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use. This year’s 2017 KLAS ultrasound
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the most adopted and widely considered
vendor for point-of-care ultrasound.
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GBCAs — the Precautionary Principle
behind the differences in attitude
between Europe and U.S. ?
The bureaucratic wheels of the European
Medicine Agency grind inexorably on. A
review of gadolinium contrast agents was
first initiated more than a year ago at the
request of the European Commission in
view of the increasing number of reports
that deposits of gadolinium were being identified in certain areas of the brains of patients
who had previously received GadoliniumBased Contrast agents (GBCAs) in MRI
examinations.
Following a clearly described procedure the
Pharmacovigilance and Risk Assessment
Committee (PRAC) of the European
Medicines Agency was then tasked with
analysing the available evidence. The
PRAC’s preliminary recommendations
were then published in March this year.
Following a request from the commercial
companies who supplied the market, the
PRAC re-examined its initial recommendation to produce final recommendations,
which were were then sent to the Committee
for Medicinal Products for Human Use
(CHMP), responsible for questions concerning medicines for human use, which has
adopted the Agency’s final opinion. This is
where we are now, with the last step in the
bureaucratic chain still to be finalised —
namely the formality of the adoption by the
European Commission of a legally binding
decision applicable in all EU Member States.
Thus, it is now inevitable that the recommendations of the PRAC will be enforced in
European law.
To summarize, the result is that the marketing authorization for linear GBCAs — the
chemical chelate which is known to be more
prone to leaching the Gadolinium ions —
will be suspended in Europe, whereas the
more stable macrocylic chelates will continue to be authorized.
Throughout the review process, the regulatory bodies were at pains to point out that
although free gadolinium ions are known
to be toxic in themselves, no evidence of
adverse side effects had yet been found in
patients where deposits of gadolinium were
seen, presumably caused by the dissociation
of the gadolinium ion from its chelate.
Meanwhile on the other side of the Atlantic,
the redoubtable FDA have also been looking at the issue of gadolinium deposition in
D I
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the brain and have come up so far with the
a “watch-and wait” policy. The FDA pointed
out that since to date there was no direct
evidence that gadolinium retention in the
brain from any of the GBCAs is harmful,
they considered that restricting GBCA use
was not warranted at this time. The FDA
will continue to assess the safety of GBCAs.
Many observers of the European regulatory processes explain the difference in
attitude to GBCAs on either side of the
Atlantic as being due to the application of
the (in)famous European “ Precautionary
Principle ” which has already caused much
controversy in the field of environmental
protection.
Basically the Precautionary Principle may
be invoked when “a phenomenon, product
or process may have a dangerous effect, as
identified by a scientific and objective evaluation, if this evaluation does not allow the
risk to be determined with sufficient certainty”. The guidelines for its application are
threefold : the fullest possible scientific evaluation, the determination, as far as possible,
of the degree of scientific uncertainty; a risk
evaluation and an evaluation of the potential
consequences of inaction; and finally the
participation of all interested parties in the
study of precautionary measures, once the
results of the scientific evaluation and/or the
risk evaluation are available.
Despite the differences between the FDA
and the European authorities on the need
to withdraw the marketing authorization
for linear GBCAs, they share the same view
as to the desirability of further research into
the mechanisms behind and characteristics of the deposition of the gadolinium in
the brain. And there at least, if the steadily
increasing number of papers published in
the field is anything to go by, then the appeal
is being heeded. It will be on the results of
such research that any future changes in the
regulation of GBCAS will be based.
In the meantime, one of the most dangerous effects of the current situation is that, in
practice, radiologists may be scared off the
use of all GBCAs, even the macrocyclic form
which are still on the market and which so
far have not been shown to be associated
with gadolinium deposits in the brain, with
the great risk that the diagnostic utility of the
MRI exam may be seriously compromised.
3
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Each year cardiovascular disease (CVD) causes 3.9 million
deaths in Europe and over 1.8 million deaths in the European
Union. CVD is the main cause of death in men in all but 12
countries of Europe and is the main cause of death in women
in all but two countries.

According to World Health Organization statistics, Cardiovascular disease (CVD)
causes more than half of all deaths across the European Region. CVD causes 46
times the number of deaths and 11 times the disease burden caused by AIDS,
tuberculosis and malaria combined in Europe. 80% of premature heart disease
and stroke is preventable.
Imaging has a vital role to play in prevention, diagnosis and monitoring of therapy
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IMA GI N G NEWS
MRI reveals striking brain differences in people with genetic autism
In the first major study of its kind,
some striking differences in the brain
researchers using MRI have identified
structures of deletion and duplication
structural abnormalities in the brains
carriers compared with non-carriers.
of people with one of the most comFor instance, the corpus callosum, the
mon genetic causes of autism, accordfiber bundle that connects the left and
ing to a new study (Owen JP et al Brain
right sides of the brain, was abnorMR Imaging Findings and Associated
mally shaped and thicker in the deleOutcomes in Carriers of the Reciprocal
tion carriers but thinner in the dupliCopy Number Variation at 16p11.2.
cation carriers, compared to the conRadiology. 2017 Aug :162934. doi:
trol group and familial non-carriers.
10.1148/radiol.2017162934)
Other stark differences were apparent.
The abnormalities visible on brain
The deletion carriers displayed feaimages corresponded to cognitive and
tures of brain overgrowth, including
behavioral impairments in the study
the extension of the cerebellum toward
group, suggesting a future role for
the spinal cord. The duplication carimaging in identifying people with
riers showed characteristics of brain
autism who are in most urgent need of
undergrowth, such as decreased white
intervention.
matter volume and larger ventricles.
Autism spectrum disorders are
When the researchers compared
a group of developmental problem;
cognitive assessments to imaging findsymptoms typically appear early in life Example images for a control participant, a deletion ings, they found that the presence of
and frequently include communica- carrier, and a duplication carrier. In the sagittal image any imaging feature associated with the
tion problems and repetitive behav- of the deletion carrier, the thick corpus callosum, deletion carriers — such as a thicker
iors. Many people with autism have dens and craniocervical abnormality. Image Credits: corpus callosum — indicated worse
Radiological Society of North America
abnormalities at a specific site on the
daily living, communication and social
16th chromosome known as 16p11.2.
skills, compared to deletion carriers
Deletion or duplication of a small piece
without any radiological abnormalities.
of chromosome at this site is one of the most common For the duplication carriers, the presence of decreased
genetic causes of autism spectrum disorder.
white matter, corpus callosal volume and increased ven“People with deletions tend to have brain overgrowth, tricle size was associated with decreased full-scale and
developmental delays and a higher risk of obesity,” said verbal IQ scores, compared to duplication carriers without
study author Dr Julia P. Owen. “Those with duplications those findings.
are born with smaller brains and tend to have lower body
Senior author Dr Elliott Sherr commented, “Often studweight and developmental delays.” The researchers at UCSF ies like this focus on high-functioning individuals, but this
and four other sites performed structural MRI exams on 79 was an ‘all-comers’ group,” he said. “We didn’t do mathdeletion carriers, ranging in age from 1 to 48, and 79 dupli- ematical algorithms but rather used the trained eyes of
cation carriers, ages 1 to 63, along with 64 unaffected fam- neuroradiologists to evaluate the scans of a full range of
ily members and 109 participants in a control group. The individuals. When you look at a broad range of people like
participants completed a battery of cognitive and behav- this, from developmentally normal to more significantly
ioral tests, and neuroradiologists reviewed the brain images challenged, you’re better able to find these correlations.”
for development-related abnormalities. The results showed https://tinyurl.com/Owen-et-al-paper

Experimental PET tracer detects
small blood clots

58: 1094). Current imaging modalities rely on structural
characteristics, such as vascular flow impairment, and do not
address the critical molecular components.

Blood clots in veins and arteries can lead to heart attack,
stroke, and pulmonary embolism, which are major causes of
mortality. In the featured article of The Journal of Nuclear
Medicine’s July 2017 issue, German researchers show that
targeting GPIIb/IIIa receptors, the key receptor involved in
platelet clumping, with a fluorine-18 (18F) labeled ligand is
a promising approach for diagnostic imaging (Lohrke J et al
18
F-GP1, a Novel PET Tracer Designed for High-Sensitivity,
Low-Background Detection of Thrombi. J Nucl Med. 2017;

“Currently available diagnostic techniques of thrombus
imaging rely on different modalities depending on the vascular territory,” explains Dr Andrew W. Stephens, of Piramal
Imaging GmbH, Berlin, Germany. “A single imaging modality
that could visualize thrombi from various sources in different
anatomic regions would be very valuable.” For this preclinical
study researchers successfully developed the novel small molecule tracer 18F-GP1 for positron emission tomography (PET)
imaging that binds with high affinity to GPIIb/IIIa receptors.

AUG/SEPT 2017
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IMAGING NEWS

Strong signals are detected at the sites where inserted catheters had roughened surfaces.
Almost no other background signal is visible. Only accumulation in the gallbladder becomes
visible at the bottom. Image coutesy of Piramal Imaging GmbH, Berlin Germany

F-GP1 showed a strong accumulation at the site of thrombus formation, and its binding ability was not affected by anticoagulants such as aspirin and heparin. The tracer showed
rapid blood clearance, and PET imaging in a Cynomolgus
monkey model demonstrated the detection of small venous
and arterial clots, endothelial damage and emboli in the brain.
Due to the favorable pre-clinical results, a first-in-human
study of 18F-GP1 is currently underway. Early results from an
interim analysis confirm the preclinical data and were presented at the 2017 Annual Meeting of the Society of Nuclear
Medicine and Molecular Imaging (SNMMI) in June.
“Although the current studies are preliminary, 18F-GP1 may
provide not only more accurate anatomic localization, but also
information of the risk of the clot growth or embolization,”
Stephens points out. “This may lead to changes in clinical
intervention to the individual patient.” Addressing the use
of anticoagulants to treat blood clots, he notes, “These drugs
can cause significant and life-threatening bleeding. There is
a critical need to balance the risk of bleeding against the risk
of clotting in each patient. 18F-GP1 may in the future assist in
this important decision.”
.https://tinyurl.com/Lohrke-et-al-paper
18

Optimal method for diagnosis of
head injuries in children and
minimization of use of CT scans
Researchers hope to reduce unnecessary CT scans and
radiation exposure in children with head injuries, following
the results from a large-scale, multicenter validation study
to assess the diagnostic accuracy of three clinical decision
rules used by emergency doctors (Babl FE et al. Accuracy of
PECARN, CATCH, and CHALICE head injury decision rules in
children: a prospective cohort study. Lancet. 2017 17; 389: 2393).
Head injuries are one of the most common reasons children are taken to emergency departments. To rule out a serious brain injury, a percentage of these children require a CT
scan and while this is obvious for serious head injuries, it’s
more challenging to determine whether CT scans are necessary for children with milder injuries.
The results from the recent Australasian clinical trial will
6
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help inform the use of the clinical decision rules for head
injuries, which in turn could minimize CT scans, according to
Lead investigator, Dr F Babl. who said “The aim of this study
was to determine which children need CT scans to detect
brain injury,” said Dr Babl.”Most head injuries are mild and
don’t require neurosurgical management, however, a small
proportion of patients might present as having mild injuries,
but have clinically significant intracranial injuries,” he said.
“This can be a vexed issue because physicians need to balance the importance of diagnosing an injury with reducing
radiation exposure as much as possible.”
In these cases, clinicians can turn to clinical decision rules,
which have been developed to identify children at high risk
of intracranial injuries, aiming to assist clinicians to minimize
CT scans while still identifying all relevant injuries.
In the prospective observational study, run across 10
Australian and New Zealand tertiary hospitals and involving
20,137 children with head injuries under the age of 18 years,
the research team compared three clinical decision rules
• The Pediatric Emergency Care Applied Research Network

(PECARN, USA) ;
• The Canadian Assessment of Tomography for Childhood
Head Injury (CATCH) rule
•The Children’s Head Injury Algorithm for the Prediction
of Important Clinical Events (CHALICE, UK).
The goal was to determine which of these three decision
rules provided the best option when it came to identifying
children at very low risk of a traumatic brain injury.
The researchers found that all three rules were good
options, but only one, the PECARN from the US, did not
miss a single patient requiring neurosurgery.
Internationally, the findings should provide a useful starting point for individual clinicians as well as hospitals or
regional bodies contemplating the introduction or modification of one of the clinical decision rules. Dr Babl pointed
out : “However, it will be important to relate the findings to a
number of other factors before implementation, such as the
baseline CT use, the effect of the rules on the projected CT
rate, the baseline clinician diagnostic accuracy and experience,
parental expectations, the medico-legal climate and economic
considerations.”
https://tinyurl.com/Babl-et-al-paper
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UK must do more to future-proof its MRI capacity, say imaging experts
Imaging experts in the UK are urging hospitals to formulate clear plans to replace outdated equipment, after
a survey revealed that half of healthcare organisations
do not have any renewal plans, and more than a third of
older magnetic resonance imaging (MRI) scanners are
not scheduled for replacement. While many hospitals are
operating newer equipment, 58% of MRI systems used
by those surveyed are at least five
years old, meaning they may not be
able to conduct state-of-the-art imaging, such as that needed for certain
types of heart and prostate cancer
scanning. Nearly a third (29%) of
systems are over ten years old. The
Clinical Imaging Board (CIB) – a
collaboration between The Royal
College of Radiologists (RCR), the
Society and College of Radiographers
(SCoR) and the Institute of Physics
and Engineering in Medicine (IPEM) – surveyed NHS
radiology departments across the UK to gauge the state
of MRI equipment.
The survey findings in were issued in the report,“Magnetic
Resonance Imaging (MRI) Equipment, Operations and
Planning in the NHS”.
The CIB survey, which collected data relating to 171 scanners used across the UK, revealed;
• 29% of MRI systems are at least ten years old – the
European Society of Radiology recommends scanners more
than ten years old be replaced or risk becoming obsolete.

First Alzheimer’s trial with
focused ultrasound
Researchers at Sunnybrook Health
Sciences Centre in Toronto, Canada have
begun the world’s first clinical trial evaluating the feasibility and safety of opening
the blood-brain barrier in patients with
Alzheimer’s disease using focused ultrasound.
For this trial, six Alzheimer’s patients,
ages 50–85 years, will undergo two noninvasive focused ultrasound procedures.
For the first stage, the Exablate Neuro lowfrequency platform (Insightec) will apply
focused ultrasound in a small area of the
right frontal lobe, and images will evaluate
if the blood-brain barrier was temporarily
opened. In the second stage, approximately
one month later, a similar procedure to the

AUG/SEPT 2017

• Only half of the organisations surveyed have plans to
replace scanners and there are no succession plans in place
for nearly 40% of MRI systems that are over seven years old
• While clinicians rated the vast majority of their MRI
scanners as state-of-the-art or adequate, 8% of systems were
deemed “obsolete” The UK’s MRI capacity is stretched compared to other countries. The UK has 6.1 MRI systems
per million people, fewer than countries including Estonia and Slovenia.
By comparison, the US has 38.1 and
Germany has 30.5 scanners per million.
As well as assessing the state of their
equipment, clinicians were also asked to
estimate future MRI workload. On average, departments expect to see demand
rise by 13% this year. In addition to
upgrades and the replacement of old
systems, the radiology teams surveyed
said they will need approximately 50
brand new scanners to meet escalating demand for imaging.
“While many hospitals have MRI replacement plans in place,
it is concerning to see others do not appear to be planning
for the future, especially when it comes to those working
with older machines. That nearly 40% of MRI scanners that
are seven or more years old are not destined for replacement
any time soon is a real worry.
“Radiology departments are already struggling with evergrowing workloads and not enough staff, and many now face
working with outdated equipment.
https://tinyurl.com/UK-MRI-report

same patient will target a larger area of the
right frontal lobe, and additional images
will again evaluate if the blood-brain barrier is reopened. No drugs will be administered in the study.
“Our trial investigates, for the first time,
the use of focused ultrasound to open the
blood-brain barrier in patients with earlyto-moderate Alzheimer’s disease, to determine both its safety and technical feasibility,” says Nir Lipsman, co-principal investigator of the Sunnybrook study. “Results
from our study will help us plan future
clinical trials to establish what role focused
ultrasound may play, whether alone or in
conjunction with medical treatments, in the
management of Alzheimer’s
Sandra Black, senior scientist and coprincipal investigator at Sunnybrook adds,
“It is possible that focused ultrasound may
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provide an important method for more
effectively delivering antibodies to the brain
and may therefore one day be a treatment
for Alzheimer’s—we just don’t yet know. It
is important to note that at this point we
are assessing only the feasibility and safety
of opening the blood-brain barrier in these
patients.”
https://tinyurl.com/Sunnybrookalzheimer-s
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Symposium Report
Global Insights for CEUS in radiology
This article summarizes the proceedings of the recent symposium sponsored by
Bracco Imaging at ECR 2017 on Contrast Enhanced Ultrasound (CEUS) imaging.
Chaired by Prof. J. M. Correas, the symposium featured presentations by three distinguished clinicians experienced in CEUS in the respective fields of liver, macrovascular and breast imaging.

CEUS in liver imaging: the new ACR
LI-RADS classification
Prof. Fabio Piscaglia
In 2013 the American College of Radiology (ACR) released their recommended flowcharts for CT and MRI
characterization of the liver in patients
at risk of Hepatocellular Carcinoma
(HCC) and introduced the Liver Imag- Dr. Fabio Piscaglia,
ing Reporting and Data System (LI- is Professor of Internal
RADS), the system of standardized ter- Medicine, at the
minology and criteria to interpret and University of Bologna,
Italy .
report imaging exams of the liver. The email:
innovative feature of LI-RADS was that fabio.piscaglia@
this was the first time that observations unibo.it
suspicious of HCC were classified into
different risk categories, with related recommendations
for patient management. Prior to this, if lesions were not
HCC they were lumped together and considered benign.
In 2016 the Li-RADS classification scheme was expanded
to include Contrast Enhanced Ultrasound (CEUS) with
the same aims as before, namely to allow the radiology
community to apply consistent terminology; to reduce
variability and errors in image interpretation; to facilitate
integration with other imaging modalities and to improve
communication with referring clinicians and patients.
The algorithm is available at www.acr.org/Quality-Safety/
Resources/LIRADS. Its use enables the establishment of
six risk categories for focal liver lesions, which in turn

Figure 1. CEUS LI‐RADS (Liver Imaging Reporting and Data System):

10
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influence subsequent management or therapy strategies
[Figure 1].
LR-1 (Definitely Benign). This is the category where
imaging features are diagnostic of a definitely benign
entity. This category includes simple cysts, classic hemangioma, definite focal hepatic fat deposition or sparing.
LR-2 (Probably Benign). This category is relatively rare
and occurs when the nodule has imaging features suggestive, but not diagnostic, of a benign entity. The criteria
for this category are: isoenhancement in all phases; of
very small distinct solid nodule (<10mm) or of a non
mass-like observation of any dimension (pseudolesion).
The category LR-2 can be applied to previous LR-3 categories which have had stable dimension for 2 years or
more. Examples of LR-2 are probable cirrhotic regenerative nodule, low-grade dysplastic nodules or pseudolesions. Management of LR-2 generally involves continued
routine follow-up surveillance.
LR-3 (Intermediate probability for HCC). The criteria
for LR-3 are applied if a distinct solid nodule >10 mm
is iso-enhancing in all phases (ISO-ISO); a distinct solid
nodule of any size with arterial phase hypoenhancement
without washout (HYPO-ISO); a solid nodule <20 mm
with arterial phase iso- or hypoenhancement and mild,
late wash-out (small ISO-HYPO); < 10mm distinct solid
nodule with arterial phase hyperenhancement and without washout of any type ( very small nodule, HYPER-ISO)
. Management of LR-3 can vary, depending mainly on
nodule diameter, its stability and other clinical considerations. It often includes biopsy of the lesion.
In LR-3, both HCC and benign entities are considered
intermediate possibilities so LR-3 is applied whenever the
nodule does not unequivocally meet the criteria for the
other LI-RADS categories.
LR-4 (probably HCC but not 100% certain). In LR-4,
the nodule has imaging characteristics suggestive, but
not definitely diagnostic of HCC. The criteria for
LR-4 are: a distinct solid nodule ≥ 20mm with hypoor isoenhancement in arterial phase with mild and
late washout (big ISO-HYP0); a distinct solid nodule
< 10 mm with hyperenhancement in arterial phase
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and mild and late washout
(very small HYPER-HYPO); a
distinct solid nodule ≥ 10 mm
with hyperhenancement in
arterial phase without washout
of any type (HYPER-ISO).

Figure 2. An example of LR-5,
i.e. definitely HCC, with characteristic mild and late Hyper to Hypo
enhancement.
Top Panel: base-line. Middle
Panel: arterial phase. Bottom
Panel: portal phase

LR-5 (definitely HCC). In LR-5
the nodules have imaging features diagnostic of HCC. The
criteria for LR-5 are a nodule ≥ 10 mm showing arterial
phase enhancement (in whole
or in part, excluding rim and
peripheral discontinuous globular enhancement) followed by
washout (late in onset and mild
in degree (as observed by 120
seconds after injection). This
pattern has an extremely high
positive predictive value for
HCC and can be considered
definitively diagnostic [Figure
2].

LR-M (Definite or probable
malignancy, but not specific
for HCC). The criteria for this final category are: a nodule with rim enhancement in the arterial phase on washout either early in onset (within 60 seconds of contrast
injection) and/or in intensity, regardless of the type of
arterial enhancement. This category includes cholangiocarcinoma, mixed hepatocholangiocarcinoma, hepatocellular carcinoma ( often of poor differnetaiation grade) or,
more rarely lymphoma or metasdtatic lesions. Therefore
the management of LR-M can vary but frequently a biopsy
is required.
Reasons for incorporating ACR CEUS LI-RADS category
in reports
1) To establish a definitive diagnosis of HCC and to avoid
the possibility of misdiagnosis with cholangiocarcinoma
(CCC).

CEUS in vascular imaging of pathologies in the macrovascular system
Prof D-A Clevert
As background, Prof Clevert
reminded the audience that approximately 25-50% of all strokes (themselves the third leading cause of
death after ischemic heart disease
and cancer) are caused by unstable
carotid artery plaque. It is also vitally Dr. D-A Clevert is
important to know whether a patient Professor of Radiology and
Head of the Interdisciplinary
is suffering or not from a high grade Ultrasound Center, Dept of
stenosis, which in turn can affect the Clinical Radiology, University
choice of treatment e.g. stenting, sur- of Munich, Grosshadern,
Germany
gery or no therapy.
CT or MRI can already provide d i r k . c l e v e r t @ m e d . u n i munenchen.de
clear and extensive information, e.g.
regarding stenosis of the carotid, so a valid question is what
precise additional information does CEUS bring?
Contrast Enhanced Ultrasound (CEUS)
A typical ultrasound examination of the carotid artery begins
with standard grey-scale ultrasound, followed by color Doppler, which however has some well-known limitations, such
as scanning angle and blooming artefacts.
CEUS can overcome these limitations. In practice CEUS
examinationscan be performed using different image disply
techniques: e.g. overlay images including some tissue background information (which is advantageous if the anatomic
landmarks are visible) or contrast only images displaying the
pure contrast signal.
Stenosis
Approximately 10-15% of all ischemic strokes and transitory ischemic attacks occur with a severely stenosed internal
carotid artery (ICA). Prior to surgery it is important to be
able to differentiate between pre-occlusive stenosis and complete ICA occlusion [Figure 3[.

2) To convey clear information to the hepatologist, particularly
in non LR-5 cases or where the lesion cannot be biopsied
3) To allow monitoring of the progression of a lesion with
time, even in the absence of a change in the size of the lesion.
A complete selection of images representing all the CEUS LI-RADS
categories can be found in the recent article: F Piscaglia et al. American
College of Radiology Contrast Enhanced Ultrasound Liver Imaging
Reporting and Data System (CEUS LI-RADS) for the diagnosis of
Hepatocellular Carcinoma: a pictorial essay Ultraschall Med. 2017;
38: 320 - 324.
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Figure 3. In cases where standard ultrasound or even color Doppler are not clear,
CEUS shows a definite occlusion in the Internal Carotid Artery
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Symposium Report
Pseudo occlusions
These can be a particular challenge. In some patients
color Doppler flow data can suggest a complete absence
of flow (occlusion) — albeit without certainty — while
CEUS allows the demonstration of even small residual flow
(pseudo occlusion). With only grey-scale and color doppler
images, it can be difficult to distinguish flow from pulsation
artefacts. The use of CEUS enables precise information to
be communicated to the surgeon regarding whether the
ICA is patent or not.
In other patients, color Doppler shows flow only in the
external carotid artery, with none in the ICA. Even the use
of power Doppler sometimes doesn’t help very much in
such situations. In such casesCEUS can directly show the
actual flow situation.
Post-therapy follow-up
Traditionally, carotid endarterectomy (CEA) or open surgery has been the treatment of choice, but carotid artery
stenting (CAS) is an alternative, particularly in patients with
high surgical risk, e.g. patients undergoing neck radiation,
with high or low cervical lesions or those with significant
cardiopulmonary disease. In both CEA and CAS, re-stenosis is a potential problem that should be monitored. In any
case, whether an open surgery or stenting approach is used,
post-treatment monitoring is necessary. CEUS can precisely
show in-stent stenosis and the impact on blood flow, in
particular using cross-sectional views
Dissection
Classified either as traumatic or spontaneous, dissection
of the cervical segments of the carotid and vertebral
arteries is relatively rare, but when it does occur, the
result can be blood flow in the false lumen, an increase
in the risk of thrombosis resulting in complete occlusion or peripheral embolization. Again, on grey scale
ultrasound it can sometimes be difficult to spot a dissection, and even with color Doppler the blood flow into
the true and false lumen is difficult to understand. The
use of CEUS enables clear identification of dissection
and the demonstration of the entry of contrast into the
false lumen in realtime. Axial views in CEUS can show
clearly the false and true lumenincluding the membrane
in between.
Rare Cases
Other cases where CEUS can be of use are
Arteriovenous fistula
Fistulae between carotid artery and the jugular vein, caused for
example by dislocated central catheter line placement can be
identified by color doppler, but CEUS provides a clearer image
of the problem.
Aneurysm of the external extracranial ICA is also rare, but
requires characterisation prior to surgery. Color Doppler has
limitations, whereas the use of CEUS can clearly identify and
measure the size of the aneurysm and identify whether there
are soft plaques or not.
12
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Carotid Body tumors
Depending on the size
of a carotid body tumor
decisions have to be
taken as to whether the
tumor should be operated on or not. To monitor the success of any
intervention, it is useful
to establish a basic pretreatment
evaluation
of the perfusion of the
tumor. Post-treatment
reduction of the perfusion of the tumor indicates successful treatment [Figure 4a, 4b].
Grey scale US and color
doppler can provide only
orienting information
but confirmative information on the tumor
viability can be obtained
only with CEUS.

Figure 4a. Carotid body tumor. Pre-operative
CEUS shows a high degree of perfusion in the
tumor.

Figure 4b. Post-operative CEUS shows much
reduced perfusion.

Indications.
In summary, the EFSUMB guidelines and recommendations
on the clinical practice of CEUS in non-hepatic applications
identify several indications for its use in the carotid artery:
• Ruling out stenosis
• Follow-up after carotid stenting
• Dissection
• Complications of vascular intervention
• Plaque characterisation

CEUS in Breast Imaging: is it useful
for the characterisation and BI-RADS
classification of focal breast lesions?
Dr Jun Luo,
Introducing the subject by providing background information on the
advantages of current ultrasound
(US) approaches in breast imaging, Dr Luo also pointed out that
challenges still remain to be faced.
Many papers have been published
on the value of US in breast cancer screening, e.g. Shen et al Br J Dr Jun Luo, is Head of Ultrasound
Cancer. 2015; 112: 998. which com- Department, Sichuan Provincial
pared modalities used for screening People’s Hospital, Chengdu,
Sichuan, China
for breast cancer in Chinese women Milton-lj@hotmail.com
and concluded that US was superior
to mammography from the point of
view of cancer detection. The J-Start study from Japan (Ohuchi et al, Lancet. 2016 23; 387: 341) also showed a significant
increase in sensitivity in the detection of early cancers when
US was used as an adjunct to mammography. On the basis
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Predictive Models
The overall objective of the use of CEUS predictive models is the
maximal reduction of unnecessary biopsies, while minimizing
the possibility of missing invasive breast cancer. In addition,
the models should be easy to use and have good inter-observer
agreement. The predictive model includes 3 defined enhancement pattern indicating malignancy [Figure 5a] and three patterns indicating a benign lesion [Figure 5b]. An example of the
application of these criteria is shown in Figure 6 where the use of
CEUS with an apparently benign lesion on 2D US was identified
as malignant by application of the model. The altered diagnosis
was confirmed by biopsy.

Figure 5a. Malignant Predictive Models

Figure 5b. Benign Predictive Models

of these results, US appears beneficial when screening Asian
women but one question is whether similar results can be
obtained in Caucasian women. Another multi-centre trial
carried out in the USA, Canada and Argentina (Berg et al,
J Natl Cancer Inst. 2015;108:367) concluded that the cancer
detection rate with US was comparable to that of mammography, with US identifying a greater proportion of invasive
and node-negative cancers. However the remaining problem is the substantial increase in the rate of false positives,
which are accumulating in the BI-RADS 4 category lesions.
Characterising all BI-RADS 4 lesions with biopsy (acc. to the
current guidelines) creates a huge number of biopsies with
the related patient discomfort and costs.
Overdiagnosis.
Although overdiagnosis is recognised as being a major challenge
in breast cancer screening, methods for estimating its precise
rates have not been standardized. Reported rates range from
5 – 50 % or more (e.g. Hamashima et al. J Clin Oncol. 2016; 46:
48, McCarthy et al Breast Cancer Res. 2015;17: 1); 7% to 9% of
women will have a negative biopsy.
The magnitude of these figures shows how big the problem is
and suggests that the BI-RADS combination of US and mammography (which do not provide any microvascular information) needs to be improved.
In addressing overdiagnosis, the key question is how to assess
the risk of malignant transformation in benign lesions. CEUS
has an important role to play in this context, but in turn also
raises certain questions regarding how CEUS should be used,
which CEUS patterns are useful, how to analyse such patterns
and whether qualitative or quantitative analyses are more useful. The concept of predictive models was developed to address
these issues.
AUG/SEPT 2017
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Refining BI-RADS
In Dr Luo’s clinic in Chengdu, China, all (100%) patients
who are BI-RADS 4 on the basis of mammography and
2D US, are biopsied, with an overall cancer-to-biopsy yield
of only 40%. Implementing the CEUS-based classification,
the biopsy rate falls to 25 % and the cancer-to-biopsy ratio
increases to 73% with only 2.98% of missed malignant
lesions. These lesions would be picked up at the 6 month follow-up examination, suggested for all patient downgraded
from BI-RADS 4 based on the CEUS examination. These
promising results have led to the initiation of a large multicenter trial in China to confirm the findings and suggested
diagnostic algorithm.

Figure 6. The above CEUS image shows hyperenhancement, a larger lesion, that
is regular-shaped and with clear margins. The model would predict malignancy, and
this was confirmed to be IDC on biopsy

Risk of malignancy transformation from apparently benign
lesions
The use of the malignant or benign CEUS enhancement pattern has been shown to be able to confirm benign lesions
from apparently benign US images, and identify potentially
malignant lesions in patients. An analogy of such development
of breast lesions is that of geological volcanoes, which can be
classified as “Dead”, “Silent” or “Active”.
Conclusions
• BI-RADS classifications of breast cancer can be refined if
CEUS is incorporated into the screening protocol.
• CEUS can help predict the risk of malignant transformation of benign lesions since such transformations are
accompanied by micro-vascular proliferation which can be
detected by CEUS.
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Radiology WorkFlow

Workflow dichotomization
and the radiologist’s workflow
environment
By Dr John-Paul J. Yu

W

orkflow disruptions are ubiquitous within cognitively demanding and complex work environments and are associated with errors, workflow inefficiency, and task prolongation. The healthcare work
environment is one such example of an intrinsically
complex work environment that often finds individuals
engaging in rapid task switching and task shortening
with concomitant deleterious effects on patient safety,
workflow efficiency, and other quality outcomes [1].
Not surprisingly, these phenomena have garnered significant interest throughout clinical medicine where
the implications of workplace interruptions can include
physical, emotional, economic harm, and even loss of
life. By virtue of a dynamic and complex work environment and the myriad of responsibilities incumbent on
radiologists, the radiology work environment is particularly susceptible to the effects of workplace disruptions [2] with radiologists often experiencing significant
strain in maintaining a streamlined, efficient workflow
[3, 4].

“... the radiology work environment is
particularly susceptible to the effects of
workplace disruptions...”
The complexity of the radiologist’s workflow environment is largely a consequence of the multiple roles
the modern radiologist balances as an imaging expert
and diagnostician, physician consultant, educator, and
interventionalist. While these responsibilities conceptually span a wide-range of clinical activities, they can
The Author
John-Paul J. Yu, MD, PhD
Assistant Professor of Radiology, Psychiatry, and Biomedical
Engineering, Associate Program Director, Neuroradiology
Fellowship Program Division of Neuroradiology, Department of
Radiology.
Director, Laboratory for Behavioral Systems Neuroscience
Member, Neuroscience Training Program
Member, Clinical Neuroengineering Training Program
UW | University of Wisconsin School of Medicine and Public Health
E3/366 Clinical Science Center
600 Highland Avenue | Madison, WI | 53792-3252 United States
email: jpyu@uwhealth.org
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be broadly categorized into image-interpretive (IITs)
and non-image interpretive tasks (NITs). In a prospective, randomized, observational investigation at our
institution, we observed that individuals spent nearly
40% of their total time throughout the day performing
NITs including answering phone calls, returning pages,
providing in-room consultative services for referring
clinicians, technologists, and other radiologists, exam
protocoling, and teaching [5]. Moreover, previous work
at our institution demonstrated that the reading room
work environment is highly fragmented with an average
of 14.9 task-switching events (TSEs) per hour, yielding
a rate of approximately one interruption every four
minutes. The significant time and effort commitment
to NITs – in addition to the inherent disruptive nature
of these tasks – spurred efforts to better organize and
handle these NITs in both an efficient and thoughtful
manner.
The impact of radiologist workflow
dichotomization

Imaging interpretation is one of many components that
constitute the full scope of responsibilities in a modern
radiology practice. Even as image interpretation remains
our most tangible clinical deliverable, it reflects one
of many links in the imaging value chain. Additional
links in the imaging value chain include consultative
services provided to our referring clinical colleagues,
exam protocoling, patient scanning, and other activities
previously identified as NITs; however, in spite of the
disruptive nature of NITs, they are an essential component of providing value in today’s clinical environment. The intrinsic value and importance of NITs belies
the frustration encountered with NITs throughout the
workday where NITs – with their stochastic and disruptive nature – often occur as unanticipated interruptions
to the radiologist’s primary duty of high-quality image
interpretation. At our institution (and anecdotally at
numerous other academic institutions), the sheer number of NITs and frequency of associated task switching
served as an impetus for a more thoughtful approach
to reading room workflows, with the goal of a more
efficient, streamlined practice that leverages existing
opportunities for imaging value chain optimization.
Towards these ends, we separated our reading room
tasks into two discrete workflows — IIT and NIT — to
D I
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Table 1. Interruptions

facilitate the division of responsibility
for these tasks [6].
After the implementation of IIT and
NIT workflows in our reading room,
an evaluation of our results clearly
demonstrate that workflow dichotomization yields successful outcomes
along multiple dimensions of analysis.
Implementing discrete IIT and NIT
workflows resulted in a precipitous
decrease in time spent on NITs by our
image interpreting radiologists, falling
to less than 25% of pre-intervention
level furthermore and moreover, representing less than 5% of the radiologists
overall time in the post-intervention
period. Perhaps more importantly, the
decrease in time spent on NITs was
nearly equally matched with a concomitant increase in time spent on image
interpretation (up to a total of 73.2%
post-intervention from 53.8% preintervention) suggesting a nearly-complete direct transfer of NIT-time to IITtime. The delineation of a discrete NIT
workflow also resulted in a 40% reduction in TSEs experienced by the primary radiologist. The marked reduction in TSEs is particularly important
and encouraging as numerous previous studies have demonstrated the
deleterious effects of interruption on
the quality of image interpretation [7].
The reduction in TSEs and increase in
image interpretive time was reflected
throughout our data with the mean
time between TSEs more than doubling from 05:44 to 11:01. With average
head CT interpretations times reported
AUG/SEPT 2017

in the range of 3.2-4.7 minutes [8],
workflow dichotomization would now
conceivably and comfortably allow
for the interpretation of a standard
head CT without interruption and by
extension, would reduce the number
of interruptions our radiologists could
expect when interpreting more timeintensive, complex imaging.

“... Radiology has experienced diminishing levels
of professional satisfaction
over time and excessive
workload is among the most
commonly reported reasons
for provider dissatisfaction
...”
Workflow dichotomization
improves workplace satisfaction

Beyond the aforementioned positive quantitative impact of workflow
dichotomization, there are less tangible
but no less important perceptive benefits derived from separating reading
room tasks into IIT and NIT workflows. As with other medical specialties, radiology has experienced diminishing levels of professional satisfaction
over time and excessive workload is
among the most commonly reported
reasons for provider dissatisfaction [9].
The intrinsic and extrinsic risk factors
associated with career-related burnout specifically amongst radiologists is
summarized in a recent report released
by the American College of Radiology (ACR) Commission on Human
D I
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Resources [10]. Identified risk factors
for burnout often manifest as descriptions of job dissatisfaction that include
work overload, difficult shifts, lack of
control, and severe time constraints for
work output (e.g, exam turn-around
times). We postulate that a highly disrupted radiology work environment is
a key culprit underpinning many of
these sources of job dissatisfaction,
which may in turn lead to radiologist burnout. Workflow optimization
efforts, such work dichotomization,
to improve reading room efficiencies
may also have the added benefit of
decreased mental burden, workload,
related improved provider career satisfaction. The analysis of and subsequent
improvements to the radiologist’s
workflow environment also requires
a careful analysis of individual workloads and the impact individual workloads have on the overall efficiency of a
workflow process. These examinations
also afford a more nuanced exploration
of the impact workflow design has on
individual operators. Whereas workflow represents the sequence of processes through which a piece of work
passes from start to finish, workload
represents the actual amount of work
to be done. Workload, on the individual level, is not an absolute quantity
and is variably dependent on numerous intrinsic factors (such as individual experience and skill) and extrinsic factors (such as interruptions and
system failures), which all contribute
to the overall perception of individual
workload.
15
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Table 2. Workload

Table 3. Satisfaction

Evaluation of the impact of
workflow Dichomotization

To evaluate the impact of workflow
dichotomization on perceptions of
workload, workplace interruptions,
and workplace satisfaction, survey data
were collected before and after workflow dichotomization at our institution;
data are summarized in Tables 1-3 [11].
Following implementation of separate
dedicated image-interpretive and non-

measurements (and improvements) in
workflow dichotomization.
As clinical imaging volumes continue
to increase, an understanding of workplace disruptions and their impact of
radiologist productivity and global
measures of radiologist workload and
workplace satisfaction have become
increasingly salient. Implementation
of separate dedicated image-interpretive and non-image interpretive work-

“....Implementing discrete Image Interprteive Tasks (IIT) and
Non-Image Interpretive Tasks (NIT) workflows resulted in a precipitous decrease in time spent on NITs by our image interpreting radiologists,
image interpretive workflows, our work
demonstrated a measurable uniform
improvement in workplace satisfaction
with a concomitant decrease in perceptions of the workplace disruptions and
effort required to complete workplace
tasks. Beyond the quantitative impact
of workflow dichotomization, these
data reflect the perceptive changes
that occur in the workplace and capture important benchmarks that might
otherwise go unnoticed in quantitative
16

flows resulted in improved radiologist
perceptions of workplace disruptors
and mental effort with a concomitant
improvement in overall workplace
satisfaction. These and other similar
efforts highlight the importance of
workflow design not only on workplace
efficiencies but also in the positive secondary gains observed in individual
workload levels and offers a potential
practice model that offers outstanding patient care while also providing
D I
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radiologists an opportunity to engage
in a rewarding clinical practice.
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International Cancer Imaging
Society Meeting & 17th Annual
Teaching Course
Cancer Imaging and Intervention:
a Multidisciplinary Approach

2nd - 4th October 2017
Langenbeck-Virchow
Haus, Berlin, Germany
ICIS 2017 will focus on quantitative
and functional oncologic imaging and
the multidisciplinary management of
oncology patients. There will be a spectrum
of sessions ranging from innovative and
state-of-the-art imaging, practical hands-onworkshops, essential refresher courses and
live-case workshops.

In association with:

Call for abstracts: Deadline 29th May 2017
Submit online at icimagingsociety.org.uk

• 2 Keynote lectures ‘Cancer Imaging in the era of precision
medicine’ and ‘Immunotherapy: Imaging challenges’
• 8 Computer hands-on workshops using Siemens
workstations on evaluation of cancer of prostate, breast,
lung, liver, lung, ovary, uterus and whole-body imaging
• 25 sessions addressing structured reporting, response
evaluation, complications of medical and radiation therapy,
metastatic disease, joint sessions with radiation and medical
oncologists, precision medicine, radiogenomics, prostate, female
pelvis, liver, pancreas, lung, lymphoma, CEUS and many more
• 4 Scientific Sessions dedicated to proffered papers, and a poster
exhibition with prizes for the best overall paper and poster
• 4 live-case workshops Transarterial chemoembolization
(TACE) in HCC / liver metastases, Radioembolization (SIRT),
Microwave ablation of a pulmonary tumour in metastasis or
small lung cancer, Radiofrequency ablation of liver metastasis
Delegates will received 17 CPD points from the Royal College
of Radiologists (Monday - 6, Tuesday - 6, Wednesday - 5). CME
accreditation will be sought from the European Accreditation Council
Continuing Medical Education (EACCME).
Programme planning committee: Stefan Diederich ICIS President (DE),
Bernhard Gebauer (DE), Dow-Mu Koh (UK), Beth McCarville (US),
Anwar Padhani (UK), Andrea Rockall (UK), Heinz-Peter Schlemmer (DE),
Harriet Thoeny (CH).

For further information please contact:
ICIS, 140-148 Borough High Street, London, SE1 1LB

cancerimagingsociety.org.uk

E: louise.mustoe@cancerimagingsociety.org.uk

Radiation Dose

Radiation exposure in prostatic
embolization
By Dr G. Andrade & Dr D. G. Abud

Prostatic artery embolization (PAE) is a
minimally invasive procedure that is being
increasingly accepted as an alternative
treatment of the lower urinary tract symptoms caused by benign prostatic hyperplasia (BPH). PAE is a time-consuming and
technically challenging procedure due to
the thinness of prostatic arteries and complex anatomic variations. The technique is
characterized by long fluoroscopy times,
the optional use of cone-beam computed
tomography (CBCT) acquisitions, multiple
oblique projections and magnification
views, all of which can lead to high radiation doses to both patients and staff [1,
2, 3]. Very few studies have however actually quantitated radiation exposure in PAE.
This article summarizes the results of our
recent prospective single-operator study of
radiation exposure in PAE.

All procedures were performed under local anesthesia using
a single common femoral artery approach with a 5F 11 cm
sheath. Bilateral internal iliac artery catheterization was carried out using 5 F Mikaelson catheter; DSA was performed
in ipsilateral oblique (40o) view using a power injector and
32cm field of view (FOV). After identification of the prostatic artery, a microcatheter and a 0.014” guidewire were
introduced coaxially. Once the catheter entered into the prostatic artery the same ipsilateral oblique and frontal DSA were
performed by hand injection in a 22-cm FOV. CBCT was
performed only if the interventional radiologist (IR) judged
it to be necessary.
PAE was performed using particles until the end-point of
complete occlusion and reflux toward the origin of the artery
was reached. Hand-injection DSA through the microcatheter was used to confirm complete occlusion. After bilateral
embolization, the sheath was withdrawn and compression
hemostasis performed for ten minutes. All patients were
discharged in less than 24 hours. After each procedure several parameters were extracted from the DICOM headers,
namely the fluoroscopy time, dose-area product (DAP; or
kerma-area product), the number of images taken and irradiation parameters (voltage, current and pulse width) for
DSA, fluoroscopy and CBCT techniques.
To evaluate the peak skin dose (PSD) to the patient, a GafChromic XR-RV3 film (Wayne, New Jersey) was placed
under the patient. In all procedures, the radiologist wore
a protective apron and thyroid collar; a ceiling-suspended

STUDY DESIGN

We prospectively analyzed 25 PAE procedures carried out using
a Artis Zee ceiling-mounted system (Siemens, Germany) from
November 2015 through September 2016 in the largest public
hospital of Recife-PE, Brazil. The mean age of the patients was
65.7 years (43-85y), mean weight 71.4 kg (54-88 kg), mean
height 167.3 cm (155-180 cm) and mean prostate volume 79
cm3 (36-157 cm3). Fluoroscopy was performed at 15 images per
second and digital subtraction angiographies (DSA) at 2 images
per second, using a standard abdomen protocol (85 kV, 100 ms,
0.9-mm Cu -filter and a dose of 3,600 µGray per frame).
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Figure 1. To estimate absorbed doses, nine pairs of thermoluminescent
dosimeters were used
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Table 1. The average equivalent dose in each location received by the Interventional radiologist during PAE procedures. Values in µSv

screen and table curtain (all 0.5 mm of lead equivalent) were
always used. To estimate the absorbed doses, nine pairs of thermoluminescent dosimeters (TLD-100; Waltham, Massachusetts)
were strategically attached to the interventional radiologist (IR)
[Figure 1]. To estimate the effective dose von Boetticher’s double
dosimetry algorithm were used.
Bilateral PAE was successful in all patients and no skin lesions
were seen. The average fluoroscopy time was 30.9 min (15.548.3 min). The mean total DAP per procedure was 450.7 Gy.cm2
(248.3-791.73 Gy.cm2). DSA was found to be responsible for
71.5% of the total DAP, followed by fluoroscopy (19.9%) and
CBCT (8.6%). The mean number of DSA series and images were
20.8 (9-36) and 463.5 (275-710), respectively. CBCT was performed in seven of 25 patients (28%), with the mean image acquisition number being 400 images (396-404). The mean patient
PSD was 2,420.3 mGy (1,390 – 3,616) and the average effective
dose for the IR was 17 µSv (4 – 47 µSv). The average equivalent
dose in each location received by the IR during each PAE are
shown in Table 1.

ceiling-suspended shield — would reach the annual limit for the
left eye with just one procedure per week.
The collective dose of radiation used in medicine has increased
more than seven-fold between 1980 and 2006; this increase has
continued over the last decade [6]. Consequently the use of ionizing
radiation in medicine has become an important, yet potentially
avoidable, public health threat that deserves considerable attention.
In the light of these data, we entered into a cooperative project with the Brazilian Department of Nuclear Energy (DENUFPE) and Siemens to develop a low dose protocol with the goal
of reducing radiation exposure while maintaining diagnostic
image quality in PAE. Based on the CARE algorithm (Combined
Applications to Reduce Exposure) from Siemens and deliberately pushing the As Low As Reasonably Achievable (ALARA)
principle to the limit, we finally arrived at the development of a
protocol known as RECiFE (Radiation Exposure Curtailment for
Embolization). The RECiFE protocol is applicable to fluoroscopy,
DSA and CBCT. Fifteen consecutive PAE procedures have been
performed under the new protocol and preliminary results show
an overall dose reduction of about 70%. These results and experimental details will be published soon.

SIGNIFICANCE AND FUTURE DIRECTION

CONCLUSIONS

One case of radiation-induced dermatitis was reported after a
PAE procedure, which had a fluoroscopy time of 72 minutes and
a total DAP of 8 023.1 Gy.cm2 [3]. Of other published reports
the study with the largest number of patients involved 630 PAE
patients who underwent CT angiography before PAE, with a low
fluoroscopy time (19.5 min) but the highest total DAP (2,415
Gy.cm2) [4]. The PSDs in our study are above the 2 Gy threshold
for transient erythema, but no erythema were observed in our
pateients within 3 months. The radiation exposure of patients
who underwent PAE is similar to that reported for other complex
interventional procedures.
During PAE using the femoral approach, the interventionalist
has to stay close to the patient’s irradiated area. In our study, the
average effective dose per procedure was comparable to those in
studies with highest exposure (17µSv).
The occurrence of cataracts and brain tumors in the left hemisphere of interventionists has already been described. After several such studies reporting a significant increase in radiationassociated eye lens opacities and cataracts among interventional
physicians, the International Commission on Radiological Protection (ICRP) reduced the annual limit for equivalent dose
for lens of eyes to 20mSv [5]. The results of our study show
that any physician carrying out PAE procedures — even with a

PAE is a complex procedure and has now been shown to involve
high radiation exposure for patient and staff. A change in the
radiological protection culture among interventional radiologists should be encouraged, not to get the best image but to fully
respect the ALARA principle.

RESULTS
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INDUSTRY NEWS
Philips strengthens its ultrasound business with the acquisition of TOMTEC
Philips announced mid-July that it has
signed an agreement to acquire TOMTEC
Imaging Systems GmbH, the provider
of intelligent image analysis software,
particularly for diagnostic ultrasound.
Headquartered in Munich, Germany,
TOMTEC develops products and services
which help clinicians to increase efficiency
and diagnostic quality through automated
and reproducible measurements. The
acquisition will strengthen Philips’ leadership position in cardiac ultrasound, and
support the Philips’ further expansion in
other clinical areas, such as obstetrics and
gynecology.
Philips is a leader in ultrasound solutions with a large global installed base
and strong track record of industryfirst innovations in areas such as realtime 3D imaging of the heart, quantification tools driven by Anatomical
Intelligence, and ultra-mobile, portable

Ultrasound contrast agent
approved for detection of
vesicoureteral reflux
Bracco Imaging have announced that its contrast agent SonoVue (sulphur hexafluoride
microbubbles) is the first ultrasound contrast
agent to obtain approval in the European
Union for use in ultrasonography of the uri-

nary tract (voiding ultrasonography) for the
evaluation of suspected or known vesicoureteral reflux (VUR) in pediatric patients. VUR
is a urinary tract abnormality in neonates,
infants and children characterized by retrograde flow of urine from the bladder into the
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ultrasound solutions. Philips’ ultrasound portfolio supports the effective
and efficient delivery of care across
a broad range of clinical specialties
including radiology, cardiology, pointof-care and OB/GYN.

TOMTEC’s clinical applications,
workflow solutions and R&D capabilities are highly complementary to Philips’
strengths in ultrasound image quality,
3D-imaging and transducer technology.
TOMTEC offers multi-modality and
vendor-neutral diagnostic and analysis
applications in cardiology, radiology and

ureter and toward the kidney and represents
a common cause of recurrent urinary tract
infections and chronic nephropathy in pediatric patients. Voiding cysturethrography and
direct radionuclide cystography are the imaging procedures currently used to diagnose
VUR, and both require exposure to ionizing radiation. “The approval of SonoVue for
voiding ultrasonography answers an unmet
medical need for an effective imaging study
to detect and follow-up VUR without exposing neonates, infants and young children
to the potential harmful effects of ionizing
radiation,” stated Alberto Spinazzi, MD, of
the Bracco Group.“We are particularly proud
that, after the Food and Drug Administration
in the United States, now also the European
Medicines Agency has approved this new
and important indication for our ultrasound
contrast agent SonoVue, allowing us to offer
a significant clinical benefit in paediatric
medicine,” said Fulvio Renoldi Bracco, CEO
at Bracco Imaging. SonoVue is a second generation ultrasound contrast agent, already
with the widest range of approved clinical
indication in the European Union, including
cardiac, vascular, liver and breast imaging in
adults. SonoVue is approved in more than
D I
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OB/GYN. TOMTEC’s software is used
by more than 20,000 physicians and 600
health facilities worldwide to treat their
patients daily.
“We are committed to providing ultrasound solutions that combine superb
image quality with advanced analytics to
drive efficiency and reproducibility, while
reducing costs for our customers,’’ said
Vitor Rocha, Business Leader Ultrasound
Business Group at Philips. “The acquisition of TOMTEC brings a strong team
and new assets that are strategically valuable to Philips and will enable us to accelerate growth in our cardiac ultrasound
and OB/GYN portfolios.”
Founded in 1990, TOMTEC has a
global presence with offices in the U.S.,
Europe and Asia.
Philips
Amsterdam, The Netherlands
www.philips .com

40 countries and has been used in over five
million patients worldwide
Bracco Imaging
Milan Italy,
www.bracco.com

Bayern Munich to benefit
from Siemens’ imaging
technology
Bayern Munich’s footballers to benefit
from Siemens’ imaging technology Siemens
Healthineers has signed a 3-year-partnership contract with the world renowned
championship football team Bayern
Munich by which Siemens Healthineers
will equip the team’s Munich-based training area and Allianz Arena stadium with
cutting-edge ultrasound and X-ray systems
ultimately helping to both protect players
through medical checkups and support
post-injury recoveries. Bayern Munich
players already undergo MRI scans using
systems exclusively from Siemens at the
Munich based Radiologie München diagnostic radiology center. “We already have
had a long-standing cooperation in place
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with the medical department of Bayern
Munich ” said Dr. Bernd Montag, CEO of
Siemens Healthineers.“The official partnership contract now seals this close collaboration. Bayern Munich is one of the leading
soccer clubs worldwide with a consistently

excellent performance at the highest international level. Their impressive teamwork
is rooted in seamless interaction between
top-class individual players. In much the
same way, we at Siemens Healthineers, with
our global team of experts live the passion
for medical technology day after day and
aim to deliver top performance for healthcare providers around the globe. That’s why
we are more than happy that FC Bayern
Munich can now rely on our know-how
to look after its players’ health, and that it
will make exclusive use of our medical systems and services from now on.” From
the training grounds at Säbener Strasse
in Munich and Allianz Arena stadium, to
the team doctor’s practice, in the new FC
Bayern Munich youth academy in Munich
and even worldwide using mobile applications when the team is in transit, doctors will have Siemens’ Acuson P500 and
Acuson NX3 ultrasound systems available.
In the case of acute injuries or post-surgery
after-care, X-ray imaging will be performed
using Cios Fusion and Multix Fusion Max
systems. For examinations of soft tissue or
for medical checks following new signings,
Bayern Munich players will also have access
to a Magnetom Skyra 3-Tesla MRI system.
Siemens Healthineers
Erlangen, Germany
www.healthcare.siemens.com
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Gadolinium-based contrast agents
EMA’s final opinion confirms restrictions on use
of linear gadolinium agents in body scans
Radiologists — at least those who use
gadolinium-based MRI contrast agents
— should now be becoming familiar
with the details of the legally binding
European procedures that regulate the
use of the products they use routinely.
The story started several years ago
with the first reports of the deposition of
gadolinium in the brain, which triggered
a review of gadolinium contrast agents —
initiated on 17 March 2016 at the request
of the European Commission, The review
was carried out by the Pharmacovigilance
Risk Assessment Committee (PRAC) of
the European Medicines Agency (EMA),
the Committee responsible for the evaluation of safety issues for human medicines,

gadolinium agents used in MRI body
scans and suspend the authorisations of
others.
There is currently no evidence that
gadolinium deposition in the brain has
caused any harm to patients; however
EMA has recommended restrictions for
some intravenous linear agents in order to
prevent any risks that could potentially be
associated with gadolinium brain deposition.
The intravenous linear agents gadoxetic
acid and gadobenic acid can continue to be
used for liver scans because they are taken
up in the liver and meet an important diagnostic need. In addition, gadopentetic acid
given intra-articularly can continue to be

The EMA Committee for Medicinal Products for Human Use (CHMP) has approved the recommendations of
the Pharmacovigilance and Risk Assessment Committee (PRAC) regarding Gadolinium Based Contrast Agents
(GBCAs). Basically, it is recommended that the marketing authorisation for linear GBCAs be suspended (apart
from the use of Multihance in liver examinations) while the authorisation of macrocyclic agents is maintained

which issued a set of recommendations in
March 2017.
Following input from companies concerned, the PRAC re-examined its initial recommendation. The PRAC’s final
recommendations have now been sent to
the Committee for Medicinal Products
for Human Use (CHMP), responsible
for questions concerning medicines
for human use, which has adopted the
Agency’s final opinion.
The final stage of the review procedure is the adoption by the European
Commission of a legally binding decision
applicable in all EU Member States.
The conclusion of the EMA after its
review of gadolinium contrast agents, is
the confirmation of the recommendations to restrict the use of some linear
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used for joint scans because the dose of
gadolinium used for such joint injections
is very low.. All other intravenous linear
products (gadodiamide, gadopentetic
acid and gadoversetamide) should be suspended in the EU. The macrocyclic class of
gadolinium agents (gadobutrol, gadoteric
acid and gadoteridol) are more stable and
have a lower propensity to release gadolinium than linear agents. These products
can continue to be used in their current
indications but in the lowest doses that
enhance images sufficiently and only when
unenhanced body scans are not suitable.
Healthcare professionals in the EU will
be sent a letter with information about
the EMA’s review of gadolinium contrast
agents.
www.ema.europa.eu
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INDUSTRY NEWS
GE and Heartflow in global cardiovascular collaboration
GE Healthcare and the Californian-based company HeartFlow
have entered into a global collaboration agreement with the goal
of increasing the clinical availability and
adoption of HeartFlow FFRct, a proprietary
technology that helps clinicians diagnose
and treat patients with suspected coronary
artery disease (CAD). The collaboration will
involve computed tomography (CT) scanners from GE Healthcare with HeartFlow
FFRct, the first and only non-invasive technology that provides insight into both the
extent of CAD and the impact of the disease
on blood flow to the heart. HeartFlow FFRct
is designed to enable clinicians to select a
definitive, personalized treatment plan for each patient and reduce
the need for additional invasive testing. The agreement will initially
focus on the United States, with plans to expand into other markets
in the future.
“GE has collaborated with HeartFlow over the last five years,
and this agreement reinforces our joint commitment to patients
worldwide,” said Scott Schubert, general manager, Global Premium
CT, GE Healthcare. “Along with our industry-leading cardiac CT
systems and clinical applications, GE can now offer HeartFlow
FFRct as an option for healthcare providers who strive to deliver the
highest standards in clinical care while reducing costs.”
With HeartFlow FFRct, data from a patient’s non-invasive coronary CT angiogram are securely uploaded from the hospital’s system
to the cloud. Then, HeartFlow leverages deep learning to create a
personalized, digital 3D model of the patient’s coronary arteries and
uses powerful computer algorithms to solve millions of complex
equations to simulate blood flow in the model and assess the impact

First European installation
of advanced interventional radiology room
The Saint Eloi University Hospital in
Montpellier France has inaugurated an
avant-garde interventional radiology
intervention room in the Department of
Interventional Radiology. The Infinix-i 4D
CT room from Toshiba Medical, a Canon
Group company, is the first in Europe to
combine a new generation angiography
room, a 640 slice 4D CT scanner moving
on a sophisticated rail concept and a widescreen display. This room is the 11th in the
world (7 in Japan, 2 in Korea, 1 in the USA)
integrating such advanced technology.
“We are extremely pleased with the
new Infinix-i 4D CT system. It is a very
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of blockages on coronary blood flow. The results are provided to
the patient’s clinician via a secure web interface to offer actionable
information on the optimal course of treatment Together, the combination of GE and
HeartFlow technologies promises to become
an important way to assist in diagnosing CAD
and guiding appropriate treatment. This combination also could help reduce unnecessary
and invasive diagnostic coronary angiography
procedures, which can be associated with serious complications, such as bleeding, stroke
and major blood vessel damage.
GE brings to the collaboration its leading
portfolio of cardiac CT solutions, including:
• The Revolution family of CT scanners, with innovations
including One-Beat Cardiac, SnapShot Freeze intelligent motion
correction, and High Definition (HD) imaging with the industry’s
highest cardiac spatial resolution;
• CardioGraphe, the world’s first dedicated cardiovascular CT
system, a whole-heart coverage CT system that is affordable and
accessible; and
•AW advanced clinical applications including CardIQ, VesselIQ
and TAVI planning to enhance physician diagnostic accuracy and
productivity.
GE Healthcare
Chalfont ST Giles, UK
www.gehealthcare.com.
Heart Flow
Redwood City, CA, USA
www.heartflow.com.

flexible and user-friendly system with
many intelligent tools for dose optimization”, said Prof. Boris Guiu, Head
of the Department at St-Eloi Hospital.
“With this new room we can carry out

complex procedures of hepatic interventional radiology, which require all the
existing guidance means, such as liver
thermoablations. Each year we take care
of approximately 1000 patients in this
room in the best conditions of care,
safety and comfort.”
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René Degros, Business Unit Manager
X-Ray at Toshiba Medical said “The
groundbreaking new Infinix-i 4D CT
supports our customers in bridging
the gap between the interventional lab
and CT with one seamlessly integrated
solution for the ultimate in patient care.
Infinix-i 4D CT eliminates the need to
transfer patients back and forth between
different rooms, while minimizing dose
and maintaining patient safety. In this
way the system can help save valuable
time and gain efficiencies with the ability to plan, treat, and verify in the same
room, on a single system.”
Toshiba
Medical
Systems
Europe,
(a Canon Group company)
Zoetermeer, The Netherlands
www.toshiba-medical.eu
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Cardiac imaging NEWS
Study shows low adoption of advice
to reduce nuclear cardiology radiation exposure

Calcium in arteries influences heart
attack risk

A study in 65 countries has revealed low adoption of
International Atomic Energy Agency recommendations to reduce
nuclear cardiology radiation exposure. The research was presented at the recent ICNC 2017 meeting by Dr Edward Hulten,
a cardiologist at the Walter Reed National Military Medical
Center, Bethesda, USA. Dr Hulten said: “Nuclear cardiology is a
key part of contemporary cardiology management and around
15 to 20 million procedures are performed annually. It gives
information regarding diagnosis, prognosis, and the effects of
therapeutic interventions.”
“Concerns have been raised about tests, including nuclear
cardiology, that expose patients to ionising medical radiation,”
he continued. A goal of 9 mSv or less radiation exposure per
scan was recommended by the American Society of Nuclear
Cardiology (ASNC) and the IAEA developed eight quality metrics for responsible radiation use in nuclear cardiology: avoiding
thallium 201 stress testing, avoiding dual isotope testing, avoiding too much technetium-99m and thallium 201, using stress
only imaging, use of camera technologies to reduce dose, use of
weight based dosing strategies for technetium-99m, and avoiding inappropriate dosing that can lead to “shine-through” artefacts. The IAEA Nuclear Cardiology Protocols Study (INCAPS)
assessed adherence to these eight quality metrics. During one
week in 2013, 308 nuclear cardiology laboratories were studied
in 65 countries. The survey included 7 911 nuclear cardiology
scans. There was low adherence overall, with the majority of sites
implementing fewer than half of the quality metrics. When the

researchers performed multivariable logistic regression analysis, they found that the practices most strongly associated with
achieving a 9 mSv or less scan were the use of stress or rest only
imaging, avoiding thallium, and use of camera technologies to
reduce radiation dose. Dr Hulten concluded: “The INCAPS survey is a crucial step towards improving patient care in the field
of nuclear cardiology by quantifying worldwide adherence to
best practices. Any test involving ionizing radiation will increase
cancers within a population so the risk must be weighed against
the benefit of gaining information about heart disease. The 9
mSv goal is achievable, and the lower the better.”
https://tinyurl.com/Hulten-presentation
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“Adding a CT scan for calcium is worthwhile”
Patients without calcium buildup in the coronary arteries
had significantly lower risk of future heart attack or stroke
despite other high risk factors such as diabetes, high blood
pressure, or bad cholesterol levels according to new research
from a group of cardiologists from Univ. of Texas Southwestern.
The patients had less than a 3 percent chance of a cardiovascular event over the next decade - even though many had
well-known risk factors - well below the 7.5 percent level set
by the American College of Cardiology and American Heart
Association as a guideline to begin statin treatment
“The event rates when coronary calcium is absent are low,” said
preventive cardiologist Dr. Parag Joshi, Fellow of the American
College of Radiology , “Our findings suggest that individuals
with no calcium buildup in their blood vessels may not have to
take statins despite the presence of other risk factors that cause
coronary disease. A CT scan is easily done, costs relatively little
and can give a lot more information about the patient’s 10-year
risk,” said Dr. Joshi. The UT Southwestern researchers looked at
CT scans of the
chest and heart
of 6,184 people
aged 45 to 84,
who had never
had a heart
attack or stroke,
and were participants in the
large, multi-site,
multi-year study
known as MESA
(Multi-Ethnic
Study of Atherosclerosis). About half of the participants showed
no calcium deposits in their heart arteries, meaning they had a
coronary artery calcium (CAC) score of zero. “However, a zero
CAC score doesn’t mean that no plaque is building up inside
the heart’s arteries, or that the patient has zero risk - rather
it means that the patient’s risk of a heart attack is lower than
the threshold where doctors typically recommend treatment
with a statin”, said Dr. Joshi. “A CAC score can really add to the
clinician-patient discussion over whether or not to start a statin
for primary prevention of heart attacks and strokes”.
https://tinyurl.com/Joshi-et-al-paper

3-D printed models could improve
patient outcomes in heart valve
replacements

Heart valve models created with advanced 3-D printers
could soon assist cardiologists in preparing to perform lifesaving heart valve replacements.
Researchers at Georgia Institute of Technology and the
Piedmont Heart Institute are using standard medical imaging
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and new 3-D printing technologies to
create patient-specific heart valve models
that mimic the physiological qualities of
the real valves. Their aim is to improve
the success rate of transcatheter aortic
valve replacements (TAVR) by picking
the right prosthetic and avoiding the
common complication known as paravalvular leakage. “Paravalvular leakage is
an extremely important indicator in how
well the patient will do long term with
their new valve,” said Zhen Qian, chief
of Cardiovascular Imaging Research at
Piedmont Heart Institute “The idea was,
now that we can make a patient-specific
model with this tissue-mimicking 3-D
printing technology, we can test how the
prosthetic valves interact with the 3-D
printed models to learn whether we can
predict leakage.”
The researchers, whose study was published recently (Qian Z et al Quantitative
Prediction of Paravalvular Leak in
Transcatheter Aortic Valve Replacement
Based on Tissue-Mimicking 3D Printing.

Image reproduced with permission from JACC
Cardiovascular Imaging

JACC Cardiovasc Imaging. 2017; 10: 719)
found that the models, created from CT
scans of the patients’ hearts, behaved so
similarly to the real ones that they could
reliably predict the leakage.
“Our 3-D printed model gives us a
quantitative method to evaluate how well
a prosthetic valve fits the patient,” Qian
said.
The models are created with a special metamaterial design and then made
by a multi-material 3-D printer. The
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researchers created heart valve models
from medical imaging of 18 patients who
had undergone a valve replacement surgery. The models were outfitted with dozens of radiopaque beads to help measure
the displacement of the tissue-mimicking
material.
Software was used to analyze medical
imaging showing the location of the radiopaque beads taken before and after the
experiment to determine how the prosthetics interacted with the 3-D printed
models.
Any inconsistencies were assigned
values that formed a “bulge index,” and
the researchers found that a higher bulge
index was associated with patients who
had experienced a higher degree of leakage after valve placement. “Eventually,
once a patient has a CT scan, we could
create a model, try different kinds of
valves in there, and tell the physician
which one might work best,” Qian said. “
https://tinyurl.com/Qian-et-al-paper

conducted at 193 centers across North
America to determine whether a care
strategy starting with coronary CTA, or a
strategy starting with functional testing,
measures such as stress testing or echocardiography that reflect how well the
heart muscle is working, provided better
guidance for clinical decisions regarding
patients with chest pain.

CT angiography better at predicting risk
for patients with chest
pain

The current study directly analyzed
associations between the results of all diagnostic tests and the risk of future cardiac
events in around 9,100 of the more than
10,000 patients in the PROMISE trial. The
most important result indicated that the
ability of coronary CTA to identify nonobstructive coronary artery disease - a
less-than-70-percent narrowing of a coronary artery - identifies an at-risk group of
patients not found by functional testing. In
fact, most of the cardiovascular events during the study’s two-year follow-up period
occurred in patients not initially diagnosed
with coronary artery obstruction. While
functional testing on its own was inferior
to CTA, combining the results of functional testing with traditional cardiovascular risk factors - such as cholesterol levels,
blood pressure and smoking status - significantly improved its prognostic value.
“While these observational data cannot prove that treating patients based
on the results of CTA testing will automatically result in better health outcomes, they do provide new information
enabling a more informed choice of testing for patients with stable chest pain,.”
says Hoffmann.
https://tinyurl.com/Hoffmann-et-alpaper

An analysis of diagnostic test results
from the Prospective Multicenter
Imaging Study for Evaluation of Chest
Pain (PROMISE) trial showed that the
presence and extent of coronary artery
disease detected by CT angiography better predicted the risk for future cardiac
events than did measures of exercise tolerance or restricted blood flow to the
heart muscle. The superiority of CT angiography primarily depended on its ability
to reveal nonobstructive coronary artery
disease. (Hoffmann U et al. Prognostic
Value of Noninvasive Cardiovascular
Testing in Patients With Stable Chest
Pain: Insights From the PROMISE Trial.
Circulation. 2017; 135: 2320)
“For the first time, in a randomized
comparison we demonstrate the ability of CT angiography (CTA) to identify a large group of at-risk patients who
would have been missed by functional
stress testing,” says Dr U Hoffmann,
director of the MGH Cardiac MR PET
CT Program. The PROMISE trial was
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F-NaF imaging of vulnerable
plaques and myocardial scar
tissue using hybrid PET/CT and
PET/MRI
18

By Dr Stephanie Marchesseau

This review summarizes recently
published findings that confirmed
the role of 18F-NaF PET/CT in the
imaging of culprit coronary atheromata while demonstrating for the
first time the potential of 18F-NaF
PET/MRI to identify infarcted myocardium [1].
INTRODUCTION

Rupture or erosion of coronary lesions results in
sudden occlusion of major arteries causing acute
myocardial infarction (AMI), which is a major
cause of cardiac death or disability worldwide and is
extremely difficult to predict.
Invasive imaging techniques to detect vulnerable
plaques are still the gold standard methodology but
the medical community is increasingly recognizing
that mere identification of these lesions is not sufficient as many of them are in fact stable. A more
efficient approach would be to detect active plaques
prone to rupture as their presence in itself indicates
an increased risk of myocardial infarction. Recently,
non-invasive PET/CT imaging using 18F-NaF has
shown the potential to identify high-risk plaques
[2, 3] and has become a research focus in coronary
imaging.
From these findings, it is currently clear that 18F-NaF
targets active coronary plaques but it remains uncertain what is the mechanism involved and whether
18
F-NaF has other potential roles in cardiac imaging.
PET/CT studies in a rat model indicated that 18FNaF may possibly target apoptosis [4]. Histological
analyses of carotid artery plaques suggested that
The Author
Dr Stephanie Marchesseau
Clinical Imaging Research Centre,
A*STAR-NUS, Singapore,
Singapore
email: marchesseau.stephanie@gmail.com
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F-NaF targeted macrophage infiltration and necrosis [5]. As prior studies have shown varying degrees
of calcification in previously infarcted myocardium,
we hypothesized that 18F-NaF could also detect scar
tissue arising from myocardial infarction [1]. We
therefore sought first to independently validate the
use of 18F-NaF PET/CT imaging for the detection of
high-risk coronary lesions. Using 18F-NaF PET/MR
imaging, we then intended to quantify the uptake of
18
F-NaF in myocardial scar tissue relative to remote
healthy myocardium to gain further knowledge of
the processes common to infarction and atheromata.
18

STUDY DESIGN

Ten patients presenting with ST-Elevation Myocardial
Infarction (STEMI) were enrolled in this study. All
patients had an acute occlusion of an infarct-related
artery (IRA) on coronary angiography and underwent
emergency PCI with stent placement within 12 hours
of symptom onset. After PCI, consented patients were
screened for eligibility and were then scanned 15 days
after the acute event by PET/MRI for 75 minutes and a
few minutes later by PET/CT for 10 minutes [protocol
shown in Figure 1]. PET uptake was measured using
Standardized Uptake Value (SUV).
Angiography examination:
All patients underwent manual thrombectomy, balloon
angioplasty and coronary stent implantation as directed
by the primary clinician operator within 6 hours of
the acute event. Culprit plaques were spatially defined
by the presence of an occlusive or subocclusive lesion
within the IRA corresponding to echocardiographic
localization. Culprit lesions on coronary angiography
were then mapped to corresponding calcium regions
on the CT image and each calcium region assigned a
culprit or non-culprit label [Figure 2B].
PET/MR imaging for myocardial infarct uptake
All subjects were first scanned on a Biograph
mMR PET/MR scanner (Siemens Healthineers,
Erlangen, Germany) for 75 minutes. MRI and
PET scans were performed simultaneously on a
single bed centered over the heart. The PET/MRI
D I
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FIGURE 1. Representation of the study imaging protocol

scan was started immediately after
intravenous injection of 2.95 +/0.21 mCi 18F-NaF. PET data were
reconstructed from the last 15
minutes without ECG or respiratory gating. A standard Cardiovascular Magnetic Resonance (CMR)
protocol was used for image acquisition, simultaneously including
CINE steady state free precession
and Late Gadolinium enhancement (LGE) short axis images.
After co-registration with the PET
image (when necessary), scar regions
and healthy remote myocardium

were extracted from manual delineation on the LGE images and SUV
reported for these regions. The Tissue-to-background ratio (TBR) in
the myocardium was measured as
the mean SUV within the ROI (scar
or remote myocardium) divided by
the mean SUV within the left ventricle blood pool away from the walls.
PET/CT imaging for coronary
atheromata uptake
Of the 10 subjects who underwent
PET/MR scanning, eight subjects
were then immediately transferred

to a Biograph mCT PET/CT scanner (Siemens Healthineers, Erlangen,
Germany) for a non-enhanced coronary artery calcium score CT scan
immediately followed by a 10 min
PET scan (one bed position centered
over the heart).
Calcium regions within the arteries
were delineated manually on the 3D
CT image [Figure 2C] as well as each
vessel containing at least one calcium
region. Hybrid PET/CT acquisition
ensures the direct transposition of
these Regions of Interest (ROIs) on
the PET image [Figure 2D], thereby
enabling the automatic measurement
of SUV within each region. The TBR
of each calcium ROI, as validated by
Josh et al.[5], was then measured as
the ratio between the calcium region
maximum SUV over the corresponding vessel mean SUV.
RESULTS

FIGURE 2. A) Definition of the coronary arteries. B) Angiogram image showing plaque rupture and acute occlusion
at proximal LAD. C) CT calcium image showing two lesions in LAD. D) PET image showing higher uptake in ROI1.
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Coronary atheromata imaging
Visual distinction of vulnerable
plaques on the PET image was highly
challenging due to the small size of
the plaques, the limited resolution
of the PET image, as well as respiratory and cardiac motion, leading
to large partial volume effect. In the
example shown in Figure 2, the culprit (high risk) plaque as assessed by
angiography is ROI 1 while ROI 2
was diagnosed as a low risk plaque.
On the PET image, a visual difference in uptake between the two ROIs
is noticeable, despite the high level of
surrounding noise. This non-specific
uptake renders the detection of vulnerable plaques impossible if SUVs
of plaques are compared without normalization to background.
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FIGURE 3. A) PET image with overlaid scar and myocardium regions showing higher uptake in scar despite amount of noise. B) Example short-axis LGE image (yellow arrows
pointing to scar tissue). C) Same LGE image fused with PET image masked to the myocardium segmentation showing higher but non-uniform uptake within the scar tissue.

Of the 33 lesions detected on CT, 8
were identified as being culprit on
the standard coronary angiogram,
one for each patient undergoing
PET/CT. The TBR of the culprit
lesions was found to be significantly higher than that of non-culprit lesions with an average value
of 2.11 for culprit (±0.42) vs. 1.36
(±0.30) for non-culprit (p-value <
0.001, d=1.77), which is consistent
with previously published studies.
Myocardial scar imaging
Visual distinction of scar tissue on
the PET/MR image was as challenging as for the atheromata. An example
is shown Figure 3A in which most
parts of the scar have higher uptake
than the average myocardium. However, partial volume effects, breathing
and beating of the heart reduce the
uptake to a low value. One can also
notice that the uptake in the blood
pool is globally higher than in the
myocardium. Once again the uptake
is not specific to the scar and a similar
uptake is observed in the turbulent
blood pool or surrounding tissue.
Moreover, uptake in scar tissue was
found to be inhomogeneous suggesting that various processes occur during scar formation [Figure 3C].
Nine of the 10 patients had clear visible zones of scar tissue defined on
the LGE image. The TBR was found to
be significantly higher in scar tissue
than in the remote healthy myocardium, with an average value of 0.81
(±0.10) for scar tissue compared to
0.72 (±0.06) for remote myocardium
(p-value=0.03, d=1.55).
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DISCUSSION

To conclude, the study described
more fully in [1] first confirms
previous findings of successful differentiation of high-risk coronary
atheromata in the IRA of patients
with recent STEMI using 18F-NaF
PET/CT non-invasive imaging. This
proves once more the potential of
such an approach to differentiate
between high and low risk atheromata and therefore predict highrisk patients. However, the quality
of the images acquired in this study
demonstrate that further research is
required before 18FNaF PET imaging
can be used as a routine diagnostic
tool. In addition, further validation
is needed in order to establish a reliable PET threshold to define a highrisk plaque.
For the first time in humans, simultaneous 18F-NaF uptake was observed
using LGE and PET/MR in myocardial scar in the area supplied by the
IRA. Despite spillage from the left
ventricular blood pool that could
affect the SUV, partial volume effects
due to respiratory and cardiac motion,
and potential misregistration between
PET/MR and LGE, we demonstrated
that 18F-NaF is taken up by both culprit coronary atheromata and myocardial scar tissue.
The reasons why 18F-NaF binds to
ruptured or vulnerable plaque are still
unknown. In recent studies, Irkle et
al [6]. differentiated stable macrocalcification from high risk microcalcification to explain the preferred
binding of 18F-NaF to culprit plaques.
Increased uptake of calcium could also
D I
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be due to retention of calcific deposits in the extracellular space present
due to myocyte necrosis [7]. Without
histological analysis, it is impossible
to determine with certainty the common processes between myocardial
infarct and culprit lesion uptake at this
stage. We hypothesize nonetheless that
many of the cell death mechanisms in
atherosclerotic plaque disruption are
common to myocardium infarction.
This study finally serves as a proof-ofconcept that 18FNaF PET/CT imaging
could potentially be used as a unique
technique to quantify both vulnerable
plaque burden and myocardial scar tissue simultaneously.
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Cardiovascular Imaging
Low-dose coronary computed tomography
angiography with prospective ECG triggering to predict
cardiac events in the long term
By Olivier F. Clerc, Basil P. Kaufmann, Mathias Possner, Riccardo Liga, Jan Vontobel, Fran Mikulicic, Christoph Gräni,
Dominik C. Benz, Tobias A. Fuchs, Julia Stehli, Aju P. Pazhenkottil, Oliver Gaemperli, Philipp A. Kaufmann, and Ronny R.
Buechel.

This article summarizes our recent study
of the long-term prognostic performance
of low-dose coronary computed tomography angiography (CCTA) with prospective
ECG triggering [1]. Patient stratification
using coronary lesion severity in CCTA with
low radiation dose accurately predicted
the risk of major adverse cardiac events
in the long term. Thus, low-dose CCTA with
prospective ECG triggering has excellent
long-term prognostic performance and a
“warranty” period >6 years for patients
with normal coronary arteries.

which may reduce the risk associated with CCTA. Moreover, its
short-term prognostic performance is excellent [11].
Similarly, coronary artery calcium score (CACS) is a strong predictor of coronary events [12] with a high negative predictive
value for cardiac events [13]. However, several experts warned
about the risk of non-calcified coronary stenoses, which may
cause cardiac events, but are not detected by CACS, in contrast
to CCTA [14]. Thus, the comparative value of CACS versus
CCTA remains a matter of debate. Few studies have compared
the prognostic value of CCTA and CACS and those that did
were again limited to follow-up periods of 2-3 years [15; 16].
Hence, the primary aim of the present study was to assess the
long-term prognostic performance of low-dose CCTA with
prospective ECG triggering on major adverse cardiac events
(MACE). The secondary aim was to compare its prognostic
performance versus CACS.
METHODS

INTRODUCTION

Coronary computed tomography angiography (CCTA) is
increasingly being used for the non-invasive assessment of
coronary artery disease (CAD). CCTA has an excellent diagnostic accuracy with outstanding sensitivity and negative predictive
value [2, 3], as well as an excellent prognostic value for future
cardiac events [4, 5, 6].
However, the average follow-up duration of previous studies of
CCTA was only 2 years [4, 5], which seems short compared with
the progressive development of coronary atherosclerosis. The
few studies with longer follow-up periods were based on older
CCTA techniques, such as electron-beam CT [7] or retrospective ECG gating [8], exposing patients to higher radiation doses.
Prospective ECG triggering for 64-slice CCTA combines an
excellent diagnostic accuracy [9] with low radiation dose [10],
The Authors
Drs Olivier F. Clerc, Basil P. Kaufmann, Mathias Possner, Riccardo
Liga, Jan Vontobel, Fran Mikulicic, Christoph Gräni, Dominik C.
Benz, Tobias A. Fuchs, Julia Stehli, Aju P. Pazhenkottil, Oliver
Gaemperli, Philipp A. Kaufmann, and Ronny R. Buechel.
are at
Cardiac Imaging,
Department of Nuclear Medicine,
University Hospital Zurich, Ramistrasse 100, CH-8091 Zurich,
Switzerland
Corresponding authors
Dr Olivier F. Clerc. email o.clerc@net2000.ch
Dr Ronny R. Buechel email: Ronny.Buechel@usz.ch

30

D I

We included all consecutive patients undergoing low-dose
64-slice CCTA with prospective ECG triggering to evaluate
CAD from September 2007 to December 2008 at our centre.
At baseline, relevant clinical information was recorded. Followup was performed using telephone interviews with patients
and referring physicians, and by searching electronic medical records. Primary endpoints were major adverse cardiac
events (MACE), defined as cardiac death, non-fatal myocardial
infarction or elective revascularization (percutaneous or surgical). Revascularization procedures within the first 6 weeks
after CCTA were excluded to avoid an important confounder
between the diagnostic and the prognostic value of the test
[8,11].
CCTA was performed on a LightSpeed VCT XT scanner (GE
Healthcare, Chicago, USA) using prospective ECG triggering
with validated scanning protocols [10; 17]. Unenhanced CT was
acquired in patients ≥45 years old using validated parameters
to calculate the CACS with the Agatston method [18]. Two
independent readers interpreted CCTA images and assessed
coronary lesions. Patients were stratified according to coronary lesion severity: normal coronary arteries, non-obstructive
lesions (luminal narrowing <50%), obstructive stenosis (luminal narrowing ≥50%), or previously revascularized patients. The
segment severity score (SSS) was calculated (sum of segmental
scores: 0 = no lesion, 1 = narrowing <50%, 2 = stenosis 50-69%,
3 = stenosis ≥70%).
To assess the prognostic value of CCTA according to lesion
severity, we performed Kaplan-Meier survival analysis using
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time to first MACE of each patient. We identified independent
MACE predictors with multivariate Cox regression adjusted for
demographics, cardiovascular risk factors, symptoms and previous
cardiac events. We compared the prognostic value of CCTA and
CACS using receiver operating characteristic (ROC) analysis and
calculating the area under the curve (AUC). Finally, we assessed the
reclassification rate after CCTA compared with the cardiovascular
risk level according to the SCORE calculator of the European Society
of Cardiology [19].
RESULTS

We enrolled 434 patients after low-dose CCTA with prospective
ECG triggering. Twenty-nine patients (7%) were lost to follow-up.
Thus, 405 patients were included in the study. Mean age was 59.4
±11.4 years, with 64% of men. A total of 5,781 coronary segments
were evaluated. Normal coronary arteries were observed in 153
patients (38%), non-obstructive lesions in 87 patients (21%) and
obstructive stenosis in 131 patients (32%), whereas 34 patients (8%)
were previously revascularized. Mean effective radiation dose was
1.72 ±0.59 mSv. Median CACS was 61 ±508 in 223 patients.
During a median follow-up of 6.1 ±0.6 years, 116 MACE occurred
in 101 patients (25%). After exclusion of 50 early revascularizations,
we studied 66 MACE occurring in 55 patients (14%). No MACE
occurred in patients with normal coronary arteries, but event-free
survival decreased according to increasing lesion severity [Figure 1].
Annual event rates were 0% with normal coronary arteries, 1% with
non-obstructive lesions, 14% with obstructive stenosis and 7% in
previously revascularized patients (all P ≤0.003 for pairwise comparisons, except non-significant for obstructive vs. revascularized).
Similarly, event-free survival decreased with increasing CACS (P for
trend <0.001). [Figure 2]. However, 4% of patients with a CACS of 0
nevertheless experienced MACE.
In multivariate Cox regression analysis, obstructive stenosis in
CCTA, SSS and CACS were independent MACE predictors (all
P ≤0.001). Obstructive stenosis and SSS remained independent
MACE predictors even after adding CACS to the regression model
(all P ≤0.01). Head-to-head comparison of CCTA and CACS in
ROC analysis showed a slightly better MACE prediction with CCTA
findings versus CACS, but without significant difference (AUC
CCTA-SSS 0.79 [0.73-0.86] vs. CACS 0.75 [0.65-0.84]).
Reclassification analysis showed that 50% of the patients were reclassified by CCTA compared with SCORE, particularly patients at
intermediate risk (72%). ROC curve analysis demonstrated a significantly better MACE prediction with CCTA versus SCORE (AUC
CCTA-SSS 0.83 [0.76-0.90] vs. SCORE 0.65 [0.54-0.76]; P =0.005, )
[Figure 3].
DISCUSSION

Our results highlight the excellent long-term prognostic performance of low-dose CCTA with prospective ECG triggering regarding cardiac events. All patients with normal coronary arteries
remained free of cardiac events during the median follow-up of 6.1
years. Patients with non-significant lesions experienced a significantly higher 1% annual event rate. Those with obstructive stenosis
were exposed to a much higher risk, with a 14% annual event rate.
AUG/SEPT 2017
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Figure 1. Kaplan-Meier cumulative event-free survival according to lesion severity in
CCTA. Log-rank test showed significant differences in cardiac events for all pairwise
comparisons between groups (all P ≤0.003), except for obstructive stenosis versus
previous revascularization (P =0.82). CCTA: coronary CT angiography

CACS allowed for similar risk stratification. CCTA and CACS were
both strong and independent predictors of MACE. Reclassification
analysis showed a 50% risk reclassification by CCTA compared
with SCORE, and even 72% in patients at intermediate risk, with a
significant improvement of MACE prediction.
Our findings are in line with previous short-term results on the
prognostic value of low-dose CCTA with prospective ECG triggering [11] or of other CCTA methods [4, 5, 6], which showed an
accurate stratification of patients into risk categories after mean
follow-up periods of 1-3 years. A few studies have assessed a longer
follow-up after CCTA than the present study, and gave similar results
However the early studies used older CCTA techniques with higher
radiation doses, such as electron-beam CT [7] and retrospective
ECG gating [8]. Hence, the present study extends previous knowledge on long-term prognosis after low-dose CCTA with prospective
ECG triggering. The mean radiation dose of 1.7 mSv highlights an
improved risk-to-benefit ratio of this technique.
Of note, we found that low-dose CCTA with prospective ECG triggering can identify patients at very low cardiac risk, without any cardiac event in the follow-up. Thus, the “warranty period” of a normal
CCTA, seems to be very long, rendering repeat testing unnecessary
for at least 6 years. This differs from other non-invasive imaging
tests based on myocardial perfusion, only detecting obstructive,
flow-limiting stenoses. Thus, patients with normal perfusion tests
may have several non-obstructive lesions, which may explain the
shorter “warranty periods” of 2–4 years after stress echocardiography, SPECT, PET and MRI.
Both CCTA and CACS offer a robust prognostic performance
[6; 12]. An additional value of CCTA over CACS is a matter of
debate [14], based on short-term studies [15; 16). Our long-term
results suggest a tendency towards a higher predictive value with
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cut-off value of ≥50% stenosis to trigger further investigations
for the individual patient in clinical practice.
In the present study, the inclusion of elective coronary revascularizations in the composite end-point may be perceived as
a potential limitation. This, however, ensures comparability
with previous studies [8, 11]. Moreover, the exclusion of early
revascularizations from the analyses, but not of the patients
undergoing them, avoided an important confounder between
diagnostic and prognostic value, without hampering our ability to study high-risk patients. Furthermore, CACS was only
performed in a subgroup of patients, limiting the comparison
with CCTA. Finally, our low radiation dose does not reach
the newest ultra-low dose CCTA protocols [20], for which no
long-term data exist yet. However, our study has important
strengths, such as the long follow-up, the extensive data collected allowing multivariate modelling, and the high generalisability of the results.
CONCLUSION
Figure 2. Kaplan-Meier cumulative event-free survival according to CACS. Test for
trend was significant for a shorter event-free survival with increasing CACS (P <0.001).
CACS: coronary artery calcium score

CCTA than CACS, but without asignificant difference in direct
comparison. It should be noted however that our patient sample
was not primarily powered for this analysis. However, CCTA
findings remained independent MACE predictors even after
adjustment for CACS. As previously reported [14], a CACS of 0
could not predict complete freedom from MACE during followup, unlike normal CCTA. Thus, non-calcified coronary lesions
seem to be associated with a cardiovascular risk not assessed by
CACS. Moreover, although CACS is a strong predictor of cardiac
events at the cohort level, it does not provide a clear decisional
cut-off on an individual basis. By contrast, CCTA provides a

Figure 3. Receiver operating characteristic analysis of MACE prediction by CCTA
versus SCORE. Area under the curves with 95% confidence intervals: CCTA segment
severity score 0.83 [0.76-0.90] vs. SCORE 0.65 [0.54-0.76]; P =0.005. N =142
because of the required data for SCORE calculation.
CCTA: coronary CT angiography. ROC: receiver operating characteristic. SCORE: cardiovascular risk calculator of the European Society of Cardiology
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Low-dose CCTA with prospective ECG triggering has an excellent
prognostic performance with a warranty period of at least 6 years for
patients with normal coronary arteries.
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The role of cardiovascular imaging
modalities in the evaluation of
IgG4-related cardiovascular disease
By Dr Sophie Mavrogeni, Dr George Markousis-Mavrogenis & Dr Genovefa Kolovou

Immunoglobulin 4-related disease (IgG4-related disease) is a systemic inflammatory disease
characterized by an increase in serum levels of IgG4 and by fibrosclerosis, lymphocytic infiltration and IgG4-positive plasma cells. Assay of serum IgG4 levels and biopsy of involved organs
are necessary for diagnosis. The disease usually responds to treatment with corticosteroids
and/or immunosuppressive medication.
IgG4-related cardiovascular disease (IgG4-RCVD) disease manifests as cardiac pseudotumors,
inflammatory periaortitis, coronary arteritis and/or pericarditis and severely affects patient prognosis. Various imaging techniques have been successfully used for early disease detection and
follow-up of CVD.
Echocardiography and vascular ultrasound are the most commonly used non-invasive, nonradiating imaging techniques. Periaortitis/periarteritis and coronary artery aneurysms can be
assessed by Computed Tomography (CT). In active periarterial or coronary artery inflammation,
18
FDG-PET will show FDG uptake at the area of the lesion. Cardiovascular Magnetic Resonance
(CMR) can offer an integrated imaging of aorta, coronary arteries and the heart, assessment of
disease acuity, extent of fibrosis and guide further treatment. However, multimodality imaging
may be necessary in cases with multifocal CV involvement.The aim of this article is to describe
this rare disease and present the role of cardiovascular imaging modalities in diagnosis, risk
stratification and treatment of patients.
Immunoglobulin G4-related disease (IgG4-RD) is a chronic
fibrotic inflammatory disease, that presents with lymphocytic infiltration, IgG4-positive plasma cells, simultaneous
development of fibrosis, and usually elevated serum levels
of IgG4 [1, 2]. Early diagnosis is rather difficult, due to
non-specific symptoms and may be diagnosed by organ
dysfunction [3, 4].

lacrimal glands (Mikulicz’s disease), retroperitoneum (retroperitoneal fibrosis), aorta (aortic aneurysm and aortitis) and
heart (constrictive pericarditis and pseudotumors around
the coronary arteries). Multiple organ involvement may
coexist during the evolution of the disease [5] and malignancies were reported in 7.4% of IgG4-RD patients [6].

Clinical manifestations and treatment of IgG4related cardiovascular disease

These include (1) serum IgG4 concentration >135 mg/dl,
and (2) >40% of IgG-positive plasma cells being IgG4-positive and >10 cells/high powered field in biopsy samples.
The treatment of IgG4-RCVD usually requires higher doses
of corticosteroids than IgG4-related extra-cardiovascular
disorders, with the ideal dose of medication and surgical
intervention being tailored to individual patient needs [5].

The clinical presentation of IgG4-related cardiovascular disease (IgG4-RCVD) is characterized by symptoms including
one or more organs or organ failure. It may involve various
organs such as the pancreas (Autoimmune Pancreatitis-AIP),
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(TTE) and/or Transoesophageal Echocardiography (TEE) enable early and accurate diagnosis and severity assessment of
valvular involvement. TTE can also detect
complex and irregular masses, adherent
to the endocardial surface of any cardiac
chamber or great vessels and TEE can
offer more details about their anatomy
and pathophysiology. Echocardiography
is ideal for the detection of pericardial
lesions and cardiac pseudotumors [7, 8].
Contrast enhanced ultrasound (CEUS) can
demonstrate abundant contrast enhancement in the periaortic tissue [9] and be
used for post-surgery monitoring of IgG4
patients, due to their capability to reliable
identify vascular leak [10]. By assessing
flow-velocity, Continuous Doppler Ultrasound (CDUS), can evaluate flow characteristics before lumen changes detectable
on angiography take place [11]. However,
echocardiography, although inexpensive
and widely available, remains an operatordependent technique, limited by acoustic
window and its inability to perform tissue
characterisation [12].
2. Multisclice Computed Tomography.

Periaortitis and periarteritis can be detected
by CT as a non-smooth soft tissue thickening around the aorta and various arteries [13]. Besides luminal narrowing of the
coronary arteries, marked circumferential
periarterial thickening around the coronary
arteries with enhancement at the point of
stenosis is the typical finding of vasculitis
[14]. The CT limitations are the need for
iodinated contrast administration and radiation exposure. Although CT is most effective
in the assessment of the aorta and its proximal branches, it is relatively limited in distal
aortic branches [15]. CT is also valuable to
detect pericardial effusions and thickening
with or without calcification [16].
3. Cardiovascular Magnetic Resonance
(CMR) Imaging

Due to its capability to perform function
evaluation and tissue characterization
without radiation, CMR has a very promising role in the evaluation of IgG4-RCVD
[17]. It can also assess disease activity and
response to treatment. Although there are
no studies regarding CMR use in IgG4related cardiovascular disease, CMR has
been successfully used to determine disease
activity in Takayasu arteritis (TA) [18]. The
AUG/SEPT 2017

use of paramagnetic contrast agent has significantly increased the diagnostic capacity of Magnetic Resonance Angiography
(MRA) to differentiate between active and
inactive TA [19]. Finally, whole-body MRA
combined with vessel wall imaging provides a more detailed evaluation of disease
extent and activity in TA [20].
4. Cardiac catheterization

This provides the final assessment of constrictive pericarditis [21, 22] and coronary
artery lesions [23]. However, it is invasive and is not indicated for repetitive
evaluation.
5. Positron Emission Tomography.

In IgG4-RCVD, FDG-PET shows FDG
uptake at the lesion with active periarterial
inflammation [24]. FDG-PET is the most
useful technique for identifying biopsy sites
and evaluating treatment efficacy [24].
6. PET-CT and PET/MRI.

These modalities have been already used for
assessment of aortic involvement in great vessel vasculitides [25]. However, the multifocal
nature of IgG4-RCVD may necessitate a combination of multimodality imaging [26, 27].
Conclusions.

CV imaging of IgG4-RCVD facilitates
early diagnosis and treatment assessment.
Echocardiography / US and multislice CT
are the most commonly used techniques
for this purpose. Wider adoption of CMR
promises an integrated non-invasive, nonradiating assessment of cardiovascular
anatomy, function, disease activity and
fibrosis extent. However, the multifocal
presentation of IgG4-RCVD may necessitate a multimodality imaging approach.
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Early Echocardiography has a low
yield in patients with transient
ischemic attack
By Dr F Nahab, Dr G Mahmoud & Dr M Ross

This article summarizes the results of
a recently published study [1]whose
primary objective was to describe the
relative contribution of Trans Thoracic
Echocardiography (TTE) in the cardiac
evaluation of patients with Transient
Ischemic Attack (TIA) in emergency
department.
Transient ischemic attack (TIA) is a transient episode
of neurological dysfunction caused by focal brain, spinal cord, or retinal ischemia, without acute infarction;
the short-term risk of stroke after TIA can exceed 10%
after 90 days, and 25%-50% of 90-day strokes occur
within 48 hours of initial TIA [2]. Patients are also at
higher risk of other events, with 2.6% of patients with
TIA or stroke hospitalized for major cardiovascular
events within 90 days [3]. There are multiple causes
of TIA and ischemic stroke, with cardioembolism
accounting for 10%-30% of cases and atrial fibrillation accounting for 15% of all cardioembolic sources.
Other contributors to cardioembolism include infective endocarditis, valvular heart diseases, mechanical
valvular prostheses, paradoxical embolism through a
patent foramen ovale (PFO), cardiac myxomas, and
segmental wall motion abnormalities and dilated cardiomyopathies [2].
For these reasons, a cardiac evaluation is often performed on patients with TIA, including a 12-lead
electrocardiogram (ECG) to assess for dysrhythmia,
left ventricular hypertrophy, and active or recent
myocardial ischemia (Class I, Level B) [2]. Additionally, the American Heart Association/American
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Stroke Association guidelines suggest that transthoracic echocardiography (TTE) is “reasonable in the
evaluation of patients with suspected TIAs, especially
in patients in whom no cause has been identified by
other elements of the workup” (Class IIa, Level B) and
that “transesophageal echocardiography (TEE) is reasonable when identification of these conditions will
alter management” (Class IIa, Level B) [2]. However,
despite these concerns, there is limited literature that
demonstrates the emergent need of echocardiography
for cardiac evaluation of patients with TIA in an emergency department setting [4].
The management of TIA is increasingly being provided in outpatient settings such as emergency department observation units (EDOUs), present in 36% of
U.S. EDs. Such EDOUs use accelerated diagnostic
protocols (ADPs), which have been shown to decrease
costs and lengths of stay, without compromising clinical outcomes or quality measures for patients with
TIA [5-7].
The primary objective of the study [1] summarized
in this article was to evaluate the contribution of TTE
in the cardiac evaluation of patients with TIA in an
EDOU and to determine if there were subgroups of
patients with TIA in whom the yield of TTE may be
very high or very low.
Study Design

In this study 236 consecutive patients presenting, from
January 1, 2011 to July 31, 2013, with suspected TIA
symptoms to the ED at Emory University Hospital, an
urban university teaching hospital in the Southeastern United States, were evaluated in an EDOU using
ADP criteria which have previously been reported
[6]. Patients received a cardiac examination, ECG,
cardiac monitoring, and transthoracic echocardiography in addition to brain imaging, carotid imaging and
laboratory evaluation. TTE images were reviewed by a
board-certified cardiologist.
An abnormal bedside cardiac exam was defined as
presence of arrhythmia, abnormal heart sounds, murmurs, cardiac galloping or jugular venous distention.
Subjects with an ECG demonstrating atrial fibrillation, atrial flutter, premature atrial contraction (PAC),
premature ventricular contraction (PVC), pacing, second- and third-degree blocks, and left bundle branch
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New Figure 1

Figure 1. Patient segregation work-up ﬂowchart. Abbreviation: ECG, electrocardiogram.
Image reproduced, courtesy of the National Stroke Association, from Ref 1. Harmouche et al. J Stroke Cerebrovasc Dis. 2017; 26 :1858

block were broadly defined as having
an abnormal ECG.
An abnormal transthoracic echocardiogram was broadly defined as moderate or severe regional wall motion
abnormality, valvular mass or lesion,
the presence of intracardiac thrombus
or positive bubble study. A positive
bubble study was defined as presence
of at least three agitated saline bubbles in the left atrium after 3-5 beats.
Clinical outcomes included inpatient
admission, return to the ED, stroke,
or MI at 3 month follow up and were
collected by reviewing hospital electronic records.
Results

Our cohort had a mean age of 62.3±
14.9 years; 68% female, 57% African
American, 38% white and 5.5% from
other ethnicities. Mean length of stay
in the EDOU was 18.6 ± 6.2 hours.
Overall, 92% had a normal cardiac
AUG/SEPT 2017

exam, 83% had normal ECG/telemetry, and 73% had normal echocardiographic findings.
Figure 1 shows the flowchart of procedures applied to our cohort and Table
1 provides the specific abnormalities
found on cardiac examination and
testing. A total of 136 (58%) patients
had normal cardiac exam and normal
ECG /telemetry and normal echocardiography, while 49 (21%) patients
had abnormal echocardiographic
findings with normal cardiac exam
and normal ECG/telemetry findings. Within the latter subgroup, five
subjects (2%) were diagnosed with
moderate or severe diastolic dysfunction, one (0.4%) subject with regional
wall motion dysfunction, 32 (14%)
with indeterminate or positive bubble
study, and one (0.4%) with valvular
lesion found; no patient was found to
have an intracardiac thrombus.
Of ten (4.2%) patients with abnormal
D I
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bedside cardiac examination and normal ECG/telemetry, three subjects
(1.2%) had an abnormal echocardiography including severe diastolic
dysfunction (n=1), severe wall abnormalities (n=1) and one had intracardiac thrombus (n=1).
A total of 23 subjects (9.7%) had normal cardiac exam and abnormal ECG
or telemetry and normal echocardiography. Nine (3.8%) subjects had
abnormal echocardiographic findings with normal cardiac exam and
abnormal ECG or telemetry findings.
Abnormal echocardiographic findings included moderate or severe
diastolic dysfunction (n=1), regional
wall motion dysfunction and positive
bubble study (n=7). Of nine (3.8%)
subjects with abnormal cardiac exam
and ECG/telemetry, three had an
abnormal echocardiogram, including
severe diastolic dysfunction (n=1),
severe wall motion abnormalities
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bubble study or PFO in 17% of patients, similar to the
frequency of 20%-25% reported in the general population, with the effect on clinical management and need for
closure remaining controversial [11-13].
The yield of echocardiography assessment during EDOU
care in subjects with TIA and no history of stroke or CAD,
normal bedside cardiac examination, and normal ECG/
telemetry is low. In EDOUs where TTE is not available
daily, outpatient TTE for this patient subgroup may be
considered to limit prolonged lengths of stay. Multicenter
studies are needed to validate our results and to determine
the optimal window of time to perform echocardiography
in this low risk subgroup of patients with TIA.
Conclusions

Early TTE had a low diagnostic yield among TIA patients
with no history of stroke or coronary artery disease, normal bedside cardiac exam, and normal ECG/telemetry in
an EDOU setting.
Table 1. Abnormalities noted on ECG/telemetry and echocardiography, number of
occurrence. Abbreviations: AV, atrioventricular; CI, conﬁdence interval; ECG, electrocardiogram; EF, ejection fraction; PAC, premature atrial contraction; PVC, premature
ventricular contraction; SVT, supraventricular tachycardia. *Numbers may not add up
as one subject may have more than one ﬁnding.
Table reproduced, courtesy of the National Stroke Association, from Ref. 1 Harmouche
et al. J Stroke Cerebrovasc Dis. 2017; 26 :1858
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ECR Symposium Siemens Breast Care DAY

Dense breasts: how to deal with
radiology’s problem child
One whole session of the ECR Breast Care Day, which traditionally takes place
on the first day of the annual ECR meeting and is sponsored by Siemens
Healthineers, in cooperation with Bayer Healthcare, was this year devoted to
the issue of dense breasts and their implications. More than 1300 radiologists
were treated to detailed presentations given by specialists experienced in the
field. This article summarizes the presentations.

Introduction
Dr Luis Pina Insausti

Dr Pina introduced the session on
dense breasts by a brief recap of the
anatomy of the normal breasts where
the basic fibroglandular tissue (radiologically dense in mammography) is
surrounded by a variable amount of
fatty tissue (translucent in mammog- Dr Luis Pina is Professor of
raphy). Breast density is simply a mea- Radiodiagnostics, University
sure of the proportion of these two tis- Clinic of Navarra, Pamplona,
sue types and is basically determined Spain.
by genetics, although other factors can email: ljpina@unav.es
influence density.
Breast density is known as radiology’s problem child for two
main reasons: 1) Dense breasts are per se a risk factor for breast
cancer. 2) More importantly, there is a reduction in sensitivity of
mammography (by about 50%) as a result of masking effects. The
use of 3D digital breast tomosynthesis (DBT) can significantly
reduce these masking effects in 2D mammography (FFDM) [Figure 1]. The majority of trials on the sensitivity of DBT show a
significant increase in detection rate (up to 43% increase). Other
imaging modalities such as ultrasound and MRI can also be used
to increase the sensitivity of mammography but both can decrease
the specificity.

Figure 1. Right Panel. The use of digital breast tomosynthesis (DBT) dense
breasts can detect lesions which would
otherwise be masked in Full field Digital
mammography (Left Panel)

BI-RADS classification of
density.
In 2013 BI-RADS introduced a new four level system for categorizing breast
density: category a) almost
entirely fatty; category b)
with scattered areas of fibroglandular density; category
c) heterogeneously dense,
which could obscure small
masses and finally category
d) extremely dense. These

2017 Breast Care Day Video recordings
Videos of all presentations are available at
www.siemens.com/breastcareday
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latest a - d categories are different from the earlier BI-RADS
1 - 4 categories which were based on simple relative percentages
of fibroglandular tissue. The attribution of a particular density
category has been aided by the recent development of automated
software-based technologies,
Implications of dense breasts for screening. It is important
that population-based screening programs take into account the
density of the breast — biennial mammography is not optimal
for women with dense breasts since a sensitivity of only 50% is
achieved.

The future of breast cancer screening — where can it help the dense
breast?
Dr Michael Golatta

Reminding the audience of the central role played by mammography
in current breast cancer screening,
Dr Golatta pointed out that the current pressing question was how the
performance of mammography
could be improved. In addition to PD Dr Michael Golatta is co-head
of the Department of Senology at
tomosynthesis and MRI for high the University Hospital Heidelberg.
risk patients, there are several imag- michael.golatta@med.uni-heideling modalities, including ultrasound berg.de
(US), Automated Breast Ultrasound
(ABVS) and elastography which have the potential to improve
breast cancer screening. Dr Golatta set out to describe the pros
and cons of each of these modalities.
Ultrasound.

Several studies have shown that the combination of handheld ultrasound with mammography can result in an
increase in detection rate, albeit with an increase in false
positive rate, which results in a high biopsy rate. However,
the ultrasound technique itself has several weaknesses: it
is time-consuming and cost-intensive; has a limited field
of view; requires a high level of expertise and is difficult
to standardize, apart from the problem of the increased
number of biopsies. The challenge is to reduce the drawbacks of ultrasound while retaining the benefit of increased
sensitivity.
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Automatic Breast Volume Ultrasound (ABVS)

One answer could be the use of ABVS, which is a system for the
automatic acquisition of a large number of thin 2D slices to produce
a 3D volumetric data set. The technique is not operator-dependent,
and is thus more reproducible and standardizable than regular handheld ultrasound (HHUS). Several protocols can be used with ABVS,
giving axial, sagittal and coronal views. This latter view is comparable
to that obtained by 3D hand-held US, with the difference that HHUS
is generally used on a specific suspicious lesion whereas the coronal
view in ABVS gives an automatic overview of the whole breast. The
ABVS coronal view is thus a good starting point for identifying suspicious lesions which can then be examined in more detail,

Figure 2. Combined tomosynthesis/automated ultrasound images.

these promising results, a bigger multi-centric study evaluating elastography (in particular Virtual Touch Tissue Imaging Quantification,
VTIQ-2D-SWE) in the assessment of Bi-RADS 3 & 4 lesions, has
been initiated, with the outcome criterion being whether the selection
of patients for biopsy can be improved. The multi-centric trial, involving a total of 1000 patients, will correlate histology with BI-RADS US
and VTIQ results and also compare the probabilities of malignancy as
assessed by 1) BI-RADS US alone 2) VTIQ alone or 3) a combination
of BI-RADS US and VTIQ.
Future possibilities

CAD
The reading of 3D data sets, such as those from MRI, Tomosynthesis
or 3D US from ABVS, are all areas where Computer-Assisted Detection can be useful. As for US, studies have shown that the detection
rate is good and that, although progress has recently been made in
sensitivity and specificity, more progress needs (and is likely) to be
made but until this happens it is unlikely that CAD- US will enter into
routine clinical practice. There are several types of algorithms used
in CAD; those that enable not just detection of lesions but can also
differentiate between benign and malignant lesions are of particular
interest. (Elastography has also been shown to be able to differentiate
between benign and malignant lesions).
Fusion of tomosynthesis and ABVS

Several detailed studies of the comparative performance of ABVS
have already been published, showing that ABVS is an effective supplemental tool to mammography in breast cancer detection. Scanning
and reading times are significantly improved compared to HHUS
but could perhaps be even further improved (e.g. by CAD or fusion
techniques see later). However the same issue as with HHUS, namely
the relatively low level of specificity, also applies to ABVS. One way to
address this could be through the use of elastography.
Elastography)

Although elastography is not a screening tool in its own right it,
the combination of standard US with shear wave elastography can
result in an increased specificity (and a consequent reduction in the
number of unnecessary biopsies) while maintaining high sensitivity,
as found in several (relatively small scale) pilot studies. To confirm

ABVS/Tomo Fusion
The potential of tomosynthesis is well established and that of ABVS is
increasingly being appreciated so it is appealing to consider a “fusion”
system of both modalities. A prototype of such a system has been constructed in which the system first carries out a “normal” tomosynthesis
examination. The breast is then maintained in the compressed state for
a few more seconds during which a ABVS scan is carried out. The outcome is a joint tomosynthesis/ABVS image [Figure 2]. A monocentre,
prospective pilot study of the system is currently underway, involving
25 patients, all with an indication for tomosynthesis. One outcome measure is to establish just how much additional time of breast compression
is required to enable the ABVS scan to be carried out.
A vision of future screening workflows

Putting all these possibilities together, we can envisage a future workflow such as in Figure 3. #

Volumetric breast density analysis in
mammography and tomosynthesis — a
brief overview
Dr Hanna Sartor

Clinical Basics of Volumetric Breast
Density Assessment (VBDA)
Dr Sartor’s presentation began by
describing the two main approaches
for determining breast density, namely
qualitative methods, i.e. those based on
the radiologist’s own visual perception
and quantitative methods, which may be
software-based.
A 2014 paper (Eng et al, Breast Cancer

Figure 3. A possible future breast cancer screening workflow
AUG/SEPT 2017
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Skåne University Hospital, Lund
University, Sweden
hanna.sartor@med.lu.se
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Res 2014;16: 439) compared various methods (quantitative and qualitative) of breast density measurements and concluded that the strongest relation between breast density and breast cancer risk was shown
with quantitative methods. A recent paper (Jeffers et al. Radiology
2017;282: 348) however showed that a qualitative method was just as
accurate as the quantitative, software-based methods.
Validity and reliability of volumetric methods
Validity. Studies have been carried out to compare the results of
volumetric density methods with MRI which is considered the most
representative measure of the “real breast tissue”. The conclusion of
one study (Gubern-Mérida A et al. PLoS One. 2014; 9: e85952) was that
“Volumetric measurements obtained from FFDM (Volpara) show
high correlation with MRI data” while another study (Wang et al.
PLoS One. 2013; 8: e81653) found that “Classification of women by
volumetric density by any of the three mammographic techniques
(Volpara, Quantra, SXA) is comparable to classification by MRI
density”.

central projection image in DBT. is was carried using It is planned
to extend this study to include all 15000 women examined in the
Malmö trial.
Differences between radiologist and software-based measurements of density
One possible reason for these differences is that the software methods use raw data whereas radiologists examine images produced from
processed data. There are also differences between radiologists’ estimations of density depending on geographical location (US radiologist generally rate density higher than their European counterparts)
Potential use of VBDA in clinical practice. Currently most screening
programs apply the same procedures for all women being examined.
Ideally a more personalized approach, e.g. based on risk factors could
be beneficial, both in breast cancer screening programs as well as
to create risk scores. Density is one such factor and several studies,
e.g. the Karma study from the Karolinska Institute, are on-going to
evaluate this. Another approach is primary prevention in women with
high density breasts in which low dose endocrine therapy is used preventively. Yet another approach is to modify the screening workflows
in women with dense breasts, e.g. as in the Dutch DENSE trial (see
presentation by Dr van Gils).
Finally breast density has a potential role as a proxy outcome
measure in the monitoring of neoadjuvant therapy.

Take-home messages.
• VBDA is a proven tool for density estimation in both mammography and DBT.
• Variability exists between individual radiologists’ estimates of density
but such differences are not a major obstacle.
• Breast density may have a role in personalized imaging and care.
Figure 4. Several studies have compared volumetric software methods of calculating
breast density with radiologists’ measurements.

Reliability. There are several factors which can influence reliability,
e.g. compression level, positioning of the breast, differences between
technologists, etc. One study (Holland et al Breast. 2016; 29: 49) concluded that “the categorization of serial mammograms is more consistent with automated software (Volpara) than with a mixed group
of human readers”. Thus, it seems that automated volumetric breast
density methods are both valid and reliable.

Breast density and digital breast tomosynthesis. Tomosynthesis has
the potential to complement, perhaps even replace, mammography
in breast cancer screening, so the question arises of the reliability of
measuring breast density in DBT. Several studies have been carried
out comparing densities measured from FFDM, DBT and also MRI
data. It was found that there was a difference of 1 – 10 % in estimated
density between the modalities.
Studies have also been carried out in DBT to examine the correlation between density assessed visually by radiologists and by software.
One such study (Timberg et al. IWDM 2016 LNCS 9699, p 197)
examined a subset of women from the Malmö Breast Tomosynthesis
Screening Trial and found that there was a substantial agreement of
density results as measured by radiologists (BI-RADS 5th Ed) and by
software measurement, for both mammography and tomosynthesis.
The VBDA prototype from Siemens was employed — this uses the
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Current role of MRI in imaging of
dense breast tissue
Dr Carla H. van Gils

To set the scene, Dr van Gils presented
summary data from the Dutch Screening
program showing the correlation between
the density of the breast and the detection
rate of cancer; this is particularly noticeable with interval cancers, whose incidence
increases markedly with increasing breast
density.
The significance of breast density is well
known, be it as a masking factor in mam- Dr Carla H van Gils is Prof of
mography or a risk factor per se. The issue Clinical Epidemiology at the
has even resulted in the enactment, in cer- Julius Center, UMC Utrecht,
tain states of the United States of a breast The Netherlands
C.vanGils@umcutrecht.nl
density notification law whereby a radiologist is legally obliged to explicitly inform
a women if she has dense breasts. The question then is what action
should be taken in such cases, with the advice generally being to have
supplementary screening, such as ultrasound or MRI. Dr van Gils
focussed on MRI in women with dense breasts.
A recent paper (Melnikow et al. Ann Int Med 2016; 164: 268)
described a systematic review of studies reporting the results of

E U R O P E

AUG/SEPT 2017

supplemental MRI screening for women with dense breasts and
found that after excluding women at very high risk, e.g. because
of BRCA mutations, the overall additional cancer detection rate
was 21-29/1000 exams. After one round of screening with MRI,
the increased cancer detection rate was 25/1000. It should be noted
however that the relatively small number of women in the final data
sets of these trials means that the confidence intervals are quite wide.

Current guidelines on MRI for dense breasts
Despite these promising results from the point of view of cancer
detection, the U.S. Preventive Services Task Force and other guidelines
conclude that there is still insufficient evidence to justify using MRI
in women with dense breasts and with negative screening mammograms.
Further analysis of the papers already referred to raises other questions. For example, although BRCA carriers were excluded, it is possible that there were still other factors in addition to dense breasts. It
would be interesting therefore to study the impact of MRI on women
who were selected based on breast density only. Likewise it would be
interesting to know the numbers of cancers detected in the prevalent
screening round (i.e. the very first time an MRI exam of the breast
is carried out) as opposed to subsequent incident screening rounds
which predominate in screening programs. However, perhaps the
most important question is whether any increased detected cancers
on MRI will ultimately yield improved outcomes and not just represent overdiagnosis.
A very recent study (Kuhl et al. Radiology. 2017; 283: 36) provides
some answers. In this study, 2120 women at average risk of breast
cancer received supplemental MRI exams. All women had negative
mammography and ultrasound results and 60% of them had dense
breasts. Prevalent and incident rounds were analyzed separately; it
was found that the increased cancer detection rate on the prevalent
round was as high as 22.6/1000 and 6.9/1000 on the incident rounds.
As already stated, despite such positive data, MRI is not approved in
guidelines which instead recommend long-term randomized trials to
evaluate the real impact of adjunctive screening in women with dense
breasts. This is the rationale behind the DENSE Trial:
DENSE (Dense tissue and Early breast Neoplasm ScrEening) trial.
This is a randomized controlled trial (RCT) comparing 4700
women undergoing contrast-enhanced (Gadovist) MRI vs 30000
women undergoing usual care [Figure 5 a, b]. All women have negative mammography and extremely dense breasts. Four Dutch screening organizations and eight hospitals throughout the Netherlands are
involved in the trial. The planned outcome measures are: the number
of extra detected tumors with MRI; the interval cancer rate in the MRI
group vs usual care; breast cancer mortality reduction as estimated by
simulation models; cost and level of false positives
In addition to the fact that this is a randomized trial using interval cancer rates as one of the outcome criteria, there are several
strengths to the trial design e.g. use of automatic density measurement (Volpara); inclusion of one prevalent and two incident biennial
screening rounds; risk stratification using factors other than breast
density and the fact although full MRI protocols will be followed,
it will also be possible to evaluate what results an abbreviated MRI
protocol (only several minutes duration) would generate
So far 4783 women have been recruited and the first round has
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Figure 5 a,b . The main characteristics of the Dutch ‘Dense’ trial

been completed, with the second round halfway to completion. The
participation rate of women in the second round was 88%.
The current debate surrounding possible gadolinium deposition
in the brain raised the difficult question of how the participants
should be informed, a question all the more important since the
DENSE trial is a research, screening-based study. To address this
issue, an information leaflet was sent to all participants explaining that
GBCAs have been used for many years and that although there are so
far no known adverse health effects caused by Gd deposition, the leaflet was being sent simply for information purposes and because the
women’s willingness to participate may be affected. Only 29 women
out of the total 4783 participants dropped out immediately with an
additional 3% dropping out before entering the second round.

Summary.
•Current guidelines do not recommend MRI for screening women
based only on breast density criteria
•MRI may be of supplemental value in screening but needs large RCTs
over several screening rounds and with relevant outcome criteria
• With the effect on interval cancer rate as primary outcome criteria,
the DENSE trial meets these needs.
• By 2018 all participants will have completed their 2-year follow up
and preliminary data analysis may begin.
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Ultrasound
The development of modern, powerful and compact ultrasound systems has resulted in
the widespread use of ultrasound imaging at the point-of-care (POC). In this article, two
specialists, one from the UK and the other from Spain, describe their experiences with
POC ultrasound, in regional anaesthesia and intensive care, respectively.

Point-of-care ultrasound helps make regional anaesthesia quicker and
safer, and improves patient comfort
Ultrasound guidance has proven invaluable for the regional neurosurgical centre
at the Salford Royal Hospital, UK helping
to improve safety, save time and enhance
the patient experience. Jim Corcoran,
consultant neuroanaesthetist and clinical
director for perioperative care at the hospital, explains.
“ When I joined the Salford Royal in 2006, my initial interest in ultrasound grew out of a need to alleviate the delays
experienced by trauma patients needing a cardiac echo. Training opportunities for regional anaesthesia in the North West
region of England were very limited, but we realized that
training clinicians to use point-of-care echo could significantly
reduce delays in excluding aortic stenosis. At the same time,
we took the opportunity to introduce training on the use of
ultrasound for regional anaesthesia. Interest in this field has
grown considerably since then, and for the past nine years we
have worked with FUJIFILM
SonoSite to run twice-yearly
courses in ultrasound-guided
regional anaesthesia.

Today, we use ultrasound-guided regional anaesthesia for both
awake surgery and analgesia, for example, interscalene blocks
for patients having shoulder surgery under general anaesthesia. Regional anaesthesia has totally transformed shoulder
surgery, significantly reducing the length of patient stays. Ten
years ago, patients were admitted for one or two days, but subacromial decompressions, for example, are now treated as day
cases, and even a shoulder replacement is only an overnight
stay. I also use ultrasound to place catheters in some of the
more challenging shoulder replacement cases, which makes
a big difference; the interscalene groove is a difficult area, and
knowing the exact location of the needle is really important.
The efficiency of our hand surgery lists has improved too,
as we work almost in parallel with the surgeon; while one
patient is in theatre, we administer a block to the next person, reducing the impact of anaesthetic time and increasing
throughput. In addition, we’ve trained our A&E colleagues to
administer ultrasound-guided fascia iliaca blocks to trauma
patients. This has really improved the quality of care, ensuring
patients are comfortable during transfer between A&E and
the X-ray department, and
maximizing the morphine
dose required.

When ultrasound guidance
Before ultrasound guidfirst became mandatory for
ance became commonplace,
vascular access, we set up a
regional anaesthesia was pertraining course for all docformed using nerve stimulators.
tors within the organization
Although this worked, the prowho were placing central
cedure wasn’t slick. Ultrasound
lines. Over time, as the use
offers an improved way of
of ultrasound became comadministering the anaesthetic,
monplace, this knowledge
which is quicker, safer and more Dr J Corcoran is consultant neuroanaesthetist at Salford Royal Hospital, UK
started to be handed down
comfortable for the patient. It
informally, rather than
allows you to visualize the nerve, giving assurance that the through attendance at training courses. The risk with this
needle is correctly positioned, and gives you confidence that approach is that messages get diluted, and so we prefer trainthe block will work; there is always a degree of uncertainty if ees to undergo more formalized training for this procedure,
ultrasound is not used. We can also dramatically reduce the as they do for ultrasound-guided regional anaesthesia. It is
amount of anaesthetic used with ultrasound-guided proce- important that they realize that they are looking at a comdures, decreasing the likelihood of side effects. Whereas previ- puter-generated image and are aware of the potential for arteously 30 or 40 mL of anaesthetic would be injected – because fact formation, as well as understanding how this occurs. We
it was hard to target a specific area with certainty – you now also run basic level training courses for senior house surgeons
know exactly where the needle is, and can see the anaesthetic across the region, plus more advanced courses that are open
spreading across the area. As a result, as little as 10 to 20 mL of to clinicians from outside the area.
anaesthetic is required, a significant reduction.
Ultrasound guidance is now an established procedure at the
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Salford Royal, and we have a considerable number of SonoSite systems shared across 20 theatres – including two X-Portes, an Edge,
two M-Turbos, three SNerves, a MicroMaxx and three iLooks –
which are used for both regional anaesthesia and vascular access.
The systems are reliable and user friendly, and the customer service
is good. The X-Portes have become particularly popular, not only
for anaesthesia, but also for central line placement. People like
the big screen and wipe-clean surface, and the training features

are really good. If a trainee wants to refresh their knowledge of
particular anatomical landmarks, they can simply watch the relevant video, which acts as a mini tutorial. The big advantage of
ultrasound guidance is the safety and reliability it offers, even when
you are treating a patient with difficult vascular access; a large
lumen line, for example, can be safely inserted using the Seldinger
technique. Ultrasound makes a huge difference; it allows you to do
things differently, and is saving lives.

Point-of-care ultrasound – an essential tool for intensive care
Point-of-care ultrasound systems have
become a common sight in intensive care
and high dependency wards across Europe,
allowing clinicians to perform a range of noninvasive diagnostic assessments and helping
to guide interventional procedures. Dr Pedro
Castro Rebollo, Head of Medical Intensive
Care at the Hospital Clinic of Barcelona in
Catalunya, Spain, discusses how modern
POC ultrasound systems fit into his department’s daily practice.
“ We are a multifunctional ICU, with eight beds for intensive care,
four for semi-critical care and one isolation bed. We treat more
than 800 patients a year, with a majority of our patients suffering
from serious infections, sepsis, toxic shock or multiple organ failure. Monitoring these patients is often complex, and we frequently
use ultrasound for applications such as haemodynamic monitoring, diagnosis of cardiovascular pathologies, differential diagnosis of respiratory failure, monitoring of intracranial pressure,
assistance in the diagnosis of brain death, and the performance
of invasive procedures such as the placement of intravascular
catheters or thoracentesis.
It’s difficult to imagine not using POC ultrasound in the ICU
today. It allows us to carry out a variety of bedside procedures
which, just a few years ago, would have required the patient to
be transferred to radiology or the echocardiography laboratory,
which is far from ideal for critically ill patients. Our ultrasound
systems allow us to perform these diagnostic tests repeatedly,
in a non-invasive, fast, and inexpensive way and, above all, on a
repeated and on demand basis, which would not be possible solely
from our radiology department. All of this provides a great deal
of information that influences how patients are handled, often
allowing us to make changes to their treatments and improve their
general level of care.
We first saw the smaller and more portable devices in use in
the emergency department and they were also demonstrated
during ultrasound courses we attended. As the technology has
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advanced, the scope of ultrasound use in an intensive care setting
has increased tremendously, and our latest FUJIFILM SonoSite
X-Porte system is ideally suited to our environment. Despite being
larger than many of the other systems in the SonoSite range, it is
still highly portable, making it easy to move around the department very quickly. It allows us to perform many different functions with a single instrument, and the touchscreen design makes
it fast and very easy to clean, which is incredibly important in an
environment where antibiotic resistant infections and immunocompromised patients are often present. It also offers good image
quality at the bedside, and is very quick to switch on, which can
save valuable time in an emergency.
Although we have had
very few problems, the
local team from FUJIFILM SonoSite is always
fast and attentive, quickly
and efficiently providing
the answers we need.
SonoSite’s support for
ultrasound training and
education is also very
good, and I believe this
reflects the nature of the
company. They are very
closely involved with the
medical community, rouIt is difficult to imagine how the Intensive Care tinely supporting forums
Unit of the Hospital Clinic of Barcelona could and training courses.
manage without the use of POC ultrasound
This shows a real consystems.
fidence in the products,
which are very easy to
operate, even for new users. It also allows the company to see first
hand how its systems operate ‘in the trenches’, working shoulderto-shoulder with medical professionals to understand how future
models could be improved and to develop innovations that could
enhance POC ultrasound use in a variety of environments. For
example, the new iViz tablet-style device is extremely portable and
can be operated with one hand. It has been developed specifically
for environments where there simply isn’t space for a trolley or
stand, and reflects the company’s proactive approach. They are
constantly developing the field of ultrasound”.
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MRI

Putting patient comfort first:
a new perspective on improving
imaging outcomes
By Dr. Peter W. Curatolo

As value-based care continues to
raise the bar on patient experience
standards, radiology departments
are tasked with identifying innovative, cost-effective approaches to
increase comfort and reduce stress
in the imaging suite. Once barely
considered among department priorities, patient comfort is increasingly viewed as central to growing
an imaging organization’s value,
reputation and, most important,
ability to deliver longitudinally integrated care for better patient outcomes.
In order to improve the patient experience, we must
recognize that patients often present to the radiology
department in a state of vulnerability. Many come to
the exam with little knowledge of what to expect.
Additionally, they experience stress and anxiety related
to the imaging procedure itself, and apprehension
about what it may reveal. Image quality can be partly
reflective of a patient’s ability to comply with the needs
of the equipment – lying still in an enclosed space or
holding breath for the required amount of time. Thus,
ensuring a relaxed and comfortable environment is
more than just a nice thing to do for the patient: rather,
it is fundamental to the acquisition of high-quality
diagnostic images.

The Author
Dr. Peter W. Curatolo
Medical Director of MRI Services at Beverly Hospital,
Lahey Health,
Beverly,
MA, USA
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Beyond
negatively
impacting
workflow and department
financial goals, compromised images and
rescans may adversely
affect a patient’s
health status. From a
clinical perspective,
my years of experience in MR have
taught me that stress- Dr. Peter W. Curatolo is
Medical Director of MRI Services at
related behaviors can Beverly Hospital, a member of the Lahey
and do compromise Health group ,
imaging test results Beverly, MA , USA
or, worse, negatively
impact the delivery of
timely diagnosis and appropriate care. Improving
quality in diagnostic imaging requires that we fully
understand these stress-inducing aspects of each
individual’s experience, a seemingly obvious equation that can get lost in our efforts to expedite the
examination process.

“ ... up to 15 percent of patients suffer from claustrophobia during an MRI exam....one in five
MR studies requires a repeat scan due to patient
motion...”
When patients feel stressed or apprehensive, they are
more likely to engage in behaviors that result in lowvalue images due to motion artifacts or incomplete
scans. This is especially true in MR, where all patients
confront a confined space, loud noise, and a relatively
prolonged exam time. When we consider these obstacles, it’s no surprise that up to 15 percent of patients
suffer from claustrophobia during an MRI examination
[1] — or that one in five MR studies requires a repeat
scan due to patient motion [2]. The question is, how
do we engage innovative technology to effectively put
patients at ease and maintain workflow, all while running a cost–effective service?
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promote staff efficiency and confidence, which is a critical
part of providing a positive patient experience.
As a result of these patient-centric innovations, we have
seen a rise in patient satisfaction with a decrease in rescans,
improved workflow and patient throughput. Furthermore,
these additions have enhanced the work environment for
our staff to the point where a number of our technologists
specifically request to work in the Ambient Experienceequipped suite.

With the Philips Ambient Experience patient in-bore solution for MR, engaging visuals are
displayed on the back wall and can be seen via a mirror on the head coil, while patients
can listen to music/sound through the headphone.

Research has shown a strong correlation between a positive patient experience, clinical effectiveness, and patient
safety [3]. At the Lahey Outpatient Center in Danvers,
Massachusetts, we have implemented a patient-centric
approach in our MRI service that has changed the way we
view imaging.
In general, MRI exams are very sensitive to patient
motion. Any motion can distort the exam, making it
difficult to acquire high-quality images. The Philips
Ambient Experience patient in-bore solution for MR
was designed to help patients relax and hold still during an MRI examination. In our MRI suite at Lahey, this

“ ... the return on investment we’ve seen at Lahey has
been irrefutable, specifically through the resulting
decrease in appointment cancellations and greater
workflow efficiency....”

While installing the Ambient Experience suite did involve
an initial additional investment above the MR purchase
price, the return on investment we’ve seen at Lahey has
been irrefutable, specifically through the resulting decrease
in appointment cancellations and greater workflow efficiency. The technology is simple to use, such that the
transition to this new platform took only two weeks. In
fact, our technologists have been eager to train themselves
on the Ambient Experience equipment just to have the
opportunity to work with calmer, happier patients. At a
system level, our Ambient Experience MRI suite has been
so successful with patients that it has led them to use other
services within the Lahey network, effectively serving as a
lead generator for the health system.
When it comes to imaging, it’s important to remember
there is a patient behind every exam, and that a patient’s
comfort and well-being should determine the technology
and practices used to get every image right, every time.
The caring process for our patients begins the moment they
enter our facility and lasts until they leave, and the technology we use must be designed with the entire patient journey in mind. Solutions that focus on patient satisfaction
inevitably enhance imaging outcomes, staff satisfaction
and long-term cost savings, and bring us advancements in
healthcare that keep people at the center.
References:

service innovation has enabled us to support patients
with a calming MRI experience that gives them a sense
of participation and control during the procedure. The
Ambient Experience suite takes a holistic approach to
addressing patient comfort from start to finish, through
features such as soft dynamic lighting, sound and video
projection. This creates a soothing, interactive atmosphere and encourages relaxation before and during
the scan.
Additionally, advanced imaging sequences, such as
mDIXON XD and Multivane XD, help us decrease exam
times to further support patient comfort. mDIXON XD
allows our technologists to obtain two sequences simultaneously. Multivane XD provides motion correction to a full
range of anatomies, in short scan times. Both applications
Aug/Sept2017
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More Information

To get a closer look at Lahey’s patient-centered MRI service,
visit:
http://w w w.beverlyhospital.org/locations--ser v ices/
health-services/radiologyimaging/ambient-mri-services
For more information on Philips’s patient-centered imaging
solutions, visit www.philips.com/radiology.
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T EC H NOLOGY update
Pocket-sized ultrasound with
Wi-Fi and DICOM
The Vscan Extend from GE Healthcare builds on the
legacy of the company’s original Vscan system and is
designed to expedite workflow and to enable quick assessments and treatment decisions to be taken on the spot.
The anytime, anywhere solution offers exceptional

clinical flexibility, an intuitive touchscreen interface, and
seamless integration with hospitals’ wireless networks and
DICOM-based documentation and reporting. The new
system is the first GE ultrasound system to leverage an
app-ecosystem enabled by GE Marketplace, which enables
easy downloading of measurements and protocols for
customization of the device.
GE Healthcare
Chalfont St Giles, UK
www3.gehealthcare.com

New 80-Row CT scanner with
complete clinical capability

Toshiba’s next-generation 80-row multi-slice CT scanner, the Aquilion Prime SP, incorporates a wide range of
the company’s premium technologies to meet the increasing healthcare demands of superior imaging, improved
workflow and outstanding economic performance. The
new system introduces major improvements in functionality, imaging performance and clinical applications.
For example the new system makes it possible to perform examinations at lower exposure and iodine doses,
while acquiring high-resolution images thanks to breakthrough technologies such as Toshiba’s PUREViSION
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Optics, which provide significantly improved imaging
efficiency from photon generation to detection. By making up to 40% more efficient use of X-rays, the innovative PUREViSION detector allows clinicians to minimize
patient dose while improving image quality. The new
Aquilion SP also enables automated kV selection based on
the patient’s size and the clinical task selected and offers a
comprehensive suite of Adaptive Diagnostic solutions to
make complex exams faster, so improving diagnostic precision and reproducibility. The dose-neutral metal artifact reduction technology SEMAR (Single Energy Metal
Artifact Reduction) uses a sophisticated reconstruction
technique to remove artifacts caused by metal and thus
improves visualization. Dual Energy helps identify calcifications and iodine maps and virtual non-contrast images
improve lesion detectability. In addition, Toshiba Ml’s
proprietary Iodine Mapping technology clearly depicts
perfusion at low dose and iodine levels. Aquilion Prime SP
also features the new 3-phase Variable Helical Parameters
(3-phase VHP) allowing a change in imaging parameters
and table speed within the same exam. Combining up to
three protocols into one single scan helps make optimal
use of contrast media while reducing patient dose and
motion artifacts.
Toshiba Medical Systems Europe
Zoetermeer, The Netherlands,
www.toshiba-medical.eu/

Magnetic resonance radiation
therapy (MR/RT) system

The Elekta Unity system is the only magnetic resonance radiation therapy (MR/RT) system that integrates a
premium diagnostic quality (1.5 Tesla) MRI scanner with
an advanced linear accelerator and intelligent software.
Expected to deliver precisely-targeted radiation doses
while simultaneously capturing the highest-quality MR
images, the new system allows allow clinicians to visualize
tumors at any time and adapt the treatment accordingly.
In addition to enabling greater precision in radiation therapy dosing, Elekta Unity will feature several new patientcentric attributes designed to enhance patient comfort
during treatment. These features include a compact, wide
bore (70cm) MRI, soft tabletop, non-glare room lighting
and a table that has a low load height to facilitate ease of
patient entry and exit.
The new system is expected to transform the treatment
of cancer in several critical ways:
• Real-time imaging, conducted during each treatment
session, allows adaptation of treatment based on the size,
shape and location of tumors and nearby healthy tissue.
• Daily imaging could reduce uncertainties about
tumor location, allowing dosing to a smaller volume and
sparing healthy tissue from radiation.
• Improved differentiation between tissue types should
improve the use of radiation therapy in treating soft tissue.
The challenge of treating these tumors is the difficulty of
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differentiating tumors from nearby healthy tissues and organs.
• Functional MR imaging, which provides information
on cellular activity within a tumor, could potentially detect
whether a tumor, or a portion of a tumor, is responding
to therapy at the earliest stages of treatment. A recognized
response or lack thereof allows clinicians to modify treatment
plans as needed.
• Additionally, researchers hypothesize that Elekta Unity
has the potential to support the use of higher doses administered over fewer sessions, enabling shorter and more effective
courses of treatment.

In October 2012, Elekta established a global consortium of
partnering institutions to merge precision radiation delivery
with MR imaging – from MR technology partner, Philips – in
a single system. In addition to assuming responsibility for the
core research and development and engineering activities, the
consortium has generated the clinical and workflow protocols
that will maximize the new system’s therapeutic efficacy and
ensure seamless integration into existing radiation oncology
department procedures.
“Elekta Unity is a technical tour de force through which
we have overcome the longstanding limitations of operating
a radiation delivery system within the high magnetic field
of a diagnostic-quality MR imaging system,” says Dr Richard
Hausmann, Elekta’s President and CEO. “Elekta is grateful to all
of our partners for their dedication to improving patient care
and steadfast commitment to making Elekta Unity a reality.”
Elekta
Stockholm, Sweden
www.elekta.com

Automated 3D Echocardiographic
analysis of left-heart chambers

The results from a recent global study have shown that automated three-dimensional echocardiographic (3DE) analysis of
left-heart chambers is an accurate alternative to conventional
manual methodology. The multicenter study assessed Philips
HeartModelA.I. Anatomically Intelligent Ultrasound (AIUS)
software and builds on the conclusions of previous clinical
assessments carried out at individual locations by affirming
consistency and reproducibility across multiple laboratories.
The study aimed to determine the accuracy and reproducibility of three different heart measurements in a multicenter
setting: left atrial (LA) volume, left ventricular (LV) volume
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and
ejection
fraction (EF).
Researchers
imaged
180
patients across
six sites using
3DE with the
Philips EPIQ
ultrasound system. All images
were analyzed
using
automated Philips HeartModelA.I. software, which brings advanced
quantification, automated 3D views and robust reproducibility
to cardiac ultrasound imaging.
The days of time-consuming, difficult collection and analysis
of heart measurements are behind us,” said Dr. Roberto Lang,
professor of medicine and director of noninvasive cardiac imaging laboratories, University of Chicago Medicine. “The results
of this study provide further evidence that 3DE technology
like Philips HeartModelA.I. is the way forward for global health
systems to save time and gather accurate data for quality care
delivery to patients.” Automated 3DE provides a comprehensive
picture of heart function with real-time results, which can help
clinicians assess and diagnose patients quickly and confidently.
Philips Healthcare
Amsterdam, The Netherlands
www.philips.com/ultrasound.

Deep Learning imaging analytics
engine approved

The Deep Learning Imaging Analytics Engine from
Zebra Medical Vision has been granted CE approval and
subsequent release in Europe, as well as regulatory clearance and product release in Australia and New Zealand. The
Analytics Engine provides automated analysis of imaging
data, helping radiologists provide faster, more accurate and
comprehensive reports. The Engine can be integrated into
PACS, RIS, Reporting and EMR systems, providing a seamless flow for physicians.
AI in healthcare has been gaining significant support
and adoption over the past 12 months. In a recent Research
and Markets market report, it was estimated that Artificial
Intelligence in healthcare will witness a Compound Annual
Growth Rate CAGR of 62.2% between 2016-2022. The ZebraMed Engine currently analyzes CT data for signs of: Fatty
Liver; Excess coronary calcium; Emphysema; Low bone
density Vertebral compression fractures
In addition, more than a dozen new algorithms that
detect life threatening diseases will be released in the coming
months. Zebra-Med’s engine can be deployed in both cloud
and on-premise configurations, and its insights help radiologists provide more comprehensive, consistent reports.
The company’s unique platform allows healthcare organizations to identify chronic diseases earlier, giving those
organizations the opportunity to establish preventative care
programs, improving care while reducing the overall patient
treatment costs.
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TECHNOLOGY update
“Machine Learning will change the way Radiology is practiced in the coming years,” says Prof. Gabriel Krestin, Chairman
of the Department of Radiology and Nuclear Medicine at
Erasmus MC, University Medical Centre Rotterdam, the
Netherlands. “I believe it will make radiologists more productive, and I also believe that new use cases and value propositions will emerge as the technology is implemented widely. It
is a very exciting time for radiology.”
“These recent regulatory approvals allow us to continue
driving adoption of our Analytics Engine globally, where we
see significant interest in countries that have a problematic
ratio of radiologists per capita of population. Providing tools
that assist them in delivering better care is critical and is
the driving force behind our mission,” says Elad Benjamin,
Co-Founder and CEO at Zebra-Med.
Zebra Medical systems
Shefayim, Israel
www.zebra-med.com/

X-ray quality assurance

Unfors RaySafe, the
specialist in X-ray quality assurance solutions,
has introduced two new
products: the RaySafe
Pro-Slit Phantom and the
RaySafe Pro-Stand.
The RaySafe Pro-Slit
Phantom is a slit camera
for accurate measurement of the focal spot size
according to IEC 60336:2005. Its design enables repeatable
and accurate measurements and the possibility to measure the
size of any focal spot with one tool.
The RaySafe Pro-Stand is an adjustable stand that is
designed to make focal spot measuring procedures easy to
perform, as well as ensuring accurate results.The stand can be
used with the slit camera, RaySafe pinholes, and can also be
used for manual HVL measurements. The Pro-Stand comes in
a basic version which includes adjustable height from 350 mm
to over 600 mm (wide range of magnification) and adjustable
horizontal positioning. The full version also offers, tilt functionality of 10 degrees, positioning tool for easy setup and a
heavy duty rugged case for safe transport
Unfors RaySafe,
Billdal, Sweden
www.raysafe.com.

Improving workflow efficiency in
cardiology
To offer its customers even more comprehensive support
as a partner in the cardiology field, Siemens Healthineers is
now offering Ebit’s Suitestensa cardiovascular information
system (CVIS) as an option with all its cardiology systems.
Suitestensa incorporates patient information and data from
all cardiological modalities on a single platform. “Advanced
management of cardiological workflows including clinical
patient, image, and lab data is a key element in improving
50
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efficiency in cardiology,” reports Philipp Fischer, Head of
Cardiology at Siemens Healthineers. “By working together
with Ebit, we are now able to offer our customers a powerful cardiovascular information system that will achieve this.
We opted for Suitestensa because it enables comprehensive,
customized integration with existing systems and structures

within cardiological facilities, both in individual departments and in hospital groups.”. This collaborative arrangement is part of Siemens Healthineers’ strategy of helping
healthcare providers to improve efficiency and cut costs
to overcome current challenges and remain competitive.
Working together with Ebit, a healthcare IT company that
is part of the Esaote group, enables Siemens Healthineers
to benefit from the expertise built up by Ebit in the area
of cardiological data and image management. It is planned
to expand the marketing agreement, currently limited to
Germany, to cover international markets in the near future.
“We aimed at finalizing this agreement as both parties
have identified strong synergies”, says Franco Fontana,
CEO at Ebit. The Genoa-based company has agreed to
offer Suitestensa within the Siemens Healthineers Digital
Ecosystem, a platform linking healthcare providers and
solution providers as well as bringing together their data,
applications and services. With the Digital Ecosystem,
Siemens Healthineers together with its customers and
partners aims to foster the much-needed transformation
towards value-based care and reduced costs. For cardiologists such as Dr. Christoph Naber director of the Cardiology
and Angiology Clinic at the Elisabeth Hospital in Essen,
which uses Suitestensa, fast uncomplicated access to all of
a patient’s data and images is crucial. “It has to be possible,
for example, to directly compare important ultrasound, CT,
MR, or angiography records, measurements, and patient
information, and have them automatically available for
diagnosis, without having to search for them on different
systems”, Dr. Naber explains. “It is important to integrate
a future-viable solution, especially when it comes to cardiovascular imaging with its enormous volume of associated data. From point-of-care diagnostics to assessment
and appropriate patient data management, the modular
structure of the Esaote Suitestensa IT platform allows us to
optimize our processes.”
Siemens Healthineers
Erlangen
www.siemens.com/healthineers.
ebit-Esaote
Genoa, Italy
www.esaote.com
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Lung • MSK • Breast • Gynaecology
Paediatric imaging • Primers for the non-specialist
Workforce challenges and imaging innovations
Who should attend?

Five reasons to attend:
1.
2.
3.
4.
5.

Enhance your knowledge
Hear from experts in the field
Network with colleagues and peers
Extensive iPoster exhibition
Meet industry

Anyone with an interest and passion for radiology,
radiation oncology and the underlying sciences
including:
Radiologists • Physicists • Radiographers •
Oncologists • Physicians • Radiation protection
advisers and supervisors

“Great experience as always at the BIR annual
meeting. Quality presentations. New fresh topics.”
”I had such a great time and can’t wait to
share my experience with colleagues”

“Thoroughly enjoyed all lectures, speakers
very informative and relevant”
“Interesting topics which will have
an impact on my daily practice”

Delegate feedback, BIR Annual Congress 2016

Book now at: www.bir.org.uk

Workshops & Reading Sessions

Annual Scientific Meeting

EUSOBI 2017

Berlin, Germany

September 22-23, 2017
Titanic Chausee Berlin,
Germany

Don’t miss our hands-on sessions at EUSOBI 2017!
Lead by:
Dr. Maria Bernathova (Vienna, AT)
Digital Breast Tomosynthesis
Dr. Ingolf Karst (Chicago, USA)
Automated Breast Volume Scanning

Learn more about Digital Breast Tomosynthesis (DBT)
and Automatic Breast Volume Scanning (ABVS) in our
hands-on reading workshop sessions:
• Tomosynthesis reading sessions with real clinical cases
• ABVS physician training workshop – an interactive learning
experience
• syngo.Breast Care workstations with self-guided sessions

Siemens Healthineers welcomes you to the EUSOBI Annual Scientific Meeting 2017.

