the 1990s [1].
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To reduce breast cancer mortality by screening mam- screening mammography in those countries cannot be
mography, breast cancer must be detected at an early evaluated from the report.
stage, i.e. when a cure by available treatment is still However, analyses of long-term advanced breast cancer
possible [12]. Therefore, the monitoring of the effect incidence trends from population Cancer Registries over
of screening mammography in populations being decades are now available for populations screened by
screened should include routine regular measure- mammography in the States of Victoria and New South
ment of the stage at diagnosis in order to determine if Wales (NSW) in Australia [13, 14], and also in the USA
screening is reducing the incidence of late/advanced, [12], Norway [15] and the Netherlands [16]. In all these
mainly incurable , breast cancer in favor of EBC, i.e populations, advanced breast cancer incidence either
downstaging. EBC is defined by the American Joint remained stable [12, 15, 16] or increased [13, 14] after
Cancer Commission (AJCC) as stages 1 and 2 breast screening mammography began, i.e. downstaging to EBC
cancer confined to the breast +/- mobile apical axil- was not detected.
lary lymph nodes with metastases [10]. Late/advanced
mainly incurable breast cancer is AJCC stage 3, i.e. In 2012, before population trends in the incidence of
cancer locally invasive beyond the breast and/or with stages of breast cancer were available, we evaluated
metastatic breast cancer in fixed axillary lymph nodes screening mammography in Australia by studying the
and any lymph node metastases in regional non-axil- trends of relative reductions in breast cancer mortallary lymph nodes. Stage 4 breast cancer is defined ity (RMR) over the period 1992 to 2007 in three age
as hematogenous metastases to organs and tissues ranges of women who participated in BreastScreen, the
distant to the breast [10]. In 2016, the IARC recom- Australian national screening mammography program.
mended measuring the rates of advanced stage lesions The groups of women studied were: those of 50-69
as mandatory for monitoring screening mammogra- years of age and invited by BreastScreen to biennial
phy [Ref 8, page 295, ]: “the rates of advanced-stage screening; women aged 40-49 years; and those of 70
disease are still a very direct measure of the impact of years and older who had access to free biennial screens
early detection by screening” .
from BreastScreen, but were not specifically invited to
To estimate the potential beneficial effect of screening, participate [3].
not only should the simple proportion of cases with We found that the women who had been screened least,
advanced stage disease be reported but also the reduc- i.e. those aged 40-49 years (approximately 20% Breasttion in the absolute numbers of advanced stage disease. Screen participation) had the largest RMR: 44% (95%
This enables EBC to be diagnosed 4-6 years before a CI 34.8–51.2). In contrast the women who had been
woman would have presented to health care profession- screened the most, i.e. those aged 60–69 years and who
als with late/advanced stage
had been invited to particibreast cancer [11].
“... the rates of advanced-stage disease are still pate in the screening proThe Tumor Nodes Metasgram (approximately 60%
a very direct measure of the impact of early
tasis [TNM} is the staging
BreastScreen participation)
detection by screening...”
system which is widely used
had the smallest RMR: 19%
throughout the world [10].
(95% CI 10.5–26.9). On the
The Surveillance, Epidemiology, and End Results (SEER) basis of these findings, we recommended terminating
system covering localized/regional/distant [metastatic] BreastScreen, except for women at higher risk because
lesions is also used, but mainly in the USA [10]. Only of their family history of breast cancer [17].
the AJCC stage 4 and the SEER distant disease defini- Our 2020 publication [13] built on this work when
tions are identical: metastases via the bloodstream to incidence trends in breast cancer stages at diagnosis
distant organs and tissues [10, 12]. This fortunately became available for the State of Victoria from the
allows comparison of the impact of screening mammog- Victorian Cancer Registry (VCR) for 2006-2013 The
raphy on breast cancer mortality, where the incidence of Cancer in Victoria 2013 report [18], showed that
the metastatic stage of breast cancer must decline over the incidence of advanced breast cancer stages 3 and
time if screening can be said to have a direct impact on 4 increased between 2006 and 2013. The data from
mortality: downstaging [12].
the more recent report Cancer in Victoria 2018 [19]
Unfortunately, to date such monitoring of stages at diag- show a trend of increasing incidence of advanced
nosis has only rarely been carried out. The World Health breast cancer stages 3 and 4 for the decade 2008Organization [WHO] International agency for Research 2018. Thus, the incidence of late/advanced breast
on Cancer (IARC) 2016 systematic review of breast can- cancer has continued to increase. Cancer in Victoria
cer screening [8] reported that screening mammography 2018 reports that stages 1 and 2 EBC totalled 80%,
was available to some or all populations of women in 72 stages 3 and 4 advanced breast cancer totalled 11%
countries, where more than half all the world’s women and that 9% were of unknown stage [19]. However,
live. However, trend data over decades of advanced for the first time, the VCR has provided five-year
stages as described above have not been reported for survival data by stage and these reveal that the 9%
any country [Ref 8, Table 5.9]. Thus, the effectiveness of unknown cancer stage at diagnosis had a 5-year
OCTOBER 2020
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survival between those of stage 3
(78%) and stage 4 (13%) of 63%
[19]. Therefore, the crude incidence of advanced/late stages 3 and
4 breast cancer 28.6 per 100,000
(20% of 143 per 100,000) was double what it was in 1986 In 2006 it
was about one third larger than in
1995 [13].

CONCLUSION

It is appropriate to quote Bernard
Fisher here [1]: “The twentieth
century must, indeed, be viewed
as a period of unprecedented progress relative to the understanding,
treatment and prevention of breast
cancer”.
The most important immediate
challenges are to determine whether
screening mammography or breast
MRI can result in downstaging
breast cancer at diagnosis. It is also
important to improve molecular and
genetic analysis of circulating and
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What of the future for screening
mammography and other imaging technologies to detect EBC, for
example magnetic resonance imaging (MRI)?
The top priority is to measure breast cancer stages
“...The top priority is to measure breast canat diagnosis over a decade
cer stages at diagnosis over a decade or more
or more in female populain female populations undergoing screening
tions undergoing screening mammography to determine whether screening
mammography to determine
results in downstaging the disease ...”
whether screening results
in downstaging the disease.
Without this critical information primary breast cancer cells, in order
the balance between benefits and to determine whether the breast canharms of screening cannot be val- cer has, or will, develop the capacidly determined. For example, this ity to metastasize to distant organs,
was not done for any regional UK which is the cause of death in the
NHS screening mammography pro- great majority of women who die of
gram, so the UK Government report this disease.
of “The benefits and harms of breast Finally, the ongoing improvements
cancer screening: an independent in the biological, endocrine and
review” [20] is uninterpretable. This chemotherapy of breast cancer to
has been highlighted in a 2013 anal- prevent, downstage (neoadjuvant
ysis by Michael Baum [21]. In this therapy) and cure this disease will
paper, he also succinctly summarizes continue to reduce — and may have
harms of screening mammography, already abolished — the impact of
particularly overdiagnosis of in situ screening for this malignant disease
and small breast cancers that would in many populations.
never progress to cause women any
harm in their lifetimes [21, 22]. REFERENCES
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BREAST IMAGING
Could the coronal view in automated
breast ultrasound help in the breast
cancer screening of women with
dense breasts?
By Dr. Simone Schiaffino, Dr. Gianmarco Della Pepa and Dr. Andrea Cozzi

In this article we describe an
evaluation of the use of the coronal view of the Automated Breast
Ultrasound (ABUS) technology.
Coronal view is a unique feature of
the ultrasound-based imaging technique, and yields higher specificity
compared to a complete multiplanar assessment. In addition, coronal view ABUS has faster reading
times, albeit at lower sensitivity.
Breast cancer is still the most frequent oncologic
cause of death in women worldwide [1, 2], despite
the spread of screening programs aimed at reducing
mortality and morbidity associated with advanced
stages of disease [3, 4]. Digital mammography is the
main screening tool, offered in organized screening
programs and also used in opportunistic screening,
i.e. when a woman spontaneously requests to have the
examination carried out or at the suggestion of her
own family doctor or gynecologist [5].
Since the 1970s, dense breast tissue has been associated
The Authors
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with a higher independent risk of breast cancer [6–8]
and, more recently, has been demonstrated to be the
“Achille’s heel” of mammography [9, 10]. However,
no agreement has ever been reached on selecting the
best adjunct screening tool to supplement mammography in women with dense breasts. Handheld ultrasound (HHUS), automated breast ultrasound (ABUS)
and digital breast tomosynthesis (DBT) are the main
options [11, 12]. Key milestones in the development of
ABUS in this context were the results of two prospective observational studies, in which the authors found
that 1.9 to 2.4 additional breast cancers were detected
per 1000 screened women, compared to screening
with digital mammography alone [13, 14]. These
findings were recently confirmed by newly published
data [15, 16]. Screening of women with dense breasts
is therefore the current main indication of ABUS
[13, 14]. However other applications such as lesion
characterization, targeted second look, preoperative
staging, and assessment of response to neoadjuvant
therapy, have also been progressively explored [17].
HOW DOES ABUS WORK?

ABUS is an ultrasound-based technique, able to scan
the whole breast volume in a 3-dimensional approach
[18]. Technically, the breast volume is acquired
through a wide ultrasound probe with automated
shifting, obtaining an almost isotropic voxel that can
be reconstructed in all planes (including the coronal
one) in which the breast is displayed from the nipple
to the ribcage [Fig. 1-2]. The radiologist then reads
the exam on a separate dedicated workstation [19].
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PROS AND CONS OF ABUS
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Despite its almost fifty years history [20, 21], clinical applications of ABUS have only recently been
explored. The main advantages of the technology
are the absence of ionizing radiation, the reduced
operator dependency compared to HHUS, and the
reduction of the overall workload of highly-specialized medical personnel [22]. Other major technical
advantages of ABUS are the standardized and reproducible acquisition and the consequent double-reading option. The main technical drawback of ABUS
is its limited assessment of the axilla, because of the
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complete assessment of multiplanar
(MPR) views [18].
THE VALUE OF STAND-ALONE CORONAL VIEW READING IN WOMEN
UNDERGOING AUTOMATED BREAST
ULTRASOUND

Figure 1. Coronal (upper) and transverse (lower) ABUS views of the right and left breast in a normal case. This is
one of the available layouts to assess ABUS examinations. The yellow dot in the centre of the coronal view shows
the nipple position (from Schiaffino et al. [18]).

shape of the probe [23, 24]. To date,
currently available ABUS machines
are not able to provide color Doppler nor elastography-based tools,
and ABUS-guided biopsy is still not
available. The potential spread of
ABUS as an adjunct screening tool
can also be limited by longer reading
times [25–28], when compared, for
example, with tomosynthesis [29].
However, alternative and less taxing reading approaches are being
explored, including the coronal view
approach we have proposed and
recently described in La Radiologia Medica [18]. The details of this
approach are summarized below.

Coronal view-centered assessment
has been proposed by Chae and colleagues [30] as a “fly through” reading method, and it is the plane we
normally assess first during ABUS
reading, since it can provide a brief
panoramic view of the acquisition.
We therefore aimed to ascertain the
value of stand-alone coronal view
ABUS reading in women with dense
breasts, in terms of reading times,
diagnostic performance, and interobserver agreement, compared to the

In a single-centre study [18], we prospectively enrolled consecutive women
with dense breasts, i.e. heterogeneously
dense or extremely dense breasts (breast
density C or D according to the American College of Radiology BI-RADS classification). The women were referred to
our Department for HHUS examinations for one of several indications: postmammography ultrasound assessment,
pre-operative assessment, follow-up of
known benign lesions. The women were
invited to undergo ABUS examination
after standard HHUS. Of 256 patients,
188 were enrolled, with a total of 67
breast lesions, 25 of which (37%) were
malignant and 42 (63%) benign, using
histopathology as the reference standard (or at least two years of negative
follow-up for benign lesions without histopathology). Three radiologists, (with
respectively 5, 15 and 25 years of experience in breast imaging), reviewed the
exams in two different sessions spaced
by at least a one-month interval. During the first session, only the coronal
view was provided to the reader, while

A NEW PERSPECTIVE: CORONAL
VIEW READING AS A STAND-ALONE
APPROACH

When all multiplanar views are used
in ABUS the mean reading time is
reported as being about seven minutes [25–28]. As already mentioned,
this aspect considerably hinders the
expanded use ABUS as a screening
tool, given the need for reliable but
fast reports in a high patient volume
setting such as in screening. Alternative reading strategies, for example
the assessment of the coronal view,
could reduce the overall ABUS reading time, both as a brief preliminary
evaluation and, theoretically, even as
a single-plane reading.
OCTOBER 2020

Figure 2. Coronal (upper) and transverse (lower) ABUS views of two different acquisition showing the
right breast of a woman with a diagnosis of invasive ductal carcinoma. The distorted peripheral breast
tissue around the cancer enhances its detection in the coronal view. The yellow dot in the centre of the
coronal view shows the nipple position (from Schiaffino et al. [18])
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in the second session all the different
MPR views were available; all readers
were blinded to the patients’ clinical,
radiological and pathology data. Finally
we recorded and compared reading times
in both reading sessions; each reader’s
diagnostic performance for each session;
and interobserver agreement comparing
the most and least experienced reader.
In terms of reading times, the first
reading session using the coronal
view alone showed a mean time per
patient ranging from 76 to 84 seconds per reader, i.e. significantly
faster than the complete MPR assessment of the second session. In the
second session we found, indeed,
a mean increase in reading time of
215% for Reader 1, 140% for Reader
2, and 157% for Reader 3, even if the
mean reading time in this second session never exceeded three minutes.
The coronal view approach was associated with higher specificity and lower
sensitivity for all readers, compared to
the MPR approach. This is an interesting result if we consider the potential application of this technique in a
screening setting, where high specificity is a desirable and valuable feature of
a diagnostic tool.
Fair to moderate agreement between the
most and least experienced reader was
found for lesion features analysis, i.e.
for the evaluation of lesion echogenicity,
lesion shape, type of margins, and comprehensive BI-RADS assessment.
CONCLUSIONS

In our small group of patients, the
coronal view approach showed significantly lower reading times and yielded
high specificity. These two features
would prove crucial if ABUS were to be
applied in a screening setting. A major
limitation of our study was the need
to include women from various clinical
and diagnostic settings in order to reach
a sizable population. However we consider that our findings warrant further
targeted investigations and discussion
especially as a far as the screening context is concerned. At present however,
suboptimal sensitivity values still make
the complete MPR reading preferable.
TAKE HOME MESSAGE

The coronal view approach can be considered as a quick preliminary approach
36

for ABUS reading and, in case of detection of a potential lesion, the reader can
proceed to analyze all the different planes
to confirm or rule out the presence of
the suspected lesion. However, based on
our results, the diagnostic performance
of the coronal view stand-alone approach
is still suboptimal. A complete assessment involving all available planes is still
needed.
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RADIATION EXPOSURE

High Cumulative Radiation
Doses to Patients
By Dr. M. M. Rehani & P. Kalva

Nearly 45 years ago, when I (MMR) entered the profession of medical imaging, I was told by my professor that
my personal protection from radiation was more important than that of the patient, since I would be working
with radiation almost the whole of my professional life,
whereas a patient would undergo a radiological examination only a few times in a lifetime.
Could I give the same advice to my young colleagues now
in 2020? Certainly not, as the situation regarding exposure to radiation is now practically reversed: it appears
that patients are nowadays getting more radiation over a
lifetime than the staff. The questions that naturally arise
are: is this really so? If so, how did this reversal happen?
Didn’t we see it coming? Couldn’t we have prevented
it? Have we failed? What is going to happen now? Are
patients in a health-risk zone when it comes to radiation exposure ? What is being done? Is there hope in the
future?
Let’s deal with these questions in turn.
IS IT REALLY THE CASE THAT PATIENTS ARE NOW
RECEIVING MORE RADIATION THAN STAFF?

As already stated, yes, indeed. More than 98% of radiation
workers in medical facilities worldwide are exposed to
an average radiation dose of up to 1 mSv per year. With
45 to 50 working years in one’s life, this amounts to 50
mSv at most over a lifetime. Patients can get this much
radiation dose in 5-10 CT scans. A follow-up question
naturally arises, namely are there a sizable number of
patients who are getting that many CT scans? This is
what was explored by the recent studies led by the lead
author (MMR) [1–4]. The author decided to focus on
patients who receive 100 mSv of cumulative effective
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dose (CED) or more. We found through a large study on
2.5 million patients who had undergone 4.8 million CT
exams, that 1.33% of patients received CEDs ≥ 100 mSv
with an overall median CED of 130.3 mSv, and a maximum of 1185 mSv during a period of one to five years
[1]. We also studied the age distribution of these patients
and found that although the vast majority (72–86%) of
patients were > 50 years of age, nearly 20% (13.4 to 28%)
were ≤ 50 years. The conclusion of these studies was that
we are in an unprecedented era where patients undergoing multiple CT exams during a short span of 1 to 5
years are not uncommon and a sizable fraction among
them are below 50 years of age. We continued our studies to enable us to estimate the number of patients who
may be receiving 100 mSv+ in 35 OECD (Organization
for Economic Co-operation and Development) countries
[4]. Our estimates indicated that patients with CED ≥ 100
mSv amounted to 0.21% of the population and giving us
a figure of about 2.5 million cases in 5 years in 35 OECD
countries. Expressed as per 1,000 population, the values
ranged from 0.51 for Finland to 2.94 for the US, i.e. a
nearly six-fold difference. Countries with more than 2
patients with CED ≥ 100 mSv in a 5-yr period per 1,000
population were: Belgium, France, Iceland, Japan, Korea,
Luxembourg, Portugal, Turkey, and the US.
Figure 1 shows the estimated number of patients with
a CED ≥ 100 mSv in various countries, with the data
normalized per 1000 head of population The figure
was taken from our paper in Eur J Medical Physics/
Physica Medica [4]. In another study, again from our
group, we reviewed all the interventional procedures at
our hospital (Massachusetts General Hospital, MGH)
during the past 9 years [5]. We found that among 46,491
procedures involving 25,253 patients, 1,011 patients (4%)
had received CEDs of more than 100 mSv. It is clear that
the percent of patients with 100 mSv+ is not small. The
median value of the CED in this cohort was 177 mSv. In
contrast to these patient data, it is not easy to find even
a handful of cases with 100 mSv or more over a five year
period for staff working in hospitals in any country or in
any department in a hospital/medical institute.
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There are several reasons, on both sides, On the side
of the staff, there has been a consistent improvement
in radiation safety. The staff is covered by regulatory
control. There are dose limits imposed under national
regulations in all countries; these limits are largely based
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on ICRP (International Commission on on every CT study produced during the dose limits on patients because of the
Radiological Protection) recommenda- administration of a CT examination, fear of preventing a future exam that
tions such as 100 mSv in 5 years leading as specified. The bill would require the may be vitally needed. Additionally,
to 20 mSv/year and no dose in any sin- dose to be verified annually by a medical there is a general lack of awareness on
gle year to exceed 50 mSv. In the USA, physicist, as specified, unless the facility is the part of referring physicians that they
the limit is 50 mSv/year. Before 1977, accredited”.
have a responsibility towards the radiathe dose limit specified by ICRP was 150 The bill was motivated by the overex- tion protection of their patients except
mSv/year, which was reduced to 50 mSv/ posure of a child in Mad River Hospital in a few countries (like UK and Geryear in 1977, and then in 1990 reduced and more than a hundred overexposure many) where the responsibility lies with
further to 20 mSv/year (100
the radiologist/imaging
mSv in 5 years). Thus, there
physician. Furthermore,
has been a steady reduction
the concept of cumulative
“... there is a general lack of awareness on the part of
in dose limit with time.
dose has been met with
The incorporation of this referring physicians that they have a responsibility towards resistance. All these factors
the radiation protection of their patients...”
dose limit into regulation
have contributed to where
has resulted in mandatory
we are today.
monitoring of staff doses
through a radiation monitoring badge cases in Cedars-Sinai Medical Center
and life-long record-keeping. Dose through CT brain perfusion imaging DID WE NOT SEE THIS COMING?
monitoring and record-keeping provide which resulted in hair loss in patients. If you ask the lead author of this article
a strong mechanism for comparison, The European Directive released in 2013 then yes, I saw this coming way back in
reduction, and control.
and the International Basis Safety Stan- early 2000 when I proposed the concept
Unfortunately, on the side of patients, dard (BSS) released in 2014 included of radiation exposure tracking to have
there has been an absence of similar requirements on dose in patient records, radiation exposure history of patients,
requirements in the past for patient dose although assessment of patient dose was but there were only a few takers of the
monitoring and recording. In Sept. 2010, already there in previous versions.
concept. This had already been estabthe California State Senate approved a
lished in Germany as a radiation passbill [6] that as of 1 July 2012: “….requires The lack of mandatory requirements in port and also by the FDA in the USA as
hospitals and clinics, as specified, that use a large part of the world obviously left a radiation dose card. But in the light
computed tomography (CT) X-ray sys- things to individual practice and qual- of the opposition by the vast majortems for human use to record, if the CT ity consciousness. On the issue of dose ity of the professional community, the
systems are capable, the dose of radiation limit, it is considered a taboo to impose concept was resisted till 2009, when the

Figure 1 Estimated number of patients with a cumulative effective dose ( CED) ≥ 100 mSv in 5-yr period per 1,000 population in 35 OECD countries in increasing
order. Image reproduced from Ref 4.
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author initiated a “Smart Card/SmartRadTrack” project through IAEA [7,8].
The media appeal that the concept
created in 2009 led to a rather quick
implementation of the concept by the
imaging industry which provided the
possibility to track radiation exposure
of an individual just via the click of a
button.
DID WE NOT ACT TO PREVENT THIS?

The short answer is no. If the answer
had been yes, we would simply not be
where we are today. The reason for that
is again as stated above, namely the
taboo to use cumulative dose to influence the next exam despite the referring
physicians feeling that it would be desirable [9].
HAVE WE FAILED?
That depends upon how we look at it.
If we look at complying with the available guidelines, then there is perhaps
no failure in large part of the hospitals.
But if we look towards our responsibility of preparing guidelines in making
patients safer, then yes, there is failure.
The current guidelines are like having a blinking green signal at a level
crossing.
WHAT IS GOING TO HAPPEN NOW?

Unfortunately, accidents and major
incidents drive safety actions when it
comes to important steps like making a fundamental change in radiation protection approaches. In the
past, overuse and inappropriate use
of imaging and unoptimized imaging
have been blamed. But this is not the
case any more. Our papers demonstrate that we have clinical decision
support (CDS) in place at our hospital and our per exam doses are by
and large lower than the U.S. national
benchmark as depicted through the
American College of Radiology Dose
Index Registry. Thus, it is neither
the case of inappropriate imaging
nor unoptimized imaging technique,
although small refinements are always
possible. Some patients need imaging
for the right reasons. If we sum up
the radiation doses patients receive
through other high dose procedures
like nuclear medical imaging (PET/
CT, SPECT/CT) and fluoroscopic
OCTOBER 2020

guided interventions, the situation
may be even more alarming. There are
actions that can be taken by various
stakeholders e.g. for the industry to
produce imaging systems that deliver
substantially lower doses; for hospitals that do not have CDS in place
to follow guidelines to increase imaging appropriateness; for all centers
to have their doses optimized, and so
on. For organizations dealing with
radiation protection, there is a need
to have a look at the fundamentals of
radiation protection that have obviously not helped to avoid this situation from happening. There is also a
need for radiation epidemiologists to
use this cohort of patients who have
been exposed to such high doses to
evaluate radiation effects to compare
with data from A-Bomb survivors.
However the applicability of this comparison is increasingly being criticized
in that patients are only intermittently
exposed rather than the acute exposure
which A-bomb survivors received.
In addition, patients receive X-rays
whereas A-bomb survivors received
gamma rays. Nevertheless, research
scientists involved with the so-called
LSS (Life span study), and the large
community of radiation scientists still
believe that inferences drawn from the
LSS study are still applicable to patient
exposures to X-rays.
ARE PATIENTS IN THE RISK ZONE
WHEN IT COMES TO RADIATION
RISKS?

As per current knowledge that is well
accepted by almost all international
organizations like the United Nations
Scientific Committee on Effects of
Atomic Radiation (UNSCEAR), ICRP,
International Atomic Energy Agency
(IAEA), and national organizations
like the Board of Effects of Ionizing
Radiation (BEIR) and the National
Council on Radiation Protection and
Measurement (NCRP), there is a high
degree of confidence in radiation
induced cancers at doses above 100
mGy of organ dose. An effective dose
of 100 mSv, as mentioned above, leads
to 100 mGy to many organs in the
body. Thus, the chances of radiation
effects can be assumed to be to the
D I
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tune of an excess cancer risk of 5% per
1000 mSv and thus 0.5 % per 100 mSv
WHAT IS BEING DONE?

First of all, awareness is being created
and this can help in reducing the frequency of unneeded exams and optimization of radiation doses in each
exam. A recent paper has analyzed
the possibility of drastically lowering
radiation doses in CT through technological means [10]. The purpose is
to kill the radiation risk issue so that
patients who need a CT exam for genuine reasons should not have to suffer
radiation risk.
IS THERE HOPE IN THE FUTURE?

From a technological perspective, yes.
However, one cannot say the same about
radiation protection organizations.
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Deep learning model provides
rapid detection of stroke-causing
blockages
The sophisticated type of artificial intelligence (AI) know as
deep learning can help rapidly detect blockages in the arteries that supply blood to the head, potentially speeding the
onset of life-saving treatment, according to a recently published study (Stib MT et al. Detecting Large Vessel Occlusion
at Multiphase CT Angiography by Using a Deep Convolutional
Neural Network. Radiology 2020 Sep 29;200334. doi: 10.1148/
radiol.2020200334).
Large vessel occlusions (LVO) account for a significant proportion of ischemic strokes, the most common type of stroke.
Prompt diagnosis is critical in order to begin recanalization
through endovascular therapy.“Minutes matter in this timesensitive diagnosis,” said study lead author Dr. MT Stib, of
the Warren Alpert Medical School at Brown University in
Providence, Rhode Island, USA . “Every minute that we reduce
the time to recanalization extends the patient’s disability-free life
Images show four separate patients with large vessel occlusions correctly preby a week.”
dicted by the algorithm. The top row shows a representative CT slice from the
CT angiography (CTA), a three-minute exam that provides delayed venous phase CT angiography. The middle row shows the preprocessed
detailed views of the blood vessels, is the gold standard for maximum intensity projection images that function as the input to the model.
detecting these LVOs. Radiologists are highly accurate at iden- The bottom row are overlaid heat maps, with areas in red showing the most distifying LVOs on CTA, but they are not always available, and criminative regions. Notice these so-called hot regions correlate with the occlusion
location (respectively: left [L] M2, L M1, right [R] M2, basilar) in each patient.
any backlogs at the hospital can further delay care.
Dr. Stib and his colleagues at Brown explored the use of deep
learning to help provide rapid detection of large vessel occlu- sure that we picked up every single case because missing a case
sions on CTA and reduce time to treatment.
has pretty dire consequences.”
Working closely with the university’s computer science The study is the first to use multiphase CTA to look at occludepartment, the researchers developed a deep learning sions in the arteries of both the anterior part of the head and
model from scratch. They used a
neck and the posterior part.
large sample of CTA examinations “This algorithm is not replacing the ability “Posterior circulation occlusions have
for patients with suspected acute
of radiologists to do their job; rather, it’s not been discussed much in machine
ischemic stroke to train the algo- trying to speed up the time to diagnosis...” learning literature,” Dr. Stib said.
rithm to recognize the appearance
“They’re less common but have pretty
of large vessel occlusions and distinguish it from other con- profound clinical consequences if missed. It’s important to have
ditions. Preprocessing of the CTA exams included the cre- an algorithm that detects all categories of occlusion, both anteation of maximum intensity projection images to empha- rior and posterior.”
size the contrast-enhanced vasculature. The researchers The next step in the research is to validate the results using
also used multiphase CTA, a newer approach that provides the algorithm in real time and see if it can improve outcomes
more comprehensive information than the single-phase for patients. If the results hold up, then the deep learning
technique. Multiphase CT angiography was recently intro- model could be a useful asset in medical centers or hospitals
duced for acute stroke imaging with the aim of improving that don’t have the expertise for reading large vessel occlusion
both LVO detection and patient selection for endovascular CTA images.
therapy
“This algorithm is not replacing the ability of radiologists to do
When the researchers tested the deep learning model on mul- their job; rather, it’s trying to speed up the time to diagnosis,” Dr.
tiphase CTA examinations of 62 patients, the model detected Stib said. “So if the radiologist isn’t around or there is a large
all 31 large vessel occlusions for a sensitivity of 100%, a statisti- workflow that is preventing someone from looking at the exam
cally significant improvement over the 77% sensitivity rate of results quickly, there will be an alert that says an occlusion may
single-phase CTA. The use of multiphase CTA contributed to be present and someone should look at this. That’s where the
the improved performance.
value is in this kind of a model.”
“These results are quite promising,” Dr. Stib said. “We really
wanted to optimize the sensitivity of the model so that we were doi: 10.1148/radiol.2020200334
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I ND US TRY NEWS
Siemens Healthineers to acquire Varian in mega deal
• Combination creates a global leader in healthcare with a comprehensive portfolio to fight cancer
• Purchase price expected to be USD 16.4 billion in the all-cash transaction.
• Varian will continue to operate under the Varian name, as a Siemens Healthineers brand.
A HOLISTIC PARTNER FOR CANCER CARE

Varian 2

Varian’s main focus is on radiation therapy hardware such as linear accelerators [Left Panel, above] in which it is
a market leader. Siemens has extensive businesses in advanced diagnostic imaging including MRI and CT [Right
Panel, above]. The combination is a powerful tool in cancer diagnosis and therapy. The two companies already have
a partnership, known as EnVision, with the “En” representing the Energy of Varian’s powerful radiation treatment
delivery systems and the Vision of Siemens Healthineers’ advanced imaging capabilities.

On August 2nd Siemens Healthineers
and Varian Medical Systems announced
that they have entered into an agreement
by which Siemens Healthineers will
acquire all shares of Varian for a purchase
price of approximately USD 16.4 billion.
Commenting on the largely unexpected announcement, industry observers described it as being by far the biggest acquisition carried out by Siemens
Healthineers since 2017 when it was spun
off via an IPO from the mother company Siemens AG. At the time of the IPO,
Siemens AG retained a large perentage of
the newly floated company’s share capital, prompting some commentators to
speculate that the new company would
still remain essentially under the influence of, or even restricted by Siemens
AG. On the contrary, the new transaction shows that Siemens Healthineers is
indeed capable of bold and large moves.
Varian’s Board of Directors have unanimously approved the agreement and recommend Varian shareholders to do the
same. The acquisition is expected to close
in the first half of calendar year 2021.
“With this combination of two leading
companies we make two leaps in one step: a
leap in the fight against cancer and a leap in
our overall impact on healthcare. This decisive moment in the history of our companies
means more hope and less uncertainty for
patients, an even stronger partner for our
42

customers, and for society more effective and
efficient medical care. Together with Varian’s
outstanding and passionate employees, we
will shape the future of healthcare more than
ever before,” said Dr. Bernd Montag, CEO
of Siemens Healthineers AG.
“Varian’s innovative and patient centric culture has enabled us to become an
iconic leader in radiotherapy and multidisciplinary cancer care, with a trusted
global brand and strong customer loyalty,” said Dow Wilson, President and
CEO of Varian. “Siemens Healthineers
values our talented and engaged employees and recognizes the strength of the
Varian brand, our cutting-edge portfolio, and the relationships we’ve nurtured.
We are thrilled to partner with Siemens
Healthineers to extend our renowned
customer care, serving clinicians and
patients from the very first stage in
the fight against cancer. With Siemens
Healthineers, we will transform care for
a greater number of patients worldwide,
as well as broaden opportunities for our
employees as part of a larger and more
global organization. That is why our
Board is confident that combining with
Siemens Healthineers is the right path
forward for Varian – delivering immediate and compelling value to our shareholders, while bringing us even closer
to our transformative vision of a world
without fear of cancer.”
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Varian is a world leader in the field
of cancer care, with innovative solutions
especially in radiation oncology and
related software. In fiscal year 2019, the
company generated revenues of USD
3.2 billion (Siemens 2019 revenues were
EUR 14.5 billion or approx. USD 17.2
billion). Varian is headquartered in Palo
Alto, California, USA, and currently
employs approximately 10,000 people
worldwide. With a holistic approach to
cancer care, the company is increasingly leveraging technologies such as
artificial intelligence, machine learning
and data analysis to further improve
cancer treatment and expand access
to care. After closing of the transaction, Varian will continue to operate
under the Varian name, as a Siemens
Healthineers brand.
CANCER PERSPECTIVES

The International Agency for
Research on Cancer expects the prevalence of cancer to almost double between
2010 and 2030, with more than 50 percent of all cancer patients undergoing
radiotherapy [1, 2]. At the same time,
significant growth in therapeutic innovations is driving demand for personalized
diagnosis and therapy planning, implementation and monitoring.
Varian’s decades of progress in developing and delivering multidisciplinary,
integrated cancer care has kept the company at the forefront of innovation for
more than 70 years. A spokesman said
that Varian thus offers an ideal fit to
Siemens Healthineers’ leading businesses
in medical imaging, laboratory diagnostics and interventional procedures.
REFERENCES

1 https://www.iarc.fr/cards_page/worldcancer-report/ 2. https://gco.iarc.fr/
SIEMENS HEALTHINEERS,
ERLANGEN, GERMANY
www.siemens-healthineers.com
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Faster quantitative MR imaging
spreads its wings
The SyMRI software produced by the Swedish company
Synthetic MRI supports a faster MR imaging workflow and
allows users to follow disease progression and therapy efficacy
with greater confidence. The unique technology allows measurement of the absolute properties of the brain and delivers
synthetic contrast weighted
images, tissue segmentations and parametric maps
of the patient. Up to 8 contrast weighted images with
adjustable time parameters can be produced from just a single
6-minute scan with a post-processing time of under 10 seconds.
Tissue maps, volumes and industry first myelin measurements
provide the user with objective data to support with decision
making. There are several individual product packages e.g.
SyMRI IMAGE & SyMRI NEURO
The company has announced that
• The SyMRI quantitative imaging software solution has
received regulatory approval in Japan. (SyMRI is CE-marked
and is FDA 510(k) cleared).
• SimonMed, one of the largest outpatient medical imaging providers and largest physician radiology practices in the
United States, has announced its implementation of the SyMRI
software to support enhanced lesion detection and allow for
quantitative MRI including the tracking of myelin development
in pediatric patients and patients with Multiple Sclerosis.
• The ProScan Imaging group which operates 25 outpatient
imaging centers throughout the US, providing a wide range of
teleradiology services, will from now on be integrating SyMRI
in their practice.
SYNTHETIC MRI
LINKÖPING, SWEDEN
www.syntheticmr.com/

Clinical decision support tool providing accurate two-year breast cancer
risk estimation gets CE Mark
iCAD, the US company providing innovative cancer detection
and therapy solutions, announced that its ProFound AI Risk package has received CE Mark in Europe. ProFound AI Risk is the first
and only clinical decision support tool that provides an accurate
two-year, breast cancer risk estimation that is truly personalized for
each woman, based only on a screening mammogram. ProFound
AI Risk uniquely combines a range of risk factors, including age,
breast density and subtle mammographic features, offering superior
performance in assessing short-term risk compared to traditional
breast cancer risk models. It offers an easy-to-implement solution that provides superior insights that empower clinicians to
tailor a woman’s breast screening regimen and potentially identify
cancers earlier. “At last year’s RSNA Annual Meeting, we introduced
Panorama Powered by ProFound AI, which enables clinicians to
OCTOBER 2020
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provide more tailored and personalized patient care. With ProFound
AI Risk, this concept is coming to life. The CE Marking of this
technology is a significant milestone that represents the Company’s
continued efforts to globally commercialize leading-edge solutions
that are positioned to enhance patient care and improve outcomes,”
said Stacey Stevens, President of iCAD. “ProFound AI Risk has
the potential to address a significant unmet need in breast cancer
screening, with an eligible screening population of approximately 250
million women worldwide. ProFound AI Risk offers a more holistic
clinical approach that can provide clinicians with a broader view
of each individual patient’s case and
two year breast cancer risk. This technology offers more valuable insights
for clinicians, compared to other risk
models, which offer five or 10 year-risk
estimates. ProFound AI Risk will be
available for 2D mammography, which is particularly applicable for
the European market, where 2D mammography is still primarily used
for breast cancer screening.” ProFound AI Risk is the latest addition
to iCAD’s suite of breast health solutions, which includes ProFound
AI™ for Digital Breast Tomosynthesis (DBT), ProFound AI™ for
2D Mammography, and software solutions for automated breast
density assessment
iCAD
NASHUA, NH, USA
www.icadmed.com

GE in collaborative project on
thoracic CT scans to understand
response to COVID-19
GE Healthcare is collaborating with Assistance Publique-Hôpitaux
de Paris to create a giant database of chest images of COVID-19
patients. The major study aims to analyze 10,000 thoracic CT scans
to better understand patients’ responses to COVID-19 and to develop
tools to automatically assess the severity of the disease. A group of
20 expert radiologists involved in the project are using 3D image
visualization software developed by
GE Healthcare on the EDISON platform to analyze virus-affected areas
and provide information on vascular,
pulmonary or overweight comorbidity factors likely to influence the
course of the disease, such as the appearance of arteries, the appearance of unaffected lungs or the amount of fat in the chest wall. “The
physician reading the CT scan is interested in identifying early signs of
the disease and assessing its extent,” explained Professor Marie-Pierre
Revel, head of the cardiothoracic imaging unit at Cochin Hospital in
Paris, who leads the STOIC project (thoracic scanner for the diagnosis of coronavirus-19 pneumonia). “But the scan also provides other
patient data, allowing us to establish a severity score that can be correlated with the patient clinical course. All these data are now available
and should help us better understand why some individuals develop a
severe form of the disease.”
GE HEALTHCARE,
BUC, FRANCE
www.gehealthcare.com
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T EC H N O LOGY UPDATE
Synchronized Imaging System
Interface for contrast-enhanced MRI

New imaging System Interface (ISI) saves time,
improves operational efficiency and reduces the number of steps in the MRI workflow by one third.
Bayer and Siemens Healthineers have finalised a
joint hardware and software development, namely a
new MRI compatible Imaging System Interface (ISI),
which is the first injector scanner interface for the MRI
suite. The new system synchronizes the MEDRAD
MRXperion MR Injection System from Bayer and
Siemens Healthineers MR scanner, thereby overcoming significant challenges posed by the complex process
used in conventional contrast-enhanced dynamic MRI.
These challenges can cause high stress for operators
and also result in suboptimal imaging. By enabling
synchronized injector triggering from the MRI scanner operator console and a more efficient workflow,
ISI allows users to conduct high quality, consistent
contrast-enhanced procedures and to spend more time
focusing on the patient.

In a conventional, manually controlled setting,
technologists must constantly plan, monitor and time
the various steps on the injector and scanner workstations separately during contrast-enhanced MRI procedures. If the required steps are not optimally timed
and synchronized, poor image quality may be generated, which can delay diagnosis as contrast-enhanced
scans may then have to be repeated, resulting in additional costs to healthcare systems and unnecessary
stress and inconvenience for patients as well as healthcare providers.
“Together with Siemens Healthineers, we were able
to design an interface that directly addresses the challenges of conventional contrast-enhanced dynamic MRI
workflows and improves both the user and patient experience,” said Prof. Olaf Weber, Head of Radiology R&D
at Bayer.
“The coupling between MRI and injector is a great
achievement for the transformation of care delivery;
instead of multiple, time-critical interactions on different consoles, everything can be controlled with a few
clicks from the MR console, making synchronized MR
injections easier. Thinking forward, it is also perfect for
scenarios where experts might remotely operate the MRI
44
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system,” said Arthur Kaindl, Head of MR at Siemens
Healthineers.

The ISI system has recently been awarded CE
mark certification.

BAYER,
BERLIN, GERMANY
www.bayer.com
SIEMENS HEALTHINEERS
ERLANGEN, GERMANY
www.siemens-healthineers.com

Flexible and Scalable X-ray imaging
system for mid-tier hospitals and
imaging centers

Carestream Health has launched its DRX-Compass
X-ray System for mid-tier hospitals and medical imaging
centers worldwide. The system offers a flexible and scalable approach to digital imaging with an eye to the future,
while increasing workflow efficiency and reducing costs.
“The DRX-Compass is a fully digital unit for customers.
No matter where they are today, we can build on their system, helping them navigate for where they’ll be tomorrow,”
said Steve Romocki, Worldwide Product Line Manager for
Radiology Systems at Carestream. “A customer can choose
the X-ray components that are ideal for their facility now,
knowing the system can be easily enhanced to meet their
future needs, all while protecting their current investment.”
The new system is an upgrade-friendly unit that mitigates technology obsolescence with a set of advanced
features and options. It has vertical auto-tracking and
auto-centering, as well as an optional tilting wall stand to

support a wide range of exams. Developed for easy positioning, the system was designed to decrease set-up time
and increase throughput for every facility. Its intuitive,
graphical user interface reduces training time for technicians and allows for a secure, swipe-and-go login. The
auto long-length imaging option is especially useful for
patients who have trouble standing or young children who
are unable to hold still for long periods.
The system includes the current version of Carestream’s
ImageView clinical acquisition software, powered by
Eclipse Imaging processing, to securely enhance productivity and patient care in a single platform. Through
this software platform, facilities will have the option to
purchase additional capabilities to their DRX-Compass
systems as needed over time.
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By providing the full benefits of a digital X-ray room, the DRXCompass is ideal for community, rural and private hospitals. It is also
well suited for urgent care centers, orthopaedic and large radiology
practices. With the ability to select components for specific locations,
the system can easily adapt to space requirements. Developed with
customer feedback in mind, the DRX-Compass offers a bridge for
healthcare facilities looking to move from an analog or retrofitted
X-ray room to a digital system.
“The DRX-Compass is a system that can be configured to
fit most facilities’ budgets and can grow with customers as their
needs change, with minimal downtime,” Mr. Romocki said.
“This will offer our customers who are still using analog the
opportunity to move to a new digital platform and it provides
flexibility for what the future will bring.”

a result of significant design improvement incorporated into
the UltraG gradient technology, the RF architecture, and the
SIGNAWorks features. SIGNA UHP 3.0T benefits from sharing many of the same high-performance components as the
510(k)-pending SIGNA 7.0T but at the lower field strength, thus
enabling more research sites to access this advanced technology
at lower cost. As a whole-body 3T system, SIGNA UHP 3.0T
can be used to scan all clinical anatomies.
“UHP 3.0T is an advanced platform that allows us to develop
tools to investigate brain microstructure changes and improve
our understanding of disease mechanisms,” said Allen Song,
professor and director, Brain Imaging and Analysis at Duke
University. “And more importantly, enables to better plan new
treatment options for neurodegenerative diseases.”

CARESTREAM
ROCHESTER, NY, USA
www.carestream.com

Enabling neurosearch in Alzheimer’s and TBI

GE Healthcare has introduced new technologies to enable
neuro research to better understand Alzheimer’s disease and
traumatic brain injury, as well as accelerate clinical translation.
The new systems include the 510(k)-pending SIGNA 7.0T and
the research devices SIGNA ultra-high performance (UHP)
3.0T and the head-only MAGNUS gradients. The SIGNA 7.0T
is designed to overcome the limitations of the majority of
today’s clinical MRI systems by leveraging the ultra-high field
magnet technology within its core. With approximately five
times more power that most clinical systems, SIGNA 7.0T is
designed to detect subtle structures that may be significant
for clinicians and researchers alike. This new 60-centimeter
bore system is designed to be a more powerful tool to image
neurodegenerative diseases as well as extremities. The SIGNA
7.0T features UltraG gradient technology, GE’s most powerful,
whole-body gradient coil, designed to meet the needs of ultrahigh field imaging speed and resolution. This system features
the familiarity of SIGNAWorks applications platform so clinicians can use the latest state-of-the-art applications such as deep
learning-based platform tools like AIR x brain for automated
slice positioning and Silent MR imaging.

SIGNA UHP 3.0T is an investigational device configuration
that delivers improved visualization of microstructure changes
that may arise in disorders such as Alzheimer’s and Parkinson’s
disease. The research gains that SIGNA UHP 3T provides are
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MAGNUS
In a related development, GE have announced that their
Research Center, together with the Uniformed Services University
(USU), the U.S. government’s health sciences university, have
initiated a new study funded by the US Department of Defense
that could lead to new imaging biomarkers for diagnosing cases
of mild TBI. The study will involve testing military personnel
suffering from acute and chronic mild TBI on GE’s experimental high-performance Microstructure Anatomy Gradient for
Neuroimaging with Ultrafast Scanning (MAGNUS) gradient coil
installed at a major U.S. military treatment facility.
The head-only MAGNUS MRI system is designed to help
researchers image subtle neuro microstructures and changes
caused by mild TBI that conventional MRI systems cannot
achieve. This new high-performance brain imaging platform
could help establish first objective measures for diagnosing
mild cases of mild TBI, and potentially other neurodegenerative diseases such as Alzheimer’s disease, Post Traumatic
Stress Disorder (PTSD), Attention Deficit Disorder (ADD),
and mild cognitive impairment. MAGNUS is designed to
deliver an unprecedented combination of gradient strength
and slew rate for brain imaging, operating in the 500 – 700
Tesla/meter/second (T/m/s) and 200-300 milliTesla/meter
(mT/m) range vs. up to 200 T/m/s and 50-80 mT/m in conventional MRI scanners.
“We are thrilled to showcase our latest advanced neuro
imaging offerings to both researchers and clinicians,” said Jie
Xue, president and CEO of GE Healthcare MR. “Technologies
like SIGNA 7.0T, SIGNA UHP 3T and the head-only MAGNUS
gradient coils are critical tools to help advance our understanding of diseases like Alzheimer’s and mild TBI”
GE HEALTHCARE
CHALFONT ST GILES, ENGLAND, UK
www.gehealthcare.com
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TECHNOLOGY UPDATE
Advanced breast imaging workstation

An enhancement to the Candelis ImageGrid platform, the
new Candelis Advanced Breast Imaging Workstation provides
multimodality and multivendor viewing of breast images with a
complete diagnostic tools set. ImageGrid has long served as the
industry benchmark for mammography workflow. but now, with
the Advanced Breast Imaging Workstation, ImageGrid is set to
become even more a “must-have” informatics platform in breast
imaging. The new system includes several exciting new features:

Mammography/Tomosynthesis Reading.
Supporting reading of mammography and tomosynthesis images
from Hologic, GE, Siemens, Fuji, Planmed, and Giotto, the new
system is designed with the workflow features that are needed
for mammography and tomosynthesis reading and offers many
built-in useful tools

Breast Ultrasound
The system supports 3D breast ultrasound images acquired by
GE Invenia ABUS, Siemens Acuson ABVS, Hitachi and iVu
Sophia with diagnostic tools for reading and interpretation.
Enhanced Mammography Prefetch
Enhanced mammography prefetching tools further reduce
the time required before studies can be read and eliminates all
information that can cause a patient mismatch. The advanced
features include: retrieval of prior studies from multiple PACS
systems; ensuring consistence between current and prior patient
studies; delivery of prior studies to the workstation during nonpeak hours; caching exams on the workstation to minimizing
fetching activities during reading; prerendering prior exams for
visualization resulting in quicker reading of studies; delivery of
both current and prior exams simultaneously to workstation along
with notification of availability for reading.
CANDELIS,
NEWPORT BEACH, CA, USA
www.candelis.com

Cart-Based ultrasound system

Hologic have announced the launch of the SuperSonic
MACH 40 ultrasound system, expanding the Company’s suite of
ultrasound technologies with its first premium, cart-based system.
46
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The SuperSonic MACH 40 system is part of a growing portfolio
of ultrasound solutions resulting from Hologic’s recent acquisition
of the French company SuperSonic Imagine, a pioneer in the field
of ultrasound imaging.
The new system features excellent image quality, standardsetting imaging modes, and is designed to enhance efficiency
and accuracy. “As the leader in breast imaging, we’re committed to delivering insight-driven solutions that optimize patient
care across the full continuum of care for breast health – from
screening to treatment,” said Pete Valenti, Hologic’s Division
President, Breast and Skeletal Health Solutions. “With the
addition of the SuperSonic MACH 40 system, we’ve successfully
built a comprehensive portfolio of innovative, standard-setting
breast ultrasound solutions designed to better meet the needs
of breast imagers. The SuperSonic MACH 40 system embodies
our commitment to delivering future-oriented solutions and
was designed to help healthcare professionals reduce unnecessary biopsies by eliminating re-scans, reducing lesion correlation
time, and improving overall diagnostic accuracy.”
The SuperSonic MACH 40 system leverages exclusive
UltraFast imaging technology to provide greater frame rates
of up to 20,000 images per
second. The technology also
enables innovative imaging
modes, without the trade-offs
present in conventional systems. The new system is further enhanced by exceptional
B-mode imaging technology,
which helps improve diagnostic
confidence thanks to smoother
images with reduced speckle,
clearer images across all tissue
densities, and improved lesion
conspicuity. It also features the
third generation of shear wavebased elastography technology,
ShearWave PLUS, which provides additional diagnostic information that may help with patient management, including
diagnostic workup of breast lesions, lesion targeting during
ultrasound-guided biopsy, and lesion size measurement. Three
innovative imaging modes come together in TriVu imaging,
where morphology, stiffness and blood flow can all be analyzed
simultaneously in the same image.
“Hologic continues to expand its portfolio with the patient and
clinician in mind, and that’s apparent with the recent SuperSonic
Imagine acquisition and new innovations,” said Stacy Smith-Foley,
MD, Medical Director of The Breast Center at CARTI in Little
Rock, AR, USA. “The result has been a consistently growing suite
of tools that truly complement each other and help me and my colleagues to efficiently care for our patients”
Clinicians performing precision-dependent ultrasound-guided
biopsies with the SuperSonic MACH 40 system can also enjoy
enhanced control with Needle PL.U.S. imaging, which enables
visualization of both the biopsy needle and anatomical structures
in real time and predicts the needle trajectory.
HOLOGIC,
MARLBOROUGH, MA, USA
www.hologic.com
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Precise. Powerful. Proven.
™
Discover ProFound AI
NEW: ProFound AI™ Risk*

A Two-year, Breast Cancer Risk Estimation

ProFound AI™ for 2D and 3D Mammography
PowerLook® Density Assessment

Learn more and request a demo at
www.icadmed.com/profoundai-risk.html
* ProFound AI™ Risk is the first and only clinical decision support tool that provides an accurate
two-year, breast cancer risk estimation that is truly personalized for each woman, based only on a
screening mammogram and age. ProFound AI Risk is CE marked.

