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Breast CT: a groundbreaking innovation


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.
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Return to the pre-COVID
“good old days” unlikely
in radiology

T

he news of the positive results of
the first clinical studies of several candidates vaccine against
the coronavirus causing the
current COVID19 pandemic has been universally welcomed despite the cautionary
warnings that it is still early days in the
long-haul challenge to establish efficient
world- wide immunity. Notwithstanding
these warnings, the idea that there is at
last a light at the end of the long COVID19 tunnel gives hope to many. Not least
among the people who look forward the
most anxiously to an end of the of the
COVID-19 nightmare are the hard-pressed
front line healthcare personnel, including
radiologists and radiographers who have
been faced with even more pressure than
usual. Reports of staff burn-out abound.
The arrival of the positive news on the
vaccine front has given rise to hopes that
some day relatively soon things will return
to the good-old ways of pre-COVID. Such
hopes of a complete speedy return to preCOVID normalcy in radiology are almost
certain to be dashed, if only because the
back-log of cases who were postponed to
make way for the COVID patients will
take a long time to be absorbed. Even
more insidious than this is the underlying
but undeniable fact that there is in fact a
built-in and growing shortage of radiologists and radiography technicians which
can only have been aggravated during
the COVID-19 pandemic. According to
a report released by the Royal College of
Radiologists in the United Kingdom apparently only 2% of radiology departments
are able to fulfil their imaging reporting
requirements within contracted hours. The
same report found that only one out of
every five trusts and health boards in the
UK has enough interventional radiologists
to provide the service required to perform
urgent procedures. The American College
of Radiologists (ACR) Commission on
Human Resources Workforce Survey
found that, in spite of a positive radiologist job outlook, there was a 30% increase
in vacant job openings from 2017 to 2018.
The radiologist shortage isn’t restricted to
the USA and the UK – other countries are
struggling too. In Australia the radiologist
shortage has affected hospital care and
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service delivery in some areas, with many
scans being sent offsite to be analyzed due
to the limitations of staffing onsite.
As if this shortage of radiologists wasn’t
bad enough, the workloads of radiology
departments are steadily increasing. The
latest analysis of one aspect of this increase
in radiology work-load comes from a
Dutch group in a recently published paper
(Bruls RJM and Kwee RM. Workload for
radiologists during on-call hours: dramatic increase in the past 15 years. Insights
Imaging (2020) 11:121, doi.org/10.1186/
s13244-020-00925-z). As the authors point
out, Emergency radiology studies during
on-call hours may be particularly prone to
diagnostic error due to relative staff shortage and absence of subspecialty trained
attending radiologists. In addition long
shifts and high workloads are considered
stressful, have negative health effects and
can lead to burn- out among radiologists
and also among radiology technicians. The
Dutch study set out to quantify to what
extent the workload for radiologists has
increased and which type of studies contribute most to the workload during oncall hours. The results showed that there
has indeed been a dramatic increase in
the workload for Dutch radiologists during on-call hours over the past 15 years,
with the growing amount of CT studies
being largely responsible for this increase.
The number of radiologists faced with
this growing workload did not increase at
anything like the rate the workload did. It
is likely that the Dutch results are equally
applicable elsewhere. The authors plead
that radiologist and technician workforce
should be matched to the ongoing increasing trend to avoid potential burn-out and
to maintain quality and safety of radiological care. Given that the authors reported that the overall on-call workload, as
expressed in relative value units, actually
increased fourfold between 2006 and 2020
it seems unlikely that there will be a sudden equivalent increase in staffing levels.
It is hard to see a solution for the future
other than the widespread application of
AI based algorithms, which will make the
idea of a return to pre-COVID normalcy
even further away. n
3
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Front Cover Story
A NEWLY INTRODUCED BREAST CT SYSTEM HAS BEEN POSITIVELY RECEIVED
BY PATIENTS AS WELL AS BY THE BREAST RADIOLOGISTS
The combination of the positive reaction of women to the short, pain-free
examination with the new system on the one hand together with the high sensitivity
and specificity on the other, makes the future of the new system look very
promising.. ��������������������������������������������������������������������������������������������������������������������������������������������18
The front cover image shows the high image quality from the new breast
CT system. The image is a breast CT showing a small carcinoma right side
9h, size 11mm. Complicated case after reduction (see typical calcs) and
scarring. The patient had already very painful compression experience and
refused further mammogrqaphy. MRI was not possible. Front cover image
courtesy of Dr. K. Ridder, Dortmund, Germany .
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Results from ESCR
registry show cardiac MRI
contrast agents carry low
risk of adverse events
Contrast agents used to improve
views of the heart on MRI carry a very
low risk of allergic reactions, vomiting
and other acute adverse events, according to a recent large study from Europe
published in Radiology: Cardiothoracic
Imaging. (Uhlig J. et al. Gadoliniumbased Contrast Agents for Cardiac
MRI: Use of Linear and Macrocyclic
Agents with Associated Safety Profile
from 154 779 European Patients.
Radiology: Cardiothoracic Imaging
2020; 2(5):e200102. doi.org/10.1148/
ryct.2020200102). The findings come
three years after the European Union

enacted new regulations on Gadolinium
Contrast Based Agents (GBCAs), which
are classified as either linear or macrocyclic based on the type of ligand
used to carry the gadolinium ion.
Linear GBCAs have elongated ligands
while macrocyclic GBCAs have a cageshaped ligand that traps the gadolinium
ion inside. Studies have shown that
trace amounts of the toxic gadolinium
ions may remain in the body following repeated GBCA administration.
Linear GBCAs are thought to have a
higher likelihood of deposition of Gd
ion compared to macrocyclic GBCAs,
as the macrocyclic GBCAs offer better
containment of the gadolinium ion and
are considered more stable, although
the clinical relevance of these depositions still needs to be determined. The
European Medicines Agency regulations
principally involve the withdrawal of
marketing approval for linear GBCAs,
NOVEMBER 2020

except for linear GBCAs specific for
liver imaging.
Cardiac MRI is a well-established
cardiac modality and the majority of
cardiac MRI exams use intravenous
GBCAs to improve visualization of the
heart muscle and blood flow. Contrastenhanced MRI is often used to assess
scars to the heart tissue and detect
cardiac ischemia Contrast-enhanced
cardiac MRI is also frequently used to
evaluate diseases like cardiomyopathy
and myocarditis. For the new study, Dr.
Uhlig and colleagues tapped into the
multinational, multicenter European
Society of Cardiovascular Radiology
MRCT Registry to assess the impact
of the EMA’s regulatory decision. The
study group included 154,779 patients
who underwent cardiac MRI, with
almost 95% receiving GBCA. While
linear GBCAs were used in 15.2% of
examinations before and in 2017, their
use decreased to less than 1% in 2018
and 2019.
The researchers also tracked GBCAassociated acute adverse events and classified them as mild, moderate or severe.
Mild events included allergic reactions
such as hives and wheezing, while reactions like chest pain and arrythmia were
classified as moderate or severe. Overall,
there were 556 acute adverse effects in
145,855 contrast-enhanced MRIs, or
0.38%, with only 47 being classified as
severe.
“Using a large-scale patient cohort
from several European countries, our
study demonstrates that the administration of GBCA for cardiac MRI is safe for
the overwhelming majority of patients,”
Dr. Uhlig said. “In particular, macrocyclic GBCAs exhibit a favorable acute
safety profile, and should be considered
for cardiac MRI examinations evaluating myocardial scarring, ischemia, cardiomyopathy and myocarditis.” Adverse
events occurred even without GBCA
administration. Out of the 8,924 cases
in the study group that did not involve
GBCAs, 231 examination-related events
were reported, or 2.59%, the majority
being anxiety and shortness of breath.
The results underscore the importance of pre-procedural assessment
to look for contraindications to MRI
scanning and GBCA administration,
D I
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as well as the likelihood of GBCAassociated adverse events, Dr. Uhlig
said. “Potentially vulnerable populations
include those with orthostatic shortness
of breath, prior adverse GBCA reactions
and terminal renal insufficiency,” he said.
Policies on linear GBCAs vary
internationally. No regulatory restrictions have been issued in the United
States, although the U.S. Food and Drug
Administration recommends that physicians consider gadolinium retention
characteristics when choosing GBCAs.
Because of their unique properties, linear GBCAs are still considered vital for
liver imaging.
“Although there are efforts to advance
non-contrast hepatic imaging, linear
GBCAs will probably be indispensable for
specific patient populations in the near
future,” Dr. Uhlig said.
The study authors credited the
MRCT Registry for helping make their
research possible.
“These analyses highlight the importance of establishing and maintaining
large-scale prospective data registries,
specifically in the field of radiology,”
said the study’s senior author Matthias
Gutberlet, M.D., one of the MRCT
Registry co-founders.
Doi 10.1148/ryct.2020200102

CO-RADS – A categorical
CT assessment scheme
for patients with
suspected COVID-19
Definitive diagnosis of COVID-19
is usually made using a reverse transcriptase-polymerase chain reaction
(RT-PCR) assay, which performs accurately in a laboratory setting. However,
reported sensitivities in clinical practice
range between 42% and 83% depending
on symptom duration, viral load, and
test sample quality.
In the light of these issues with
RT-PCR, the role of chest computed
tomography (CT) in COVID-19 is
constantly evolving with modest scientific evidence but substantial differences in opinion on when and how the
technique should be used for clinical
5
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workup or treatment decisions. Early in
the pandemic, the Dutch Radiological
Society initiated a COVID-19 network
to facilitate development and nationwide dissemination of COVID-19related information and tools which
resulted in a standardized assessment
scheme for pulmonary involvement of

problem. Full details of how to determine CO-RADS categories are given
in the Dutch group’s paper.
Since the publication of the Dutch
CO-RADS paper, a recent study has
been published comparing the new
CO-RADS with the RSNA COVID-19
categorisation system. (O’ Neill SB et

Table 1. Overview of CO-RADS categories and the corresponding level of suspicion for pulmonary involvement
in COVID-19

COVID-19 to be able to compare data
across institutions and populations and
provide a basis for gathering scientific
evidence and imporoved communication with referring physicians. By analogy with other efforts for standardization, such as Lung-RADS, PI-RADS or
BI-RADS, the acronym CO-RADS was
chosen. The Dutch researchers have
now published a paper to introduce
the CO-RADS system (Prokop M et al.
CO-RADS: A Categorical CT Assessment
Scheme for Patients Suspected of Having
COVID-19-Definition and Evaluation.
Radiology. 2020 Aug;296(2):E97-E104.
doi: 10.1148/radiol.2020201473)
The key features of the new system are:
• CO-RADS provides a standardized assessment scheme that simplifies
reporting with a five-point scale of suspicion for pulmonary involvement of
COVID-19 on chest CT
• CO-RADS has a moderate to substantial agreement among observers
with an overall Fleiss’ kappa of 0.47
(95% CI 0.45-0.49).
• The discriminatory power of
CO-RADS for diagnosing COVID-19
was high, with a mean area under the
ROC curve of 0.91 (95% CI 0.85-0.97)
for positive RT-PCR results.
The system thus fulfils the need
for a structured and fast reporting
system that decreases ambiguity in
the communication with referring
physicians and facilitates collection
of CT performance data for further
research of this worldwide healthcare
6

al.Radiological Society of North America
(RSNA) Expert Consensus Statement
Related to Chest CT Findings in COVID19 Versus CO-RADS: Comparison
of Reporting System Performance
Among Chest Radiologists and EndUser Preference. Can Assoc Radiol J.
2020 Nov 3:846537120968919. doi:
10.1177/0846537120968919).
The
conclusions of the comparative study
were that “RSNA and CO-RADS
reporting systems are consistent
and reproducible with near perfect
inter-/intra-observer agreement and
excellent positive predictive value.
doi: 10.1148/radiol.2020201473)

Lung scans for stroke
patients could provide
earlier COVID-19 detection
Computed tomography angiogram
(CTA) scans may offer fast and early
detection of COVID-19 in acute ischemic stroke (AIS) patients, according to
recently published research (Esenwa C
et al. Utility of Apical Lung Assessment
on Computed Tomography Angiography
as a COVID-19 Screen in Acute Stroke.
Stroke. 2020 Dec; 51(12):3765-3769. doi:
10.1161/STROKEAHA.120.030959.)
The study found that in addition to
patient-reported COVID-19 symptoms,
routine or standard care CTA scans
were an accurate screening method for
faster detection of COVID-19 since they
include imaging of the upper portion
D I
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of the lungs. Researchers conducted a
retrospective analysis of patients treated
for AIS at three hospitals in the Bronx,
NYC from March 1 to April 30, 2020,
the height of the first wave COVID-19
surge in New York City. A total of 57
patients who received a CTA scan within
24 hours of hospitalization for AIS were
included in the study. Researchers used
CTA scans to evaluate the lung apices
for signs of COVID-19 pneumonia.
They then analyzed the accuracy of
using CTA scans for COVID-19 diagnosis alone as well as in combination
with patient-reported symptoms, such
as cough and/or shortness of breath.
“Every second counts when treating
a person experiencing a stroke,” said Dr.
C Esenwalead author of the study, from
Albert Einstein College of Medicine in the
Bronx, New York City. “Conducting a CTA
is already part of the stroke management
process, and these scans provide an opportunity to assess the lungs for signs suggestive of
COVID-19. Our team sought to determine
if this already necessary scan could have
a secondary use of identifying potential
COVID-19 patients more quickly than a
standard nasal swab COVID-19 test.”

Example of lung findings in coronavirus disease 2019
(COVID-19) reporting and data system (CO-RADS) categories 4 and 5. Axial computed tomography (CT) images
from head and neck CT angiography demonstrate (A)
predominantly unilateral peripheral patchy groundglass
opacities, highly suspicious for COVID-19 pneumonia
(CO-RADS category 4) and (B) bilateral and multifocal,
predominantly peripheralground-glass opacities, with
subpleural consolidations abutting the visceral pleura,
with additional linear opacities, very highly suspicious for
COVID-19 pneumonia (CO-RADS category 5).

The study defined confirmed
COVID-19 positive cases from nasal
swab PCR-test results, which are the
standard required by the U.S. Food
and Drug Administration (FDA) for
COVID-19 testing, and can take several days for results. Of the 57 study
participants, three were diagnosed with
COVID-19 prior to the date when a
nasal swab COVID-19 test was administered.
The researchers found that:
• CTA scans in combination with
patient feedback to COVID-19 symptom questions were able to diagnose
NOVEMBER 2020
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COVID-19 with 83% accuracy before
results were received from traditional nasal
swab tests in AIS patients.
• 30 of the 57 patients included in the
study were COVID-19 positive.
• 20 of the COVID-19 positive patients
and 2 of the COVID-19 negative patients
had findings highly suspicious for COVID19 pneumonia on their CTA lung scans.
“In combination with symptoms, CTA
scan analysis is relatively accurate in diagnosing COVID-19, even compared to the
nasal swab test. Since this analysis is much
faster and at no extra cost, we hope it could
be incorporated as a rapid diagnosis tool
for patients with acute stroke,” Esenwa said.
“In addition, accurately diagnosing COVID19 within hours, rather than the sometimes
days wait-time to receive the results from
nasal swab tests could help protect both
patients and medical professionals.”
While these findings are promising,
the study had some limitations. As there is
no universally defined standard for diagnosing COVID-19, the study confirmed
infection positivity through the nasal swab
COVID-19 test (RT-PCR). Patients who
did not have the RT-PCR test performed
were excluded from the study. Additionally,
diagnostic accuracy may have been higher
because the study participants were in an
area with higher geographic incidence of
COVID-19, which may not be the case in
an area with a lower rate of COVID-19
infections.
“Screening questionnaires alone are
often inaccurate because of the absence of
symptoms or the patient is unable to speak
because they are suffering from an acute
stroke,” Esenwa said. “Early diagnosis via
CT scans has helped our center protect other
patients and staff through early isolation,
and it has also allowed us to start early supportive care for those suspected of having
stroke who are COVID-19 positive,” Esenwa
added.
doi: 10.1161/STROKEAHA.120.030959

Emergency Imaging
trends in pediatric
vs. adult patients for
abdominal pain
Although pediatric CT use has
decreased for the evaluation of abdominal pain (perhaps due to implementing

NOVEMBER 2020

an ultrasound-first strategy for suspected appendicitis), CT use has continued to increase among adults with
abdominal pain in U.S. emergency
department (ED) visits according to a
recent study (Wang RC et al. Trends in
Use of Diagnostic Imaging for Abdominal
Pain in U.S. Emergency Departments
American Journal of Roentgenology,
2020 Nov 19: 1-9. doi.org/10.2214/
AJR.19.22667)
“Although trends in CT use have previously been reported for children and
adults, our study is the first, to our knowledge, to contrast the two cohorts in the
ED setting in a nationally representative
sample,” wrote first author Ralph C.
Wang of the University of California,
San Francisco.
Analyzing data from the National
Hospital Ambulatory Medical Care
Survey (1997–2016), CT and ultrasound
usage was measured over time in visits

Diagnostic imaging use trends amongpediatric (top) and
adult (bottom) patients in U.S. Emergency Department
visits for abdominal p Development of low-cost, portable
brain imaging scanner

for abdominal pain and visits in which
appendicitis was diagnosed. Predictors
of CT use were identified by means of
regression analysis.
For children, CT use increased from
1.2% in 1997, peaked in 2010 at 16.6%,
and decreased slightly in 2016. In adults,
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CT use increased steadily from 3.9% in
1997 to 37.8% in 2016.
CT use increased for both pediatric
and adult ED visits with a diagnosis of
appendicitis—from 5.2% to 71.0% for
children and 7.2% to 83.3% for adults.
Children with abdominal pain and a
diagnosis of appendicitis evaluated in
a pediatric ED were at decreased odds
(pain odds ratio, 0.6; appendicitis odds
ratio, 0.2) of receiving CT than were
those evaluated in general EDs.
“We believe that the decrease in use of
CT to evaluate abdominal pain in children is related to successful nationwide
research and implementation efforts to
decrease radiation exposure of children,”
the authors concluded.
doi.org/10.2214/AJR.19.22667

Development of low-cost,
portable brain imaging
scanner
When it comes to brain scans for
assessing head trauma, detecting brain
cancer, and performing numerous other
tests, MRI is the best option, but MRI
scanners are costly, require special infrastructure, and are immobile. Now a team
led by investigators at Massachusetts
General Hospital (MGH) has developed
a low-cost, compact, portable and lowpower “head only” MRI scanner that
could be mounted in an ambulance,
wheeled into a patient’s room, or put in
small clinics or doctors’ offices around
the world. The advance is described in a
recent study (Wald LL et al Low-cost and
portable MRI. J Magn Reson Imaging,
2020 Sep;52(3):686-696. doi: 10.1002/
jmri.26942).
“Although MRI is the premier imaging
modality for brain imaging, the purchase
and installation of traditional high-field
MRI scanners can be prohibitively expensive and difficult,” says lead author Dr. C
Z Cooley, an investigator in Radiology
at MGH’s Athinoula A. Martinos Center
for Biomedical Imaging. “Even in a hospital where MRI scanners are available,
there are cases where it may be too difficult or dangerous to transport the patient
to scanner suites. The work in this paper
was really motivated by this need for
more accessible MRI.”
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Teenagers facing COVID-19 and EVALI

A prototype portable brain MRI scanner based on a Halbach permanent magnet
The magnet weighs ~125 kg and achieves an 80 mT B0 field.

Cooley and her colleagues designed and tested a portable
prototype scanner for brain MRI that can be plugged into a
standard power outlet and emits much less noise than traditional
MRI scanners. The magnet itself is about the size of a laundry
basket, and the total weight of the full scanner system (including
the magnet, coils, amplifiers, console and cart) is 230kg, or about
500 pounds, and the cart can be pushed by a single person for
transport. If the standard equipment components are replaced
with custom efficient lightweight designs, the total weight could
be reduced to 160 kg, or approximately 350 pounds.
When tested in three healthy adult volunteers, the scanner
generated 3D brain images, typically within 10 minutes.
“This type of technology could really extend the reach of
MRI,” says Cooley. “With some further development, this could
allow truly point-of-care, bedside brain imaging for patients or
scanning in remote locations, where MRI has traditionally been
unavailable.”
doi: 10.1002/jmri.26942

Breathing problems in teens:
COVID-19 or lung injury due to vaping?
A UC Davis Health pediatric team presented a powerful case series of teenagers who had unexplained breathing
problems during the COVID-19 pandemic (Darmawan
DO et al.Vaping in today’s pandemic: E-cigarette, or vaping, product use-associated lung injury mimicking COVID19 in teenagers presenting with respiratory distress SAGE
Open Med Case Rep . 2020 Oct 30;8:2050313X20969590.
doi: 10.1177/2050313X20969590)
The series highlighted the similarities between e-cigarette,
or vaping, product use-associated lung injury (EVALI) and
COVID-19 symptoms and manifestations.
“EVALI and COVID-19 share many symptoms but have
very different treatment plans,” said Kiran Nandalike, associate
professor of pediatrics and lead author. “For this reason, providers caring for pediatric patients with unexplained respiratory
failure should consider EVALI and ask for relevant smoking/
vaping history.”

8
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As of February 2020, over 2758 EVALI hospitalized
cases and 64 deaths have been reported in the U.S. More
than half of those hospitalized were younger than 25
years old.
According to Nandalike, most adolescents who vape
using recreational marijuana get the substance from
friends, family members or unlicensed dealers. The
unregulated access
to these products is
linked to continued
outbreaks in this
underage population.
E-cigarette
products obtained
through these informal channels may
contain vitamin E
acetate, an additive
strongly connected
to lung injury.
Recent
studChest X-ray image of patient with lung injury due to
ies
indicate
that
vaping . CREDIT UC Regents
COVID-19-related
practices may increase vaping among teenagers. Isolation
from the school environment, loneliness, stress of the current pandemic, and lack of social support could increase
the potential for substance use. This risk is especially true
for young people with preexisting mental health conditions.
EVALI and COVID-19 common symptoms

There are many similarities between EVALI and
COVID-19 symptoms, laboratory results and radiologic findings. Common symptoms include fever,
cough, nausea, abdominal pain and diarrhea. Both
conditions also show bilateral ground glass opacities
in chest imaging.
With the COVID-19 pandemic, it is easy to miss EVALI
diagnosis. The patients in the case series showed up with
fever, nausea and cough. They had fast heart rate, rapid
breathing and low oxygen levels in their blood. Their
laboratory results pointed to inflammation commonly
seen in COVID-19, with higher white blood cells (WBC)
count and elevated inflammation. Their chest imaging
revealed non-specific ground glass opacities. While everything indicated COVID-19 infection, their SARS-CoV-2
testing returned negative.
The providers probed the teenagers and their parents for
any history of vaping in the last 90 days. When the patients
shared information about recent vaping, the providers could
diagnose EVALI and treat them successfully with corticosteroids.
“To help reduce risk of EVALI recurrence, providers would
recommend vaping cessation counseling to patients and close
outpatient monitoring,” said Nandalike
doi 10.1177/2050313X20969590
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IMAGING NEWS

Improved prediction of breast cancer risk based on deep learning model
Researchers at Massachusetts General
Hospital (MGH) have developed a deep
learning model that identifies imaging
biomarkers on screening mammograms
to predict a patient’s risk for developing
breast cancer with greater accuracy than
traditional risk assessment tools. Results
of the study were presented at the virtual
2020 RSNA meeting.
Currently available risk assessment
models incorporate only a small fraction
of patient data such as family history,
prior breast biopsies, and hormonal and
reproductive history. Only one feature
from the screening mammogram itself,
breast density, is incorporated into traditional models.
Dr. Constance Lehman, division
chief of breast imaging at MGH said
“Why should we limit ourselves to only
breast density when there is such rich
digital data embedded in every woman’s
mammogram which contains imaging
biomarkers that are highly predictive
of future cancer risk. Until we had the
tools of deep learning, we were not able

to extract this information to improve
patient care.”
The researchers developed a new
deep learning algorithm to predict
breast cancer risk using data from five
MGH breast cancer screening sites. The
model was developed on a population
that included women with a personal
history of breast cancer, implants or
prior biopsies.

“...The deep learning model
achieved a predictive rate of
0.71, significantly outperforming a traditional risk model...”
The study included 245,753 consecutive 2D digital bilateral screening mammograms performed in 80,818 patients
between 2009 and 2016.
Using statistical analysis, the
researchers compared the accuracy of
the deep learning image-only model

to a commercially available risk assessment model (Tyrer-Cuzick version 8) in
predicting future breast cancer within
five years of the index mammogram.
The deep learning model achieved a
predictive rate of 0.71, significantly outperforming the traditional risk model,
which achieved a rate of 0.61.
“Our deep learning model is able
to translate the full diversity of subtle
imaging biomarkers in the mammogram
that can predict a woman’s future risk
for breast cancer. Tthe new deep learning model has been externally validated
in Sweden and Taiwan, and additional
studies are planned for larger AfricanAmerican and minority populations,”
said Dr. L Lamb, breast radiologist at
MGH. “Traditional risk models can be
time-consuming to acquire and rely on
inconsistent or missing data. A deep
learning image-only risk model can provide increased access to more accurate,
less costly risk assessment and help deliver
on the promise of precision medicine”
www.RSNA.org

Taking prone breast biopsy to

A NEW DIMENSION
SUPERIOR 2D/3D™
BIOPSY IMAGING*
FASTER AND EASIER
ACCESS TO THE BREAST*
FEWER STEPS THAN
TRADITIONAL 2D BIOPSY

1

Introducing the Affirm® Prone Breast Biopsy System. A state-of-the-art solution re-engineered from the ground up, so you can target lesions with more
confidence and complete patient procedures in less time.1

Innovation is in high demand. Reserve your system today.
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*Compared to the MultiCare® Platinum system
1
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Contrast-Enhanced MRI: validating the truth
This article summarizes the proceedings of the recent symposium on ContrastEnhanced MRI sponsored by Bracco Imaging at the recent ECR 2020 virtual meeting. Chaired by Prof. L. Marti-Bonmati, the symposium featured presentations by three
renowned experts who discussed 1) the status of gadolinium retention in 2020; 2) how
daily clinical practice has been changed and 3) how and when Artificial Intelligence
imight mpact MRI.

Gadolinium retention in 2020 — what
we know, what we don’t know and what
we may never know
Dr Alberto Spinazzi
The aim of Dr. Spinazzi’s talk was to
summarize the available scientific evidence regarding gadolinium (Gd) retention following exposure to GadoliniumBased Contrast Agents (GBCAs) and to
discuss if and how ongoing or future
research may fill some of the gaps in the Dr. Alberto Spinazzi is Chief
Medical and Regulatory
current knowledge base
Officer, Bracco Group.
Gd retention in brain and body tissues alberto.spinazzi@bracco.com
following single and multiple exposure
to GBCAs has been investigated in animals and humans. It is indisputable that chemical forms containing Gd are retained in brain and body tissues after administration of all GBCAs, even if in trace amounts, as determined by
the most reliable and relevant studies which directly measured
tissue Gd concentrations using inductively coupled plasma
mass spectrometry (ICP-MS), an elemental analysis technology capable of detecting most of the periodic table of elements
at nanogram levels per liter.. [McDonald et al. Radiology 2018;
289: 517-534]
As far as Gd retention in the brain is concerned, both experimental animal studies and post-mortem studies in humans
showed that the intravenous administration of the macrocyclic
GBCA ProHance is associated with the lowest levels of Gd
concentrations, often at the limit of quantitation by ICP-MS,
and lower than those measured after administration of the
other macrocyclic GBCAs. [McDonald et al., Radiology 2017;
285: 536; Bussi et al. J Magn Reson Imaging 2018; 47:746; Jost
et al., Radiology 2019: 290:340; Bussi et al., Pediatr Radiol 2019
49: 1110; Murata et al., Invest Radiol 2016; 51: 447; Murata et
al., Magn Reson Imaging 2016; 34: 1359]. Animal studies also
showed that all the macrocyclic GBCAs, Dotarem and Gadovist included, caused significantly lower levels of Gd retention
compared with the linear GBCAs. [Robert P et al. Invest Radiol
2015; 50: 473; Robert P et al. Invest Radiol 2016; 51:73; Lohrke
et al. Invest Radiol 2017; 52: 324; Frenzel et al., Invest Radiol
2017; 52: 396; McDonald R et al, Radiology 2017; 285: 536;
Smith AP et al. Radiology 2017; 282; Jost G et al. Radiology
2019; 290: 340]. However, preliminary data from post-mortem,
tissue-sample studies in man do not show a clear demarcation
between Gd levels retained after exposure to the macrocyclic
10
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agent Gadovist and those following the administration of linear
GBCAs. [Murata et al., Invest Radiol 2016; 51: 447; Murata et al.,
Magn Reson Imaging 2016; 34: 1359] Among the linear GBCAs,
Omniscan was shown to be associated with the highest brain
Gd levels, whereas the lowest Gd levels were observed following
administration of MultiHance.
It is commonly believed that the greater the number of exposures to GBCAs, the greater the amount of Gd retained. However, the correlation between extent of exposure and levels of
retained Gd has been observed only for Omniscan [McDonald
et al., Radiology 2015; 275: 772-8] and there are currently few
data available to support this theory for all GBCAs.
What is not yet known are the exact chemical forms in which
Gd is retained in tissues. ICP-MS is totally unsuitable for speciation purposes as it is a destructive technique that atomizes

Brand name, chemical name and structure category of Gadolinium- Based
Contrast Agents (GBCAs). It should be noted that there is a difference in the
regulatory status of GBCAS between USA and Europe. Linear GBCAs have been
withdrawn from the European market, except for gadoxetate and gadobenate
which can continue to be used for liver scans. In addition, gadopentetate can
continue to be given intra-articularly for joint scans.
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the sample and creates atomic and small polyatomic ions, which
are then detected. Knowledge of the exact chemical forms in which
Gd is retained would be important to assess their biological activity and toxicity, to predict whether they will be ultimately cleared
from tissues and eliminated, and the possibility of chelation therapy
to remove them from the body. However, this goal might not be
achievable as highly sensitive speciation has to separate Gd forms
from tissue, requiring tight and possibly too challenging control of
a number of variables.
Certainly, there is no “free Gd” in tissues since any Gd dissociated
from the chelate immediately forms simple salts (e.g., phosphates
or carbonates), insoluble or matrixed entities (eg, hydroxyapatite),
or is bound into macromolecular forms. Indeed, use of the term
“free Gd” is both inappropriate and misleading since Gd ions cannot exist in a free form in biological systems; the toxicity of free Gd
ions is irrelevant while assessing any possible effects of Gd retention
in human tissues. [McDonald et al. Radiology 2018; 289: 517-534]
The overriding concern today centers on whether retained Gd
affects the function of human biological processes or is associated
with short- or long-term adverse clinical effects or outcomes. A particularly important concern is whether vulnerable populations such
as children, renally impaired subjects or those requiring multiple
GBCA administrations, are at greater risk of experiencing adverse
health effects. The potential impact of retained Gd is different for
brain and extracerebral tissues. Whereas retained Gd in the brain
might potentially adversely affect cognitive or motor skills, retained
Gd in body tissues might be associated with systemic adverse health
effects (e.g. Nephrogenic Systemic Fibrosis, NSF).

Neurotoxicity from retained Gd.
Studies in adult and juvenile animals administered high GBCA
doses for weeks did not show any neurological disorders, behavioral
abnormalities, physiological dysfunctions, or any other signs of
nervous system toxicity. Also, no short- or long-term gross histologic changes have ever been observed in brain tissues, and electron
microscopic examination always reveals a regular tissue architecture
within the neurons, glial cells, and focally typical cerebellar structure
(granular and Purkinje cells), with no ultrastructural abnormalities.
[Robert P et al. Invest Radiol 2015; 50: 473-80; Robert P et al. Invest
Radiol 2016; 51:73-82; Lohrke et al. Invest Radiol 2017; 52: 324-33;
Frenzel et al., Invest Radiol 2017; 52: 396; McDonald R et al, Radiology 2017; 285: 536-45; Smith AP et al. Radiology 2017; 282:743-51;
Bussi S et al. J Magn Reson Imaging. 2018; 47: 746-52; Bussi S et al.
Regul Toxicol Pharmacol 2018; 92:268-77; Jost G et al. Radiology 2019;
290: 340-8]. There has only been one animal study in which prenatal exposure of pregnant BALB/c mice to intravenous gadoterate
meglumine or gadodiamide was associated with abnormal behavior
and decreased muscle strength in the offspring. [Khairinisa et al.
Invest Radiol 2018; 53: 110-118]
The United States Food and Drug Administration has requested all
the Marketing Authorization Holders to carry out new studies of
their GBCAs in pregnant mice to confirm or exclude any possible
effect of fetal exposure on brain development. Preliminary results
of our studies with MultiHance and ProHance seem to exclude any
effect on brain structure and function following prenatal exposure
to these GBCAs.
NOVEMBER 2020
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Post-mortem, tissue-sample studies in humans previously exposed
to one or more doses of GBCAs could not see gross histologic
changes of ultrastructural abnormalities in brain tissues that could
be clearly ascribed to the presence of retained Gd, nor statistically
significant differences in the number of glial cells and neurons that
would suggest reactive changes. [McDonald et al., Radiology 2015;
275: 772-8; Murata et al., Invest Radiol 2016; 51: 447-53; Murata et
al., Magn Reson Imaging 2016; 34: 1359-65; McDonald et al. 2017;
285: 546-554; McDonald et al., JAMA Pediatr 2017; 171: 705-7]. A
large population study excluded an association between exposure
to GBCAs, Gd retention in the globi pallidi and development of
parkinsonism. [Welk et al., JAMA 2016; 316: 96-8]. An analysis of
data from a large prospective cohort study (The Mayo Clinic Study
of Aging) was recently carried out in a subset of 4261 patients older
than 70 years of age (2946 controls and 1315 patients exposed to
gadodiamide (742 receiving 4 doses or fewer, and 573 more than
5 doses) with a median follow-up of 5.6 years. Periodic monitoring
of cognitive function and motor skills was carried out. It was found
that exposure to gadodiamide was not associated with excess cognitive decline or altered motor performance compared to controls.
[Personal communication of Dr. Robert McDonald to the European
Authorities and US Food and Drug Administration]. In another
study, 74 patients with remitting-relapsing multiple sclerosis, who
had been exposed multiple times to GBCAs and followed up for 3.6
years, did not show changes in the expanded disability status scale
associated with development of T1 hyperintensity in the dentate
nucleus, taken as indirect sign of Gd deposition. [Cocozza S et al.
Neuroradiology 2019; 61:155-62]
In summary, the available evidence seems to confirm that brain
Gd retention is not associated with harmful effects and potential
interaction with neurological disease processes. However, there is
need for more evidence to detect or exclude long-term effects of
possible Gd neurotoxicity in pediatric patients, in patients who
had been exposed to GBCAs 5 times or more in their lifetime, or
in patients followed up for more than six years since first exposure
to these agents.
To address these latter two points, the FDA has mandated that all
US manufacturers of GBCAs carry out a further, prospective study.
This study will be a prospective, three - arm clinical study involving
neurologically normal adult patients who need multiple contrast
enhanced examinations. Patients in the first arm will receive five or
more injections of macrocyclic contrast agent while patients in the
second arm will receive five or more injections of linear contrast
agent. Matched patients in the control arm will not receive contrast
agent and will have no history of having received any contrast agent.
The patients will be monitored by neurocognitive and motor skills
testing as well as by clinical imaging examination. Assays for Gd and
other analytes will be carried out in blood and urine.
CONCLUSIONS

• Exposure to GBCAs is associated with Gd retention in brain and
other tissues (skin, bone, kidney)
• Gd retention is observed in every patient exposed to linear or
macrocyclic GBCAs, even after single administration.
• Retained Gd levels depend on the individual GBCA, the interval
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between administrations, individual organs, and possibly the cumulative dose of GBCA.
• The chemical form (speciation) of retained Gd is still unknown, as
well as how it may change over time in the different tissues.
• NSF is the only adverse event known to be associated with exposure to certain linear GBCAs in a specific patient population,
namely patients with severe renal insufficiency.
• So far, apart from NSF, Gd retention has not been associated with
any damage of involved tissues nor adverse health effects.
• The US FDA is addressing the most relevant knowledge gaps and
is asking companies to perform specific animal and clinical studies.

GBCA use in 2020 how has daily practice been affected?

GENERAL OVERVIEW OF CURRENT
GBCAs

Prof. Tim Leiner,
Chair of cardiovascular imaging
Department of Radiology and
Nuclear Medicine,
Utrecht University Medical Centre,
Utrecht.
The Netherlands
t.leiner@umcutrecht.nl

Noting in passing that there were
many publications describing nongadolinium-based agents, Prof Leiner
focussed his overview only on commercially available GBCAs.
From the point of view of chemical structure these exist in three different chemical categories, the simple linear, the substituted linear
and the macrocyclic. All of these agents have a similar half-life of
1-2 hours in serum. The intravascular half-life is also similar and
all agents are in principle eliminated through the kidneys (with the
substituted linear agents also being eliminated through the bile).
The GBCA field has been struck by two tsunami-like shocks:
• The first was Nephrogenic Systemic Fibrosis (NSF) originally
described in 2006, which ultimately led to the contraindication of
the simple linear GBCAs (Magnevist, Omniscan, OptiMARK) in
patients with severe renal impairment.
•The second tsunami has been Gd retention. Although it has long
been known that Gd is retained in bone after GBCA administration, the demonstration in 2014 of hyperintensity in the dentate
nucleus and globus pallidus on unenhanced T1-weighted images
possibly suggestive of Gd retention, ultimately led to the suspension
of the simple linear GBCAs. for clinical use in Europe. Conversely,
the substituted linear agents MultiHance and Primovist are available
for liver indications only.

Relaxivity.
The various GBCAs have different relaxivities. However, the minimal differences in relaxivity among the macrocyclic agents do not
translate into differences in the detectability of disease nor in clinical
decision-making. Several studies comparing ProHance, Dotarem
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“... it is important never to deny a patient a
CE-MRI examination that is clinically indicated. CE-MRI provides greater diagnostic
information than alternative techniques across
a wide range of indications...”

SAFETY CONSIDERATIONS IN 2020

Prof. Tim Leiner
Prof Leiner’s presentation covered
three areas :
• A general overview of MR contrast
agents
• Safety considerations — a 2020
update
• New developments

and Gadovist have failed to find any differences in either diagnostic
efficacy or safety suggesting that these agents are essentially interchangeable for routine clinical use,

The two most relevant sources of current information on GBCA
safety are the American College of Radiology manual on Contrast
Media and the ESUR guide on Contrast Agents. These publications
are regularly updated and contain the most recent guidance on NSF
and gadolinium retention.
Before addressing the impact of NSF and Gd retention on current
clinical practice, Prof. Leiner emphasized that it is important never
to deny a patient a CE-MRI examination that is clinically indicated.
CE-MRI provides greater diagnostic information than alternative
techniques across a wide range of indications and GBCAs are much
safer than iodinated agents used in CT in patients with poor renal
function.
As regards safety, there are essentially three areas of concern: Acute
reactions, NSF and Gd Retention.
Acute reactions Prof. Leiner didn’t elaborate on the issue of acute
reactions to GBCAs; the incidence of acute reactions is very low.
NSF. Essentially NSF is no longer an issue. Based on the ACR 2020
guidelines, the GBCAs with the lowest risk for NSF are MultiHance,
ProHance, Gadovist and Dotarem (classified as group II agents).
A recent meta-analysis of these agents in patients with stage 4 or 5
Chronic Kidney (Woolen et al. Risk of Nephrogenic Systemic Fibrosis
in Patients With Stage 4 or 5 Chronic Kidney Disease Receiving a
Group II Gadolinium-Based Contrast Agent: A Systematic Review
and Meta-analysis JAMA Intern Med . 2020; 180: 223) revealed no
cases of NSF with any of these agents among 4931 patients included
in the study. The conclusion was that “the harm of withholding
group II agents in CKD 4 and 5 may outweigh the risk of NSF”

Even very slight differences in molecular properties are sufficient to markedly affect
GBCA elimination behavior
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Prof Leiner agrees with this statement; in his practice in Utrecht,
patients with poor renal function and for whom MRI is indicated
are given macrocyclic agents.
Gd Retention
Further to Dr. Spinazzi noting that there is no association between
Gd retention and any clinical adverse effects Prof Leiner highlighted
three studies, namely McDonald et al, Comparison of Gadolinium
Concentrations within Multiple Rat Organs after Intravenous Administration of Linear versus Macrocyclic Gadolinium Chelates. Radiology. 2017; 285: 536); Bussi et al. Differences in gadolinium retention
after repeated injections of macrocyclic MR contrast agents to rats J
Magn Reson Imaging. 2018;47: 746; Jost et al. Long-term Excretion of
Gadolinium-based Contrast Agents: Linear versus Macrocyclic Agents
in an Experimental Rat Model Radiology. 2019; 290: 340). that show
that ProHance is cleared more rapidly than other GBCAs, leading to lower levels of retained Gd in the first weeks and months
after administration compared to that seen with other macrocyclic
GBCAs. The reasons for this are not known precisely but likely
reflect differences in molecular structure, ionicity and viscosity, with
ProHance having physico-chemical properties that favor more rapid
elimination. This was confirmed by a report which indicated that
even very slight differences in molecular properties are sufficient
to markedly affect GBCA elimination behavior (Aime S. Differences
in Molecular Structure Markedly Affect GBCA Elimination Behavior.
Radiology. 2019; 291: 267).
NEW DEVELOPMENTS

Advances in MR hardware and pulse sequences
Over the last 10 -15 years there have been several significant
advances in MRI, such as a migration to higher field strengths, new
pulse sequences, contrast mechanisms, and quantitative image mapping techniques. However probably even more important than these
significant developments is that of faster image acquisition which
has been made possible by parallel imaging and compressed sensing.
A review of the recent innovations in MRI is given in a recent paper
(Börnert & Norris. A half-century of innovation in technology-preparing MRI for the 21st century. Br J Radiol. 2020;93(1111):20200113).
The net result of these innovations is that very low doses of contrast
can now be used satisfactorily. For example in MR angiography a
half of the usual single dose for 1 FOV is now considered as standard
(0.05 mmol/kg) Even in peripheral vascular imaging which typically
used to involve double or triple doses, ultra low-doses, e.g. 9 mL
ProHance – 0.05 mmol/kg are increasingly commonplace.

• Hardware advances are facilitating the trend towards lower dose
imaging.
• Developments in AI will have significant impact in many aspects
of the whole MRI examination process.

Beyond 2020: How and when will
Artificial Intelligence impact MRI?
Dr. Matthew J. Kuhn
Acknowledging that there are literally
dozens of AI-based applications available
that can increase the benefit of contrastenhanced MRI, Dr. Kuhn’s talk focussed on
two particular AI tools which address Gd
retention concerns:
• A gadolinium dose management tool
which allows synthetic image enhancement
and so enables reduction of the Gd dose.
• Quantitative enhancement analysis which
is an AI tool comparing the clinical efficacy
of different GBCAs.

Dr. Matthew J Kuhn,
University of Illinois college of Medicine, Peoria,
IL, USA
mjkuhn @uic .edu

Gadolinium Dose Management — Synthetic Enhancement.
This software allows the use of low-dose gadolinium to create images
which can then be processed by AI algorithms to result in images
whose quality is equivalent to those of full-dose, double or even
triple dose images. The technology behind this apparently magical
performance is the use of genetic algorithms covering: proprietary
registration; intensity normalization; bias field correction; scaling
and significant region detection.
In practice, the degree of enhancement is easily controlled by the
reader though use of a simple slider.
The reliability and robustness of synthetic enhancement software
means that one quarter dose gadolinium may soon be considered
a new standard. Lesions enhance as well or better than full dose
GBCA, with acceptable background noise and artifact level. In
time, even 1/10th dose may be adequate for synthetic enhancement, but this will require changes in pulse sequences and preprocessing design modifications. As always the increased signal
strength from a higher field strength magnet and higher relaxivity

Artificial Intelligence
AI is a vital, powerful and interesting innovation. As a general observation prior to Dr. Kuhn’s presentation, Prof. Leiner pointed out that
the potential of AI is not just limited to image reconstruction and
image quality but can also be applied in fields such as indication and
patient scheduling, the acquisition process itself, segmentation and
quantification, classification reporting and even the establishment
of possible prognoses.
TAKE-HOME POINTS

• Clinically indicated CE-MRI examinations should never be
withheld.
• There are no validated alternatives for GBCAs.
• NSF is essentially an issue of the past and no harmful effects have
yet been associated with Gd retention.
NOVEMBER 2020
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Through use of a simple slider control the enhancement of the image can be
increased. Above is a glioblastoma case: the right panel shows that, after synthetic
enhancement of a quarter dose image, (left panel)the image quality is equivalent
to or better than that obtained with a full dose (central panel).
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of the GBCA are beneficial to the synthetic enhancement process.
By enabling reductions in gadolinium dosage, synthetic enhancement has particular clinical applications in vulnerable populations, such as pregnant women, pediatrics, women with BRCA
gene mutations requiring annual breast MRI examinations and
in patients with renal insufficiency. Synthetic enhancement is also
extremely valuable in cases where background noise is less important, such as intra-operative MRI, in cases of multiple sclerosis (MS)
and in extra-axial tumor follow-up. In intra-operative MRI, multiple administrations of low-dose gadolinium can show the amount
of residual and enhancing brain tumor as the operation proceeds,
allowing for optimal resection of the tumor and sparing of normal
tissue. Contrast enhancing MS plaques are surrogates of biological
activity and have a strong influence on treatment selection. The
location of the plaques is already known from T2 and FLAIR
images and increased noise from uninvolved parts of the brain is
therefore unimportant. Extra-axial tumors, such as schwannomas
do not actually require full-dose contrast since they do not involve
the blood-brain barrier. Despite this, such tumors are often followed
up for years using standard GBCA doses so the cumulative life-time
gadolinium dose can be quite large. The synthetic enhancement AI
tool allowing 1/10th gadolinium dose could significantly reduce
the lifetime dose.

contrast agents to rats J Magn Reson Imaging. 2018;47: 746; Bussi
S, Coppo A, Celeste R, et al. Macrocyclic MR contrast agents: evaluation of multiple-organ gadolinium retention in healthy rats. Insights
Imaging. 2020; 11:11.)
The level of retained Gd was lower in the brains, kidneys and
other organs after cumulative administration of ProHance than
after similar cumulative administrations of Gadovist and Dotarem. The efficacy of these three GBCAs is essentially similar. In
the TRUTH study published in 2015 (Maravilla et al. Are there differences between macrocyclic gadolinium contrast agents for brain
tumor imaging? Results of a multicenter intraindividual crossover
comparison of gadobutrol with gadoteridol (the TRUTH study) Am.
J Neuroradiol. 2015; 36: 14), Maravilla et al. showed specifically
that ProHance and Gadovist have equivalent diagnostic performance despite the 2-fold higher concentration of Gadovist. However, the findings were based on subjective reader analysis and the
subjective placing of regions-of-interest for quantitative analysis.
Evaluation of 32 patients with glioma from the TRUTH study using
Quantitative Enhancement Analysis confirmed the equivalence of
these two GBCAs in terms of diagnostic accuracy. The software
measured the enhancement in each voxel of the tumor in a fully
objective manner and automatically rated the degree of enhancement on a scale of 0 -1.0 per voxel and the change in enhancement
from the unenhanced image to the post-enhanced image on a scale
of -1.0 to +1.0 A region of interest volume was semi-automatically
created for the volumes in the tumor. Color-coded change maps
were generated showing increases in enhancements in yellow and
decreased enhancements in purple. A scatter chart was created for
each GBCA with the x-axis showing the unenhanced image and the
y-axis the post-enhanced image. Each of the post-enhanced voxels
was assigned an enhancement value; collectively this was multiplied by the number of voxels in the tumor to create an enhancement volume. In the majority of cases there was no statistically
significant difference in enhancement characteristics between the
standard concentration of ProHance and the double concentration
of Gadovist.

The Quantitative Enhancement Analysis software allows comparion of the clinical
efficacy of GBCAs

Quantitative Enhancement Analysis — GBCA Comparison
studies.
AI-derived algorithms can also assist in assessing which GBCA
results in the lowest retention of Gd and if there are any losses
in clinical efficacy resulting from the choice of a lower-retention
agent. Quantitative enhancement analysis is one such AI derived
algorithm which provides comprehensive, authoritative, quantitative and 100% reproducible outputs on the comparison of macrocyclic GBCAs. As mentioned earlier, in 2017, McDonald and
colleagues showed in a rat model that there was less Gd retention
when macrocyclic chelates were administered than with linear
chelates (McDonald et al, Comparison of Gadolinium Concentrations within Multiple Rat Organs after Intravenous Administration
of Linear versus Macrocyclic Gadolinium Chelates. Radiology. 2017;
285: 536). The article went on to show that ProHance had the
lowest retention among the macrocyclics, a finding confirmed
by Bussi et al. in studies published in 2018 and 2020 that compared all three macrocyclic agents (Bussi S et al. Differences in
gadolinium retention after repeated injections of macrocyclic MR
14
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In the analysis of images of glioblastoma patients particpating in the TRUTH
trial, ProHance was confirmed to be non-inferior to Gadovist in the assessment
of glioblastomas despite the differences in Gd retention, concentration, relaxivity,
molecular weight and viscosity.

The conclusion of the study was that there was no statistically difference in the evaluation of glioblastomas when using equivalent doses
of gadoteridol or gadobutrol, i.e. ProHance was confirmed to be
non-inferior to Gadovist in the assessment of glioblastomas despite
the differences in retention, concentration, relaxivity, molecular
weight and viscosity.
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DIGITAL BREAST TOMOSYNTHESIS
Improving mammography efficiency and workflow
through Artificial Intelligence and SmartSlices
Hologic has announced the commercial availability in Europe of its
3DQuorum Imaging Technology, powered by the company’s Genius AI
algorithm. The innovation was designed to help improve mammography
efficiency and workflow, which is becoming increasingly critical as clinics
strive to manage the backlog of women whose routine breast screening
has been delayed due to the COVID-19 lockdown.
Hologic’s 3DQuorum imaging technology
In addition to the implications associated with
uses their Genius AI-powered analytics to recon- the COVID-19 virus, radiologists are facing a growstruct high-resolution 3D data to produce 6mm ing need for improved workflow efficiency as digital
“SmartSlices”. These analytics identify clinically breast tomosynthesis (DBT) becomes the gold stanrelevant regions of interest and preserve important dard for screening in Europe.
features during reconstruction of the SmartSlices,
Recently, the European Commission Initiative on
which expedite read time by reducing the number of Breast Cancer (ECIBC) guidelines on breast cancer
images for radiologists to review, without compro- screening and diagnosis recommended for the first
mising image quality, sensitivity or accuracy. With time the use of either DBT or digital mammography
3DQuorum technology, the number of 3D images in screening.
to review is reduced by two-thirds,
saving an average of one hour per
Design Goals
However, DBT creates an influx
- Faster radiologist reading time
eight hours of daily image interpreof large file sizes and images that
- Reduced number of
tation time.
can lengthen the image readtomosynthesis slices
“As we continue to operate in this
ing
process for radiologists. This
- Reduced data storage space and netnew landscape, radiologists are faccreates
a need for solutions like
work traffic
ing the dual challenge of a serious
3DQuorum technology to help
backlog of women who need routine
streamline workflow where posbreast screening as well as a screensible.
ing process that is lengthier due to COVID-19 protection measures,” said Jan Verstreken, Hologic’s Group
Complete information on the 3DQuorum
President, International. “The more efficient workflow Technology can be found in a Hologic White Paper
of 3DQuorum is urgently necessary to help radiologists [1]. The salient points are summarized below:
meet this challenge. This solution is a strong example
of how Hologic continues to streamline workflow for DESIGN GOALS FOR 3DQUORUM
radiologists by improving the reading experience withThe most commonly used slice thickness in
out sacrificing accuracy or quality of work - a balance commercial breast tomosynthesis systems is 1
that our customers have come to expect.”
mm. For a common breast thickness of 60 mm,

Figure 1. The 1-mm thin slices are searched for features of clinical interest, and their locations are noted
NOVEMBER 2020
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Figure 2. Six 1-mm slices are combined into one 6-mm SmartSlice, giving extra weight to AI-located objects of interest

the radiologist needs to review 240 image slices in a
standard 4-view screening mammogram set. The design
goal of 3DQuorum is to provide fewer, thicker slices for
review which speeds up interpretation time, uses smaller
files for ease of transfer and storage, and at the same
time maintains clinical performance compared to 1-mm
breast tomosynthesis datasets.
HOW SMARTSLICES ARE CREATED

Commonly used methods of creating thicker slices,
such as simple summing of adjacent thin slices, or
Maximum Intensity Projection (MIP) algorithms can
create blurring and can also degrade the visibility of
low-contrast and smaller objects due to the effect of
overlapping tissues. That is why Hologic developed the

technology of SmartSlices, designed to ensure the visibility in the 6-mm slices of subtle and important objects
seen in the 1-mm slices. The basic philosophy is similar to what is used in Hologic’s synthesized 2D images
Intelligent 2D (I2D) and relies on artificial intelligence
and machine learning.
In the SmartSlice generation process, the input data
are 1-mm slices, and a high performance CAD-like
algorithm searches each slice for details that may be
clinically relevant, such as bright spots that could represent calcifications, radiating lines that could represent
spiculations or architectural distortions, and rounded
dense objects that might represent lobulated and round
lesions. As it finds these objects, it makes a list of their
x,y locations and slice numbers. This is shown schematically in Figure 1.
After the search through the 1-mm slices is complete,
the 6-mm SmartSlices are created. Information found
and marked during the AI search of the 1-mm slices are
used in the combining of the 6 slices that are the components of each given SmartSlice. Figure 2 illustrates this
process.
This step is repeated, ensuring a 3-mm overlap
between successive SmartSlices. Because of the overlap,
it can be seen that the number of SmartSlices is about 1/3
of the number of 1-mm thick slices. The way the overlap
is arranged is shown in Figure 3. In the instances where
the original number of slices are not divisible by 3, an
extra 1 or 2 slices are reconstructed in order to complete
the slabbing process.
CLINICAL STUDY REVIEW

Figure 3. Each SmartSlice is computed from six 1-mm slices, and successive SmartSlices
each have an overlap of three 1-mm slices from the previous SmartSlice.
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The performance of the 3DQuorum (3DQ) images,
compared to 1-mm tomosynthesis, was demonstrated
in a multi-reader, multi-case clinical study. Specifically,
3DQuorum plus synthesized 2D images (I2D) were compared to 1-mm tomosynthesis with C-View synthesized
2D images. All clinical study endpoints were met. The
primary endpoints were as follows:
• The diagnostic accuracy averaged among all readers
reading the 3DQ/I2D (6-mm 3D slices along with high
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modalities by each reader. In addition to the clinical
scoring of each case (BI-RADS scores and lesion detection), the interpretation/image-view time was recorded
for each case for each reader.
CONCLUSIONS OF CLINICAL STUDY

The average ROC curves for the performance of
3DQuorum and standard 1-mm tomosynthesis set can
be seen in Figure 4. The difference in AUC for the
two modalities was +0.027 (p-value = 0.027) in favor
of 3DQuorum. Thus the first primary endpoint of the
design goals was reached.
The second primary endpoint was demonstration of a
non-inferior recall rate of calcification-only cancer cases
by readers (i.e. specificity) when reviewing the 3DQ/I2D
image set relative to the standard 1-mm tomosynthesis
image set with a pre-specified non-inferiority margin of
-0.05 of the 95% confidence interval. Mixed regression
demonstrated a +0.047 recall rate difference (p-value=0.08)
in calcification - only cancers in favor of 3DQuorum, thus
the second primary endpoint of non-inferior recall rate for
Figure 4. The 3DQuorum plus I2D and SOC (Standard of Care) pooled ROC curves cancers presenting as calcifications only was met.
averaged across the 15 readers
The average image read time for 3DQ/I2D and for the
standard 1-mm tomosynthesis set was calculated. The
resolution synthesized 2D image) is non-inferior to that standard 1-mm tomosynthesis set mean read time was
of 1 mm 3D slices along with C-View images, as mea- 61.9 seconds and the 3DQ/I2D mean read-time was 54.5
sured by area under the ROC curve.
seconds. This corresponds to about a 13% reduction in
• The recall rate of cancer cases
read time when using 3DQuorum,
by readers (i.e. specificity) using
Clinical Results
and translates into an average time
3DQ/I2D is non-inferior among - Average time saving of 1 hour in an 8-hour day savings of 1 hour per 8 hour day.
- Reduction in number of slices by 2/3.
The clinical study results indicalcification-only cases to the
- No need to review 1-mm slices
recall rate using 1 mm 3D slices
cate
that all the design goals for the
- Non-inferior performance relative to
along with C-View images, on
use
of
3DQuorum plus synthesized
1-mm radiologist reading time
average across all readers.
- Reduced data storage space and network traffic 2D imaging have been met, namely
The reader study consisted of
a significant reduction in reading
391 cases and 15 readers with a
time and with approximately 1/3 the
range of clinical and tomosynthesis experience. The number of slices compared to 1-mm tomosynthesis.
study used a fully-crossed reader study design. It comprised 2 sessions, separated by a minimum of a 4 week CLINICAL IMPLEMENTATION
wash out period. In the first session, the reader read a
Hologic understands that some customers may want
randomized mix of the two modalities. The selection to gain confidence in SmartSlices before using them in
of cases under each modality to be read in each session their clinical practice to replace their current mode of
was random, as was the order of their presentation 1 mm tomosynthesis slices. Therefore, the company’s
to the reader. In the second session, the reader read acquisition station (AWS) will allow a configuration
the opposite exam type in a different random order. where both tomosynthesis slices as well as SmartSlices
Through this design, each case was read using both are created. The AWS also can be configured to send
either or both the modes of slices to review workstation
and PACS. Thus, customers can continue to generate
1 mm slices in addition to SmartSlices and send both
of them to the review workstation until the users gain
confidence on SmartSlices. During this period, they can
choose to send either of the images to the PACS storage
and decide to completely switch to SmartSlices when
they are ready
REFERENCE
Figure 5. Example of clinical images. SmartSlice generation for a calcification
cluster. The image on the left is a single 1-mm slice and the image on the right is
the 6-mm SmartSlice.
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Breast CT - a ground-breaking innovation
With a total of thirteen separate clinics, the private radiology practice of “MVZ Prof. Dr. Uhlenbrock & Partner” provides
an important clinical imaging service to the Ruhr area of
Germany and has a high reputation for clinical excellence and
technological innovation. In keeping with its tradition of investing in clinically relevant state-of-the-art technology, the group
has recently installed an innovative CT system specifically
designed for breast imaging.
We wanted to find out more about the radiology practice in
general and the new breast CT system in particular, so we
spoke to Dr. Karsten Ridder, radiologist in charge of breast
imaging.

Q

Before we get on to the new breast CT system, please
give us a brief background to the MVZ Prof. Dr.
Uhlenbrock practice. Where are the individual clinics located
–all in North Rhine Westphalia?
The practice was founded in 1993 by Prof. Detlev
Uhlenbrock and since then has grown and established a
reputation as being one of the leading medical centres in
the Ruhr area in Westphalia, Germany. As you mentioned
in your introduction the practice is composed of 13 individual clinics, most of which are associated with, and
linked to, a hospital. Right from its foundation, the mission of the practice has been to offer efficient out-patient
facilities but also to cultivate fruitful collaborations with
hospitals. In total the practice has more than 450 employees providing services in radiology, radiotherapy, nuclear
medicine and laboratory diagnostics, which represent
our core competences. Some of these are bundled —for
example interventional procedures are only provided at
three locations.
Each year we see more than 290 000 patients of whom
three-quarters are out-patients. We are equipped with a
complete range of modern equipment offering all imaging
modalities ranging from DR X-Ray to high-end cardiac CT,
from plain ultrasound up to PET-CT; and from MSK-MRI
up to 3Tesla neuro-imaging.
Our philosophy has always been to be ready to take
advantage of the latest technologies, provided always
that there is a clinical benefit. The installation of the
Mamma-CT is a perfect example of this type of thinking
and is just the latest of many state-of-the-art innovations we
have introduced throughout our history. However it’s not
just technology for technology’s sake — we also put a great
emphasis on the continuous education and competence of
our staff who use the technology.
18
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Dr. Karsten Ridder, Breast
radiologist in the practice of
MZV Prof Dr. Uhlenbrock &
Partner.
e-mail
k.ridder@mvz-uhlenbrock.de

Now let’s focus in on breast imaging in your practice.

Of all our imaging modalities, mammography was in
fact the last to go digital with the acquisition in 2000 of
our digital Mammo-System (Siemens CR-System). Since
then we have continuously updated and have become a
reference-site for Siemens over the last 20 years. Thus, we
were the second site world-wide to install digital breast
tomosynthesis and were the first clinical practice to implement Contrast-Enhanced Mammography (CEM) a few
years ago and, more recently, the titanium-filtered variant
of CEM (Ti-CEM). However we are not wedded to any one
specific vendor – for example, the four MRI systems in my
practice in Dortmund are from Phillips.

The nu:view Mamma-CT system was developed and is produced by the
German company AB-CT - Advanced Breast CT. The design of the new scanner allows compression-free imaging of one breast at a time. To do this, the
breast CT system uses a rotating gantry on which the X-ray tube and photoncounting detector are mounted. During the image acquisition process, the
gantry rotates around the breast in a downwards-oriented spiral trajectory. In
the course of a single scan up to 12,000 projection images are acquired. A
full spiral scan takes as little as 7 – 12 seconds.
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But back to breast imaging — we see about 55000 women
each year of whom 55% are screening cases (we are now the
leading screening center in the Dortmund area). The other 45%
of women we see are referred by our local gynecologists or from
the clinics we work with. Together all these collaborators form a
strong local network which we actively encourage, for example
by giving conferences and supporting workshops/webinars, etc.,
on top of the “normal” daily workload.
Thanks to the reputation we have built up in the Ruhr area,
nearly 85% of our patients come from the local region. However
since we have had the Mamma-CT we have noticed that, more
and more, patients are being referred to us from all over Europe.

Q

What is the usual work-up of patients after mammography or tomosynthesis scans in your practice ?

We faithfully follow the guidelines and therefore we try
to optimize the diagnostic procedures for each single case. The image quality is exceptional. Above image is an example of a breast CT with a
Personally, I am a great fan of the “keep it simple” approach small carcinoma right side 9h, size 11mm. Complicated case after reduction (see
and I am used to working in a straightforward manner. In typical calcs) and scarring. The patient had already very painful compression experimost cases, after mammo, tomosynthesis or spot-imaging the ence and refused further mammogrqaphy. MRI was not possible (Pacemaker and
Claustrophobia). Breast CT was carried out with 90ml i.v. contrast. Scan time 12
clinical situation is quite clear and we can deal with it using seconds. Image interpretation is no problem for radiologists with experience of 3D
handheld ultrasound, although I also routinely use elastogra- imaging, e.g. CT or MRI.
phy and power-duplex as additional tools. However if there
is a suspicious lesion I, as a radiologist, have to decide which
supplemental modality is most appropriate to achieve a defini- technique is very positive. Of course there is always MRI – but
tive result and a reliable diagnosis for the patient. The category re-imbursement for breast MRI is complicated in Germany.
that I personally hate most is “BIRADS III” where often the My first choice for women at high risk of breast cancer is
best advice I can give to the woman is “I am not sure – come definitely MRI but there can be reasons – such as pacemakers,
back in 6 months”. Of course this message is not satisfactory, allergic reactions to contrast or claustrophobia for switching to
so I try to avoid it as much as possible. We have two automatic other modalities like Ti-CEM or now, the Mamma-CT.
breast ultrasound (ABVS) systems, but in practice it is quite
complicated to integrate the ABVS procedure into our routine
Now that you’ve mentioned it, let’s turn to the new CT.
workflow, although the technique has the potential to become a
nice tool for ultrasound screening purposes in future.
Let me be upfront —the system and its potential
As for biopsies, we have been performing them routinely caught my attention right from the beginning. For me it is
for 25 years, so we have a built up a vast experience in biop- nothing short of a real, ground-breaking innovation in breast
sies with all modalities (ultrasound/
diagnostics, and incorporates the best
mammo/MRI). The level of our
aspects of all the other modalities
benign biopsies is about 45% but this “... It is the only modality which combines 3D we’ve had available to us so far. Not
is influenced and increased by the
visualization of masses, calcifications, archi- only does the new system combine
number of screening cases we see.
a high comfort for the woman being
tectural distortions and contrast-enhanceexamined with astonishing image
What about dense breasts?
quality, but it also does this in a very
ment in one go...”
short examination time. The data
These are always a challenge in conspeak for themselves: 7000 - 12000
ventional breast diagnostics. In the patients we see there is a projections per breast in 0.15mm isotropic 3D resolution in a
normal distribution of density. For the last two years we have maximum scan-time of 12 seconds. The whole procedure (for
been using separate software to make density measurement both breasts) is carried out in less than five minutes, including
more objective and reliable. In cases of dense breasts without contrast media administration. On top of all this, and thanks to
prior images we routinely add at least a tomosynthesis and the extremey high performance of the photon-counting detecultrasound to the work-up. For microcalcifications I rely most tor, the average radiation dose is comparable to that of a normal
on magnification – or spot-imaging, although the latest tomo- mammogram.
algorithms with iterative reconstruction are a lot better than
It is the only modality which combines 3D visualization of
the old filtered -back projection approaches. If there is still a masses, calcifications, architectural distortions and contrastsuspicion or uncertainty about carrying out a biopsy right away enhancement in one go.
And although our system is only the fourth installation in
we may turn to Ti-filtered CEM — my experience with this

Q

Q
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the world, there have been absolutely no
signs of “start of series” hitches or any
teething troubles. The system has been
robust, stable and reliable ever since its
installation which was completed in
mid-April. After all technical controls
and regulatory compliance aspects were
verified, we actually started scanning
and examining patients in May 2020.
The whole set-up process went extremely
smoothly, since in principle it is “plug
and play” where all primary reconstructions of the 3D-dataset are carried out on
the machine’s software and the DICOM
headers and images are transferred automatically. We have a high-tech PACS
with Syngo-Via, so it is no problem at all
to deal with the large amount of data the
machine produces (... by the way up to 4
Gigabyte per patient…).
In fact the most difficult thing was to
get my (very motivated) mammo-technicians used to, and comfortable with,
what was for them a completely new way
of breast imaging and also to determine
the optimal positioning routine for the
patients to get the best image quality as
possible for every case. But with the help
of the AB-CT company, a few volunteers
and some intensive learning sessions, we
were able to examine our first real patient
after only four days.
Right away, we were astonished at the
quality of even the very first images we
acquired. For anyone with experience of
multi-modality imaging, it is quite easy
to interpret the images so there was no
problem for me and my colleagues. In
practice, the radiologist is completely
free to select whatever view he/she wants
to look at — so even for those who are
more familiar with fixed views such as
Mediolateral Oblique (MLO) or Cranio
Caudal (CC) and would prefer to see these
views, the system can easily provide those
multiplanar reconstructions (MPRs).

Q

CT-examinations. It is not like reading
mammos – more like reading tomos or
even a complex chest CT for example. As
the Mamma-CT modality is new, I put
great emphasis on informing my patients
completely and in detail about the procedure, but the examination itself is not a
big deal for most patients.
In Germany the regulations mean that
we must have a medical physicist available to check our CT-systems, including the monitoring of radiation dosages.
In doing this with the new breast CT
system, our medical physicist was astonished that the radiation level during normal operation was equivalent to that of
a routine MLO and CC mammogram.
The design of the system is such that no
scattered radiation can reach the patient.
In principle, the new scanner could
be used simply as a 3D-mammo-system,
generating, in a very short examination
time high-resolution 3D-images of the
breast with no risk of tissue superimpositions, even in dense breast. However
the additional use of standard contrast
agents raises the technique from a purely
morphological modality to one also providing functional information.
For me it is thus very close to a “onestop shop” in that in a single examination it provides more reliable data and
information than any other machine on
the market. Now that I have used it for
a few months, I am confident that the
sensitivity and specificity are the highest obtainable in one exam procedure,
especially when using contrast-media
and all this independent of the breast
density.
As if this current performance of the
system isn’t already impressive, the potential of possible future developments is
breath-taking — iterative reconstruction

 nd now what about the perforA
mance of the new system in clinical
routine?

I am not exaggerating when I say that
from my point of view the performance
of the Mamma-CT system is simply
breath-taking. With every case, the image
quality is like something out of science
fiction. But let me describe our experience with the system.
In practice, the whole procedure is
straightforward, fast and robust. During
20

the first month we started very prudently
and blocked 60 min. appointments in our
planning schedule two days a week – so
we had a throughput of 8-10 patients a
week. Now we’ve speeded up a bit with
30 min. slots per patient for 3 – 4 days
a week. We have now accumulated 500
examined patients. That may not sound
all that impressive, but you must remember that for the moment we carry this
out as an add-on to what is already a
very busy practice. For the upcoming
few months we are completely booked
out for Mamma-CT and see the numbers
steadily increasing. Nearly 90 % of the
cases are quite complicated, have a long
history of surgery/treatment or a high
density/mastopathy issue.
As we build up our experience, we
have come across some cases where the
primary diagnosis might have been possible with conventional imaging, but
where the real extent of the disease was
only detectable with the breast CT. In the
first weeks I even had some difficult cases
with multifocal carcinomas or complications of implants but which were easily
handled by the new system.
Because there is no longer a problem
of tissue superimposition, the problem
of dense breasts completely disappears
with the new technique. Thanks to the
very short scan time, and the fact that
the system is very comfortable for the
patient we have had almost no problems
with movement artifacts and consequent reduced image quality. I am used
to working multimodally — for example
comparing mammos with MRI and/or
tomos etc., but it is not that easy comparing priors with the CT-images and it can
take at least 10 minutes to work out a case
completely. In future it will definitely be
a challenge comparing current and prior

Technical specifications of the nu:view Mamma-CT system
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women undergoing mammography
report the pain as “ very strong” – so
it’s no surprise that most screening programs do not reach anywhere near 90%
participation-rate.

Q

So, all in all, how do you sum up
your impression so far of the nuview system? How do you see the future ?

Performance characteristics of conventional breast imaging modalities compared with the nu:view
Mamma- CT system

and spectral 3D-CT of the breast are
entirely feasible next steps and would
bring a whole new dimension to breast
diagnostics.

Q

In practice, what criteria do you use
to decide which women should be
examined using the new system and
which by classical mammography?

As a clinician with experience of
leading programs in the field of German
mammography screening, I am of
course well aware of all the pros and
cons of conventional imaging and I use
this experience to assign the appropriate imaging modality to the patient. So,
if I have an “easy breast” case, that is
one with a density category of A-B and
with prior exams available for comparison, then I would be happy to opt for a
relatively straightforward tomosynthesis
examination. In such a case there is no
reason to go for a CT, far less for MRI
and ultrasound, although these techniques have for sure their own place in
diagnostics.
However, some women experience
significant pain from compression during mammography or tomosynthesis.
Others are aware of the issue of dense
breasts (perhaps from the harassed look
of their radiologist trying desperately
to get a clue out of their images). There
is also a growing number of women
with silicone-implants, which are difficult to examine. For these and other
reasons such women refuse the standard mammo or tomo procedures. MRI
may also be contraindicated for several
reasons including claustrophobia or an
allergic diathesis against the gadolinium
NOVEMBER 2020

contrast medium. With all these reasons,
there are at least 3-4 out of 10 women,
who will choose Mamma-CT rather than
conventional imaging — and will even
pay for that examination out of their
own pocket. This in itself vindicates the
rationale behind the development of this
machine which was not just to achieve
perfect imaging quality but also to satisfy
the needs of the patients. This combination in my opinion is the cornerstone of
its success.
(By the way I just mentioned women
with implants — I am convinced that
breast CT will become the reference
method of choice for women with silicone implants. Perfect 3D-imaging of
all structures can be obtained – cutis,

“... At least 99% of the women we
have examined in the system are
absolutely happy with it because of
its speed and lack of compression
pectoralis, breast-tissue and implants
without any compression and without
any risk of damaging or rupturing the
implants)
At least 99% of the women we have
examined in the system are absolutely
happy with it because of its speed and
lack of compression. Most of them have
already had experiences of the other
modalities so their choice of the breast
CT is deliberate and informed.
The pain associated with compression
of the breast is one main reason women
drop out of mammography or mammoscreening programs. Up to 15 % of the
D I
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To be frank, in my opinion most colleagues in the field are either unaware
of the nu:view system or completely
underestimate its potential. They may
well know all about the performance
characteristics of the various imaging
modalities in breast diagnostics - but
they completely ignore the needs and
wishes of the women being examined.
The old story is true– if 40 years ago
someone had forced men to put their
sensitive parts into a machine and
squeezed – such a machine would not
have lasted long on the market. Seriously
however, if you take the positive reaction of the women to the short, pain-free
examination on the one hand with the
high sensitivity and specificity on the
other, the combination makes the future
of the new system look very promising.
As for the future more generally, I
believe radiology will have to become
more and more focussed on every individual patient and each clinical question, for example via risk-based stratification of breast screening. In future, the
central role of the radiologist will be to
identify the most appropriate, accurate
and rapid diagnostic tool which best
fits each case. The resulting images may
well be detected and flagged with the
help of Artificial Intelligence. But the
interpretation of the findings, the establishment of the correct diagnosis and
especially the communication of this to
the patients and referring colleagues will
remain a main part of the radiologist’s
job in future. So when we talk about the
future of AI and radiology we are in fact
talking about a more intelligent use of
resources that are becoming more and
more rare – radiologists! In mammoscreening in particular I foresee the
second reader will be AI-based within
the next 10 years. In other modalities
we will see such a disruptive innovation even earlier. It is like the use of
smartphones – there is no way back.
Even now.
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MR detection and classification
of prostate lesions using AI
MRI is now firmly established as the “gold standard” for the
visualization of prostate cancer lesions. Increasing MRI use is
leading to significant R&D efforts, including the development of
Artificial Intelligence-based approaches, directed to improving the
efficiency of MRI prostate examinations. A dedicated prostate
MR AI team in Siemens Healthineers has recently carried out a
multi-reader, multi-case validation study of an AI-based prostate
lesion detection and classification system. We wanted to find
out more about the potential of prostate MRI in general and
the validation of the new AI system in particular, so we spoke to
Daniel Fischer, Head of Clinical and Scientific Marketing, MRI in
Siemens Healthineers.

Q

Before we get on to the AI system and its validation, let’s first
recap on the reasons behind the
increasing focus on biparametric
as opposed to multiparametric
MRI in prostate examinations.

One of the main reasons for the trend to
biparametric MRI in prostate imaging
is simply the issue of difficult access to
MRI and long MRI waiting lists which
are major problems around the globe. In
many countries there has been a steady
growth in the overall utilization of MRI
– mostly around the “traditional” MRI
scans of the head, spine and large joints.
For example, in Germany a growth of
around 8% p.a. has been reported in
the number of such MRI scans performed, while in the USA according to
the OECD there has been a 12% p.a.
growth in MRI exams over the last few
years. In addition to the actual number
of MRI installations (fewer than CT systems in most European countries), this
ever-increasing use of MRI is a significant reason behind longer wait times for
access to MRI in general, including of
course prostate MRI. Also, in the current COVID-19 pandemic it should be
noted that many MRI procedures are
elective and with hospitals currently
reprioritizng their workflow to focus
on COVID-19 cases, many procedures
22

throughout the hospital are being postponed. Access to an MRI scanner is
thus currently becoming even more
challenging.
The essence of biparametric MRI
(bpMRI) is to leave out the Dynamic
Contrast Enhancement (DCE) phase
from the complete MRI scan and
to use only the T2 and Diffusion
Weighted (DW)/Apparent Diffusion
Coefficient (ADC) parameters. The
omission of the DCE phase has a
number of advantages, such as significant time savings per patient, the
elimination of any potential adverse
effects from the use of Gadoliniumbased contrast agents and reduced
costs, without any significant
decrease in diagnostic performance.
Omission of the DCE phase can save
up to 10 minutes which of course
has a significant impact on overall
patient throughput at the scanner.
In this way, whenever bpMRI can
be used for appropriate indications,
it can improve patient access to the
MR imaging modality as a whole.

Q

 hat about the diagnostic
W
performance of bpMRI vs.
mpMRI in prostate imaging?
Numerous articles have already
been published comparing bpMRI
D I
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Daniel Fischer, Head of
Clinical and Scientific
Marketing, MRI, Siemens
Healthineers.

with
multi-parametric
MRI
(mpMRI), and show that comparable accuracy, sensitivity, specificity, can be obtained and that
bpMRI is effective in detecting
prostate cancer and in some cases a
worthy alternative to mpMRI. The
European Association of Urology
(EAU), which issues guidelines
and recommendations for prostate
imaging, is currently carrying out
the PRIME Study, whose aim is to
show, once and for all, that bpMRI
is non-inferior to mpMRI in a
definitive trial that avoids the limitations of earlier studies. However
it should be noted that mpMRI still
has a role, being favoured for men
who may be at elevated risk for
prostate cancer, for example those
with a family history of prostate
cancer, previous prostate interventions, or with hip implants (due
to their potential to distort DWI
data) to name but a few.
Although prostate MRI is growing rapidly in terms of the number of exams being carried out,
it is however still largely overshadowed by the traditional MRI
exams of head, spine, and joints.
Thus, even with the growing number of prostate exams, many institutions are facing the challenge
NOVEMBER 2020

of finding radiologists qualified
to read prostate exams. This can
give rise to the issue of large variability in results when it comes to
reading, with also ultimately the
potential for overdiagnosis and
eventually unnecessary biopsies.

Q

Now let’s turn to the AI system for
lesion detection and classification.

There were three drivers behind
the development of the AI-based
prostate lesion detection and classification system. The principal one
was to achieve an improvement in
the overall diagnostic result, with the
others being a reduction in reading
times and in inter-reader variability.
In the development of the algorithm
we were well aware of the need to
develop and “train” the algorithm
using data from all over the world in
order to account for any geographical differences. All told, over 2000
fully annotated data sets were used
to train the algorithm, and we are
confident that the size of the training
data combined with its diverse nature
will allow the algorithm to be just
as effective when applied to patients
from Asia, Europe, or the Americas,
without any loss of performance. The
training of our algorithm was primarily based on unselected cases of
treatment-naïve men having undergone routine clinical prostate MRI
at a number of sites across the globe
and representative of the local patient
populations.

Q

What about the validation of the
algorithm?

The reader study we carried out
for validation of the algorithm was
designed to compare the results of
reading cases (i) by the algorithm on
its own, i.e without a radiologist (ii)
by the radiologist aided by the algorithm and (iii) by a radiologist alone,
i.e. without the aid of the algorithm.
The validation study was based on
a fully-crossed, multi-reader, multicase design using a consecutive set of
100 cases of routine clinical prostate
MRI in treatment-naïve men from the
ProstateX database. Seven readers, all
ABR-certified radiologists from the
U.S. and with a wide spectrum of
experience in reading prostate MRI,
read the cases. Of course, cases used
for the training of the algorithm were
not those used for its validation.

Q

and the results?

The principal criterion used to
evaluate the algorithm was its overall
diagnostic performance. Secondary criteria were (i) reduction of variability
between readers and (ii) reduction of
reading times.

Diagnostic performance
We observed that, when reading
with AI support, radiologists achieved
a statistically significant improvement
in the area under the receiver operating
characteristic (ROC) curve for differentiating PI- RADS >= 4, compared to

reading without AI support, ∆ AUC=
4.4%, p=0.01). For the differentiation
of PI-RADS >= 3, the improvement in
AUC was 3.0% (p=0.10).
One explanation for the larger
improvement provided by AI in cases
of PI-RADS ≥ 4 compared to PI-RADS
≥ 3 could be that the PI-RADS 3 category introduces substantial noise into
the “improvement signal”, so requiring
a higher statistical power to show a
significant effect.

Variability between readers
For the differentiation of PI-RADS ≥
4, the variability between readers when
they are aided by the AI algorithm was
observed to be less than when the readers operate without the aid of AI (p
<0.01).
It was also found that inter-reader
agreement on PI-RADS 3 lesions was
much lower than with PI-RADS 4 or 5,
whether assisted or unassisted. This is
probably due to the fact that the imaging characteristics of PI-RADS 4-5 —
these are the categories for which it
is recommended to proceed to biopsy
based on the imaging findings alone
— are much more clearly defined than
for the PI-RADS 3 category. (As for
follow-up of PI-RADS 3 cases, the recommendation is to take other patient
information into account to determine
whether to proceed with biopsy or not).
Reading times
The effect of AI varies as a function
of the reading time, with in general AI
aid being more significant with longer reading times than with short read
times. Each of the seven readers experienced a decrease in median reading
time when they were assisted by the AI
as opposed to being unassisted; for the
mean, 3 readers had longer times with
AI than without - which could be due
to outliers. The median reading time
was reduced by 21% and the mean
reading time was reduced by 14%.

Q
The AI-Pathway Companion showing how relevant clinical information along the prostate cancer treatment pathway
can be integrated in one coherent view.
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Summary of results and reaction
of the radiologists?

With an improvement in performance when the AI-derived algorithm is used, and reductions in
23
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reader variability and in mean and median reading times,
the overall results of our validation study are very positive.
In practice, we recommend a “concurrent reading”
scenario as validated in our study. In this, the AI results
are shown to the radiologist right away alongside the
original images. However in any case with our product,
the radiologist remains fully in control and can choose
if or when to bring up the AI results. Feedback from the
radiologists as to how we integrated the AI algorithm is
generally very positive, and they report that it is intuitive to use.
Although we didn’t specifically question our radiologist
readers about their feelings towards AI, we see in general
high interest from them as regards AI support for prostate
MR reading. There is no feeling that such uses of AI poses a
threat to them. On the contrary, since the radiologists always
remain in the driver’s seat, they appreciate the assistance the
algorithm provides.
Our study was not specifically designed to show
whether the AI system helps readers with less experience
more than those with greater experience, but it appears
reasonable to assume that improvement in both quality
and time savings will depend on the baseline level of
quality and experience of the reader. Having said that,
we hear from even highly experienced radiologists that
they appreciate having an AI “sparring partner” in their
prostate MRI reading.

Q

what is the aspect of the software that was most
appreciated by the radiologists?

From the beta testing of the algorithm that took place
before the formal validation study, we already knew that
the aspect of the AI package that is most appreciated in
fact varies from radiologist to radiologist and is very
much dependent on each individual institutional setting
and on personal experience. For example, for the single
aspect of reading time alone, some users reported that,
thanks to well established routine in their institution,
they anyway only need a couple of minutes for reporting,
whereas other readers can spend half an hour to report
a case.
But experienced readers also benefit significantly
from the software. For example, one very experienced
radiologist said that the apparently trivial function of
automated gland segmentation in the software will
in fact ‘change my life’. Currently the very mundane,
but necessary, task of manual segmentation of dozens
of prostates per week in preparation for ultrasoundfusion biopsy is the responsibility of the radiologists,
who understandably appreciate the automated software
assistance.
So, there isn’t a single answer to the question of
the most appreciated aspect, but that’s also the beauty
of the software: high versatility addressing different
targets.

The Prostate MRI workflow in syngo.via provides a comprehensive hanging protocol to inspect T2w images, high b-value DWI data, ADC map and (in case performed) DCE.
T2w and DWI serve as input to the AI algorithm. The prostate gland is automaticially segmented, and the suspicion map, indicating lesions with their scoring, is presented
to the reader. The user is asked to validate or correct the findings which are, upon confirmation, automatically transferred into a standardized reporting template.
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hearing more of this aspect in the future. From the Siemens
Healthineers’ point of view, our aim as a developer and
vendor of MRI hardware and software is clear: to provide
robust and rapid imaging systems, involving, where relevant,
In the near-term, we plan to carry out further field evalu- AI-based algorithms.
As in other fields of cancer screening, the question of
ation studies to validate the software in real-life routine clinical situations. We will monitor how it performs, and assess the possibility of overdiagnosis in prostate screening should
all the valuable feedback from users and of course introduce always be borne in mind. Definitive, long-term longitudinal
studies of over-diagnosis — and consequent over-treatment
improvements where necessary.
However, the Prostate MR solution is already available for — in prostate MRI and MRI-directed biopsy have not been
sale now in Europe. It is seamlessly integrated as a plug-in carried out, but four large studies, namely the PROMIS, 4M,
into the well-established MR Prostate Reading workflow of PRECISION and MRI-First trials have all shown a reduction
in the diagnosis of insignificant cancers by 5 to 13% while
syngo.via, version B50.
not negatively impacting the yield of significant cancers. In
What are your general thoughts on likely developments/ the light of these positive observations we can thus anticipate
that the role of MRI in prostate screening and diagnosis will
future trends in the whole prostate field?
continue to develop strongly, with positive effects on patient
There is no doubt that the role and applicability of MRI management and public health in the future.
But it’s not just with MRI that things are happening in
along the whole prostate cancer care pathway will continue
the overall field of prostate cancer.
to substantially increase in the future.
Newly developed urine ad blood
For example, as far as screening
is concerned, the PROSTAGRAM
“... one very experienced radiolo- tests for prostate biomarkers are on
trial has just shown that non-invasive
gist said that the apparently triv- the rise. In the future it is foreseeable
that a combination of MRI and such
MRI screening of men aged 50-69
ial function of automated gland
years old is superior to PSA testing.
segmentation in the software will tests will be used in combination in
both the diagnosis and stratification
In this trial, the PSA testing arm of
in fact ‘change my life’ ...”
of prostate cancer, with the potential
the study picked up only 42% of men
of drastically reducing the number
with significant cancers, whereas the
MRI arm achieved a detection rate of 82% of clinically sig- of unnecessary biopsies. In addition, the understanding of
nificant cancers. As more and more evidence accumulates on the different disease states of prostate cancer is constantly
the role of MRI in prostate screening we will undoubtedly be deepening, together with a growing appreciation of potential treatment regimens for use in such states. The growing
number of drugs and treatment options and their various
combinations will also lead to a strengthening of the role of
imaging as a tool for the staging and re-staging of the disease
as well as the monitoring of treatment progression.
At Siemens Healthineers, we already offer solutions along
this entire care pathway. For example we ensure a reduction of information loss by transferring annotated MR data
directly for targeted MR/US-fusion biopsies. In addition we
are also partnering with companies who offer solutions for
MR-guided prostate biopsies and minimal invasive treatments as well as functional MR-based response monitoring.
However among this rich multitude of options, our central aim remains to provide the most appropriate care for
every patient, for example through the mining of all the various data sources and the presentation of the relevant information to caregivers so as to empower them to make optimal, evidence-based decisions for each individual patient.
Our next generation clinical decision support system, the
AI-Pathway Companion, aims to do just that. It integrates
data from multiple sources along the patient care pathway,
giving recommendations for diagnostics and therapy based
on clinical guidelines. Inter-disciplinary teams can benefit
from the correlated data, which supports objective decisions
at every step along the care pathway. Orchestrating the flow
of data to the right experts is key in delivering on the promise of precision medicine, providing the right treatment, at
The findings including lesion grading are presented in a standardized report facilitat- the right time, to the right patient.

Q

Now after the successful validation study, what are the
next steps?

Q

ing communication of the findings to the urologist.
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Reduced stress and consistent
contrast-enhanced MRI scans
This article summarizes the highly interesting presentation of
Dr Markus Lentschig at the recent virtual 11th MAGNETOM
World Summit conference sponsored by Siemens Healthineers
with support from Bayer. Dr Lentschig spoke on how to reduce
stress and obtain consistent contrast-enhanced MRI scans,
using a new imaging system interface which synchronizes the
operation of the contrast media injector with that of the
MRI scanner.
To set the scene for his presentation, Dr. Lentschig first introduced his centre to the audience.
The Centre of Modern Diagnostics
(CEMODI) was established 30
years ago and has expanded to
now occupy five sites in the city of
Bremen in the North of Germany.
The centre carries out all imaging
modalities. In total 30000 patients
are seen each year, involving a
total of 40000 examinations. Of
these slightly more than a third are
carried out with contrast media
(CM) injection.
As far as MRI in particular
is concerned, CEMODI is well
equipped and has a total of six
Siemens Healthineers MRI systems, three of which are 3 Tesla
and three 1.5 Tesla. The centre carries out 1000 MR CM angiographies per year. Automatic contrast
media injectors are available with
all of the Centre’s MRI scanners,
and are used mostly for angiographies, perfusion measurements
and dynamic contrast measurements. One of the centre’s MRI
scanners, namely the Siemens
Healthineers MAGNETOM Skyra,
recently received a software update
(VA30), which enables many new
features such as Prostate Dot
Engine, Compressed Sensing,
Zoomit, SMS, Spectroscopy,
Elastography and, of course, the
Imaging System Interface, which
was the focus of Dr Lentschig’s
presentation.
26

Imaging System Interface
Coupling
The result of a joint hardware and
software development program between
Siemens Healthineers and Bayer, the new
interface synchronizes an MR Injection
system (i.e. the MEDRAD MRXperion
MR Injection System from Bayer) with
Siemens Healthineers scanners, thereby
overcoming challenges posed by the
complex processes used in conventional
contrast-enhanced MRI procedures,
which can result in suboptimal imaging. Now available for the MRI suite,
an analogous system is already available
for CT systems. The objective of automated synchronization of injector coupling with the scanner is to generate a
more efficient workflow, and minimize
suboptimal images in dynamic contrast-

Dr Markus Lentschig is principal
radiologist at CEMODI, Bremen,
Germany.
email:
markus.lentschig@zemodi.de

enhanced
studies. The
increase in
ef f icienc y
frees up the technician to spend more
time with, and focussed on, the patient.
For optimal performance, the new interface software requires the use of the latest generation injection apparatus, such
as the MEDRAD MRXperion.

Importance of Timing in CE
angiography.
It is well known that accurate timing
is vital in Contrast-Enhanced MR angiography (CE MRA) — a few seconds
can be decisive — so it is not surprising that there are still many CE MRA
images which cannot be evaluated simply
because of bad contrast injection timing.

Figure 1. The main aspects of CE MRI Kinetics. The key element is the individual cycle time, which is normally
determined by use of a test bolus. From this individual cycle time, the minimum delay time before the start of
the measurement can be calculated. The test bolus is carried out using only a very small amount of contrast
medium, but for the angiography itself, more medium is used which lengthens the main bolus slightly. For this
reason two seconds are added to the individual cycle time.
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Steps that are particularly qualitycritical are shown in red in Figure 2.
Even small deviation in these steps,
caused for example by momentary distractions of the technicians may result
in sub-optimal imaging.
During the conventional process for
standard angiography the technician
has to switch back and forth several
times from different stations, e.g. the
key-board, the monitor, the injector and
the patient intercom, and frequently
with the need to monitor or adjust different stations at the same time.

Figure 2 . The main tasks to be carried out by the radiographer/technician in CE MRA. Particlularly time- and
quality-critical steps are shown in red. In conventional, manually controlled setting, technologists must constantly
plan, monitor and time the various steps on the injector and scanner workstations separately during contrastenhanced 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 then have to be repeated.

A schematic representation of optimal timing of medium administration
is shown in Figure 1.

Breath-hold
The establishment of the timing of
the bolus injection is just one task to be
carried out. Another important criterion
necessary for optimal and diagnostically
meaningful angiography imaging is the
patient breath-hold. Failure to correctly
communicate timely breath-hold instructions to the patient or the inability of the
patient to comply can result in motion
artefacts which can severely limit the diagnostic information that can be extracted.

Conventional Workflow.
Consisting of three main parts
[Figure 2], namely the test bolus scan,
the calculation of the delay time and
the MR angiography itself, the overall
conventional work-flow can be quite
complex. When a test bolus technique
is used in MR angiography, the technologist is required to carry out numerous actions in the proper sequence,
especially in the test bolus scan and
MR angiography sections. These steps
include preparing the contrast medium,
informing the patient of the breath-hold
requirements and starting the measurement at the correct time.

Figure 3 . An example of the typical high image quality obtained using the synchronized Imaging System
Interface . Optimal timing of CM injection and breath-hold commands results in no motion artefacts and images
of high diagnostic value.
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Imaging System Interface
With the new injector/scanner
coupling system, many of the tasks
involved in the conventional complex workflow are managed and displayed by the new Imaging System
Interface, which guides the technician through the MRI workflow,
with the key functions of the technician being limited to
1). Initiating the prescan with the “real”
scan armed and on hold.
2) Talking to the patient and preparing
for the next steps.
3) Checking and “arming” the injector.
4) After this, a single click on the
scanner interface will automatically
trigger the contrast media application;
give the breath-hold command; start
the image acquisition and finally end
the breath-hold. This ensures optimal
image quality [Figure 3].
Conclusion
To summarize, the imaging system
interface enables easy, hassle-free and
consistent CE MRI scans to be carried
out. The contrast injection is synchronized with the scanner and results in
precisely timed automated operations.
The fact that the technicians no longer
need to multi-task means that they
can focus on one task at a time. This
significantly reduces the level of stress
and minimizes errors due to distractions.
More info
The video recording of Dr.
Lentschig’s presentation can be viewed at
https://www.magnetomworld.siemenshealthineers.
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Post-Presentation Conversation
After his presentation, we caught
up with Dr. Lentschig and talked
with him in more detail about his
experience with the new system.

Q

Q

When was the ISI system actually installed in your
centre and how has it performed in practice?

The system was installed in June of this year. There were
a few minor teething problems with it but once the final
version was implemented, all these have been completely
resolved. Since then, the system has been very stable and
has enabled us to examine without any problem around
500 patients up till now. We use it for all examinations
requiring contrast medium injection with a high-pressure injector, for example, all abdomen exams and all
angiographies.
Our technicians are very experienced so in fact before we
got the new system, there weren’t all that many examinations which had to be repeated. Where we have seen a big
change is in the overall quality of the images. By eliminating or reducing previous small timing errors of even
a second or two, we have been able to avoid situations
where the images were of diagnostic quality, but only just.
Now all our images are perfect.
The new system certainly results in less stress and more
efficiency on the part of the technicians when they are
administering the contrast agent, but since this phase
is actually quite short compared to the total duration
of the whole examination this isn’t translated into a
significant increase in patient throughput, at least not
for experienced technicians. However this could be a
very different matter when inexperienced technicians
are concerned.

Q

How have your radiographers/technicians reacted
to the new system?

At the beginning there actually was quite a high level
of downright skepticism, especially among the experienced radiographers (the medical technical radiology assistants, MTRA). With all such innovations, the
MTRAs are always concerned not just that they lose
their control of the examination itself, but also — who
knows — at the end of the day they might become
superfluous. However, as of now, that is about five
months after the initial installation, all the technicians
are happy. They have all recognized that the new system relieves the stress in the quite draining work steps
while their professional experience is still important
— and needed —elsewhere.
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How do you decide which patients requiring CEMRI should be examined in the ISI set-up ?

Since all of our MRI machines have the same optimized
hardware and software equipment and we can carry out all
examinations on each scanner, the patients are assigned to
the next scanner that is free with only a few exceptions,
e.g. heart examinations.

Q

And now the key questions. What is your overall
opinion of the system? Any drawbacks?

The system is great, we love it. It is simple, robust and
results in a consistently high quality of examinations. I
haven’t noticed any drawbacks so far.

Q

How do you see future developments? Do you intend
to equip all your MRI scanners with the ISI interfaces if technically possible? What about the possibility of
synchronizing all parameters between the injector and the
MRI, such as the amount of contrast media and flow rates,
etc.?
I believe that the MR Imaging System Interface will establish itself fully in the next few years, and I would like all
our MR scanners to be equipped with the new software
version. But this must of course be able to be done at an
attractive price because, as already mentioned, the patient
throughput does not significantly increase. Reimbursement is not that easy.
As a next step, we plan to equip our new MR scanners Siemens Healthieers MAGNETOM Altea and MAGNETOM
Lumina when the new software update version XA30 due
any moment becomes available for these scanners.
A complete synchronization of all parameters would
indeed be very helpful, but then a simple connection
to the corresponding RIS would have to be made also.

Q

It could easily be imagined that the use of the injector coupling system could support remotely assisted
scans. Is this a real option? What could the benefits be?
Technically speaking this could indeed be possible — it is
an option that the system could further simplify remotely
assisted scans. However, I am generally still very skeptical
as to whether this would be a realistic or sensible decision
for the future, especially in countries where well-trained
employees are generally available.
As in all radiological imaging procedures, MR examinations can only be technically and diagnostically perfect
if there is close, direct contact between the patient, the
technician and the radiologist.
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Breaking Barriers in MRI

Siemens Healthineers moves into new clinical fields with its smallest and most lightweight
whole-body MRI
• Lung and implant imaging with MR now possible with high precision
• The world’s first 80 cm bore improves the patient experience
• Magnetom Free.Max requires less than one liter of liquid helium and no quench pipe
• AI-based automation with myExam Companion enables every user to obtain excellent results
With the new Magnetom Free.Max, Siemens Healthineers is able to achievepromising results. We also see great potential in terms
presenting a new class of magnetic resonance imaging (MRI) sys- of Covid-19 patients,” says Dr. Rafael Heiss of Erlangen University
tems that the company calls “High-V MRI.” The scanner’s unique Hospital, where the first Magnetom Free.Max is located.
combination of digital technologies
The Magnetom Free.Max can be
and the new field strength of 0.55 Tesla
installed in places where MRI used to
broadens the range of clinical applicabe impossible. At just over three metric
tions for MRI systems. Magnetom Free.
tons in weight and just below two meters
Max considerably improves pulmonary
in transportation height, the machine is
imaging with MRI and allows patients
the most lightweight as well as the most
with implants to be scanned much
compact whole-body scanner Siemens
more accurately. The system has also
Healthineers has ever built. The coman enlarged bore size of 80 cm, makpany developed a new magnet for this
ing the experience more comfortable for
purpose with the so-called DryCool
patients. The 80 cm opening is considtechnology, which requires less than one
erably larger than that of conventional
liter of liquid helium for cooling and no
scanners of higher field strengths and is The small foot-print of the machine enables installation in small quench pipe. MRI machines of higher
the biggest whole-body MRI bore avail- rooms that cannot accommodate conventional MRI systems. The field strength typically require require
able on the market. “Thanks to inno- large 80 cm bore size faclitates the handling of larger patients.
several hundred liters of helium and a
vative digital solutions, such as the new
costly quench pipe. To install the new
Deep Resolve, Magnetom Free.Max can deliver image quality that scanner, rooms no longer have to be re-built or converted at great cost.
used to be possible only at higher field strengths,” says Arthur Kaindl, As a result,the new system can be easily installed for instance in locaHead of Magnetic Resonance Imaging at Siemens Healthineers. tions previously not suitable for MRI. “I see great benefit in, for example,
“Deep Resolve uses neural networks to generate high- resolution bringing MRI directly to the intensive care unit, as patient transport of
images from a lower input signal, which provides excellent diagnostic critically ill patients to the central radiology department today is risky
images and speeds up the scanning process.”
and cumbersome,” says Prof. Elmar Merkle, University Hospital Basel.
“In recent weeks, we already saw the full potential of the new “In addition, I believe MRI can significantly improve patient care directly
scanner in clinical routine and, in addition to its wide application at the frontline of diagnostics, in outpatient centers or even the emergency
range, we were particularly excited about its capabilities for pulmo- room, and could be implemented in spoke locations where today only CT
nary imaging, which had not been a domain of MRI until now. With or X-ray systems are available.”
more than 70 lung patients examined so far, we have already been
myExam Companion for MRI scanners
myExam Companion is an artificial intelligence (AI)-based user
guidance system which has already been successfully used in modalities such as CT and X-ray imaging. It enables routine examinations
to be automated, eliminating repetitive tasks and allows even novice
technologists to operate the MR with ease. All users can obtain consistent and excellent image quality with each examination. Despite
the high degree of automation, experienced users can fully configure
the scanner at any time. As a result, they can meet even the most
complex scanning requirements without problems. Magnetom Free.
Max is also fully connected for continuous and remote monitoring.

Magnetom Free.Max considerably improves pulmonary imaging, which until now has
not been considered a suitable domain for MRI.
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I ND U S TRY NEWS
GE invests in photon counting CT technology with
the acquisition of Prismatic Sensors
GE Healthcare has announced its acquisition of Prismatic Sensors volume with an estimated 91.4 million scans . Now, photon counting
AB, a Swedish start-up specializing in photon counting detectors, sig- CT technology may have the potential to define the next 50 years of
nifying GE’s continued investment in photon counting CT technology CT innovation.
(PCCT). This technology has the potential to establish a new standard
“It has been evident for decades that CT (and x-ray imaging) would
of care in oncology, cardiology, neurology, and many other clinical CT benefit greatly from energy- discriminating photon counting detecapplications.
tors,” explains Norbert Pelc,
PCCT has the promise to
Sc.D., Professor of Radiology,
further expand the clinical
“...To put the higher spatial resolution of this detector Emeritus at Stanford
capabilities of traditional CT,
in perspective, we have not seen an improvement of this University. “The challenge has
including the visualization of magnitude in decades, and every time that spatial resolu- been developing detectors that
minute details of organ struction was improved as significantly as this, the utility of can handle the very high photures, improved tissue charCT also advanced...”
ton flux from high-power x-ray
acterization, more accurate
tubes while delivering good
material density measureProf N Pelc.
energy resolution and mainment (or quantification) and
taining or improving spatial
lower radiation dose.
resolution. Of course, the detecIn developing their silicon-based detector (Deep Silicon), Prismatic tors also have to be manufacturable at reasonable cost. It is a huge testaSensors has overcome many challenges of working with silicon and has ment to the scientists and engineers at Prismatic Sensors that they have
patented a novel way to position the silicon sensors “edge on” so the detec- achieved this. I expect the impact on the CT field will be large, for example,
tor is deep enough to absorb very high energy photons and fast enough improved dose efficiency, particularly for low dose acquisitions and for
to count hundreds of millions of CT photons
applications that benefit from tissue specificper second. The company was founded in
ity. To put the higher spatial resolution of this
2012 as a spin-off from KTH Royal Institute
Deep Silicon detector in perspective, we have
of Technology in Stockholm, Sweden.
not seen an improvement of this magnitude in
“We believe this technology has the potendecades, and every time that spatial resolution
tial to be a substantial step forward for CT
was improved as significantly as this, the utility
imaging to establish a new standard of care
of CT also advanced. This is very exciting.”
and eventually improve clinical outcomes for
GE researchers began studying PCCT in
millions of patients worldwide,” said Kieran
1993 and introduced the world’s first PCCT
Murphy, President & CEO, GE Healthcare.
prototype using cadmium-based detectors
“From the first x-ray machines to the first
in 2006. The company has been an industry
photon counting CT prototype, GE Healthcare is committed to pioneer- leader in this technology for Nuclear Medicine for a decade, providing
ing next generation technologies to achieve precision health and improve excellent results to clinicians and patients. Now, using Deep Silicon
lives. We are excited about this cutting-edge approach with Deep Silicon detectors, GE has identified a better solution for CT to accommodate
and its clinical potential.”
the much higher count-rate demands of CT imaging, thereby provid“Our research shows Deep Silicon is the best solution for photon ing much more information to clinicians.
counting CT to meet clinical requirements,” says Mats Danielsson,
“Clinicians rely on the information they receive from medical images
PhD, CEO of Prismatic Sensors, “Silicon is by far the purest material – like those we receive from a CT – to help correctly diagnose patients,
produced for use in detectors. Alternative materials, including those monitor cases, and make treatment decisions,” explains Staffan Holmin,
based on cadmium, will be limited as x-ray detector materials due to MD, Professor in Clinical Neuroimaging, Karolinska Institutet and
their imperfect crystal structure and contaminations. Silicon-based detec- Senior Consultant at Karolinska University Hospital in Sweden.
tors will enable superior spectral resolution without compromising on “What’s so exciting about photon counting CT is that it brings higher
count rate or spatial resolution. Our collaboration with GE Healthcare spatial resolution and contrast. This can help us to image small blood veshas been very productive and together, we have made rapid progress. sels, vascular pathologies, and to see malignant changes at an earlier stage
Now, we look forward to the next chapter as we come together as one when treatment can be more effective. The potential for substantially
team working towards bringing photon counting CT with Deep Silicon reduced radiation is also important, particularly for pediatric patients.
detectors to the market.”
Photon counting will likely become the standard of care for all clinical
For nearly 50 years, CT has proven to be a vital imaging tool used applications where CT is used today.”
to detect cancer, heart disorders, and other diseases large and small.
CT’s clinical use and diagnostic power have rapidly increased with GE HEALTHCARE
the introduction of volumetric imaging, faster rotation speed, itera- www.gehealthcare.com.
tive and AI-based image reconstruction, as well as dual energy. Last PRISMATIC SENSORS
year, the United States reported an all-time high in CT procedure www.prismatic.se
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Siemens Healthineers on track to close
purchase of Varian
Siemens Healthineers have announced that the Committee on
Foreign Investment in the United States (“CFIUS”) has concluded
its review of the planned
merger with Varian
Medical Systems, Inc. and
determined that there are
no unresolved United
States national security
issues with respect to the
transaction. However, the
closing of the transaction
remains subject to receipt
of regulatory approvals in
other countries and satisfaction of certain other customary closing
conditions. Siemens Healthineers still expects to close the merger
with Varian in the first half of calendar year 2021. Both companies
announced the transaction on August 2, 2020.
“We have reached another important milestone on the road to
combine our two companies and are very well on track,” said Bernd
Montag, CEO of Siemens Healthineers AG.
Varian is a world leader in the field of cancer care, with innovative solutions especially in radiation oncology and related software. 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.
SIEMENS HEALTHINEERS
ERLANGEN, GERMANY
www.siemens-healthineers.com

Researchers Awarded 2020 Bracco
Diagnostics Inc / RSNA Research Grants
The RSNA Research & Education (R&E) Foundation have
awarded the 2020 Bracco Diagnostics Inc./RSNA Research Scholar
Grant to Dr. Brent D. Weinberg and the 2020 Bracco Diagnostics
Inc./RSNA Research Resident Grant to Dr. Evan DC Calabrese,
These grants are made possible by Bracco Diagnostics Inc.’s support of the RSNA R&E Foundation.
The Bracco Diagnostics Inc./RSNA Research Scholar Grant is
designed for emerging leaders in radiology research. This career
development award facilitates the transition of young faculty into
independent investigators and prepares them for NIH funding.
The grant award is $75,000 per year for a two-year study.
Dr. Brent D. Weinberg, of Emory University, with scientific
advisor Huynsuk Shim, Ph.D., will investigate the use of automated
quantitative tools to objectively apply structured follow-up criteria
to longitudinal MRI follow-up for brain tumor patients. The principles developed with this grant will be used to deploy automated
tools to guide clinical decision making in brain tumor patients and
improve reliability of clinical trials in detecting differences between
treatment groups.
The Bracco Diagnostics Inc./RSNA Research Resident Grant
NOVEMBER 2020
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provides $30,000 for one year to a top resident to devote 50% of
their time for a research project under the guidance of a scientific
advisor. Through this project, residents can learn about scientific
investigation and develop competence in research techniques.
Dr. Evan DC Calabrese of
University of California, San
Francisco, will investigate the use of
deep learning and radiomics-based
MR image features for automated
prediction of two diffuse glioma
genetic biomarkers: EGFR amplification and CDKN2 loss. The results of
this work could potentially improve clinical care by providing more
accurate prognostic information and facilitating the deployment of
emerging targeted therapies to a broader patient population.
BRACCO DIAGNOSTICS INC
MONROE TOWNSHIP, NJ USA
www.bracco.com

Densitas partners with Mammography
Educators to launch telehealth solution
for customized training
Densitas Inc, a global provider of A.I. technologies for digital mammography and breast screening, has announced their partnership
with Mammography Educators to offer the first artificial intelligencepowered telehealth technologist training platform to support business
continuity in mammography facilities. COVID-19 has amplified the
need for telehealth solutions that deliver broader
access to high quality
mammography technologist training curricula to
mammography facilities
facing resource constraints. Mammography Educators have partnered
with Densitas to provide tailored educational content and a telehealth
solution that provides live virtual training informed by densitas intelliMammo technologist report cards.
The densitas intelliMammo suite enables detection of trends in
technologists’ performance, providing quantitative image quality
metrics at the technologist and mammography facility levels that
enable Mammography Educators to develop an evidence-based
curriculum that is customized for the needs of mammography
practices.
“Achieving proper mammography positioning technique can be
challenging but is critical for cancer detection. Positioning error rates
can be addressed by standardization of technologists’ techniques,”
says Louise Miller, co-founder of Mammography Educators. “We
are delighted to partner with Densitas® to provide fully-integrated
educational materials available on-demand at point-of-care. We can
now offer live training remotely, informed by Densitas® generated
technologist A.I. report cards.”
DENSITAS
HALIFAX, CANADA
www.densitas.com
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RADIOLOGY WORKFLOW
Radiologists make more errors
interpreting off-hours body CT
studies during overnight assignments
compared to daytime assignments
By Dr. M D Patel

Hospital-based radiology, with studies performed on increasingly sicker inpatients and increasing numbers of patients in
the emergency room, demands attention 24 hours per day,
7 days per week. The work performed in the evening, overnight, weekends, and holidays is typically collectively considered “off-hours”, and practices have turned to a number
of strategies to provide coverage. These strategies include
outsourcing using teleradiology, insourcing with an internal
group of designated emergency radiologists, or rotating
emergency work among radiologists who usually focus on
other studies during “on hours” [1, 2]. The night float model
can apply to any of these approaches, referring to when an
individual interpreting images overnight does so for several
consecutive days and does not work during the day. This
schedule is especially common in academic institutions
using trainees [3, 4]. But do radiologists who typically work
during the day and who occasionally engage in the night
float shift make more mistakes than they otherwise would
during the day? This article summarizes the results of a
recent study that examined the collective error rate for
radiologists interpreting body CT studies during overnight
off-hour assignments compared to their same collective
error rate during daytime off-hour assignments
There is increasing research that
documents the impact of overnight work [5-8] and fatigue [7,
The Author
Maitray D. Patel, MD, FACR
Mayo Clinic Arizona
Department of Radiology
5777 E. Mayo Blvd.
Phoenix, AZ, USA
Email: patel.maitray@mayo.edu

32

9-11] on radiologist performance.
Both experimental and empirical
studies indicate that diagnostic
accuracy suffers when radiologists are fatigued [5-9, 12-14], but
many of these studies of imaging interpretive errors committed during overnight shifts have
focused on radiology residents
(5-]). Moreover, they have not
compared the performance of
radiologists at night as compared
D I
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to their same performance during
the day, to investigate any possible
contribution to error by circadian
misalignment.
Our retrospective study was
designed to compare the rate of
clinically significant interpretation errors for CT examinations of
the abdomen and/or pelvis (“body
CT studies”) interpreted off-hours
by radiologists employed in an
academic fellowship not accredited by the Accreditation Council
for Graduate Medical Education
(ACGME) based on whether the
off-hours work assignment was at
night or during the day.
DESIGN AND METHODOLOGY

The Department of Radiology at
Mayo Clinic Arizona is an academic
subspecialty-oriented
practice, in which each attending
radiologist has completed a fellowship; the attending radiologists are
organized into subspecialty Divisions, one of which is Abdominal Imaging. The department
has employed radiology fellows-American Board of Radiology
(ABR) board-certified or eligible
individuals who seek one additional year of subspecialty training after completing a diagnostic
radiology residency—since 2000.
One unique aspect of Mayo Clinic
Arizona is that the department’s
subspecialty fellowship program
preceded development of a Diagnostic Radiology residency program, which was not fully constituted until July 2018. Therefore,
unlike other academic medical
centers in the United States, Mayo
NOVEMBER 2020

Clinic Arizona has more experience
with the off-hours work performed
by fellows as compared to residents.
Between July 2014 and June 2018,
body CT studies that were completed
during “standard” working hours,
defined as 7 am to 8 pm on Monday-Thursday, or 6 pm on Friday,
would have primary interpretation
by an Abdominal Division-attending
radiologist. During off-hours work
assignments (overnight assignments
from 8 pm to 7 am Monday through
Thursday, overnight assigments from
6 pm to 7 am on Friday through Sunday, or day assignments from 7 am
to 6 pm on weekends and holidays),
these body CT studies would be
independently interpreted by an inhouse fellow, who was assigned to a
rotating off-hour assignment, always
with at least 11 hours off work prior
to the assignment, and never taking
more than 5 assignments during any
7 day period. An attending radiologist (usually an Abdominal Division radiologist) working remotely
would review these studies no more
than 10 hours after initial interpretation, revising and marking those
with discrepancies that had impact
to acute or follow-up care in a webbased database for quality purposes.
Cases with discrepencies marked as
impacting patient care were reviewed
quarterly by the Abdominal Division
as part of quality assurance; for this
study, these were designated as cases
with errors. For the collective group
of fellows, statistical tests were used
to evaluate the difference in error
rate for overnight off-hours assignments compared to daytime off-hour
assignments, the error rate in the first
half compared to the second half of
an assignment, and the proportion of
radiologists with higher night error
rate.
RESULTS

During the study period, 10,090 body
CT studies were independently interpreted by 32 radiology fellows during an off-hours assignment, with
9610 (95.2%) having been reviewed
by Adominal Division attendings.
For all studies, 2.0% (44/2195) of day
NOVEMBER 2020

body CT interpretations had errors
while 3.0% (240/7895) of night CT
interpretations had errors (p = 0.02);
of the subset reviewed by Abdominal
Division attendings, there was no difference in the error rate, with interpretation errors affecting care identified in 44 of 2164 day studies (2.0%)
and 226 of 7220 night studies (3.0, p
= 0.02). Fewer fellows had a higher
error rate during the day (10 of 32,
31.3%) compared to those who had a
higher error rate during the night (22
of 32, 68.8%), which was statistically
significant (p = 0.03). Diagnostic
error rates were lower (9/824, 1.1%)
in the first half of the day assignment
from 7:00 AM to 11:59 AM compared
to the second half from 12:00 PM to
5:59 PM, but this comparison was
not statistically significant (35/1371,
2.6%; p = 0.07). Error rates were significantly lower (115/4537, 2.5%) in
the first half of the night assignment
from 6:00 PM to 11:59 PM compared
to the second half from 12:00 AM to
6:59 AM (125/3358, 3.7%; p = 0.002).
The work intensity (number of all
studies interpreted) was lower during night assignments compared with
day assignments.

“...Our data show that radiologists working off-hours made
50% more body CT interpretation errors at night as compared to during the day...”
DISCUSSION

Our data show that radiologists working off-hours made 50% more body
CT interpretation errors at night as
compared to during the day (3.0%
vs 2.0%, p = 0.02), with highest error
during the latter part of the night
shift (3.7%; p = 0.002). Making no
claim of direct evidence of the cause
of error variation, we suggest a role
for circadian misalignment because
fellows had higher error rates after
midnight despite lower work intensity overnight compared to the day
and despite duty hour accommodations promoting rest. Nevertheless,
our experience also supports the idea
that fatigue contributes to diagnostic
D I
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error, since error rates were higher in
the latter aspect of any given assignment (day or night). The fact that our
observations were made on the work
of radiologists who were beyond residency has important quality implications, not only for selecting which
studies stand to benefit most from
increased quality scrutiny, but also
for determining how that scrutiny
should be implemented.
Double reading is an established
strategy to mitigate radiology errors
[15], but providers can be frustrated
by report revisions that necessarily ensue when double reading is
employed because this increases their
work, as patients may need to be contacted with changes in management
or follow-up. Consequently, there
is pressure to provide a final report
for off-hours studies in “real time”
which will not be reviewed [4], leading to increased demand for in-house
attending coverage for emergency
imaging [3], even if that means using
a non-expert reviewer in the middle
of the night who renders a report that
is not subject to subspecialty review.
There are two factors that should
give one pause when pursuing this
strategy.
First, it is known that radiologist
expertise relative to study difficulty
contributes to interpretation error
[16]. Using resources to employ
emergency radiologists for final
interpretation or over read in the
middle of the night instead of pursuing morning subspecialty review
has potential drawbacks for any
practice that is otherwise organized
along subspecialty lines as a method
to pursue increased quality. If socalled emergency radiologist interpretations are just as good as subspecialized radiologist interpretations,
why would there be any value in
subspecialization?
Second, if there is a fundamental
limitation in circadian alignment
for radiologists periodically working
overnight, as indicated by our study,
it would be fallacious to assume that
such misalignment does not impact
emergency radiologists if these individuals rotate in and out of these
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off-hours assignments. When a practice pursues strategies to achieve the highest quality of work, the impact of
circadian misalignment and fatigue on diagnostic error
will need to be respected in determining which studies
might benefit from double reading by a rested circadianly-aligned subspecialist [17].

Book Review Diagnostic Imaging: Spine, 4th Edition
By Jeffrey S. Ross & Kevin R. Moore
Pub by Elsevier 2021, €269.09
Covering the entire spectrum
of this fast-changing field
Diagnostic Imaging: Spine
fourth edition is an invaluable resource for general radiologists, neuroradiologists
and trainees—anyone who
requires an easily accessible
highly visual reference on
today’s spinal imaging. Drs.
Jeffrey Ross & Kevin Moore
and their team of highly
regarded experts provide
updated information on disease identification and imaging techniques to help you
make informed decisions at the point of care. The text is
lavishly illustrated delineated and referenced making it a
useful learning tool as well as a handy reference for daily
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practice.. Key features include:
• Serves as a one-stop resource for key concepts and information on radiologic imaging and interpretation of spine,
spinal cord, and bony vertebral conditions
• Features more than 2,600 full-color illustrations, including radiologic, pathologic, and clinical images
• Features updates from cover to cover including revisions
in accordance with new information on inflammatory
and autoimmune disorders and systemic manifestations
of diseases
• Provides expanded imaging details for metastatic diseases to accommodate recent significant changes, including new categories of oncologic surgery driven by the use
of proton beam radiotherapy, PET MR as a diagnostic
modality, and new FDA-approved hardware
•Enhanced eBook version included with purchase. The
enhanced eBook allows access to all of the text, figures,
and references from the book on a variety of devices
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Solving the persistent shortage of
clinical data available to medical
algorithm developers
More and more, radiologists are turning to Artificial
Intelligence as a possible means of handling the everincreasing growth in the number of imaging exams that
they have to read and report. The diagnostic accuracy
and reliability of an AI-developed algorithm depends
on the quality and applicability of the images used to
train the algorithm. To meet this requirement a recently
formed company, maiData Corporation has been set up
with the express aim of solving the persistent shortage
of clinical data available to medical algorithm developers. We spoke to Julian Marshall, CEO of maiData and
Dr Robert Nishikawa, Professor of Radiology at the
University of Pittsburgh.

Q

Just why is it so important
that AI developers get larger
data sets?
JM: There are in fact several reasons that developers need larger
data sets. First, they need to avoid
bias in training data, which basically means that the training data
needs to be sufficiently broad to
ensure that it includes all manifestations of subjects with both the
disease — or features they’re going
after — as well as normal subjects.
Second, and similarly, the data sets
used for testing the algorithm have
to represent the population at large
to ensure generalizability. Third, the
datasets need to be plentiful enough to
allow AI companies to segregate data
into separate Training, Validation,
Testing and Regulatory Approval
databases [ Figure 1]because that’s
the only way to minimize the risk
of overtraining and to get reasonable
stand-alone performance results.
The process of bringing an AI algorithm to market requires the use of
NOVEMBER 2020

clinical data at several points. Ideally, the data used at each point
will be different. But since the late
1940s, scientists have blurred the
lines between these data sets using
techniques such as jack-knife testing (1949), leave-one-out cross-validation, etc. But the cost of using
these methods is that performance
measured in the lab is not realized
when algorithms are deployed clinically. The result can be products that
don’t work as expected on unknown
populations, and performance
expectations that are inaccurate. In
addition, improper handling of data
can put products into regulatory
jeopardy.
AI companies have traditionally
created their own relationships
with individual clinical facilities,
which is time- consuming and adds
unpredictability in cost, effort and
quality that can result in development delays. maiData can help AI
companies streamline case collection efforts and provide seamless
delivery of large volumes of medical
D I
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images and metadata for developing
robust AI algorithms.

BN: In terms of diminishing returns,
as the dataset gets bigger, there will be
smaller improvements in the performance of the AI algorithm. However,
until you get very big datasets (and I
admit I don’t know exactly how big
“very big” is) you can always gain in
robustness if not accuracy.
However let me point out that not
only do you want to enlarge your
dataset, but you want to diversify it
also. So collecting cases from multiple sites is important, not only for
different patient demographics, but
also for different radiologist interpretations. There is a lot of variability between radiologists. This has
been well documented for breast and
chest images. Cases selected from a
site depends on what the radiologist calls normal and abnormal, and
this will differ somewhat between
radiologists. For example, in breast
imaging, cases (cancerous, benign
and normal) from a radiologist with
35
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a low recall rate will have different
characteristics than cases from a radiologist with a high recall rate. Since the
radiologist is essentially the gatekeeper
to what goes into training an AI algorithm, you want to have as many different gatekeepers as possible to remove
any potential bias.
I am sure that companies have such
datasets, as presumably each release of
a new software version improves the
algorithm performance. Some of the
improvement is from collecting more
cases over time. Given enough time,
it is possible to collect a large and
diverse set of images, but it is very difficult and cost prohibitive to do so in a
short period of time. Time to market
is a critical factor in the success of any
company. As a result, datasets are continuously collected over time enabling
more accurate and robust algorithms to
be developed.
One big advantage of deep learning (DL) techniques is that they scale
well with database size. In the preDL days, where multiple features were
extracted from images and input into
a statistical classifier, as the database
got bigger it became more difficult
to develop and train an algorithm.
With DL, the training takes longer
but it is relatively easy to manage.
Obviously, the Googles of the world
and large academics sites have sufficient computing power for most
AI applications. Start-up companies
are at a disadvantage there. However,
relatively simple DL models are available and can run on a $15K computer.
And while more complex models are
being developed, depending on the
application they may not be needed.
In the pre-DL days, some statistical
classifiers were better than others, but
the increase in performance based on
classifier choice was really quite small.
Similarly, the data given to the model

is more important than the DL model
themselves.

Q

Following up on the point
about the need to diversify the
data set, don’t some people maintain
that the best population to train an
algorithm is the local one from the
area in which it will ultimately be
applied.

JM: Yes indeed, you often hear talks
at conferences discuss training algorithms for a specific, local population, but that makes my alarm bells
go off for several reasons. First, what
if someone moves here from elsewhere? Would the algorithm work on
them? Second, how is the quality of
the algorithm assessed from a regulatory standpoint? If an algorithm is
trained, or tuned, specifically for a
local population, was FDA clearance
or MDR approval granted afterwards?
And how do you stop an algorithm
training in one locale from being
moved to another locale where the
training may not be applicable? Third,
patients deserve all AI algorithms to
be designed and tested with sufficient
rigor. If an AI algorithm is trained
locally, how will the process be controlled, from a Quality Management
System perspective? It reminds me of
continuous training AI algorithms …
a great idea as long as the on-going
training doesn’t send algorithm performance off-track.
An AI algorithm that really helps
doctors must be generalizable, which
means that it must work on all intended
patients. This, in turn, means the algorithm must have been trained on a
dataset that closely resembles the target population. For example, an AI
algorithm for detecting breast cancer
should be able to detect lesions irrespective of the ethnicity of the patient.

But how does the developer know it
will work if it hasn’t been trained or
tested on a broad population that represents all ethnicities?
AI in medicine is all about helping individual patients, but algorithm
developers require vast data sets to
ensure the quality and efficacy of each
and every algorithm.

Q

Are the advantages/requirements for large and diverse
training sets more important for certain body parts/pathologies than others? For example, it’s known that the
average breast density of Asian women
is greater than that of Caucasian
women, but are there similar differences between racial populations for
other organs?

JM: I think you could look at the needs
of a breast algorithm here vs a lung nodule tool…all AI are not created equal;
just because you can look for breast
cancer doesn’t mean it can also do lung;
that’s why it is critical to develop, train
and test specific algorithm with large,
specific databases. You could also support your point about local populations
– e,g, if you train on Asian women,
what happens when that tool is used
in Detroit?
JM: In the way the question is framed,
it is more for physicians and anthropologists to answer than for maiData.
Environmental conditions, most specifically diet, are believed to influence
body habitus in many ways. Referring
to the example cited, it has been shown
in the literature that the breast density
of Asian women who move to western
countries is reduced, while breast cancer risk is strongly associated with the
origins of their ancestors, both in terms
of genetics and urban habitat.
At a macroscopic level, people are

Figure 1: Database Segregation Best Practice
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Figure 2: Ongoing Use of Segregated Data

the same. But as you zoom in, there
are many distinct differences. A
great example is seen in mammography. If you look at images of the left
and right breast in the same patient,
the breasts are grossly symmetrical,
but there are lots of nuanced differences when you look in detail. I
think that alone provides the rationale for large, diverse data sets. The
data set has to be big enough to at
least attempt to cover normal human
variation.

Q

What currently is the radiological field that is most active
in AI development?

BN: From my perspective, all
modalities and most body organs
are active areas of AI development.
For example, while COVID-19 is
relatively new disease, the National
Institutes of Health in the US has
created and funded the Medical
Imaging and Data Resource Center
at the University of Chicago, led by
Maryellen Giger. The Center will
create an open-source database of
medical images along with associated data from thousands of COVD19 patients. The goal is to help
understand better and treat the disease through the use of images and
AI. This shows that many believe
that medical images and AI can
be used to tackle important health
problems.

Q

There seem to be more and
more prototype/development
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papers being published on AI but what
about the number of algorithms in
actual routine clinical use?

BN: According to the ACR Data Science
website (https://www.acrdsi.org/DSIServices/FDA-Cleared-AI-Algorithms),
the FDA has cleared 79 AI algorithms.
The majority of these were approved in
2019 or 2020. While many of these are
being used clinically, it still too early
for any large studies of actual routine
clinical use.

“...maiData’s unique solution
will reduce the cost and burden
of data collection for AI companies and shorten AI algorithm
time-to-market, meaning that
clinicians get clinical decision
support more quickly...”

However, proper integration of the
algorithm is critical. That is one lesson
that is evident from the clinical implementation of computer-aided detection

(CADe) for screening mammography.
Early studies showed that CADe could
increase the cancer detection rate with
a commensurate increase in the recall
rate. However, long term studies showed
a different result. The study by Lehman
et al. showed that compared to a period
when radiologists did not use CADe, it
turned out that reading with CADe actually decreased sensitivity and increased
specificity. This is exactly the opposite of
what was expected based on the earlier
studies. In fact, that result is impossible
if radiologists used CADe as a second
reader, as the system was labeled for use
by the FDA. The most plausible explanation is that radiologists did not use CADe
as a second reader, but probably used
the system to read more quickly. That
is, using CADe as a second reader was
not viable and therefore the system was
not properly integrated into the workflow. I believe that in parallel to algorithm
development, an equal effort (in terms
of money and time) should be devoted
into integration issues; otherwise, the AI
tools will have a diminished and possibly
a negative impact on radiologists’ performance, and ultimately, patient care.

Figure 3: Simple Data Refreshing.
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Q

Now, turning to maiData,
what was the rationale for its
creation, what precisely are the company’s objectives and how in practice will the company attain these
objectives?
What is it that your company has
which makes it worthwhile for developers to go through you rather than
try to source images directly?

JM: maiData was founded to solve the
persistent shortage of clinical data available to medical algorithm developers.
maiData’s unique solution will reduce
the cost and burden of data collection
for AI companies and shorten AI algorithm time-to-market, meaning that
clinicians get clinical decision support
more quickly, which can result in better
patient care.
Over the last three decades, every
company I’ve worked in has been
starved for data for algorithm training, validation, testing and regulatory approvals. And, if you listen
to developers speaking at AI companies, that is a shared experience.
So, I thought “let’s solve this problem
once and for all”. There are really two
steps to what we are doing. First,
gain access to a very large, very
diverse data set. And second, start
delivering meticulously pseudonymized and annotated data to the AI
companies that need it. There are
four reasons that AI companies will
benefit from using maiData, all of
which make data collection faster:
we will already have the contracts
in place; we will already have been
through IT security approval and
have our data collection software
installed; and pricing will already be
set. maiData removes many burdens
from AI companies.

Q

If a radiologist reading this
interview article wants to get
involved, what practically does he/she
have to do?

JM: In my experience, most clinicians
understand that their patients will
benefit in the long-term if AI training datasets are much, much larger.
I sense an altruism when I talk to
clinicians and administrators … they
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want the datasets to play a part in the
development of AI because they know
that will help not only their patients,
but all patients in the future. maiData is happy to talk to more facilities about collecting cases, including
in Europe. maiData is starting in
the United States because, especially
with COVID-19, it is easier to start
closer to home. But, we are mindful
that European and Asian data needs
be available to developers (to reduce
bias and increase generalizability). We
want to be extremely careful of regulations around patient data and privacy,
such as GDPR, and mindful of the
ethics of using patient data for commercial purposes.

“ Artificial intelligence will not
replace radiologists … but radiologists who use AI will replace
radiologists who don’t“
Curt Langlotz, Stanford University

Q

In the company’s streamlined
approach to data collection
how are issues such as Intellectual
Property handled? E.g. Images taken
of a patient, even though anonymized presumably still belong to the
patient; not to mention the annotation/report by the radiologist; Who’s
got the IP? What about liability
issues ?

JM: There is no single answer to
this question because the ownership of images, reports and metadata varies between jurisdictions.
The universe of data used to train
an algorithm does help developers
create IP. However, taken alone, the
images, metadata and reports from a
single individual have little influence
in the result. There is a big societal
good question here. If we all want
the benefits of AI (earlier detection
of disease, better outcomes, better
workflow for clinicians), then we all
have to accept that our data, properly pseudonymized, needs to be
part of the solution.
D I
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Q

Finally broadening out from
AI development, how are radiologists in general now reacting to the
prospect of AI? Are we past the stage
of them worrying about their job –are
they now keen to get hold of AI to ease
their work-load?

BN: I think we are over the hump of radiologists fearing for their jobs. Radiologists
do more than interpret images and once
you understand the complexity and diversity of the challenges radiologists face daily
you can envision how AI can be integrated
to make radiologists more efficient and
effective. I think it is a very exciting time
for radiology. Our eyes can only extract
a fraction of the information contained
in a medical image and can only do so
qualitatively. AI can unlock the hidden
information in a quantitative manner
making radiology an even more valuable
component for optimal patient care. As
for attracting young medics into radiology, I think it is at a low point right now
because of the perceived threat of AI. As
more and more AI tools are integrated into
radiology, thefield will again be favored by
those who are technology savvy. I can see
a future, where images, image biomarkers
and genetic/molecular biomarkers are the
fundamental information used to decide
on proper patient management.
JM: Radiologists are smart. They know
there are certain tasks that are difficult for
the human observer, and they do want the
help. The American College of Radiology
has set up a Data Sciences Institute just to
deal with AI on behalf of ACR’s members,
who do worry about the influence of AI.
But as Curt Langlotz (Stanford University)
is famously quoted “Artificial intelligence
will not replace radiologists … but radiologists who use AI will replace radiologists
who don’t.” Medical schools need to do a
better job of talking about AI with students
to ensure a supply of radiologists going
forward. A well-known radiologist from
the UK once told me “AI will probably
take over screening, allowing radiologists to
spend a lot more time on careful diagnostic
work-ups”. I think that’s a good thing both
for radiologists and for patients.
More Information:
maiData
Palo Alto, CA, USA
www.maidata.io
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TE C H N O LOGY UPDATE
High-end X-ray technology now mWore
affordable

The new ceiling-mounted Multix Impact C from
Siemens Healthineers, completes the company’s
Multix Impact platform and joins the established
floor-mounted Multix Impact. Multix Impact C
introduces unique, high-end features to the family
at a more economical price.
Its design makes it easy to use due to a highly
integrated interaction of software and hardware: data from an integrated camera is used
by the AI-based user-assisting software myExam
Companion to automatically collimate the region
of interest for long-leg and full- spine imaging.
In the past, this process had to be performed
manually. myExam Companion does it automatically, reducing exam time for the technologist

and potentially radiation dose for the patient. The
automatically collimated area can be adjusted, if
necessary. The image from the same camera also
shows a live view of the patient. This helps eliminate unnecessary retakes as the technologist can
check that the patient has not moved just before
the image acquisition.
Carsten Bertram, Head of X-ray Products at
Siemens Healthineers said “Multix Impact C with
myExam Companion enables technologists of any
experience level to consistently obtain high-quality
images. Along with the highly intuitive user interface, these features mean that only about 10 hours of
training are needed to familiarize technologists with
the system. This is especially important for institutions that provide many daily routine examinations
and have problems attracting an experienced staff.
Institutions that are already using a product in the
Multix Impact family can expect less retraining effort,
because the system’s controls, interfaces, and detectors
are the same.”
SIEMENS HEALTHINEERS,
ERLANGEN, GERMANY
www.siemens-healthineers.com
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Intererconnecting contrast media,
injectors and digital solutions

Driven by its commitment to advance radiology
today and tomorrow, Guerbet Diagnostic Imaging
has designed a portfolio of interconnected contrast
imaging solutions to enhance decision-making at
each point of the patient journey from diagnosis to
treatment and follow-up, in order to focus on what
matters most, namely efficiently improving patient
outcomes.

Tailored to meet the specific needs and challenges of the modern radiologist the UNIK system from Guerbet is a flexible solution — through
an understanding of their customers’ internal processes, Guerbet can provide an ecosystem of value
by interconnecting its comprehensive portfolio of
contrast media, injection solutions, digital solutions
and technical support.
Key benefits of UNIK include:
• Enhanced clinical decision-making through
precise traceability of the injected contrast media,
which include Xenetix (iobitridol) and OptiRay
(ioversol) for CT and the Cath Lab, as well as
Dotarem (Gadoteric acid) for MRI.
• Smart injection solutions. For safe and efficient
injections, including OptiVantage, Illumena, Néo,
FlowSens, and OptiStar Elite
• Innovative digital solutions which facilitate
heightened patient safety and productivity, including radiation dose monitoring with Dose&Care and
monitoring and tracking of patient injection data
and contrast media with Contrast&Care.
GUERBET,
VILLEPINTE, FRANCE
www.guerbet.com

AI-powered premium CT scanner with
wide bore and large field-of-view

The global cancer burden is expected to grow to 27.5
million new cancer cases by 2040 due to the rapid
growth and aging of the population worldwide. Some
of the most common cancer types, such as breast
cancer, cervical cancer, oral cancer and colorectal
cancer are largely curable if they are detected early
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TECHNOLOGY UPDATE
and treated appropriately. With disease so prevalent,
clinicians require accuracy, precision, and speed while
planning for radiation therapy treatment. With aim of
giving clinicians the opportunity to see more during
radiation therapy planning, Canon Medical Systems has
introduced the Aquilion Exceed LB CT scanner.
Canon Medical CEO, Toshio Takiguchi, said, “With
the Aquilion Exceed LB, we brought deep learning reconstruction technology to the radiation oncology market.
This will give the radiation oncology team the confidence
and precision they need for accurate therapy planning
for their patients and will leave patients with a positive
experience when undergoing a CT scan.”
Radiologists confronted with increasing numbers of
images to read can now receive a prioritized worklist
from the AI-enabled Workflow Orchestrator, along with
an intuitive summary of advanced visualization and
analysis from various systems presented in a single view.
IntelliSpace Portal Advanced Visualization also connects patient data across departments to create interoperability for greater clinical intelligence and analysis,
supported by AI-tools such as an algorithm for the
detection of COVID-19 lesions.
Seamless integration across the hospital network

Features include:
• Accuracy in even the most complex simulations
through industry-leading capabilities, like the largest
bore size (90 cm), edge-to-edge extended Field-of-View
(90 cm) reconstruction, and widest detector coverage
(4 cm).
• Better contouring using Artificial Intelligence
(AI) with sharp, clear and distinct images from Canon
Medical’s Advanced intelligent Clear-IQ Engine (AiCE)
Deep Learning Reconstruction (DLR) technology.
• Expanded capabilities – because of the Aquilion
Exceed LB’s suite of premium CT capabilities to further
increase clinical utility, it integrates seamlessly with a
range of respiratory gating devices and can perform
both phase and amplitude sorting.
CANON MEDICAL SYSTEMS EUROPE
ZOETERMEER, THE NETHERLANDS
https://eu.medical.canon/

Image and data interpretation across
clinical domains and modalities

Philips IntelliSpace Portal is an advanced visualization and analysis solution that is designed to help physicians to diagnose, follow-up, and communicate, across
clinical domains and modalities, with one seamless,
connected workflow.
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Designed around the principle of continuous evolution, IntelliSpace Portal helps in the management of
shifting challenges and technology-driven healthcare for
years to come. The system allows clinical personnel to:
• Have a broad set of application for radiology imaging across multiple clinical domains.
• Obtain a multi-faceted view of the patient’s condition across multiple modalities.
• Work consistently in a unified user interface with
workflow acceleration features such as preprocessing
rules.
• Access applications securely from virtually anywhere within the organization and integrate multi-vendor datasets.
• Work with a single service agreement that covers the
lifecycle needs of your advanced visualization platform.
PHILIPS HEALHCARE
EINDHIVEN, THE NETHERLANDS
www.philips.com

Critical Care Triaging using X-ray imaging

Designed to quickly identify and help prioritize
critical cases such as pneumothorax, GE Healthcare
has developed a revolutionary new tool known as
Critical Care Suite Powered by GE’s Edison, the new
system embeds artificial intelligence for triaging in
an x-ray imaging device, turning what was once a
conceptual idea into reality. The new system detects
nearly all large pneumothoraxes (96% sensitivity);
3 out of 4 small pneumothoraxes (75% sensitivity); limits alerts (94% specificity) and provides an
Area Under Curve (AUC) of 0.96. The system has a
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Positive Predictive Value of 35% to
70% for pneumothorax prevalence
of 4% to 15%
The Critical Care Suite also provides triage notifications that are sent
to PACS upon transfer of the original
diagnostic images, so enabling PACS
worklist prioritization.

The Critical Care Suite is backed
up by a Quality Care Suite which
operates in parallel to system image
processing to provide real-time
quality alerts:
• Intelligent Protocol Check
accurately conducts (AUC>0.99) an
automated quality check to detect
errors on the acquisition system,
such as improper protocol used,
thus enabling the radiographer to
determine if the image needs to be
repeated or reprocessed before sending to PACS.
• The Intelligent Field of
View system accurately detects
(AUC>0.99) when a lung field is
clipped in a frontal chest x-ray,
allowing the radiographer to determine if a repeat is required before
sending the image to the PACS and
assists the radiographer in quality
checks by monitoring the coverage of the lung field and notifies
any user if a lung field is clipped.
It also provides real-time feedback
on patient positioning which is
helpful for busy techs.
• Intelligent Auto Rotate reduces
the nmber of radiographer user
interface clicks on >80% of mobile
chest x-ray exams.At a medium-tolarge size hospital, that totals a savings of nearly 20 hours, or 3 working
days and 70,000 “clicks” per year.
With an AI algorithm being 99.4%
accurate, it is estimated that these
NOVEMBER 2020

20 hours of manual “clicks” would be
reduced to 7 minutes per year.
GE HEALTHCARE,
CHICAGO, IL, USA
www.gehealthcare.com

cumbersome and time-consuming.
The ability to auto-select views is a
breakthrough in AI implementation
and the value that it brings to the
echocardiography workflow.

Neonatal MRI for use
within the NICU

The Embrace Neonatal MRI
system from Aspect Imaging is
designed specifically for use inside
the NICU, eliminating the risks,
challenges, time, and added stress
often associated with having to
transport critically-ill babies to the
radiology department for scanning.
The patient stays safe and comfortable within the thermo-controlled
environment of the patient bed,
while the system’s unique selfshielded design allows equipment,
staff and parents to remain close-by
throughout the scanning process.

The Embrace system delivers quality diagnostic MR imaging at the
point-of-care, without disrupting
the radiology schedule, and enables
confident clinical decisions for the
most vulnerable patients.
ASPECT IMAGING LTD.
NASHVILLE, TN USA.
www.aspectimaging.com

AI-based Automatic Views
selection in Cardiac
Ultrasound

DiA Imaging Analysis has
announced that it has received 510(k)
clearance from the FDA for the commercial use of LVivo Seamless for
automatic view selection.. LVivo
Seamless algorithms automatically
run “behind the scenes” to select
the optimal cardiac ultrasound
views out of 40-60 views in standard
echocardiogram exams. Finding the
right views in each echo exam is
D I
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“LVivo software operates without
human touch, and adds great value,”
says Dr. Steve Feinstein, professor of
cardiology at Rush University Medical
Center. “These rapid, reliable and accurate serial views selections and measurements enable us to get second opinions
and access anytime and anywhere.”
The cleared LVivo Seamless solution integrates with DiA’s other LVivo
cardiac auto analysis toolbox products such as LVivo EF, an automated
calculation of ejection fraction (EF)
calculation, which is a main indicator
of global heart function.
This enables clinicians to automatically obtain, for each echo-lab
cardiac exam, optimal views and
automated measurements in a fast,
accurate and objective way.
All of DiA’s ultrasound AI solutions are cross-platform and vendorneutral; therefore, they can run on
images acquired from any ultrasound device and can easily operate
with any radiology image viewer.
“LVivo Seamless joins DiA’s existing other solutions, to help reducing
the variability associated with manually selecting views and visually analyzing cardiac ultrasound images,”
said Hila Goldman-Aslan, DiA’s
CEO and Co-Founder.
LVivo Toolbox provides both
the clinical and financial value that
stakeholders in the echo lab are
looking for.
DIA IMAGING ANALYSIS
BEERSHEVA, ISRAEL
www.dia-analysis.com
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Streamlined Cardiac
Perfusion Imaging

The
Swiss-based
company
Spectrum Dynamics Medical,
has announced that they’re taking their digital SPECT, D-SPECT,
cardiac scanner capabilities to the
next level with the introduction of
EMAC – Emission Map Attenuation
Correction. The patient-specific
software application seeks to remove
perceived issues and provide solutions in SPECT myocardial perfusion imaging, including attenuation artifacts, scatter, quantification
accuracy, additional scanning and
patient radiation exposure.
“Clinicians today are looking
for solutions that provide diagnostic results on their terms,” explains
Nathaniel Roth, Vice President of
Research and Development for
Spectrum Dynamics Medical. “That
means anything presented needs to
prevent additional imaging times and,
even more critical, dose to the patient.
The state-of-the-art analytical methodology implemented for EMAC provides clinicians with a unique image
quality improvement to overcome
attenuation artifact hurdles, without
any additional radiation dose or changes
to D-SPECT Scanner imaging workflow.”

EMAC utilizes a four-step process
to provide results. By first accessing
patient specific SPECT data, EMAC
develops various models to estimate an
emission map. Reconstructed SPECT
data are then matched with the emission map for attenuation correction,
ultimately meaning better results without additional scanning or changes
to the workflow. It is available for all
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DSPECT Series digital cardiac scanners.
“Cardiac imaging is a continually
evolving field and we are committed to
invest in the appropriate technologies
for the best patient outcomes,” continues Roth. “EMAC is a major step for
Spectrum’s D-SPECT Scanners on the
way to become the new cardiac imaging
standard.”
SPECTRUM DYNAMICS MEDICAL SA
MORGES SWITZERLAND
www.spectrum-dynamics.com

High Performance of AI in
Breast Cancer Detection

Recent studies have shown that
Lunit’s AI solution is as accurate as
average radiologists when it comes to
identifying breast cancer and it could
potentially have a role as an independent reader in the future, to reduce
radiologist workload and possibly to
increase cancer detection.
Two studies conducted by Dr. Fredrik
Strand from Karolinska Institutet have
been recently published in JAMA
Oncology and The Lancet Digital
Health. The articles featured the performance results of Lunit INSIGHT MMG,
a commercial AI solution for breast cancer detection from mammograms.
The JAMA Oncology paper described
the first independent comparison of several commercialized AI systems. including Lunit INSIGHT MMG to identify
breast cancer (Salim M et al. External
Evaluation of 3 Commercial Artificial
Intelligence Algorithms for Independent
Assessment of Screening Mammograms
JAMA Oncol. 2020;6(10):1581-1588.
doi:10.1001/jamaoncol.2020.3321) They
were evaluated in a large retrospective
screening cohort.
Based on 8,805 cases, Lunit’s algorithm showed the best accuracy among
others, showing around 15 percentage
points higher sensitivity than the other
two algorithms. It also surpassed the
sensitivity of the first-reader radiologists, and achieved a synergistic sensitivity of 88.6% when combining firstreaders and Lunit’s AI solution.
“The significant leap in performance
comes from our proprietary algorithm,
meticulously trained by an unprecedented quantity of data with accurate
ground truth,” said Ki Hwan Kim, Chief
Medical Officer of Lunit. “Our training
dataset includes 72,000 biopsy-proven
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breast cancer cases, which is considerably
more than other algorithms mentioned in
the study.”
In line with this high performance,
the possibility for AI to triage certain
screening examinations was suggested
in the The Lancet Digital Health study
(Dembrower K et al. Effect of artificial
intelligence-based triaging of breast cancer
screening mammograms on cancer detection and radiologist workload: a retrospective simulation study. Lancet Digital
Health 2020; 2: e468–74). It focused on
how AI-based scoring can be used to
reallocate radiologist time from clearly
negative mammograms to cases requiring additional attention by radiologists,

ultimately reducing their workload and
improving cancer detection.
The study proved that for the majority of mammograms receiving a low
abnormality score Lunit AI rarely
missed any cancers when assessing
the data alone, with no radiologists
involved. If no radiologist resources
were used for 60% of women with the
lowest AI scores and were invested into
doing MRI for the top 2% AI scores
(that were negative after radiologist
double reading of the mammograms),
a net number of 103 out of 547 cancers
would potentially have been detected
up to 2 years earlier, corresponding to
a detection rate of 68 cancers per 1000
supplemental screening examinations.
Dr. Strand explained, “The studies
show the potential of commercial AI algorithms as independent readers in screening
mammography assessment on a clinically
relevant level. The next step for us is to
explore how well the Lunit AI algorithm
works as an independent reader in a prospective clinical setting. In the future, I am
convinced that AI image analysis will contribute to further improvements in overall
survival for breast cancer patients.”
LUNIT
SEOUL, SOUTH KOREA.
www.lunit.io
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Radiation
Safety 2021
This course is for all members of your
imaging team including radiographers,
radiologists, physicists, managers and others
•

Helps you fulfil your responsibilities safely, effectively,
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and in compliance with relevant laws and regulations

•

Approximately 3 hours of video divided into digestible
sessions, with test questions throughout and an
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assessment at the end, awarding a CPD certificate

•
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Content includes illustrations, animations, live action,
and recorded interviews, with narration providing clear

Steve Ebdon-Jackson Consultant, Regulation of Medical Exposures

explanation at every step

Course content
• Radiation Protection Essentials
• Legislation controlling the use of X-rays in hospital – IR(ME)R
• Legislation controlling the use of X-rays in hospital – IRR
• Patient pathway – Referral to Report Parts 1 and 2
• Practical Radiation Protection – Parts 1 and 2
• Patient pathway – Referral to Report Part 3
• Radiation Protection Culture
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price using code
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*

Group packages available for 5 or more people
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view video content and complete the test. Course transcript, user notes
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Study at a time to fit in with your schedule in bite-sized sessions
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series

VIEW it now. You will know.

Optimal Solution

for Diagnostic Practice

Excellent Durability

Real Mobility

No need to lower the image quality and working speed due to budget constraints. The new VIVIX series offers
superior image quality through enhanced DQE and advanced image processing technology. Presenting a
cassette-size DR detector offered in 3 sizes  25x30cm (VIVIX-S 2530VW), 36x43cm (VIVIX-S 3643VW), and
43x43cm (VIVIX-S 4343VW).
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