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Gadolinium deposition in
the brain — a new NSF?

T

he current flurry of papers
on the observation of the
deposition of gadolinium in
the brain seems eerily reminiscent of the beginning of the nephrogenic systemic fibrosis (NSF) scare
which first broke out more than ten
years ago.
At that time there were initially a
few, and then a growing number of
reports describing the occurrence of
scleromyxoedema-like cutaneous manifestations in patients who had chronic
kidney disease. The syndrome, soon
to be described as nephrogenic systemic fibrosis (NSF) occurred after the
administration of gadolinium-based
contrast agents (GBCAs) used for contrast enhancement in MR imaging.
Albeit rare, NSF is a serious syndrome
that involves fibrosis of skin, joints,
eyes, and internal organs. Although the
pathophysiology of NSF still hasn’t been
totally established it seems clear that
the syndrome is triggered — in patients
with impaired renal function — by the
release of gadolinium ions from the
GBCA chelator molecule. [Since on
their own gadolinium ions are toxic,
they are manufactured in the form of a
chelate]. It became clear that the risk of
NSF depended on the chemical properties of the molecule used to chelate the
Gadolinium. Linear non-ionic chelates
were considered to have a high relative
risk of inducing NSF in renal impaired
patients; linear ionic chelates had a
medium risk, while macrocyclic chelates were considered to have a low risk.
The regulatory authorities soon drew
up guidelines which revolved essentially around the need to be aware of the
kidney function of any patient about
to undergo contrast-enhanced MRI;
in patients with poor kidney function either alternative non-MRI imaging modalities should be used, or if
MRI was considered unavoidable then
only the lowest risk category of GBCA
were to be administered and at as low
a concentration as possible. The widespread application of these guidelines

has resulted in the incidence of NSF
dropping to very low levels. With these
measures it seemed that the problem
had been solved.
Now fast forward ten years or so,
and with the appearance of papers
reporting the finding of gadolinium
deposits in the brains of patients having received GBCAs, there seems to
be a disturbingly similar phenomenon
taking place. In 2014 a group in Japan
observed T1 shortening — interpreted
of course as indicating the presence of
gadolinium — in specific areas of the
brain. These observations were confirmed by other groups who noted
that the presence of gadolinium in the
brain could occur after as few as four
occasions of GBCA administration.
Chemical analysis of post-mortem
extracts of the brains of patients who
had received repeat GBCA administrations (even a long time earlier)
confirmed the presence of gadolinium
in the brain. Worrying for a product that was considered to be rapidly
cleared from the body. In contrast to
the NSF–gadolinium linkage, what is
alarming about the “gadolinium in the
brain” story is that it seems to occur
in patients who had no apparent renal
or hepatic dysfunction. (The working
hypothesis of the mechanism behind
the occurrence of NSF after GBCA
administration in patients with poor
kidney function was that the impaired
renal clearance provided time for dissociation of the gadolinium ions from
the chelator molecule.)
However before panic sets in, it
should be remembered that, so far at
least, the deposition of gadolinium in
the brain does not seem to be associated with the induction of any adverse
effects. However even the mighty FDA
has indicated that it is aware of the
situation and that, although there is as
yet no requirement for manufacturers
to change the labelling of GBCAs, the
FDA will be keeping a close eye on
developments.
Watch this space. n
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Use of CT scans of the chest for hospital emergency-room
patients with blunt trauma could be reduced by more than
one-third without compromising detection of major injury,
concludes a new study from UC San Francisco. The study
team developed and evaluated decision-making tools based
on clinical criteria that can be used to avoid unnecessary
diagnostic imaging.
Using two sets of criteria, the researchers demonstrated
that nearly all major and minor injuries resulting from blunt
trauma can be detected with fewer chest CT scans.
“CT scans deliver radiation dosages to the body that elevate cancer risk, especially in the young, and they are expensive, so we want to be sure to use them only when they are
likely to provide a diagnostic benefit,” said study leader Dr
Robert Rodriguez, professor of emergency medicine at UCSF.
“Except for the chest x-ray, the clinical criteria we incorporated into the decision-making tools are simple, straightforward components of the routine trauma history and physical
exam. Healthcare providers will not need to spend more time,
money or effort to implement them.”

The results of the study, which included more than 11,000
patients ages 15 and over who were treated at one of eight different major trauma centers, were published recently (Rodriguez
RM, Langdorf MI, Nishijima D, Baumann BM, Hendey GW,
Medak AJ, Raja AS, Allen IE, Mower WR. Derivation and
Validation of Two Decision Instruments for Selective Chest CT in
Blunt Trauma: A Multicenter Prospective Observational Study
(NEXUS Chest CT). PLoS Med. 2015; 12: e1001883)
Blunt trauma injuries, as distinct from penetrating knife
and gunshot wound injuries, often result from automobile
accidents and falls, and account for the bulk of Emergency
Room trauma cases. Currently most blunt trauma victims
admitted to the ER receive some type of CT imaging.
As part of the study, a panel of expert emergency medicine
physicians and trauma surgeons defined major and minor
NOVEMBER 2015
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blunt trauma injuries detectable with chest CT.
Major injuries included injury to the aorta, ruptured diaphragm, collapsed lung, blood in the pleural chest cavity, fractures of the thoracic spine, shoulder blade, or sternum, multiple fractured ribs that required surgery or epidural nerve
block, bruised lungs that required mechanical ventilation, or
injuries to the esophagus, trachea or the bronchi of the lungs
that required surgery. Minor injuries included other injuries
that did not require surgical intervention or mechanical ventilation, such as broken ribs or minor bruising of the lung.
Based on data collected from the first part of the study,
which included 6,002 patients, the investigators developed
two sets of criteria that would identify patients with injuries
that can be seen with CT imaging and enable physicians to
safely forego CT scans for patients meeting none of the injury
criteria.
The first set of seven criteria were abnormal chest x-ray;
tenderness in the chest-wall, breast bone, shoulder blade
or thoracic spine; “rapid deceleration mechanism,” defined
as a fall from 6 metres or more or a motor vehicle accident
while traveling at 60Km per hour or faster; and the presence
of other distracting, painful injuries, such as a broken thigh
bone, which can make patients less aware of pain from injuries within the torso.
The second set of criteria was the same except that rapid
deceleration mechanism was excluded from consideration.
The validation phase of the study included an additional
5,475 patients. The researchers determined that use of either
set of criteria would have resulted in identification of more
than 99 percent of the major injuries in the study group.
Use of the more comprehensive criteria would have identified about 95 percent of all injuries, in comparison to about
90 percent identified with the smaller set, but would have
reduced use of chest CT scans by about one-quarter, instead
of by more than one-third.
http://tinyurl.com/Rodriguez-et-al-paper

United States guidelines for breast
cancer screening revised, but ACS
and USPSTF still differ
The American Cancer Society (ACS) and US Preventive
Services Task Force (USPSTF) recently updated their breast
cancer screening guidelines [1, 2] The guidelines differ in
their recommendations on key questions, but there appears
to be progress toward consensus in reducing screening harms.
A paper has been published comparing the new guideines [3]
The ACS gave a strong recommendation to starting
screening at age 45 years, but qualified recommendations
for annual screening from ages 45 through 54 years, biennial
screening starting at age 55 years, and continued screening
as long as women are healthy and have a life expectancy of
10 years or more.
The USPSTF members recommended starting screening
at age 50 years and screening biennially until age 74 years (B

E U R O P E

5

IMAGING NEWS
1. 
Oeffinger KC, Fontham ETH, Etzioni R, et al. Breast cancer screening
for women at average risk. JAMA. 2015;314(15):SWK. doi:10.1001/
jama.2015.12783.
2. US Preventive Services Task Force. Draft recommendation statement breast
cancer. http://www.uspreventiveservicestaskforce.org/Page/Document/
RecommendationStatementDraft/breast-cancer-screening1. Accessed May
15, 2015.
3. 
Kerlikowske K Progress Toward Consensus on Breast Cancer Screening
Guidelines and Reducing Screening Harms. JAMA Intern Med. 2015 Oct
20:1-2

recommendation); the decision to start screening mammography in women younger than 50 years should be an individual
one because there is at least moderate certainty that the net
benefit is small.
In addition to differences in guideline member composition and evidence grading systems between the ACS and the
USPSTF, there are also differences in the evidence considered
and what constitutes a favorable benefit to harm ratio to recommend screening. For example, the ACS recommendation to start
screening at age 45 years is based, in part, on lower breast cancer
mortality in a cohort of women aged 40 to 49 years invited to
receive mammography vs. another cohort not offered mammography. Such cohort results are affected by differences in disease
incidence in the populations and lead- and length-time bias, and
for these reasons, the USPSTF does not consider such evidence.
Both guideline reviews cite evidence from randomized
clinical trials and mathematical modeling to conclude that
there is no or little added benefit to annual vs biennial screening in women 50 years or older, and there are more harms
with annual screening. For women 75 years or older, the
USPSTF concluded that the current evidence is insufficient
to assess the benefits and harms of screening mammography,
while the ACS recommended continued screening with no
upper age limit. There are no randomized clinical trials of
women 75 years or older to assess mammography efficacy
in this group, and observational data of older age groups are
biased. The magnitude of screening mammography harms is
similar in women aged 75 to 89 years and those aged 66 to
74 years. [3 ]. Yet the risk of screening harms is not incorporated into the ACS guideline for continued screening, only
the criterion of having a life expectancy of 10 years or more.
Compared with previous ACS guidelines, the new guidelines will result in fewer screening examinations and falsepositive test results and less detection and treatment of
noninvasive and invasive cancer that would otherwise not
affect life expectancy, improving the benefit to harm ratio
for screened women. Of note, while the new ACS guidelines
provide the opportunity to reduce screening harms, they
have little added benefit in reducing lifetime risk of breast
cancer death compared with the USPSTF guidelines because
most of the benefit of mammography screening results from
screening women aged 50 to 74 years, when breast cancer
incidence and mortality are highest and mammography most
efficacious.
6
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Vizualisation of aortic aneurysms
through virtual reality

Virtual models can be created in the angiography room
thanks to an approach developed by researchers at the
University of Montreal Hospital Research Centre (CRCHUM)
and the university’s departments of radiology, radiation
oncology, and nuclear medicine. The latest advances were
presented by Dr. Gilles Soulez at the recent Cardiovascular
and Interventional Radiology Society of Europe (CIRSE)
conference (Advanced image modelling of abdominal aortic
aneurysm: impact on EVAR management. G. Soulez (Montreal/
CA). Cardiovascular and Interventional Radiology Society of
Europe (CIRSE) 2015. http://cirse.org/index.php?pid=1209).
. Dr Soulez explained “Remarkable advances in imagery
have improved surgery and helped to develop less invasive
interventions. But the images are still far from being perfect.
We wanted to develop new software to maximize the use of
images generated with current ultrasound, scanning, and
MRI technologies to ultimately provide more personalized
treatments,”
Currently, a simple abdominal ultrasound or measurement of the aorta with a scanner can detect patients at risk
of aneurysm rupture. Beyond 5 cm for women and 5.5 cm
for men, surgery is usually recommended. But operations
have their own risks, so researchers want to refine screening to provide the most appropriate treatments for patients
who really need surgery. To avoid rupturing abdominal aortic aneurysm, two treatment options exist: open surgery to
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replace the diseased section or endovascular grafting. This latter option is less
invasive, but in some patients, the morphology of the aneurysm is not suited
to this kind of treatment. Using scanner
images, the Montreal group’s research
provides three-dimensional images of
all components of the aneurysm “A grid
is used to establish growth profiles of
the aneurysm. We are now working to
create simulations to better predict the
risk of rupture, adding biomechanical
properties such as tissue elasticity and
connectivity at each pixel of the grid,”
said Dr Soulez.
Simulations will also help in the
operating room. “The image produced
by fluoroscopy X-ray shows the dye in
the vessels and the stent being inserted,
but not the wall. This approach requires
a lot of dye, which can be toxic for the
patient if used in excessive amounts,” .
Dr. Soulez’s group has been able to
develop this approach that combines
all available data. “We superimpose the
images, and this helps to visualize the
area to be treated. But in reality, the
tools we introduce into the body during the procedure deform the organs.
We are testing a new approach that uses
a computer to automatically recognize
the tools introduced into the body and
correct the deformities they cause,”
Dr. Soulez’s research in interventional radiology also aims to ensure that
there are no leaks. Following the stentgraft operation, patients have an annual
scan. Ultrasound elastography holds the
promise of not only effectively identifying leaks, but also evaluating how the
aneurysm is healing. And finally, the
last word in endovascular repair is the
bioactive stent and injection of a gel
around the implant to prevent or stop
leaks.

Lung Cancer Screening
Programs Do Not
Increase Rates of
Unnecessary Surgeries

Lung cancer screening programs
that utilize standardized reporting
and include cardiothoracic surgeons
as part of a multidisciplinary team can
successfully be adopted into clinical
practice without an increase in surgical
NOVEMBER 2015

intervention for non-cancerous disease,
according to a recently published article
(Walker B et al. Surgical Outcomes in
a Large, Clinical, Low-Dose Computed
Tomographic Lung Cancer Screening
Program. Ann Thorac Surg 2015; 100:
1218).

Studies have shown that lung cancer screening with low-dose computed
tomography (LDCT) can reduce lung
cancer mortality in high-risk patients
by 20%. As a result, private insurers and
the Centers for Medicare & Medicaid
Services in the United States agreed to
cover LDCT lung cancer screening for
selected patients, but critics raised concerns that false-positive results could
lead to unnecessary treatment.
A research team from Lahey Hospital
& Medical Center in Burlington, Mass
USA reviewed surgical outcomes in
1,654 patients who had undergone
LDCT lung cancer screening. The
screenings were performed January
2012–June 2014 at the research team’s
clinic.
“Surgical intervention for a non-lung
cancer diagnosis was rare—five out of
1,654 patients or 0.30%,” said project
leader B Walker. “That incidence is
comparable to the 0.62% rate found in
the National Lung Screening Trial that
helped secure screening coverage in
the US.” Only four of the 1,654 patients
(0.24%) had surgical intervention for
benign disease.
To help characterize the results of
patient screenings, the researchers
developed a standardized reporting system, called the Lung Imaging Reporting
and Data System (LungRADS). If the
LungRADS system defines a patient’s
LDCT screening results as highly suspicious, a multidisciplinary team that
included board-certified cardiothoracic
surgeons made recommendations about
whether the patient should have continued follow-up with LDCT, additional
D I
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diagnostic testing, or surgical intervention. Of the 1,654 patients screened,
25 (1.5%) underwent surgery. Twenty
patients were diagnosed with lung cancer; 18 (90%) had early stage disease
with a high probability of being cured.
“Lung cancer screening saves lives, and
our study serves as a model for how
to set up a screening program that is
safe and effective for patients,” said coauthor Dr. C Williamson. “A screening program should use a standardized
reporting system and have input from
board-certified cardiothoracic surgeons
as part of a multidisciplinary team evaluating CT scan findings. It is only by
minimizing the number of operations
for benign disease and maintaining a
low morbidity and mortality for surgical resection that the full benefit of
lung cancer screening can be realized
in its widespread adoption in clinical
practice.”
http://tinyurl.com/Walker-et-al-Paper

fMRI study shows
musicians’ brains listen
to music symmetrically

Areas in red show increased symmetrical activity in
musicians between the left and right brain hemispheres
while listening to music

Music listening activates musicians’ brains in a more symmetrical
manner than nonmusicians’, according to new research from the Finnish
Centre for Interdisciplinary Music
Research (CIMR) at the university
of Jyväskylä ( Burunat et al. Action in
Perception: Prominent Visuo-Motor
Functional Symmetry in Musicians during
Music Listening. PLoS One. 2015; 10(9):
e0138238). . This may reflect a more

efficient communication across brain
hemispheres in musicians. Indeed,
the demands of musicianship, such
as bimanual coordination of finger
7
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movements, may require greater connectivity between motor regions of
the two cerebral hemispheres for
the speed and efficiency necessary
for music performance. This greater
connectivity is then observed in
more symmetrical brain activity. The
findings emphasize that the specific
posture and kinematics involved in
instrument playing may be crucial
factors in shaping the brain responses
during music listening.
The research team at the AMI
Centre of Aalto University, in
Finland recorded the brain activity
of 18 musicians and 18 nonmusicians while they attentively listened
to music of different genres, using
functional magnetic resonance imaging (fMRI). “By using this more realistic approach to studying the brain
than most controlled experiments in
the field of neuroscience, there is no
need to rely on participants’ ability
to self report, which could constrain
the very brain processes we try to
study”, explains Iballa Burunat, the
lead author of the study.
Interestingly, statistical analyses
also revealed that keyboardists’ brain
responses were more symmetrical than
those of violin players. “Piano playing
requires a more mirrored and synchronized use of both hands and fingers
than in violin playing, which may be
guiding these difference”, explains Prof.
Petri Toiviainen from the University
of Jyväskylä, a co-author of the study.
Not only motor, but also visual areas
behaved more symmetrically in the
group of keyboardists compared to
violinists, “a difference perhaps arising from unequal hand eye coordination requirements between these
groups”, adds Prof. Elvira Brattico from
Aarhus University, Denmark, another
co-author of the study. These findings
have broader implications for a better
understanding of how experience in
one modality (in this case, motor control) can drive changes in the neural
processing in another modality (listening). Brain plasticity, i.e. the ability of the brain to change and adapt
as a result of experience, has become
an area of increasing interest in
neuroscience. “.
http://tinyurl.com/Burunat-et-al-paper
8

Gold standard for diagnosis of CAP remains
thoracic CT: accuracy
of CRP and PCT
insufficient

The study showed that, for patients
with suspected CAP visiting emergency
departments, the diagnostic accuracy of
CRP and PCT are insufficient to confirm a diagnosis of CAP established
using a gold standard that includes thoracic CT scan.
http://tinyurl.com/Bel-et-al-paper

Early detection of
Alzheimer’s disease

Community-acquired pneumonia
(CAP) requires prompt treatment, but
its diagnosis is complex. Improvement
of bacterial CAP diagnosis by biomarkers has been evaluated using chest
X-ray infiltrate as the CAP gold standard, producing conflicting results. A
recently published article (Le Bel J et al ;
ESCAPED study group Diagnostic accuracy
of C-reactive protein and procalcitonin in
suspected community-acquired pneumonia
adults visiting emergency department and
having a systematic thoracic CT scan. Critical
Care. 2015; 16;19: 366) describes an analy-

sis carried out by a group of researchers in Paris, France on the diagnostic
accuracy of biomarkers in suspected
CAP adults visiting emergency departments for whom CAP diagnosis was
established on a systematic multidetector thoracic CT scan.: In an ancillary
study of a multi-center prospective
study evaluating the impact of systematic thoracic CT scan on CAP diagnosis,
sensitivity and specificity of C-reactive
protein (CRP) and procalcitonin (PCT)
levels were evaluated. Two hundred
patients with suspected CAP were analyzed. Niney-eight patients (49.0 %)
were classified as definite CAP, 8 (4.0 %)
as probable, 23 (11.5 %) as possible and
excluded in 71 (35.5 %, including 29
patients with pulmonary infiltrates on
chest X-ray). The use of a CRP threshold at 50 mg/L resulted in a positive
predictive value of 0.76 and a negative
predictive value of 0.75. No PCT cut-off
resulted in satisfactory positive or negative predictive values.
D I
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A method for detecting early signs
of Alzheimer’s disease using amyloid
PET imaging works as well as the previously used cerebrospinal fluid sample
method. This is the conclusion of a
recently published Swedish study - the
most thorough and extensive undertaken in the field so far (Palmqvist S,
et al. and Swedish BioFINDER study
group. Detailed comparison of amyloid
PET and CSF biomarkers for identifying early Alzheimer disease. Neurology.
2015 6; 85(14): 1240-9). The most commonly used tools for investigating early
signs of Alzheimer’s disease are various
cognitive memory tests and computed
tomography. For several years it has also
been possible to carry out an analysis
of a cerebrospinal fluid sample which
increases the chances of early detection.
So far, however, only patients in memory clinics have been offered the test.
Recently amyloid PET was approved for
clinical use in Sweden. The test involves
use of a PET label specific for amyloid
as a marker for Alzheimer’s changes,
which are then mapped with PET imaging. Opinions have long been divided as
to whether cerebrospinal fluid samples
or PET imaging are the best tools for
detecting early-stage Alzheimer’s dis-

ease. “In the study, both the cerebrospinal fluid sample and the amyloid PET
scans were able to identify approximately 90 per cent of the patients who
would be diagnosed with Alzheimer’s
NOVEMBER 2015
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later on. Our conclusion is therefore that the two methods
work equally well to achieve this aim. One can thus choose
the method on the basis of cost, expertise or patient preference”, says Dr Sebastian Palmqvist, from Lund University.
Both methods are also good at identifying which individuals are healthy and unlikely to develop Alzheimer’s disease
within the next ten years. However, when a diagnosis is
reached without reference to a cerebrospinal fluid sample
or amyloid PET imaging, its accuracy can drop to 60–70
per cent.Late detection of Alzheimer’s disease is not only a
problem for today’s healthcare, but also for the development
of future treatments.
“Previous drug trials to evaluate new treatments for the
presence of amyloid in Alzheimer’s cases failed, partly because
treatment began too late in the course of the disease. With
two accurate tools for early diagnosis, we can identify suitable participants at an early stage of Alzheimer’s disease. This
will considerably increase the chances of being able to prove
a positive effect for new drugs”, concludes Oskar Hansson,
associate professor and neurologist at Lund University.
http://tinyurl.com/Palmqvist-et-al-paper

Pi-RADS evaluation of prostate
cancer MRI-scans “likely to change
how we detect prostate cancer”
Inter nat iona l
radiological bodies have agreed on
a standard for how
doctors evaluate
MRI to confirm a
diagnosis of prostate cancer. This
promises to reduce
the number of over
diagnosis of insignificant cancers
by up to 89%. The
new procedure also allows radiologists to identify up to
13% more life-threatening tumors than current procedures.
The standards of how to acquire the MR-images and how
to report them have recently been published (Weinreb JC
& Barentsz JO et al. PI-RADS Prostate Imaging - Reporting
and Data System: 2015, Version Eur Urol. 2015; pii: S03022838(15).
Prostate cancer is the most common cancer in men, with
a European incidence rate of 214 cases per 1000 men and a
mortality of over 70,000, outnumbering lung and colorectal
cancer. Research shows that half of all men in Europe have
a microscopic cancer at the age of 55 increasing to 80% by
the age of 80.
In clinical trials, an early version of the Prostate Imaging
and Reporting and Data System (PI-RADS) system has been
shown to facilitate improvements in the diagnosis of intermediate- to high-grade cancers. The second version, PI-RADS
version 2, updates and simplifies the way that the mpMRI
10

D I

scans are acquired, interpreted, and reported, and it provides
detailed instructions so that mpMRI can be standardized..
Professor Barentsz commented: “Early results have shown
that mpMRI is an enormous help in detecting significant
cancers. But to allow more wide-spread use, standardisation
of image acquisition and interpretation is needed. The new
PIRADS protocols have the potential to bring real benefits to
many patients, throughout the world”. “This work means we
will see increasing use of good quality MRI scans in prostate
diagnosis. These MRI-scanners are big expensive beasts, but
in fact we have also found that, when you consider the savings made by reducing unnecessary treatment, mpMRI is
cost-effective. We don’t suggest that mpMRI will completely
replace the current ultrasound-biopsy method, but they are a
powerful new diagnostic tool for the urologists in the diagnosis and treatment of prostate cancer. The next step is to take
the system into the mainstream, which will mean an extensive
training and educational programme”.
http://tinyurl.com/Weinreb-Barentsz-et-al

ED CT scans can change diagnoses
and management decisions

A study from the Massachusetts General Hospital (MGH)
Institute for Technology assessment finds that, after viewing CT scan results, physicians in the emergency departments of four major academic medical centers made key
changes in clinical decision-making for patients with symptoms frequently seen in emergency rooms. (Pandharipande
PV et al. CT in the Emergency Department: A Real-Time
Study of Changes in Physician Decision Making. Radiology.
2015;150473).

“Emergency department physicians who face increasing
pressure to make clinical decisions quickly are sometimes
criticized for ordering too many CT scans that may not be
clinically justified,” says Dr P. Pandharipande, director of the
MGH Institute of Technology Assessment, who led the study.
“We found that - for patients with abdominal pain, chest pain
or shortness of breath, or with headache - physicians’ leading
diagnoses and management decisions frequently changed
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after CT and that diagnostic uncertainty felt by physicians
was alleviated.”
The authors note that the utilization of CT scanning in
emergency departments (EDs) has more than tripled in the
past 20 years but the benefits of increasing those procedures
have not been clear. The current study was designed to take
a broader look at the question.
The study was conducted at four academic medical centers around the U.S.. Participating emergency department
physicians evaluating patients with abdominal pain, chest
pain/shortness of breath, or headache were asked to complete
brief surveys after their initial evaluation of the patients and
again after receiving CT scan results. Post-CT surveys asked
whether the initial diagnosis had changed, whether the CT
scan had helped to confirm or rule out alternative diagnoses,
and whether management decisions had changed.
After CT, physicians’ leading diagnoses changed for 51 percent of patients with abdominal pain, 42 percent of patients
with chest pain/shortness of breath and 24 percent of patients
with headache. The CT scan helped to confirm or rule out
alternative diagnoses 95 to 97 percent of the time, across all
symptom groups. Decisions about admitting patients to the
hospital were changed 19 to 25 percent of the time.
“Our evaluation of physicians’ diagnostic confidence
revealed compelling results,” says Pandharipande,. “While
there was a wide spectrum of diagnostic confidence before
CT, the greater a physician’s initial confidence in a diagnosis, the less likely that diagnosis was to change after CT,
indicating that physicians were sound judges of their own
diagnostic certainty. But even in instances where physicians’ pre-CT confidence in their initial diagnosis was
greater than 90 percent, there were still changes in from 4
to 21 percent of cases.”
She and her co-authors note that their study focuses on
the benefits of emergency department CT scanning and does
not address the costs and risks, such as radiation exposures,
factors that must be included in a full risk/benefit evaluation.
Future research should focus on better methods of identifying patients less likely to benefit from CT scanning — such
as the three-quarters of headache patients whose diagnoses
did not change — without reducing CT use in patients who
would benefit.
http://tinyurl.com/Pandharipande-et-al-paper

European guidelines for HCM less
reliable than American guidelines

Hypertrophic cardiomyopathy (HCM), the genetic form
of heart disease with thick heart walls, is a common cause of
sudden death in patients under 50. While only a minority of
patients with HCM are at risk, an implantable cardioverterdefibrillator (ICD) can effectively prevent sudden death in
those patients. Recently, the European Society of Cardiology
(ESC) published new guidelines advancing an equation as the
best way to determine which HCM patients should receive an
ICD. However, a study conducted by U.S. and Canadian investigators challenges the ESC Guidelines ( Maron BJ , Casey SA,
Chan RH, Garberich RF, Rowin EJ, Maron MS. Independent Assessment
NOVEMBER 2015
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of the European Society of Cardiology Sudden Death Risk Model for
Hypertrophic Cardiomyopathy Am J Cardiol. 2015; 116: 757-64.). Their

research found that the ESC sudden death risk score method
did not perform effectively in reliably identifying the high-risk
patients who need ICDs for the prevention of sudden death.
“Our data show that in HCM, strategies to identify implantable defibrillator candidates based on a rigid mathematical
and statistical formula, as promoted by ESC, are unreliable for
identifying high-risk patients who could benefit from lifesaving therapy with prophylactic ICDs,” stated lead investigator
De Barry J. Maron of the Hypertrophic Cardiomyopathy
Center, Minneapolis Heart Institute Foundation, Minneapolis,
Minnesota.
The method for identifying high-risk patients using
risk stratification is predicated on the results of certain
tests (such as ambulatory ECG monitoring, echocardiogram, and stress testing), and personal and family histories. Syncope, extreme thickening of the left ventricle, and
ventricular tachycardia, as well as extensive scarring of the
wall detectable by MRI with contrast can be risk markers.
This assessment method and risk markers are a prominent
part of the U.S. Guidelines on management of HCM and
identification of patients at unacceptably high-risk, and
have been well accepted as such.
In evaluating the ESC Guidelines, researchers used the
case records of more than 1600 patients and found that for
the 35 patients who died suddenly, only 4 (11%) would have
been considered high risk by ESC criteria. For the 41 patients
who had a life-saving shock from a defibrillator, 27 (59%)
would not have even received a defibrillator under the ESC
Guidelines and theoretically would have been at risk of sudden death.
“We have retrospectively tested the mathematical ESC
risk model against a large independent external cohort of
individual patients with HCM,” added Dr. Maron. “We found
the ESC prognostic score was unreliable in identifying most
high-risk patients previously managed in accord with risk
stratification practices established by U.S. HCM consensus
guidelines.”
http://tinyurl.com/Maron-et-al-Paper
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CT dose reduction
By Dr A Othman & Dr S Afat

Radiation Dose Reduction in
Perfusion CT Imaging of the Brain:
a Review of Existing Approaches
Introduction

For the evaluation of hemodynamic changes in various
tissue types, perfusion CT (PCT) is a valuable imaging technique. A common field of clinical application is acute stroke
imaging: PCT of the brain allows a highly accurate detection of ischemic lesions as well asbeing able to distinguish
infarct core and penumbra brain tissue, thus providing a
basis for clinical decisions, for instance regarding recanalization therapy.
PCT datasets are based on monitoring the first pass of
iodine contrast: during intravenous administration of iodinated
contrast material, datasets are acquired in cine mode by successive gantry rotations. This imaging procedure is followed by the
generation of perfusion maps. Analysis of PCT data is based on
the central volume principle, defining the relationship between
mean transit time (MTT), cerebral blood volume (CBV) and
cerebral blood flow (CBF) as: CBF = CBV/MTT.
In order to obtain reliable perfusion values, a scan duration of up to 48 s is required to cover the complete venous
first pass. However, concerns have been raised by the FDA
regarding the associated radiation exposure [1]. This aspect
becomes highly relevant when considering multiple successive PCT, as can be performed in the same patient several
times during the monitoring of vasospasms, for instance.
Therefore, the focus of recent research has shifted towards
possibilities to reduce the risk of radiation exposure. In this
regard, the development of low-dose PCT protocols has
opened up a promising approach.
Following this recent development, we aim in this article
to provide an overview of different acquisition (tube current,
tube voltage and sampling frequency) and image processing
strategies (noise reduction), which have been introduced
for the reduction of radiation exposure in PCT of the brain.
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FIGURE 1. Quality of perfusion maps from source images acquired at different tube current levels. Comparison between original dataset acquired at 180
mAs and low-dose simulated datasets at 70 mAs. Note the comparable image
quality of both tube current levels.

Reduction of tube current

One of the simplest approaches to reduce radiation dose
is decreasing tube current. However, simply reducing tube
current leads to higher noise and therefore might deteriorate
CT image quality [Figure. 1]. It is noteworthy that increased
image noise in source PCT images does not necessarily deteriorate the image quality of perfusion maps. Recent studies
found that a tube current reduction down to 72 mAs – 75
mAs led to considerable radiation dose reduction without
deterioration of image quality [2, 3]. Substantial deterioration
of the quality of perfusion maps has however been reported
for tube current reductions to levels lower than 50 mAs [4].
Figure 1 provides an example of the effect of tube current
reduction on PCT source images and on perfusion maps.
Reduction of tube voltage

Reduction of tube voltage (peak kilovoltage; kVp) can
result in a substantial radiation dose reduction, because radiation dose is proportional to kVp to the power of > 2 [5]. In
the case of PCT, decreased beam energy achieved by lowering kVp increases iodine-dependent CT contrast enhancement due to the K-absorption edge of iodine.
The first studies utilizing PCT in the clinical context of
acute stroke were carried out using 120 kVp [6, 7]. In a comparison of PCT exams with 120 kVp and 80 kVp, a study by
Wintermark showed that images acquired at 80 kVp yielded
higher iodine-dependent CT contrast enhancement [8].
Additionally, these beneficial effects were accompanied by a
radiation dose reduction of a factor of 2.8 [8]. Subsequently,
image acquisition at 80 kVp was recommended and thus
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poral filters (STF), which process high and low spatial frequency
components with different weights: High spatial frequencies usually containing noise are averaged while low frequencies containing the perfusion information are preserved. An increase
of contrast-to-noise ratio by a factor of 2.5 has been reported
in PCT through the use of STF [13, 14]. Conceivably, in order
to generate diagnostically acceptable perfusion maps from low
dose PCT images, the combination of different noise reduction
techniques is recommendaed [14]. As shown in Fig.ure 3, the
combination of IR and STF substantially improves lesion detection and image quality in ultra-low-dose PCT.
Conclusion and outlook

FIGURE 2. Time attenuation curves (TAC) and perfusion maps at different sampling
frequencies. Higher inter-scan intervals of 3 s, 4.5 s and 6 s are simulated from original
datasets acquired with an inter-scan interval of 1.5 s by keeping every second, third
and fourth time point, respectively. Note the deterioration of images quality with an
inter-scan interval of 6 s.

established as the standard protocol for PCT imaging.
In a recent study, Li et al. (2014) compared the use of 70 kVp
with the standard PCT protocol at 80 kVp (9). Results of this
study indicate higher iodine-dependent CT contrast enhancement and higher image quality along with 36% lower radiation
dose [9]. These results are promising to further reduce patient
radiation dose and increase patient safety without compromising
image quality or the diagnostic value of PCT.
Temporal sampling frequency

A further approach to a substantial decrease of radiation dose
in CTP is an increase of the intervals between the single scans
[10]. An increase of the inter-scan intervals from 2 s to 3 s was
found to reduce radiation dose by 21% and a further increase to
4 s was found to reduce radiation dose by 32% [10]. The lowest
tolerable temporal sampling frequency depends on the amount
of applied contrast medium [10]. The usual amount of iodine
contrast medium is 40 mL. In this case, applying inter-scan intervals up to 3 s can yield sufficient perfusion maps [10, 11]. Further
increase of the inter-scan intervals beyond 3 s deteriorates quantitative perfusion values and leads to an overestimation of CBV
and CBF as well as an underestimation of MTT [11]. Figure 2
provides an example of the change of perfusion maps that can be
achieved by increasing temporal sampling.
Image noise reduction

Iterative reconstruction (IR) was introduced for CT, showing
sufficient image noise reduction in comparison to filtered back
projection [2]. IR was recently applied in a few PCT studies [2,
12]. In reduced radiation dose (reduced tube current) PCT, IR
produces perfusion maps of sufficient quality and helps detectischemic lesions at lower radiation dose levels [2, 12], [Figure 3].
Image denoising in PCT can also be achieved by spatiotemNOVEMBER 2015
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PCT of the brain is common in clinical routine and associated
with high radiation exposure. Given the risk of ionizing radiation,
especially regarding multiple successive PCTs, dose reduction
is a crucial aspect. New technologies such as low tube-voltage
imaging and noise reduction techniques allow generation of
diagnostically acceptable perfusion maps from low-dose PCT
images. PCT imaging at 70 kVp is a powerful tool for dose reduction and should therefore be applied in clinical routine. Conceivably, the combination of low kVp, low mAs, and noise reduction
techniques along with a modified image sampling frequency can
further decrease radiation dose in PCT without compromising
diagnostic image quality. This should be examined in future
studies.
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CVIS and PACS
Successful implementation of a
cardiovascular information and PACS system
With its high international reputation, the Hospital Israelita Albert Einstein (HIAE), is
considered the best hospital in Sao Paulo, Brazil and one of the most respected reference centres in the whole of Latin America. HIAE was the first healthcare institution
outside of the United States to be certified by the US Joint Commission International.
Comprising five individual hospitals the HIAE group needed a PACS system to link the
cardiology department, the Cath-Lab and the cardiac ultrasound facilities in the subsidiary hospitals. The hospital chose the Suitestensa Cardiovascular Information System
(CVIS PACS )from EBIT (Esaote group); since last year the system has been sucessfully
up and running and is now fully integrated with the local Hospital Information System.

F

ounded in 1955, by a group of philanthropists from
the Jewish community of São Paulo, the Hospital
Israelita Albert Einstein is now a large, modern
establishment, governed by recognized high quality standards and equipped with advanced technologies.
The Hospital Israelita Albert Einstein (HIAE) is nowadays a patient-oriented institution using a combination of
cutting edge technology, and state-of-the-art equipment
combined to provide outstanding quality healthcare and
safety to the patients.
The technological expertise and quality level of HIAE
is all the more remarkable when compared with the overall Brazilian situation.
• Only 8% of the clinics and hospitals in Brazil actually have a PACS for the archiving and communication of
medical images.
• Only 14% of Brazilian hospitals have a Hospital
Information System(HIS) system
• Only 25% of the Diagnostic Centers /Clinics have a
fully integrated RIS/LIS solution.
• Arising from this low level of implantation of PACS
and cardiovascular information systems in Brazil, there
is currently in Brazil an increasing appreciation of, and
demand for, the benefits of CVIS PACS systems. This is
reflected in an increasing number of multisite hospital
installations, driven by efficiency, cost savings and workflow optimization considerations. All this makes Brazil
the largest market for PACS and CVIS in Latin America.

and cardiovascular ultrasound will be interconnected and
integrated with the existing Hospital Information system
(HIS).
All cardiological and clinical information data produced by various operating units have to be unified and
accessible to all units.
All cardiological equipment from no matter which
supplier should be connectable. The system should handle
data and workflows such as the production of reports,
visualization of diagnostic images originating from the
Cath-Lab and Echocardiography units.
All patients’ case histories should be globally available
in real-time.
System FEATURES

The system specification was for a single platform for
database, images, and archive management, with one single
interface with dedicated modules to meet the different workflows and operational needs of each unit involved.
The system had to be able to handle the patient database,
clinical & procedural data collection and allow the management of follow up.

The HIAE Cardiovascular information System
(CVIS PACS) project

The aim of the project is the implementation of a
comprehensive management system for the cardiology
information and workflow of five São Paulo hospitals
(HIAE, Ibirapuera, Alphaville, Jardins, Perdizes) through
the means of a CVIS PACS system. In this way all cardiology functions and modalities such as the Cath Lab,
14
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The Hospital Israelita Albert Einstein (HIAE) has a high international reputation
and is one of the foremost hospitals in Brazil.
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The ability to carry out scientific studies, analysis and postprocessing, data extraction and statistical classifications.
Optimal assistance during interventional procedures through
quantitative X-Ray Angiography software and reliable interpretation of images.
The solution

The Hospital Israelita Albert Einstein (HIAE) in Sao Paulo chose the SUITESTENSA CVIS
PACS from EBIT (Esaote group) as the diagnostic imaging software for the comprehensive cardiology workflow management of all modalities, Cath Lab, Cardiovascular
Ultrasound in the five hospitals of the group (Albert Einstein, Ibirapuera, Alphaville,
Jardins, Perdizes) and integration with the Hospitals’ HIS. The system enables image
handling, quantification and post-processing to be carried out.

In addition the system should enable image review, management & archiving, and recovery of DICOM images from the
diagnostic modalities, namely ultrasound and angiography, ECG
signals, recordings and measurement of electrocardiographs,
echocardiographs, angiograms, etc. The system had to be able to
provide reporting & statistics tools as well as provide stock control
functions for materials and pharmaceuticals
The system should incorporate advanced clinical modules for
Stress Echo Analysis and post processing 2D measurements
As part of the project it was specified that personnel would
have to be satisfactorily trained on the operation of the new
systems and a maintenance service provided both on site and
remotely by dedicated Technical Engineers
The Quality Control system would cover monitoring of the
integration of the HIS/CVIS/PACS system, as well as providing
notification of any unexpected behavior, fault conditions and any
operator’s errors requiring corrective actions
The system should be able to produce automatically, using a
robotic system, data media such as patient CDs, containing all
relevant clinical documentation including reports and images to
be given to the patient and the referring general Practitioner
Expected Benefits

These included: a constant interface to interact with the central
system, with unified and shared data management (images, reports,
and other objects) throughout all centers, with immediate exchange
of data, always respecting the legal requirements for all reports/
images produced; standardized workflows, structured report formats and streamlined workflows for all the generated information;
A strong operational autonomy and qualified hospital data
management with vendor neutral archiving software;
“Multibrand” connectability with a guarantee of compatibility
with existing and future devices (both software and hardware);
Controlled access depending on permissions assigned to each
user to all information from any physical location on the hospital
campuses;
Increase in the accuracy of cardiology studies thanks to the
possibility of real time comparison with other examinations, and
prior studies, carried out in different departments or operating
units
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The Hospital Israelita Albert Einstein group decided to go for
the SUITESTENSA CVIS PACS imaging & information management software platform developed by EBIT, the Esaote company
dedicated to healthcare IT diagnostic processes.
By encompassing all cardiology specialties into one single
platform, SUITESTENSA enables an improved workflow from
patient admission to exam execution, reporting, administration
and distribution. SUITESTENSA cardiology folder contains all
exams performed in the cardiology department and can be connected to other diagnostic examinations to get the entire clinical
history of a patient simply through a single click.
Practical experience since installation of the system

The project actually started on 2007 with the installation of a
CIS system in the hemodynamics department, and in 2011 the
system was upgraded with the new software SUITESTENZA version and its integration into PACS.
In 2014 the system to integrate all the ultrasound modalities
in all the hospitals was installed. Apart from minor adjustments
to facilitate the integration with HIS there were no major installation problems,
The current operation of the system

The system is now fully up and running successfully.
Currently in the CathLab there are more than 90 users of the
system (of whom 16 MDs) while there are 47 users (of whom
21 MDs) in the ultrasound departments. Since the system was
installed there have been a total of more than 7000 patients and
procedures uploaded into the system in the CathLab. Annually
the system manages approximately 30 000 ultrasound procedures
and around 1700 CathLab interventions. All this is handled by 18
workstations in the CathLab and 9 workstations in the ultrasound
departments. All records are archived for a minimum of 9 years.
The contrast with the situation before the installation of the
new system is marked. Then the only informatics system was the
hospital HIS system, but it was too general and with no possibility of image management or archiving. Ten years ago there was
no cardiology information system, all the data were supplied on
paper, with the inevitable difficulty of managing the workflow
and no possibility of interrogating a database, statistics or structured data. Now, with the installation of the CVIS PACS system
and its integration with the hospital HIS, reports are made faster;
advanced statistical analyses can be carried out and there is an
improvement in the overall cardiology workflow, both reducing
the time needed and increasing the number of procedures that
can be carried out.
The “Statistics” section of the system is particularly appreciated
by the medical staff, with the “Albert Einstein” winning an award
for its research and publication of statistical clinical data supplied
and analyzed by the SUITESTENSA system.
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CVIS and PACS

A modern CIVS PACS system serving all cardiology functions
The newly installed SUITESTENSA system handles all patient information, data and images being generated and stored in the cardiology
services of the Hospital Israelita Albert Einstein group. The biggest users
of the system are the interventional cardiology and cardiac ultrasound
units. We wanted to find out exactly how the new system was functioning
in practice, so we spoke to Dr Claudio Fischer, head of echocardiography
and Dr Fabio de Brito, head of the interventional cardiology department

Q

Q

Q

Q

Dr Fischer, please tell us a bit about
your echocardiography department.
First of all I
should point out
that the echocardiography activities
in the HIAE group
are not localized in
one single physical
location; instead we
Dr. Claudio Fischer is head have five separate
of echocardiography.
units. Two of these
are in the central Albert Einstein hospital
itself, one for inpatients and the other for
outpatients. Then, in the outpatient departments of two of the other outlying hospitals in the HIAE group, we have another
two units and finally yet another one, this
time located in the public medical school
associated with the HIAE group.
If only because of the physical separation of the units, it is important for us to be
able to exchange data and information via
an efficient CVIS PACS system
 hat about the echocardiography
W
equipment you have?
We are fortunate to be well equipped,
with most of our cardiovascular ultrasound
machines being up-to-date and top of the
range. We use ultrasound systems supplied
by most of the principal manufacturers.
As for the number of personnel, we have
25 physicians (here in Brazil echocardiographers are always physicians) backed up
with teams of nurses and technical support
personnel.

Q

And patient numbers?
We carry out approximately 35000
examinations per annum but this already
high workload is steadily increasing, by
approximately 5-10 per cent per annum.
Of course, there are more outpatient cases
than inpatients.
Since the Einstein group is a general
hospital, we see all sorts of cases — the
whole range.
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S o what are the particular requirements you expect of a CVIS PACS
to support your cardiac ultrasound
needs?
Well, in addition to the connectivity
between remote centres that I already
told you about, we need data security,
and above all getting reports promptly.
I was one of the people involved in the
choice of the Suitestensa CIVS PACS
system. There were several reasons for
our choice, such as quality and reliability but also versatility, in the sense that
the system must be able to function with
all the various machines we have from
different suppliers. Also it had to be easy
to customize for our particular needs
. Of course, especially in the current
economic climate, it was also important
that the price was right. An additional
factor in our choice was that the CathLab team gave us good reports of how
the system was working for them .
S o how is the system turning out in
practice?
• The system works well and there is no
problem dealing with all the various ultrasound machines from different suppliers that we have; so in this way it is not
like other systems which only work with
machines of one manufacturer. For example, such systems work with structured
reports only with their own machines; so
for the other suppliers we would have to
input data manually.
• Secondly, it is open and so easy to
customise.
For our personnel there was of course
a learning curve period for them to get
familiar with the system, but, in fact, the
learning period was a lot shorter than we
expected.
Regarding the service back-up and general
reliability of the system, these depend critically on the hospital’s engineering and IT
teams being totally familiar with the system. That’s currently still in process.
D I
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Q

How about the future?
We intend to work up specific
datasets for various research protocols. Also the system team are working on improvements to the pediatric
reports.

Q

 nd now, Dr de Brito, what is your
A
experience with the system in the
Cath-Lab ?
Well unlike
echocardiography,
our Cath-Labs are
all located in the
central HIAE hospital, where there
are four individual
labs, three equipped
Dr Fabio de Brito is head with Philips interof interventional cardiology
ventional radiology
systems and one
from GE.
With all these, we carry out 500 Percutaneous Coronary Interventions per annum.
We see all types of cases: coronary, structural, congenital, peripheral, neuro, and we
have five interventional cardiologists to
handle this. The number of PCIs per year
is more or less stable.
For us what is important in the CVIS
PACS is the integration of the database,
images and reports and the possibility of
having access to data for research purposes.
I was involved in the purchase decision
on the CIVS PACS system and opted for
the Suitestensa system because, in addition
to the integration I already talked about,
customization for our specific local needs
was easy.

Q

And how is it working out?
Very well.
Of course collecting data for a structured database is essential for clinical
and scientific work, but it is also a timeconsuming activity. You have to balance the effort involved and the need
for rapid production of patient reports
on the one hand with the advantage of
being able to extract results from the
database for subsequent analysis on the
other.
There was a small learning curve on
how to input data and generate reports.
Overall, the system is stable, secure and
access to the information is reliable and
traceable.
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Cardiovascular disease
By Drs Ji Hyun Lee, Donghee Han, Bríain ó Hartaigh, Fay Lin, James K. Min

The Role of Computed Tomography Screening
for the Detection of Coronary Artery Disease
Cardiovascular disease (CVD) is a prominent cause of morbidity, accounting
for approximately 17.3 million deaths worldwide each year, which is anticipated to rise considerably by more than 23.6 million by the year 2030. Of
these deaths, an estimated 7.4 million were a consequence of coronary
artery disease (CAD) [1]. Further still, the economic burden attributable to
CVD is considered to be tremendously high, and was responsible for a healthrelated expenditure of nearly 320 billion USD in the United States alone during 2011. Of concern is that this cost is forecasted to reach 918 billion USD
by the year 2030 [2].
The current report provides an overview of the role of coronary artery calcium (CAC) score determined by cardiac CT. We describe the method of CAC
acquisition, as well as its role as a prominent predictor of adverse cardiac
events, while also discussing the implications and future directions of CT for
determining CAC in the clinical setting.

T

ypically, two-thirds of patients who experience a nonfatal myocardial infarction or
sudden cardiac death do not have a history
of any prior symptoms or cardiovascular
diagnosis, thereby emphasizing the urgent need for
improved screening, risk prediction, and treatment
strategies for occult CAD in asymptomatic individuals
[3]. To date, there have been numerous risk prediction
algorithms, along with serum biomarker and imaging
tools, designed for the purpose of screening CAD in
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asymptomatic adults. Among them, coronary artery
calcium (CAC) score determined by cardiac computed
tomography (CT) is an accurate and reliable marker
of coronary calcific atherosclerosis, and is commonly
utilized to quantify atherosclerotic plaque burden in
the coronary arteries [4]. Further still, CAC score has
been well established as a specific imaging method
for early detection of CAD, particularly in asymptomatic individuals in comparison with other risk factorbased algorithms [5].
Overview of CAC score

Electron beam computed tomography (EBCT) was
initially utilized for image acquisition of CAC in the
area of atherosclerotic imaging; however, multi-detector computed tomography (MDCT) has become one
of the most commonly used imaging modalities, along
with the rapid technology advancements of cardiac
CT.
CAC is generally defined as a hyper-attenuated
lesion above a threshold of 130 Hounsfield Units
(HU) with an area ≥3 adjacent pixels on non-contrast
enhanced cardiac CT [6]. The Agatston score is one
of the most widely used metrics for CAC scoring.
Although there are several cut-point values of CAC
available, the following categories are most frequently
used for the purpose of stratifying the risk of CAD:
0 (very low), 1-100 (mild), 101-400 (moderate), >400
(severe) [7].
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Role of CAC score in cardiovascular risk

Prior studies have documented some shortcomings
when using traditional risk factors such as the Framingham Risk Score (FRS) for classifying individuals, especially for those belonging to an intermediate risk group.
Hence, this has led some researchers to consider more
novel risk markers including CAC score, among others,
for the purpose of CAD risk prediction. Further still,
CAC score has been advocated as an independent and
robust marker for the prediction of adverse CVD risk. In
the Multi-Ethnic Study of Atherosclerosis (MESA) comprising 6,814 subjects, 1,330 individuals were classified
as being at intermediate-risk, defined as having a FRS
between 5% and 20% [8]. In that study, CAC score provided superior discrimination as well as risk reclassification when compared with other risk markers.
Likewise, in a study from the Rotterdam cohort that
reported the predictive value of CAC score along with eleven
other novel biomarkers and imaging methods [9], the results
indicated that net reclassification index (NRI) of the CAC
score was 19.3% while the NRI of other markers ranged from
0.4% to 7.6%. Moreover, in that study, the C-statistic for the
CAC score was 0.05, whereas C-statistics for other markers
ranged from 0.00 to 0.02. Remarkably, most of the extant
literature has proposed that CAC score reflects a robust tool
for predicting CVD risk, and has been shown to provide
incremental benefit over traditional risk tools.

“... the utilization of one-time CT scans for
identifying both CAC and lung cancer could
perhaps demonstrate multiple benefits...”
Implications of CAC score

A zero CAC score is associated with a lower prevalence
of adverse cardiac events and is considered protective
of CAD. Several studies have reported the utility of the
absence of CAC for the purpose of risk stratification in
clinical practice. In a meta-analysis of CAC score comprising a study sample of 71,595 patients, Sarwar et al.[10]
assessed the diagnostic and prognostic performance of
a zero CAC score. In that study, 146 of 25,903 patients
without CAC (0.56%) had a cardiovascular event, as compared with 1,749 of 42,283 patients (4.14%) with CAC.
Given the pooled relative risk was 0.15 (95% confidence
interval (CI): 0.11-0.21, P<0.001), the authors concluded
that the absence of CAC indicates a very low risk of future
cardiac events. Though it bears mention that in a separate
study, the hazard ratio for all-cause mortality in the presence of minimal CAC (i.e., range from 1 to 10) was 1.99,
compared with the absence of CAC after adjusting for
conventional risk factors [11]. Despite this, a zero CAC
score appears to maintain a very low risk in the prediction
of CAD in asymptomatic adults.
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Moreover, the CAC score may help identify patients
for whom risk is sufficiently low that pharmacological
therapies could possibly be avoided in clinical practice,
given the broad scope of patients currently eligible for
preventive therapies. In MESA, the investigators examined
the implications of the absence of CAC in reclassifying
patients from a risk assessment in which statins are recommended to one in which they are not. 50% of the MESA
participants were eligible for statins, of whom 44% had
CAC=0 with an event rate of 4.2 per 1000 person years,
far below the risk level assessed by the Pooled Cohort
Equations [12]. Additionally, the investigators examined
whether CAC score could be employed to define a target
population for the purpose of treatment using a polypill
[13]. Those with a zero CAC score had a very low event
rate with a high projected number needed to treat (NNT).
To this end, the latter finding might facilitate a more
appropriate selective prescription of the polypill among
more at-risk patients where pharmacological treatment is
deemed essential. Likewise, Miedema et al. [14] evaluated
the feasibility of CAC score for guiding aspirin use for
the primary prevention of CAD in MESA. Although in
the absence of CAC patients were projected to experience
harm when using aspirin, those with a CAC score ≥100
had positive risk/benefit estimations from aspirin therapy.
Employing a zero CAC score may therefore prove useful
for guiding clinical decision making towards preventing
future CVD events, while further reducing costs related
to treatment strategies.
Though current guidelines support the predictive utility of CAC scoring in asymptomatic individuals [15], some
observers have disputed its role as a potential gatekeeper
in symptomatic populations. To date, several studies have
provided some insight into the incremental diagnostic and
prognostic value of CAC score in symptomatic patients
[16]. Despite this, additional studies are warranted to
determine the importance of a zero CAC score as a possible gatekeeper in symptomatic patients, especially among
low- and intermediate-risk groups presenting with chest
pain.
CT screening for simultaneous detection of
CAD and lung cancer

Patients undergoing thoracic non-gated CT for screening of lung cancer frequently present with plaques in the
coronary arteries. Hence, the combined detection of lung
cancer and CAD has recently been advocated in clinical
practice [17]. Particularly, the utilization of one-time CT
scans for identifying both CAC and lung cancer could perhaps demonstrate multiple benefits including mitigated
radiation exposure and a lower overall cost in healthcare
expenditure. Yet, still there exist some practical drawbacks
in image acquisition and radiation dose between CAC and
thoracic CT scans. Indeed, the former method exploits
an ECG-gated CT technique with a mean radiation dose
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ranging from 1.0 to 2.9 mSv to alleviate motion artifact
[18], whereas the latter approach is routinely performed
without ECG gating with a radiation dose of between 0.8
and 0.9 mSv [19]. In light of this, additional studies are
clearly needed for the purpose of exploring the viability
of a one-time CT scan for screening both morbidities in a
concurrent fashion.

[3] Choi EK, Choi SI, Rivera JJ, Nasir K, Chang SA, Chun EJ, et al. Coronary
computed tomography angiography as a screening tool for the detection
of occult coronary artery disease in asymptomatic individuals. J Am Coll
Cardiol. 2008;52:357-65.
[4] S
 angiorgi G, Rumberger JA, Severson A, Edwards WD, Gregoire J,
Fitzpatrick LA, et al. Arterial calcification and not lumen stenosis is
highly correlated with atherosclerotic plaque burden in humans: a histologic study of 723 coronary artery segments using nondecalcifying
methodology. J Am Coll Cardiol. 1998;31:126-33.
[5] Hecht HS. Coronary artery calcium: utilization for primary prevention of
CHD. Curr Cardiol Rep. 2011;13:465-74.

Limitations of CAC score

Foremost, the CAC score is generally limited when
identifying non-calcified plaque in obstructive CAD.
Although the quantification of CAC strongly forecasts
future cardiovascular events, it is unlikely that it reflects
all adverse cardiovascular events. In addition, radiation
exposure should be administered in terms of safety when
performing CAC screening by CT. The typical effective
radiation dose dispensed for CAC scanning is most often
low, with an effective radiation dose of 1 mSv in EBCT and
3 mSv in MDCT [20], reflecting an equivalent dosage of
mammograms. Despite this, continuous efforts should be
made to reduce the amount of radiation dosages needed
for performing CAC scanning by CT, without jeopardizing the evaluation of CAC score in the coronary arteries.

[6] A
 gatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M, Jr.,
Detrano R. Quantification of coronary artery calcium using ultrafast
computed tomography. J Am Coll Cardiol. 1990;15:827-32.
[7] Rumberger JA, Brundage BH, Rader DJ, Kondos G. Electron beam computed tomographic coronary calcium scanning: a review and guidelines
for use in asymptomatic persons. Mayo Clin Proc. 1999;74:243-52.
[8] Yeboah J, McClelland RL, Polonsky TS, Burke GL, Sibley CT, O’Leary D, et
al. Comparison of novel risk markers for improvement in cardiovascular
risk assessment in intermediate-risk individuals. JAMA. 2012;308:78895.
[9] K
 avousi M, Elias-Smale S, Rutten JH, Leening MJ, Vliegenthart R,
Verwoert GC, et al. Evaluation of newer risk markers for coronary
heart disease risk classification: a cohort study. Ann Intern Med.
2012;156:438-44.
[10] S
 arwar A, Shaw LJ, Shapiro MD, Blankstein R, Hoffmann U, Cury RC,
et al. Diagnostic and prognostic value of absence of coronary artery
calcification. JACC Cardiovasc Imaging. 2009;2:675-88.
[11] B
 laha M, Budoff MJ, Shaw LJ, Khosa F, Rumberger JA, Berman D, et al.
Absence of coronary artery calcification and all-cause mortality. JACC
Cardiovasc Imaging. 2009;2:692-700.

“... The CAC score derived from CT screening is
well recognized as a robust predictor of CAD, ...”
Conclusion

The CAC score derived from CT screening is well
recognized as a robust predictor of CAD, and has proven
incremental value over and above traditional risk factors for the estimation of CAD risk. In asymptomatic
adults, the absence of CAC should perhaps be considered
a ‘protective surrogate’ of CAD, which may serve as a useful adjunct for guiding preventative treatment decisionmaking in the clinic. In symptomatic individuals, CAC
score may act as a ‘gate keeper’, especially among low- and
intermediate-risk groups presenting with chest pain. Foremost, studies have underlined the value of CAC score for
reclassification of patients who will most likely benefit
from additional medical treatment. A major avenue of
interest that should be pursued in CT research is to establish whether simultaneous screening for CAC and lung
cancer substantially lessens the cost as well as radiation
dose required.
Moving forward, the future of CAC screening for
prediction of CAD appears promising. Nevertheless,
undoubtedly, future studies will be essential for identifying the cost-effectiveness and capability of CAC screening
for advocating appropriate treatment strategies towards
improving health in patients with suspected CAD.
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Magnetic resonance imaging
MRI-only simulation for radiotherapy planning
Targeted treatment planning is key to the success of external beam radiotherapy. Conventional treatment planning workflows are based on the registration of an MRI dataset with a primary CT dataset. This approach has several drawbacks such as not only being laborious but also having the potential
for misalignment errors in the registration process.
This article summarizes Philips MRCAT (Magnetic Resonance for Calculating
ATtenuation) solution for an MR-only based dose planning approach for external beam radiation therapy and the first clinical application of the commercially available system for prostate cancer [1].
MR simulation for radiotherapy treatment planning

MRI is being increasingly adopted
within the RadioTherapy (RT) environment, principally driven by the
need for more accurate target definition. In addition to its superior
soft-tissue contrast compared to CT,
other benefits of MRI include functional imaging for target delineation
and dynamic imaging techniques for
motion assessment, all without adding radiation dose [2].
In current practice, the practical
incorporation of MRI-based information such as tissue characterisation and tumor delineation is via the
registration of an MRI data set to a
primary CT dataset. An MRI-only
simulation workflow could therefore virtually eliminate all technical and economic issues related to
an MR-CT multi-modality imaging
workflow for specific anatomical
sites [Figure 1]. Such a workflow
requires MRI to provide not only
information on tumor volume and
location but also the electron density
information required for dosimetry
[Figure 2].
In the current system of the registration of an MRI data set to a pri-

mary CT data set, this latter provides
the electron density information
necessary for dose calculations.
Absorption of radiation in human
tissue is a complex process in which
highly energetic primary photons
transfer their energy via collisions to
electrons contained in matter. The
absorption rate is dependent on the
electron density of the medium. Currently CT provides this electron density information since its contrast
is based on attenuation of ionizing
radiation.
MR images do not intrinsically
contain such electron density information, so when MRI is used for
RT planning without an accompanying CT scan, electron density information must be obtained via other
means.
Generation of density maps

Philips MRCAT approach
The general problem in the generation of density maps based on MR
images is that due to imaging physics,
tissues with very different densities
(e.g. air and cortical bone tissue) may
give similar MR signal intensities. To
resolve this ambiguity, the Philips
MRCAT approach for electron den-

FIGURE 1. Schematic representation of the main steps in the conventional CT-MR based work and the
MR-only simulation workflow. MR-only simulation excludes CT imaging and CT-MR registration.
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sity assignment to MR images uses
an accurate and robust segmentation
of bone structures and soft tissue.
Within the individual compartments
(bone and soft tissue), the correlation
between the MR signal intensities
and the electron density is much better. As a result, voxels can be assigned
density values based on their intensity with an accuracy sufficient for
treatment simulation.
Thus, in the MRCAT application,
CT-like density maps are generated
from mDIXON images in a two-step
approach. In the first step, the contents of the MR image are categorized
into five classes (air, fat, water-rich
tissue, spongy bone and compact
bone).
In the next step, each voxel is
assigned a density value (pseudo-HU
value) based on a combination of
average population values and literature values
Tissue classification
The membership of a certain voxel
to a class is determined by the following procedure: First, the body
outline (skin surface) of the patient
is determined. The voxels outside
of this body outline are classified as
air. Second, all bone structures are
segmented inside the body using
the multiple contrasts provided by
the mDIXON scan. Both the bone
and outline segmentation employ a
model-based segmentation approach
developed on patient and volunteer
mDIXON image datasets. The model
is adapted to an actual patient image
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requirements include high spatial resolution in three dimensions (preferably
with isotropic voxels), a large Field of
View, and contrast tailored to the tumor
and OAR. Consistency is another important consideration. The consistent use of
scan protocols helps maintain control
over the accuracy of skin and other airtissue interfaces. Since the most sensitive protocols, such as MRCAT, allow for
fewer modifications, they are designed
to deliver reproducible results independent of user experience.

Philips Ingenia MR system
MR-sim configuration

FIGURE 2. Schematic representation of the MR-only sim workflow with a dose plan based on T2W imaging
data and MRCAT-based density information

using features, such as gray value edges,
found within the image, while at the
same time, a constraint for the shape
of the segmented structure prevents the
segmentation from being attracted to
the wrong position [4].
The voxels inside the body outline,
but outside of the bone segmentation,
are considered soft tissue. This is further
subdivided according to the intensities
in the water and fat 3D images; voxels with a higher fat than water content
are classified as fat, whereas voxels with
higher water content are classified as
water-rich tissue.
Voxels inside the bone segmentation
are assumed to contain either compact
or spongy bone; the distinction is made
based on the voxel intensity of the inphase image. On a mixture of patient
and volunteer images, the bone segmentation showed an accuracy of less
than 1 mm RMS error when compared
to manual bone delineations. This is a
remarkably good result given the reconstructed voxel size of 1.5×1.5×2.5 mm3
for the analyzed datasets. [Figure 3].
MRCAT post-processing starts
automatically after the collection of
mDIXON images is complete. Other
scan protocols, such as the T2 acquisition, can run during the post-processing,

which takes place in the background
parallel to image acquisition and therefore does not add time to the overall
session.
This approach also implements a
method for automatic failure detection
which may be useful in detecting errors,
such as selection of a too small Field of
View (FOV) or intra-scan movements
which cause segmentation to fail. This
adds to, but does not replace, a recommended visual inspection by the end
user for the quality and completeness of
the MRCAT images.
MR imaging strategies for
MR-only simulation

MR-only simulation demands a
dedicated imaging approach. Time for
imaging must be as short as possible to
help keep workflows efficient, patients
comfortable, and organ movement to a
minimum. The minimum set of scan
protocols needed for the Philips MRonly approach are a source for MRCAT
generation, a scan for visualization of
internal markers and the scan protocol
for target and contouring organs at risk
(OAR) [Table 1],
Scan protocols specific to treatment
planning must also be optimized. Speed
and robustness are essential. Other

Table 1. Details of the MRI-only simulation scan protocols for prostate application (Ingenia 3.0 T).
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Fast, robust imaging protocols

Dedicated imaging protocols are
needed to obtain an accurate CT
equivalent radiation attenuation map
with MRI. The different tissues types
must be automatically distinguished
and assigned with appropriate Hounsfield units. Most approaches previously
described in the scientific literature
require either manual segmentation or
multiple scans that must be registered
in order to derive this information [3].
With the Philips MRCAT solution,
a single mDIXON MRI sequence is
used to generate electron density information, thereby removing the risk of
intersequence registration uncertainty.
In the mDIXON approach, two echoes
are acquired, allowing water, fat, and inphase images to be derived from the
same acquisition by using the frequency
shift of the fat and water protons.
The mDIXON scan used by the
MRCAT algorithm is designed to have
high geometric accuracy through the
choice of short echo times and high
bandwidth. The spatial resolution is chosen to be sufficiently high to allow reliable segmentation of the bones needed
for accurate dose planning. Implantable markers are often used in external
beam RT for target positioning to enable
inter-fraction organ motion control. The
markers are often visible in the mDIXON
water and in-phase images acquired for
MRCAT. However, a verification scan
may be needed to confirm the exact location of the markers. To this end, imaging
protocols sensitive to the local magnetic
field disturbances can be used in which
the markers appear as signal voids inside
the prostate[5]. The method chosen in
the Philips system for marker detection
is a bFFE/FFE 3D scan protocol which
23
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FIGURE 3. Algorithm pipeline showing the calculation flow from mDIXON images
with the calculated MRCAT images as the end result.

provides high Signal to Noise Ratio (SNR) and takes less than
two minutes.
T2-weighted TSE images allow manual delineation of the
prostate including the prostatic apex and seminal vesicles.
The OARs (bladder, rectum, and femur heads) can be delineated with the T2 image, and the T1-weighted in-phase image
contrast derived from the mDIXON may provide valuable
additional anatomical information.

Accurate MR imaging for MR-only simulation

Historically, geometric accuracy has been a limitation for the
applicability of MRI in Radiotherapy. However in recent years,
major improvements in geometric fidelity have been obtained,
and contemporary Philips Ingenia scanners are able to produce the
accuracy needed for most RT applications. Practical verification of
the acceptability of geometric accuracy is provided through use of
a dedicated QA phantom and software in addition to the standard
image quality QA procedures of the Ingenia MR-RT system.
MRI-based treatment planning –clinical implementation

Export to treatment planning systems (TPS)

At the MRI scanner, all MR-RT image data are labeled as
“MRI”. Upon export to a DICOM node, such as the treatment
planning system (TPS), the modality of the MRCAT image is
simply changed to CT, with no manual post-processing being
required. This data import process has been validated with
several commonly used TPS systems [Figure 4].

had an indication for prostate-only radiation treatment and 3 prostate
plus lymph node radiation treatment. For those patients, the usual
CT-based planning process was performed, with CT and MR images.
In addition to the clinical MR protocol, the patients received an
mDixon scan that was used to generate the MRCAT images which
were registered onto the planning CT images, and the plan was
recalculated.
Since differences in body contour due to different patient positioning could confound the results, the following procedure to match
the body contour between the CT and MR images was applied. First,
the body contour was segmented in the CT images using a combination of threshold-based segmentation and morphological operations. Then, the segmentation was taken over to the MRCAT images.
Regions in the MRCAT image outside of the body contour were set
to air values, whereas regions in the MRCAT image within the body
contour which had air values assigned were re-assigned water values,
i.e. “empty” areas in the MRCAT within the CT outline were “filled
with water”. The dose calculation differences were evaluated using a
gamma analysis [6] with both a 3%/3 mm and a 1%/1mm criterion.
The analysis showed that dosimetry using MRCAT images yielded
results well within clinical tolerance limits. In addition, dose-volume
histograms (DVH) were evaluated. For the organs at risk, the difference in mean dose on the MRCAT images compared to that using
the original CT was also well within clinical tolerance limits.
Clinical Example

A 76 year-old prostate cancer patient (Gleason score 7, PSA 17.2
µg/l) receiving EBRT at the Docrates Cancer Center in Helsinki,
Finland was scanned for evaluation of the MR-only workflow using
Philips MRCAT. For comparison to the clinical RT plan, the plan
was recalculated on MRCAT images with identical monitor units
(MU). Identical planning target volume and OAR delineations were
used for both CT-based and MRCAT plans. Dose calculation accuracy was assessed from dose volume histograms (DVHs). Agreement between CT and MRCAT was good for both 3D mean and

Image fusion and organ delineation

One major benefit of MR-only simulation is that the MRCAT
and other MR scans share the same coordinate system, making
additional registration unnecessary. Organ delineation algorithms
in TPS typically use the CT information which is quantized in the
MRCAT image. This allows for easy delineation of body outline
and bones. The fatty outlines of the inner organs make some
delineation algorithms able to build adequate first guesses of the
location of bladder, prostate, and rectum, but T2W MR images are
the necessary, and best, source for that purpose.

DRR generation

FIGURE 4. Upon export to the treatment planning system (TPS) the MRCAT image
becomes a a CT-type image with HU values for water, air, compact bone, spongy bone
and adipose tissue.

For beam planning purposes, digitally reconstructed radiographs (DRRs) can be created from any direction in a way
similar to CT [Figure 5].

Dose planning

The workflow in dose planning for EBRT with MRCAT
images does not differ from that using plain CT images.
In collaboration with the Netherlands Cancer Institute in Amsterdam, a study was carried out to compare MRCAT-based dosimetry with
CT-based dosimetry. Datasets from 13 patients were used, 10 of whom
24
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FIGURE 5.Comparison of Digitally Reconstructed Radiographs (DRRs) based on MRCATbased pseudo CT ( Left Image) and planning-CT ( right image).
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design of the coil support makes optimal use of the bore space
and also enables imaging of large patients.

Patient marking

MR-only simulation supports relative marking with external
laser positioning systems. The open design of the coil support
and the option to slide it freely allows laser projections from
virtually any direction onto the target area. Use of MR-visible
location markers on top of the relative skin marks during
scanning is advised.

Position verification

The patient can be aligned at the treatment machine using the
skin marks, but the position should be fine-tuned and verified
with one of three image-based options: cone beam computed
tomography (CBCT), plain radiographs against the bone information indicated in the DRRs, or the graphically or numerically recorded location of internal prostate markers.
Conclusion and Future Prospects
FIGURE 6. Comparison of original CT-based (top image) and MR-only based plans
(bottom image) illustrates the impact of MR-based delineation to the size of the
prostate and consequently the Planned Target Volume (PTV). Images courtesy fo
Docrates Cancer Center, Helsinki, Finland.

maximum dose [Figure 6]. Minor differences were seen between
OAR DVHs, which might be explained by the fact that the MR
images used for MRCAT calculation were taken during a separate
imaging session. Thus, the patient position and body outline may
not have been completely identical in the two image sets (see below).
Practical & Workflow considerations

Overall, MR-only simulation uses a workflow similar to
CT simulation, but there are some specific aspects to consider
when using MR-only simulation.
Imaging in the treatment position MR-only simulation
is dependent on the patient being imaged in the RT treatment position [7]. For this, the flat, indexed Ingenia MR-RT
CouchTop accommodates many common positioning device
solutions ensuring that the patient’s position is the same as
that for treatment
For high SNR, the Anterior and Posterior Coils are positioned
as close to the anatomy as possible, but without deforming
body contours. The MR-RT CouchTop is 2.5 cm thinner than
the previous overlay solution, thereby bringing the patient as
close as possible to the underlying posterior coil. The spacious

In the quest for more accurate target definition, MR simulation for RT treatment planning has gained considerable
interest thanks to its excellent soft-tissue contrast and accurate 3D imaging capabilities. MR-only simulation is introduced as an aid to the treatment planning process without
the explicit need for CT simulation. By just adding a few
minutes to the MR simulation exam, the density information
that was needed from CT for dose planning can be obtained
through MRI.
MR-only simulation fits well in the workflow of radiation
oncology departments and is an important step toward the
adoption of MRI in radiation treatment planning. In anticipation of future therapy treatments based on MRI, such as MRLinac2, MR-only simulation will be indispensable for accurate
matching of the therapy to the MRI data.
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Further Reading.
This article is an abridged version of Reference 1 above.
Further information and a complete bibliography are available from the authors
of Reference 1.

FIGURE 7. MR-only simulation is dependent on the patient being being imaged in
the RT treatment position. The image above shows a prostate patient positioned
on MR-RT CouchTop.
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Results from case studies are not predictive of results in other cases.
Results in other cases may vary.
Ingenia MR-RT and MR-only simulation are not yet CE marked.
This material is not intended for distribution in the USA.
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Breast Imaging
By Dr Y-C Cheung

Dual-Energy Contrast-Enhanced Spectral
Mammography: expanding the Frontiers
on Suspicious Breast Microcalcifications
on Conventional Mammography
Dual-energy contrast-enhanced spectral mammography (DE-CESM)
opens a new vision towards the diagnosis of suspicious microcalcifications of breasts, due to an easy and reliable correlation between conventional and contrast-enhanced subtracted mammograms. The additional information given by enhancement allows a better prediction of
the outcomes of histology, as well as highlighting the cancer extent for
better pre-operative planning.
Introduction to DE-CESM

Dual-Energy Contrast-Enhanced Spectral Mammography (DE-CESM) is a state-of-art technique
using intermittent exposures of low- and high-energy
after a bolus injection of iodinized contrast medium
in the same session of examination. By using emitting energies that are limited to below and above the
k-edge of iodine (33.2 keV), we can obtain two different attenuations of low- and high-energy mammograms during a single compressed position of breast.
Subsequent recombination of the images will automatically generate a contrast-enhanced subtracted
mammogram (CESM) using a masking technique
to reveal the presence of iodine uptake. After contrast medium injection, the acquisition of images
in CC and MLO views of bilateral breasts should be
completed within 2 minutes to 7 minutes, which is
the time limit before an enhancement equilibrium is
reached between cancer and normal glandular breast
tissues. Thus, all of the standard mammogaphic views
will have both conventional low-energy mammogram
and an additional CESM for assessment.
Benefit of CESM

It has been well-known that the degree of background breast fibroglandular density on a mammogram can have an impact on the rate of cancer detection and diagnosis accuracy. The additional CESM
can potentially enhance an occult cancer, especially

“... many blinded interobserver studies have
documented that DE-CESM can improve
cancer diagnosis, including sensitivity,
specificity, positive predictive value,
negative predictive value and accuracy...”
Our blinded interobserver study with 4 colleagues
also resulted similar improvement of DE-CESM for
cancer diagnosis as compared to low-energy conventional mammograms in dense breasts, as well as
showing a steady easy learning curve and high consistency among the readers [3].
Diagnosis of suspicious microcalcifications
without associated mass
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in patients with denser breasts. Similar to enhanced
breast magnetic resonance imaging (MRI), the degree
of tumor enhancement depends on the presence of
tumor neoangiogenesis. The presence of enhancement may be a clue to the malignant potential of the
tumor.
Compared to conventional mammogram alone,
many blinded interobserver studies have documented
that DE-CESM can improve cancer diagnosis, including sensitivity, specificity, positive predictive value,
negative predictive value and accuracy [1-4]. The
sensitivity and clinical performance were increased
by 15% and 17% respectively when comparing to
mammogram; and 7% and 4% as to mammogram plus
sonogram [4].
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Calcifications are common findings on mammograms
in screening or clinical setting; however, concerned
microcalcifications are a frequent feature for minimal
early breast cancer, particularly in ductal carcinoma in
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Breast Imaging

FIGURE 1A. A 49-year-old female with suspicious malignant microcalcifications
from mammographic screening was referred for further evaluation. The low-energy
conventional mammogram (mediolateral oblique view) showed regional pleomorphous microcalcifications in right breast.

situ (DCIS) [5]. About 20% to 25% of screened microcalcifications were potentially diagnosed to cancers [6]. Despite
the high detection rate of microcalcifications on mammography, it is very difficult to differentiate benign from premalignant or malignant lesions when there is no associated
mass. Considering the morphologic appearances or distributions of microcalcifications, suspicious microcalcifications
have, depnding on their ACR-BIRADS categories (4a, 4b or
4c), a wide range of cancer probabilities from to 13%, 36%
and 79% respectively [7]. Tomosynthesis is a new tool which
facilitates the evaluation of obscured lesions by recovering the superimposition of breast tissue, but its benefit in
diagnosing suspicious breast microcalcifiations is limited
and controversial. Even though more on obvious microcalcifications can be observed, tomosynthesis does not provide
adequate additional information on the malignant potential
of the suspicious lesions from conventional mammogram.
Enhancement Evaluation on microcalcifications

As microcalcifications do not enhance, contrast
medium administration explores a larger frontier, which
is the associated surrounding parenchyma, as the degree
28
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FIGURE 1B. CESM revealed an 8-cm large lobular enhanced mass in the upper
region of the right breast.

of enhancement reflects the severity of neoangiogenesis. Although malignant tumors usually possess a
higher degree of neoangiogenesis than benign tumors,
the degree of neoangiogenesis is not uniform among
malignant lesions. It is more pronounced in IDC, but
not always present in DCIS or lobular cancers. The
aggressive lesions are usually accompanied with high
vessel densities, thus resulting on a strong and more
rapid enhancement. On the other hand, many malignant
lesions, such as preinvasive or in situ cancers, have low
vessel densities. Although it is commonly believed that
a certain degree of neoangiogenesis is the foundation
stone for invasive processing, DCIS showed a variable
degree of vascularization [8]. Apart from neoangiogenesis, other factors can also influence the amount of extravascular leakage of contrast medium to interstitial spaces
inside or around the tumor, including vascular permeability, interstitial volume and biochemical structures.
Hence, the presence of enhancement is not exclusive for
malignancy. Nevertheless, the application of enhancement opens a new possibility towards differentiating the
causes of microcalcifications.
Comparison with Enhanced breast MRI

E U R O P E

NOVEMBER 2015

FIGURE 1C. Sonography did not find an associated
solid mass, only a well-defined breast cyst. Finally,
modified radical mastectomy subsequently proved it
to be large ductal cancer in situ with component of
invasive ductal carcinoma.

Enhanced breast MRI is very sensitive in detecting invasive breast
cancers (94% - 100%) [9], but less
sensitive with in-situ cancer (45%
- 100%) [8]. Several primitive studies have emphasized the value of
enhanced MRI not only for diagnosis of invasive breast cancer, also
to delineate DCIS with neoangiogenic enhancement in the stroma
around the periductal tumor bed as
a marker of potential extension [10,
11]. However, because microcalcifications cannot be observed on MRI,
the correlation of detected microcalcifications in conventional mammogram and their respective locations
on breast MRI remains difficult. On
the other hand, DE-CESM can easily correlate the exact location of
enhancement to microcalcifications
on conventional mammogram. From
our retrospective analysis, we concluded that DE-CESM could provide additional information of the
enhancement on microcalcifications
without associated mass [12]. Our
result was slightly better than the
previous report from enhanced MRI
[13], as shown in Table 1. In our
series, all the invasive breast can-

cers and 86.7 % of DCIS could be
enhanced, except for 2 unenhanced
low grade DCIS. The false positive
or false negative rates of enhancement thus remained to 23% and 6%,
respectively. For the different concern levels of suspicious microcalcifications, the true positive rates of
enhancement were higher on intermediate (93.7%) and high (100%)
concern levels as opposed to low
level (50%). Furthermore, the true
negative rate of enhancement was
high (> 90%) for all levels of concern
microcalcifications.
In addition to achieving a more
accurate diagnosis, CESM can further
assist surgeons with better pre-surgical treatment planning strategies.
Accurate pre-surgical measurement
of cancer size or extent is important. This is particularly true for the
patients having microcalcifications
without associated mass. Among this
particular group of patients, the exact
cancer extent is often unclear from
both conventional mammogram or
breast sonography. The extent of
enhancement from CESM can highlight the territory of cancer involvement secondary to neovascular formation. A previous study reported
that both conventional mammography and enhanced MRI can overestimate the cancer size of malignant
microcalcifications without associated masses. The mean differences
of conventional mammography and
enhanced MRI to pathological examinations were 3.9 mm and 7.3 mm,
respectively [13]. In our series, DECESM was analyzed as having better
agreement of cancer size to microscopic size than mammography by
Bland-Altman plot, respectively with
average size differences of 0.5 mm
and 4.2 mm. [12].

Conclusion

DE-CESM provides comprehensive
images of conventional and contrastenhanced subtracted mammograms in
the same session of compressed position. The clinical application of CESM
should be considered in cases of indeterminate microcalcifications of breast,
as CESM can facilitate an improved
diagnosis of malignancy and a better
delineation of cancer extent for optimizing pre-surgical planning, particularly in patients without associated
mass.
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The
Web adress
U.S. Food
and
Drug
Administration (FDA) has approved
Parascript AccuDetect 7.0 — a mammography Computer-Aided Detection
(CAD) system for use with mammography systems manufactured by General
Electric, Philips, Hologic, Fujifilm,
Carestream, IMS, and Planmed.
AccuDetect is also CE marked and, in
addition to the above manufacturers, it
is compatible with Direct Radiography
(DR) and Computed Radiography (CR)
mammography systems from Agfa
Healthcare, Allengers Medical Systems,
and Siemens. The AccuDetect uses
multiple independent cancer detection
algorithms and a unique patented voting
methodology to combine its findings.
Comparing the results of multiple image
recognition processes allows for the
mitigation of the inherent faults of the
recognition processes, thus leading to
improved sensitivity and reduced falsepositive rates. As shown by the results of

a recent study (M. Lobbes et al., Clinical
Imaging 2013; 37: 283), involving the
previous version of AccuDetect CAD,
the system has shown better overall performance when compared other CAD
systems in detecting both soft tissue
densities and calcifications. When compared to other CAD systems in extremely
dense breasts (ACR 4), AccuDetect demonstrated a 15.4 percent increase in the
detection of both masses and calcifications, and a 14.6 percent increase in total
cancer cases detection.
Parascript, LLC
Longmont, CO USA
www.parascript.com

GE Healthcare collaborates
with university to explore
health care innovation

Oregon Health & Science University
(OHSU) and GE Healthcare have
signed a memorandum of understanding (MOU) to develop collaborative
research programs in cardiovascular
NOVEMBER 2015

medicine, imaging and big data research.
The research programs are aimed at
bringing together OHSU’s clinical
expertise with GE Healthcare’s technology prowess to answer fundamental
questions in biology and medicine.

In the first of many studies to come,
GE Healthcare engineers anticipate
teaming with OHSU physician-scientists to investigate the use of ultrasound
for value-based health care in rural and
underserved communities and adapt and
test magnetic resonance pulse sequences
to enhance neurovascular studies.
GE Healthcare
Chalfont St Giles, Bucks, UK
www3.gehealthcare.com

proven to positively impact diagnostic
interpretation. The use of ultrasound in
combination with conventional mammography in women with dense breasts,
for example, has resulted in better early
breast cancer detection.
“To maximize the diagnostic value of
color breast images, we developed new
technologies to calibrate and maintain
the consistency of these color images”
adds Lynda Domogalla, “and we are
leading in the definition of a Color
Standard Display Function (CSDF) to
ensure the accuracy and consistency of
color images on diagnostic displays.”
Differences in the visual appearance
of different image types posed additional challenges, which Barco tackled
by introducing proprietary technologies

Diagnostic display cleared for to automatically set the proper color
and grayscale settings for every image
viewing all types of breast
modality – even when viewing them
imaging exams
Barco has announced that its flagship diagnostic display system – Coronis
Uniti – has been clinically validated for
multi-modality breast imaging. This
makes Coronis Uniti the world’s first
and only diagnostic display that can be
used for both PACS and multi-modality
breast imaging, including breast tomosynthesis, 3D mammography, breast
MRI and breast ultrasound. Barco’s
Coronis Uniti display system had previously been cleared for viewing PACS
and mammography images, including
breast tomosynthesis. The FDA’s new
indications for use include breast MRI,
breast ultrasound, CT and ultrasound,
including vascular and gynecological
ultrasound, enabling radiologists to view
a host of breast imaging modalities –
in color or grayscale, 2D or 3D, static
or dynamic – on a single display. The
ability to access any image on a single
display offers significant benefits, from
workflow and clinical perspectives. First
of all, it eliminates the need to change
workstations to complete patient studies. Additionally, running side-by-side
comparisons and image fusions have
D I
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simultaneously on the screen. Barco
also found a way to counteract motion
blur when reviewing multi-frame image
sequences such as digital breast tomosynthesis, breast ultrasound and breast
MRI. Thanks to RapidFrame M technology – which provides a high pixel refresh
rate – Coronis Uniti enables radiologists to accurately visualize moving and
changing images, avoiding loss of detail
when scrolling through the 3D stack and
ensuring efficient diagnosis as well as
swift workflow.
Barco,
Kortrijk, Belgium
www.barco.com

Merger between Mach7
Technologies and 3D
Medical

At the end of October, Mach7
Technologies, a global provider of enterprise medical image management solutions, and 3D Medical Limited announced
they have signed a definitive agreement to
merge. The merger will provide access via
public capital markets for Mach7 while preserving corporate self-determination with
31
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regard to mission and product roadmap.
Mach7 Technologies is a global
provider of enterprise image
management systems, enabling
healthcare enterprises to easily identify, connect, and share
diagnostic image and patient
care intelligence where and when
needed. The solutions improve
patient care, compliance, and
clinician satisfaction. Frost &
Sullivan recently named Mach7
Technologies Medical Imaging
Informatics Company of the Year
in the Asia Pacific region.
Mach7 and 3DM enjoy a strong
working relationship in 3DM’s
capacity as the exclusive reseller
of the Mach7 image management
solutions for hospitals and radiology clinics in Australia and New
Zealand. Both 3DM and Mach7
intend to maintain their respective
workforce in engineering, customer
sales, support, marketing, and service relationships without alteration.

“Our commitment to customerdriven design is the core of our culture,” commented Albert Liong, chief
executive officer, Mach7. “We will
remain a nimble company focused
on providing the most innovative
enterprise imaging platform in the
world. Access to new capital will
enable us to surpass business and
product roadmap goals in a shorter
time frame and to better serve our
customers. Mach7 has enjoyed substantial growth in recent years, and
we feel this will be enhanced with
access to the public capital market.
Australian investors appreciate world
leading healthcare technology, and
we look forward to this new phase
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as we continue to build our global
presence.”
Mach7’s global customer base
includes leading healthcare organizations such as Penn Medicine, Raffles
Hospital, and Massachusetts General
and has operations in 10 countries.
The majority of Mach7’s employees
are located in Burlington, Vermont
Mach 7 generates strong contractual
cash flow from software licenses and
support agreements.
Upon approval and completion of
the agreement, the merged entity will
be publicly listed on the Australian
stock exchange (ASX) and will trade
as “Mach7 Technologies Ltd”.
Mach 7
Burlington, VT, USA
www.mach7t.com

Toshiba partners with
major Olympic legacy programme

Toshiba has announced a strategic partnership with The Advanced
Wellbeing
Research
Centre
(AWRC) in Sheffield, UK. Set up
with an initial £14 million from
the UK Government, the AWRC
is based on the Olympic Legacy
Park in Sheffield, UK. The partnership will see Toshiba providing
state-of-the-art diagnostic imaging
equipment and wearable biosensors for applied research at AWRC.
Much of the research expertise
will come from research teams
that helped UK athletes achieve
24 medals in London Olympic
Games 2012 . Toshiba will supply World class diagnostic imaging
equipment including its Aquilion
ONE dynamic volume CT system.
The imaging equipment comes
with dynamic volumetric acquisition protocols that can be used
to review moving joint structures
in 3D, as well as dynamic blood
or air flow for the early diagnosis, improved rehabilitation and
preventative care for those that
are exercising both at elite athlete
level and for the local community
and wider public. Professor Steve
Haake, AWRC Director comments:
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“We are delighted that Toshiba
Medical Systems has become
AWRC’s first industry partner joining Government’s backing. Media
articles about overweight children,
rising levels of obesity and diabe-

tes appear in a newspaper almost
every day. Most recently the World
Health Organization reported that
nearly three quarters of men and
two thirds of women in the UK
will be overweight by 2020. That’s
less than 5 years away! “Sedentary
behavior and a stream of rich food
can lead to all sorts of problems
appearing in our lives as chronic
disease. This was highlighted by a
2011 report for the Department of
Health, which showed that increasing physical activity could reduce
the risk of type II diabetes and
colon cancer by up to 50%, heart
disease and stroke by up to 35%,
depression by 30% and the other
scourge of our day, Alzheimer’s disease, by 30%.
“With these statistics and predictions in mind, the Advanced
Wellbeing Research Centre has been
set up to become the most advanced
research and development centre for
physical activity in the world, creating ‘innovations that help people
move‘ in sport, healthcare, physical
activity and leisure“.
Toshiba Medical Systems
Europe
Zoetermeer, The Netherlands
www.toshiba-medical.eu/

New image guided therapy
simulation
facility opened

Philips recently announced that it
has enhanced its strength in imageguided therapy innovation with the
establishment of a new in-house
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simulation facility for early and continuous product design validation and
end-user testing. The new facility is
located at Philips’ existing R&D and
manufacturing facility in Best, the
Netherlands.
“We have combined our expertise and activities in the field of
product design validation and
usability testing, and expanded the
team, enabling us to validate and
test throughout the product creation process from early development to final product,” said Bert van
Meurs, General Manager, Philips
Image Guided Therapy. “Our goal
is to further enhance the user experience and enable the effective
and efficient use of our technology - for example during critical
procedures such as the minimallyinvasive treatment of a heart attack
or stroke.”

Philips,
Eindhoven, The Netherlands
www.philips.com

University Medical Center
selects DR systems

Agfa has announced that it
has signed an agreement with the
Rush University Medical Center
in Chicago, Il, USA to supply
three DX-D 600 and one DX-D
300 direct radiography (DR) solutions over the coming year. In a
very competitive decision process,
Agfa HealthCare showed particular strength in full leg/full spine
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(FLFS) imaging with it’s EasyStitch
technology, and in its customer
focused approach. Rush University
Medical Center’s previous experience with Agfa HealthCare’s
MUSICA image processing and
workflow also played a role in the
decision. The contract was signed
earlier this year, and implementation has been underway. In 2016,
Agfa HealthCare will also install
a DX-D 600 DR system in an outpatient facility that is currently
under construction by the medical center.

Rush University Medical Center
is a not-for-profit, 664-bed academic
medical center in Chicago affiliated
with Rush University. It is nationally
and internationally known for many
specialties of care, areas of research
and its new medical hospital building, the Tower.
Agfa Healthcare
Mortsel , Belgium
www.agfahealthcare.com

Swedish healthcare region
invests in
digital pathology

The Swedish healthcare Region
Östergötland is making a full commitment to digital pathology by
investing in a solution from Sectra
for storage, review and sharing of
digital pathology images. The aim of
the region’s investment is more rapid
care for cancer patients, in which
pathology has a key role in diagnosis
and treatment.
Linköping University Hospital has
one of Sweden’s first digital pathology departments. Since May 2014,
three physicians at the Pathology
Department in Linköping have
been testing Sectra’s IT solution for
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pathology. The solution is now being
rolled out on a broad front and all 20
pathologists working in Linköping
will be able to review examinations
digitally.
“I read all of my cases digitally and
feel very confident about it,” says Anna
Bodén, Consultant Histopathologist
at Linköping University Hospital.
“Sectra’s solution is fast, easy to use
and very stable, which is necessary
because we review large volumes and
fast answers are decisive for effective
cancer care.”
A key factor is that Sectra’s digital pathology solution builds on the
same infrastructure as Sectra’s solution for handling radiology images
(Sectra PACS) that is already used at
the radiology department in Region
Östergötland. This enables in-depth
cooperation between radiologists and
pathologists, two of the key functions
in effective cancer care, as well as facilitating, for example, multidisciplinary
rounds, which are part of integrated
diagnostics. In addition, hospitals’
maintenance and operating costs are
reduced.

The IT solution for pathology that
is now being introduced in Region
Östergötland is based on the results
of a major Swedish research project
in digital pathology, in which both
Region Östergötland and Sectra are
participants. The project is being conducted by the Center for Medical Image
Science and Visualization (CMIV) at
the University of Linköping and about
ten care providers are involved in the
project.
In the US, digital pathology for primary diagnostics is still pending FDA
approval.
Sectra
Linköping, SWEDEN
www.sectra.com
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Breast tomosynthesis at RSNA 2015
Judging from the number of abstracts submitted and presentations
planned on various aspects of breast tomosynthesis, it is clear that
the subject of breast tomo is going to be one of the main buzzes of the
upcoming RSNA 2015 meeting.
There are no fewer than 63 papers, poster sessions and RSNAsponsored lectures on tomosynthesis listed on the RSNA scientific
program this year

M

ost of the papers on breast tomosynthesis being presented will focus on adressing the following key questions.
• Do high volume screening sites see continuing
benefits (e.g. drop in recall rate, increase in invasive cancers found, workflow improvements.. )
when they compare women screened with tomosynthesis with women screened with digital mammography alone over multiple years of screening?
• Are synthetic mammograms in a tomosynthesis screening exam a suitable replacement for
x-ray generated mammograms in a tomosynthesis examv?
• Does tomosynthesis have clear benefits or limitations when the screening population is broken down by age, breast density, type of cancers
(interval, masses, calcifications, asymmetries,
architectural distortions,…) etc. ?
• D oes the need for ultrasound or breast
MRI follow-up decrease when the woman is
screened first by tomosynthesis?

Out of all the numerous presentations on breast
tomosynthesis scheduled at RSNA, no fewer than
14 of the major scientific papers and poster sessions
originate from workers at two clinical research and

educational sites that are internationally recognized
in the field.
These are: Dr. Emily Conant’s group at the
Breast Imaging Division, Department of Radiology,
University of Pennsylvania, Perelman School of
Medicine, in Philadelphia, PA USA and Dr Lianne
Philpotts’ group in the Department of Diagnostic
Radiology, Division of Breast Imaging, Yale University School of Medicine, New Haven, CT USA.
Both Dr Philpotts and Dr Conant will be presenting papers at the “Hot Topics in Breast Imaging “
session scheduled for Monday, Nov. 30 at 8:30 am. :
Session RC215-01

Tomosynthesis
Dr L Philpotts,
The talk will:
1) Assess the increasing body of literature concerning
digital breast tomosynthesis.
2) D escribe its use in both the screening and diagnostic mammography environments.
3) Evaluate the benefits of tomosynthesis and understand how it is dramatically changing the whole
practice of breast imaging.
Session RC215-02

Three Consecutive Years of Screening
with DBT: are the outcomes sustainable?
Dr E F Conant et al.

The majority of the speakers giving presentations on breast tomosynthesis use
equipment from Hologic, whose flagship model, the Selenia Dimension system
is currently market leader. ( Image courtesy of Hologic, Inc).

34

D I

The data to be presented show that not only are
DBT screening outcomes sustainable, there are continued trends of increased cancer detection and PPVs
over time. There was also a decrease in interval cancer
rate with DBT within 1 year of screening suggesting
that DBT detects more, clinically significant interval
cancers.
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Day/Location/Session Number/Speaker

Title

Sun 11.05 am/ S404AB/ SSA20-03
L Cockmartin et al. Leuven, Belgium

Comparison of Detection Performance between 2D Digital Mammography and Breast Tomosynthesis Using a Structured
Physical Phantom

Sun 11:15 am/ACT/SSA01-04
C-P Chou et al. Kaohsiung, Taiwan

Enhancement Patterns of Benign and Malignant Breast Lesions on Contrast-enhanced Breast Tomosynthesis

Sun 11:25 am/ACT/ SSA01-05
NH Said et al., Cairo, Egypt

Contrast-enhanced Spectral Mammography versus Breast Tomosynthesis in Further Evaluation of Recalled Cases after Screening Mammograms

Sun 11:45 am /ACT/ SSA01-07
C-P Chou et al., Kaohsiung, Taiwan

Contrast-enhanced Breast Tomosynthesis and Dynamic Contrast-enhanced Breast MRI for Architectural Distortion Lesions
on Mammograms

Sun 12:05 pm/ACT/ SSA01-09
EB Cole et al., Charleston, SC USA

Clinical Performance of Dedicated Breast Computed Tomography in Comparison to Diagnostic Digital Mammography

Mon 8:30 am/ACT/RC 215-01
LE Philpotts, New Haven, CT, USA

Tomosynthesis

Mon 8:50 am/ACT/RC 215-02
EF Conant, Philadelphia, PA, USA

Three Consecutive Years of Screening with Digital Breast Tomosynthesis: Are the Outcomes Sustainable?

Mon 9:00 am /ACT/RC 215-03
P Skaane et al., Oslo, Norway

Screen-detected and Interval Cancers before, During, and after Implementation of Digital Breast Tomosynthesis in a Population-based Mammography Screening Program

Mon 9:10 am/ACT/RC 215-04
MA Pinochet et al., Santiago, Chile

Missed Breast Cancer by Digital Mammography and Tomosynthesis

Mon 9:20 am /ACT/RC 215-05
D Gur et al., Pittsburgh, PA, USA

Performance Measures Interpreting FFDM Examinations with Increasing Experience with DBT Based Screening in a Mixed
FFDM/DBT Practice

Mon 9:30 am/ACT
JM Chang et al., Seoul, Korea

Integrated Interpretation of Digital Breast Tomosynthesis and Ultrasound in Asymptomatic Women with Dense Breasts

Tues 9:30 am/ACT/ RC315-06
MJ Yaffe, Tronto, ON, Canada

DBT Technology

Tues 9:50 am/ACT/RC315-07
JS Choi et al. , Seoul, Korea

Detection and Classification of Calcifications on 2Dl Mammography: Comparison of Synthetic Mammography Reconstructed
from Digital Breast Tomosynthesis andFFDM

Tues 10:00am/ACT/RC 315-08
T Endo et al., Nagoya, Japan

Comparison of Low Dose Tomosynthesis Plus Synthesized Mammography and Digital Mammography Alone for Breast Cancer
Screening

Tues 10:10 am/ACT/RC 315-09
SP Zuckerman, et al., Philadelphia, PA

Impact on Recall Rates Following Implementation of Synthesized 2D Mammography in Digital Breast Tomosynthesis
Screening

Tues 10:20 am/ACT/RC-315-10
MA Durand et al. New Haven, CT, USA

Synthesized 2D Mammography+Tomosynthesis: Can We See Clearly?

Tues 10:30 am/ACT/RC-315-11
G Mariscotti et al, New Haven, CT, USA

Synthetized Digital Mammography Compared to Conventional Digital Mammography in a Diagnostic Setting

Tues 10:50 am/ACT/RC-315-12
SM Friedenwald, Chicago, IL, USA

Clinical evidence of DBT utility

Tues 11:10 am/ACT/RC-315-13
RS Butler et al., New Haven , CT, USA

Tomosynthesis in Diagnostic Mammography - Continued Change after Three Years of Experience

Tues 11:20 am/ACT/RC-315-14
M Raghu, et al. New Haven CT, USA

Biopsy Outcomes Following Diagnostic Work-up with Digital Breast Tomosynthesis

Tues 11:30 am/ACT/RC-315-15
Clinical and Imaging Features of Tomosynthesis Occult Breast Cancer and Reasons for Non-Detection
L Andrejeva-Wright, et al, New Haven, CT,
USA
Tues 11:40 am/ACT/RC-315-16
RP Candelaria, Houston, TX, USA

Comparing the Performance of FFDM, DBT, and Whole Breast Ultrasound (WBUS) in the Initial Staging Evaluation of Breast
Cancer: Interim Results of a Prospective Study

Tues 11:50 am/ACT/ RC-315-17
L Philpotts et al., New Haven, CT USA

Analysis of False Negative Exams in 2D and Tomosynthesis Screening Mammography: Comparison by Breast Density

Wed 11:20am/ACT/ SSK01-06
BM Keller et al., Phiadelphia, PA, USA

Agreement between Breast Density Estimates from Standard versus Synthetic Digital Mammograms

Wed 11:20am/S404AB/SSK16-06
A Nitrosi et al., Reggio Emilia, Italy

RIS-integrated Dose Monitoring System: First Optimization Results for a Breast Screening Program on a Large Dataset of
FFDM and DBT Exams

Fri 10:30am/ S403B/SST14-01
A Healy et al., Greenwich, NY, USA

Automated QA Approaches to Monitor Low Contrast Performance for Computed Tomography (CT) and Digital Breast
Tomography (DBT)

Fri 11:20am/ E4508/ SST01-06
CS Reisenauer et al Moscow, ID, USA
A Healy et al., Greenwich, NY, USA

The Impact of Making 3D Mammography Available to a Rural Population

Fri 11:40 am/ E450B/ SST01-08
A Iqbal et al., London, UK.

Comparison of Visibility of Screen Detected Cancers on One-View versus Two-View DBT and FFDN

Table 1. A summary of just the scientific presentations on the subject of breast tomosynthesis scheduled at RSNA 2015. In addition to the scientific presentations above
there are also many posters and educational sessions devoted to various aspects of breast tomosynthesis. Abbreviations: ACT= Arie Crown Theatre, McCormick Place.
NOVEMBER 2015
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Interventional Radiology
Fusion imaging of real-time ultrasound images
with CT or MRI in hepatic interventions

The technique of fusion imaging involves the fusion of images from two different imaging
modalities. One of the areas of application of such technology is in hepatic intervention,
e.g in guided biopsies or in guided radiofrequency ablation
A group of researchers at the Samsung Medical Center, Sungkyunkwan University School
of Medicine, Seoul, Korea under the leadership of Prof MW Lee has established an
impressive reputation and an extensive list of publications in this field. A brief summary
of selected papers from the group is presented below.

A

s pointed out by Lee et al., ultrasonography
(US) has in recent years been widely used for
interventional procedures for the liver [1]. There
are several reasons for this extensive use of US,
including real-time capability, no hazard from ionizing radiation, easy accessibility, and low cost.
However when carrying out US-guided interventional
procedures, the operators need to mentally register both
a reference data set (either CT or MR images) and also
the working data set, which is generated from the realtime US images. In practice, this “mental” registration
can be challenging if the liver cannot be scanned in
orthogonal transverse, sagittal, or coronal planes, which
are those most frequently used for the acquistion of
CT or MR images in routine practice. In addition, as
a result of breathing motion and the heartbeats of the
patients there can be deformation and displacement of
the liver. Moreover, a sonographic window of the liver is
sometimes limited by the rib cage, colon, or omental fat
surrounding the liver.
All this can give rise to erroneous “mental” registration,
which may in turn give rise to mistargeting during USguided hepatic interventions [2]. Fusion imaging is a useful
approach to address such issues.

• Guided percutaenous biopsy of focal hepatic lesions
with poor conspicuity in conventional sonography [4].
Since pathologic confirmation is usually crucial for
proper treatment of hepatic lesions, successful biopsy is of
great importance. Advanced techniques are required for
detection of target lesions.
However one problem is that focal hepatic lesions are
often encountered that have poor sonographic conspicuity.
Although earlier studies of fusion imaging–guided biopsy had
already shown promising results, they had vague inclusion
criteria and lacked homogeneity of the patient population.
For this reason the researchers from the Samsung Medical
Center set up a well-organized study focusing on the advantages of fusion imaging–guided percutaneous liver biopsy [4].
The purpose of the study was to evaluate the effectiveness
of fusion imaging for percutaneous sonographically guided
biopsy of focal hepatic lesions with poor sonographic conspicuity. Although the number of patients was relatively limited,
the results of the trial were quite conclusive [4]. The group
found that fusion imaging is effective for improving lesion
conspicuity and localization of target lesions during percutaneous biopsies of lesions that are invisible or poorly conspicuous on B-mode sonography. Furthermore, it was found that
extensive radiologic experience was not required to carry out
a biopsy accurately.

Fusion imaging

This is the technique that fuses two different imaging
modalities. Thanks to advances in CT and MR technology,
small target lesions that previously would be difficult to
detect are now being found more frequently than before.
In the field of hepatic intervention, fusion imaging usually
involves real-time US (the working data set) being fused
with other imaging modalities such as CT, MR, and positron emission tomography PET/CT. The resulting fused
reference data sets are useful for localizing inconspicuous
focal hepatic lesions on B-mode US. The technique can
thus facilitate accurate interventional procedures such
as Radiofrequency ablation (RFA) and biopsy even with
challenging target lesions.
Fusion imaging has consequently gained considerable attention in recent years since it can help operators to conduct such interventional procedures with
high confidence and accuracy for challenging target
lesions [3].
36
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• Usefulness of image fusion with 3D ultrasonography
in percutaenous utrasonography-guided radiofrequency
ablation of Hepatocellular carcinomas [5]
In a recent paper, the researchers set out to evaluate the
usefulness of fusion imaging with real-time ultrasonography and three-dimensional (3D) US for the guidance of
radiofrequency ablation (RFA) of hepatocellular carcinomas
(HCCs) 2-5 cm in diameter.
Radiofrequency ablation (RFA) has been widely utilized as
a curative treatment option for the management of hepatocellular carcinomas (HCCs) <3 cm in diameter. Although RFA
has shown promising results for very early stage HCCs < 2
cm in diameter, it is still challenging for HCCs > 2 cm due to
a high rate of local tumor progression.
The Korean group of researchers carried out a study of the
possibility of using image fusion with 3D US. Their findings
were that, additional image fusion with 3D US to conventional fusion imaging is useful for percutaneous RFA of HCCs
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that are 2-5 cm in diameter. After electrode
insertion under conventional fusion imaging guidance, RFA monitoring and controlling can be performed under image fusion
with 3D US guidance. Based on the fused
3D US, ablation zones with near spherical configurations can be achieved through
multiple overlapping ablations.
• Radiofrequency ablation of veryearly-stage hepatocellular carcinoma
inconspicuous on fusion imaging with
B-mode US: value of fusion imaging with
contrast-enhanced US [6].
Small HCCs are difficult to localize
with B-mode US in patients with liver cirrhosis. However, these small HCCs with
poor sonographic conspicuity can benefit
from fusion imaging. According to previous studies fusion imaging of B-mode US
and CT/MR images is useful for localizing
small HCCs. However, not all small HCCs
can be identified on fusion imaging. The
researchers therefore set out to study the
effect of the value of fusion imaging with
contrast-enhanced US [6]. and concluded
that fusion imaging with CEUS and CT/
MR images is very effective for percutaneous RFA of very early-stage HCCs inconspicuous on fusion imaging with B-mode
US and CT/MR images. Therefore, the
additional use of CEUS should be considered when fusion imaging alone is not
satisfactory for localizing small HCCs.
References
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Advanced technical features in new
ultrasound system include fusion
capabilities
The advanced technical capabilities
of the new model RS80A with Prestige from Samsung are built on the
well-established successes of Samsung
technologies, including superior image
quality, and offering additional exclusive options. Additional features such as
S-Fusion, S-Tracking and S-Shearwave
provide diagnostic confidence and user
convenience in challenging practices.
S-Fusion

S-Fusion functionality is incorporated into the RS80A with Prestige ultrasound system and enables simultaneous
localization of a lesion with a real-time
ultrasound image supported by 3D-Datasets from other modalities. Implementations of image fusion from other
comapnies still face challenges such as
relatively long registration time and low
accuracy of registration. In contrast, the
fusion speed and accuracy of Samsung’s
proprietary S-Fusion system is one of its
main features, making the system ready
for advanced clinical applications.
S-Fusion imaging takes up to 66 seconds. Positioning Auto-registration and
fusion imaging only takes about 30 seconds. With the transducer placed on the
epigastrium and precisely aligned, the
system provides easy and fast registration
This frees up the interventionalist to focus
on the actual interventional procedure.
S-Tracking

S-Tracking increases the rate of
accuracy during interventional proce-

dures by providing the simulated path of
the needle and the target mark in the live
ultrasound image. Clear Track, one of
two functions provided by S-Tracking,
secures the accuracy by using a specialized needle with a sensor tip. Virtual
Track uses general needles during the
procedure, providing both accuracy and
economic benefit.
S-Shearwave

S-Shearwave detects the velocity of a
shearwave propagated through the targeted lesion and displays the numerical measurement of stiffness expressed
in kPa or m/s together with a Reliable
Measurement Index (RMI). It also provides Variation Range (VR), a parameter that intuitively shows the uniformity of tissue stiffness in the Region
of Interest (ROI). The wider the range,
the less tissue stiffness uniformity. In
the profile window, the user can easily
edit each measurement value depending on its Reliable Measurement Index.
S-Shearwave thus helps to reduce the
number of conventional liver biopsies
by providing quantitative tissue characteristic information.
Samsung Medison
Seoul Korea

S-Fusion with Contrast Enhanced Ultrasound (CEUS).
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www.samsungmedison.com
http://tinyurl.com/S-fusion-presentation
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Radiology workflow
By Dr AE England

Implementing Radiology Report Turnaround
Time Requirements in an Academic Setting:
Challenges to Resident Education
Academic radiologists are challenged with balancing the clinical, academic,
and research missions of their institutions. When new requirements are implemented such as required radiology report turnaround times (RTAT), which
increase the emphasis on clinical productivity, the potential negative effect on
resident education must be accounted for and solutions proposed to mitigate
any negative consequences.
Adopting RTAT requirements

Radiology report turn-around-time (RTAT) is a metric
that is increasingly being utilized by hospital administrators to measure the quality of diagnostic radiology services.
There are many ways to evaluate the quality of diagnostic
radiology services including the number of subspecialists
in a group, the scope of imaging services provided, involvement in hospital committees, as well as the quality and
speed of report generation. However, the simplest way for
hospital administrators to evaluate the quality of radiology
services provided is by utilizing a simple metric, RTAT. This
metric can easily be assigned a value and compared with
other radiology service providers. If a radiology group can
provide rapid Emergency Department study throughput in
less than 1 hour, then they would be preferred by hospital
administrators when comparing services with another group
whose average is 3 hours. Although originally utilized by
teleradiology companies and private radiology groups, this
RTAT metric is now increasingly being utilized by hospitals
affiliated with academic departments.
In 2012, our radiology department at the University of
Cincinnati was tasked with requiring all Emergency Department (ED) studies to have a 24/7 one-hour radiology RTAT
requirement. The rationale for an RTAT requirement was
that it would improve patient care by increasing throughput
in the Emergency Department as well as decreasing “resident
preliminary discrepancies.” Although the latter rationale has
been debated in the literature and remains controversial, the
decision was made to hire three new overnight ED radiologists to ensure that our department complied with this new
requirement [1-3].
There were initial concerns and dissatisfaction among
both faculty and residents about how the increased strain of

Study Design

Our study would focus on two major questions. The first
was to ask if residents were actually becoming less involved
in ED studies after the implementation of the 1 hour RTAT.
To evaluate this, we performed a retrospective study of the
most commonly performed ED radiology exams for 3 years
before and 1 year after this new requirement was implemented. We compared both daytime to overnight resident
ED study involvement as well as resident ED study involvement between the different subspecialties.
The more difficult question to answer was to ask “even
though residents may be less involved in ED studies because
of this new requirement, was it actually affecting resident
education?” Comparing board pass rates or in-service exam
test scores at our institution was not ideal because this generated too few data points. The decision was made to evaluate
the perception of the effect on resident education by faculty
and staff through short surveys at two different academic
institutions, both of which had required RTAT.
Results

The author

Overall, we found that there was a statistically significant
decrease in radiology resident ED study involvement during the daytime (8AM-5PM) P=.01, but not during the on
call period (5PM-8AM) P=.1. For the 3 years before the
implementation of the required 1 hour RTAT, residents were

Dr E. England,
Department of Radiology,
University of Cincinnati Medical Center,
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clinical productivity would affect resident education. After
listening to these concerns, the decision was made to conduct a study on both the effect of a required RTAT on resident involvement in ED cases and the perceived effect on
resident education by faculty and residents. In our study we
hypothesized that, “1) 1 year after the implementation of the
RTAT requirement, residents would become less involved in
ED studies to comply with the metric, 2) faculty would be
incentivized to forego resident involvement and dictate ED
studies by themselves to decrease their RTAT, and 3) faculty and resident satisfaction with resident education would
decrease as more emphasis was placed on report throughput
and less emphasis was placed on resident education” [4].
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involved in 81.05% of daytime ED studies
compared to residents involved in 50.33%
percent of daytime ED studies after the
implementation of a 1 hour RTAT. This
differed from the percent of resident ED
study involvement during the call period
which only decreased from an average of
89.66% for the 3 years prior to the implementation of the required 1 hour RTAT to
76.83% for the 1 year after the implementation of the required 1 hour RTAT [4]. .
As expected, the faculty responses
from the survey addressing the effect
on resident education from a required
RTAT were significantly negative. Faculty felt that the implementation of a
1 hour RTAT significantly impaired
the quality of resident education and
decreased time spent teaching residents.
However, residents overall still felt that
their educational opportunities from ED
studies was good both during the daytime shift and during the on-call period.
There was however an exception from
residents who were in training both
before and after the implementation of
the 1 hour RTAT who thought that the
new requirement significantly decreased
their education [4].
Differences between daytime
and on-call resident ED study
involvement.

The discrepancy between the significant
decrease in resident ED study involvement
between the daytime and afterhours is probably due to a combination of multiple factors.
Like many other academic radiology departments that provide 24/7 in house attending
coverage, we provide subspecialty reads on
all ED cases during the weekday daytime
hours; afterhours reports are provided by
a group of ED radiologists. Although this
group of ED radiologists are all fellowship
trained, either in Neuroradiology or Musculoskeletal radiology, these radiologists read
all modalities and are the only attending
radiologists in house at that time. The difference in which radiologists are staffing the
RTAT exams likely contributes to the RTAT
discrepancy in several ways.
The most significant factor believed
to affect resident involvement in ED
studies is the number of faculty responsible for maintaining the 1 hour RTAT.
During the daytime, up to 10 different
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faculty in all subspecialty divisions are
monitoring their work list to ensure that
an ED study is promptly reviewed. This
creates an atmosphere of hypervigilance
to maintain a 1 hour RTAT and incentivizes the first staff that notices an ED
study is complete to review and dictate
the study as quickly as possible for fear of
delaying the study’s completion. This is
different during on call periods in which
one staff monitors all of the ED studies,
is aware if a study sits too long, and can
then intervene only if the study is nearing the required 1 hour threshold which
gives residents an opportunity to review
and dictate the exam.
Daytime radiologists must also balance
other obligations during their workday
including intra- and extra-departmental
lectures, interdisciplinary conferences,
and routine daily work including non-stat
outpatient exams. In order to comply with
the RTAT metric, faculty will encourage a
resident to review outpatient and non 1
hour RTAT exams instead of ED exams
and leave ED exams for attending radiologists to dictate on their own. This still
involves the resident in the daily work
without having to rush through reviewing a study in order to meet the 1 hour
metric. However, resident involvement
in ED studies is sacrificed. On call radiologists are not burdened with these other
obligations and can afford to place more
emphasis on balancing resident ED case
involvement while maintaining the 1 hour
RTAT.
One of the only other studies to review
the effect of a required 1 hour RTAT on
resident education was a study by DeFlorio et al. in 2008. They found that residents involved in ED cases with a 1 hour
RTAT did not affect the percent of cases
available in less than 60 minutes when
the resident and staff dictated cases were
pooled together [5]. These results differed from our study with the main difference between the two studies being
that De Florio’s institution had a daytime
ED division, with ED studies not divided
among the various subspecialty divisions
like at our institution. The cost of providing “subspecialty” reads for ED studies and maintaining a 1 hour RTAT may
come at the expense of resident involvement in these cases.
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Future

Unfortunately for academic departments, the demand for required RTAT
will increase as hospital administrators
and referring physicians continue to want
faster case turnover and patient throughput. One idea for improving RTAT while
maintaining resident involvement in
ED cases is to develop a dedicated ED
radiology division within a department.
This will focus ED required RTAT studies into one division that is constantly
aware of the ED workload and can maximize time spent involving and teaching
residents while still maintaining RTAT
requirements. As technology continues
to advance, the ability to have attending radiologists sign off reports from an
iPad or tablet devices could speed report
throughput and allow more time for resident education and ED study involvement. Assigning an attending radiologists
and resident within each division to solely
monitor the ED studies rather than having
the entire faculty monitoring ED studies
could be another solution.
Clearly, resident ED study involvement
is negatively impacted by the implementation of a required RTAT. Unfortunately,
it is difficult to evaluate how this affects
overall resident education, but the perceived effects by faculty and residents
who were in training before and after
the 1 hour RTAT are that it is negatively
affecting resident education. Academic
radiologists must remain cognizant of the
potential detrimental effect on resident
education and implore methods to mitigate these negative effects.
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Radiology in Private Practice
A modern imaging center at full operational efficiency
For more than thirty years of its existence, the independent center “Imagerie Paris Nord Sarcelles (IPNS)” situated in the north
of Paris, France has been solely focused on the provision of high
quality diagnostic and interventional radiology services. To do so
the center has always had a policy of keeping its imaging systems and software up to the latest technological standards.
Currently the center offers all principal imaging modalities with
up-to-date MRI, CT, ultrasound and interventional radiology systems, all being used with modern image viewing software, the
iReview, as part of iNtuition from TeraRecon.
We wanted to find out more about the center in general
and the equipment in particular so we spoke to Dr Robert
Lavayssière, radiologist and CEO of the center.

Q

 et’s start at the beginning. Please
L
tell us about the IPNS center.
Our practice is independent but we
work closely with the “Hôpital Privé
Nord-Parisien (HP-NP)”, a 300 bed facility dedicated to surgery and obstetrics
but also with a palliative care unit. There
is also an outpatient centre for ambulatory surgery and specialist consultations along with an emergency centre
(open 24/7) a dialysis centre and other
specialty centres (pediatrics, women’s
diseases). There is also a large oncology
centre with 3 linear accelerators and 12
chemotherapy beds. We have been cooperating in full mutual confidence with all
these units for many years now.
As for the patients we see in our center, many of them come from the local
département, which has a population of
1,2 million, but our geographical hinterland is even bigger: we get patients

The IPNS center is located to the north of Paris and
receives patients mainly from the northern suburbs
but also from further afield.
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from the north of Paris, the city itself,
the surrounding suburbs and even from
provinces further afield.
They are generally referred to us by
GPs, but in addition we also get a significant proportion of referrals from hospitalbased physicians, particularly in oncology
which is one of our fields of expertise.

Q

 hat does this mean in terms of
W
examinations carried out?
We carry out a total of roughly 80
000 examinations per annum of which
approximately 25 000 are straightforward X-ray procedures; 20 000 CT; 17
500 MRI, 6 to 7000 US.
Regarding interventional radiology,
all our radiologists undertake Level 1
and Level 2 procedures, such as US or
CT-guided biopsy, MSK procedures,
breast biopsies, etc. In addition one
of our radiologists carries out level 3
interventional procedures, e.g. biliary,
esophagus/colon prostheses, fiduciary
positioning prior to cyberknife radiotherapy, balloon protection for prostate
radiation, etc. For these heavy, Level 3, IR
procedures we have a dedicated OR with
3D imaging capabilities.
In addition to all this, there are also
procedures carried out by the obstetricians who share our facilities. These
include 7000 mammograms, 3000 breast
US and about 1000 breast procedures
such as micro and macro biopsy, pre-op
targeting, US guided and Mammotest.
We also have on-site access to gamma
cameras and a PET-Center but organizationally these are independent of
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Dr. Robert Lavayssière is staff radiologist and CEO, of
the Imagerie Paris-Nord Sarcelles (IPNS) center in Paris,
France. He is vice-president of the Fédération Nationale
des Médecins Radiologues (FNMR, the French private
practice radiologists’ union), editor-in-chief of “le Médecin
Radiologue de France” (FNMR’s monthly newsletter/magazine), vice-president of the cancer screening association
PSVO, and member of the executive committee of the
French Society of Radiology (SFR).

our center, as is usual in France where
nuclear medicine is considered as separate specialty from radiology.
The total number of examinations
carried out is more or less constant or
at best growing only slowly, 1 to 2% per
annum. This is mainly due to the imaging equipment currently running more
or less at full capacity. When this is combined with the fact that we find it difficult to get the number of radiologists we
need ideally, we are obliged to impose a
voluntary limitation on the numbers of
procedures carried out so as to keep up
a satisfactory level of service, both from
the medical and non-medical points of
view. Inevitably this means growing waiting lists but this is our way of coping
with the dramatically huge demand in
our suburb, situated as it is 15 km to the
north of Paris, in the outer ring of Paris.

Q

 nd what about the kind of cases
A
you see?
We get a wide range of cases and
from the emergency departments and
different specialties. We have three major
specialties, namely oncology, neurology
and MSK. It should also be pointed out
that our suburb is economically underprivileged and has a large immigrant
populations (there are no fewer than 70
different nationalities in Sarcelles!), so
we see a lot of cases/diseases typical of
the immigrant population.
NOVEMBER 2015

to be able to read any modality from any point; our providers at the
time were unable to provide such a solution at a reasonable cost.
We did experiment with some partial solutions (Intrasense,
Osirix) and then we looked at TeraRecon about 4 years ago.
TeraRecon was already known to us through RSNA and other
technical exhibitions but initially appeared to us as somewhat “exotic”.
However we met very fine people and soon came to an agreement
with them more than 3 years ago. In this collaboration we were also
supported by EDL who provided the inter-operability with the RIS.
We had deliberately decided against building up an in-house informatics department; instead we rely on an external technical support
partner, SG Prod, who were also involved in the collaborative effort.
Reception area at IPNS. The center sees a wide range of cases and has three major specialities, oncology, neurology and MSK. In addition there is a high immigrant population
in the immediate surroundings so there is a large number of cases/diseases typical of
such a patient population.

Regarding the most frequently used imaging modalities, CT and
MRI are clearly at the forefront, as you might expect. The demand
for mammography is also increasing, to such an extent that to
keep up we need more specialists in this field, which is difficult to
achieve. We find that the younger generation particularly are not
really keen on specializing in breast diseases (because of relatively
low profitability and high stress).
After a 5 year period of decreased activity in X Rays we were
forced to carry out a deep and thorough reorganization of the
department including full digitization for ER and MSK applications. Now our US/X Rays department is quite busy.

Q

 ow let’s turn to how you keep up with this demand. What
N
personnel and equipment do you have to provide the service
expected of you?
We have 6 full-time staff radiologists, each working between 55 and
65 hours a week, and 4 part-time radiologists. We have a support staff
of a total of 55 people, including secretaries, state board certified technicians and clerical/administrative staff and one senior administrator.
We are well equipped although all our systems are running flat
out. Currently we run two CT systems (16 slice and 128 slice GE
Optima 540 and 640), two 3Tesla MRI (Siemens Spectra), 4 US systems (various models from GE) for use in breast, general, gyn /obs,
and interventional applications. Our fully digitized X-ray systems
are from Agfa & Stephanix. For breast uses we have one FFDM and
one Mammotest biopsy system, Finally for interventional OR work
we have the Innova 4100 system from GE.

Prior to this we used various viewers but none was able to let us
read all in one, from X Rays to CT or MRI. We wanted a kind of
“dashboard” to monitor incoming patients and those undergoing
examinations but also to have after each procedure a broad view of
work according to categories, not just categories such as emergency
or waiting patients but also the availability on-site (and eventually
off-site) of staff specialties. It is worth mentioning that each of our
radiologists has a workstation at home — with the same functionalities as those on-site — for emergency reading and/or specialty
advice. This has brought some relief in everyday quality of life
without any compromise in terms of quality.

Q

And, in short, why did you opt for TeraRecon ?
There were several reasons behind the decision to go for
the two systems from TeraRecon that we now have, namely the
iNtuition iReview and the iNtuition 3D advanced visualization
solution. Of course technical features such as specifications are
important, but the human aspect is just as important, if not more
so. By “human aspect” I mean in particular dealing with people who
can not only be totally trusted but also have a deep knowledge of
the product and a willingness to provide the best service at all times.
We happened to know some of the personnel of TeraRecon from
previous positions in the industry and so we knew that we could
rely on them after the systems were installed.
Last but not least, choosing such an independent partner has
uncoupled us from the modality providers who are not only often
limited by the need to offer a worldwide globalized product but also
proceed at their own pace, usually slower and not in accordance
with ours. We have been able to customize — partly through the
RIS — the TeraRecon workflows to comply with our needs.

Q

 hat about software packages e.g. PACS, RIS, and viewers
W
that are vital for the efficient running of any imaging center?
When you think that I started informatics in my department as
far back as 1984 (with main frame computers), you’ll realize that
we’ve evolved a lot since then!
We made a partial move toward PACS around the early 80s but
finally decided — basically for budget reasons — to go for dedicated
workstations, linked to modalities, instead of PACS workstations.
The approach we finally adopted relied upon mass memory systems becoming available and a very good RIS (provided by the
French RIS specialist company EDL); these were vital to the real
core of our strategy. The key point was our need to find a solution
NOVEMBER 2015
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workflow with multi-modality review and advanced visualization.
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Q

So how has it panned out? ?
Right from the beginning the new
systems were adopted by all the radiologists
(except for one radiologist, who still partially
uses an old work station, a bit like someone reluctant to throw away a worn-out, but
familiar and comfortable old pair of carpet
slippers. Which just goes to show that resistance to change can still exist even in the
face of the clear advantages of changing. )
The main reason for our satisfaction is
that the TeraRecon viewers are interfaced
with the RIS and display protocols are
linked not only to the type of examination
(X Rays, CT, MR, etc.) but also to the anatomical location. The workflow is secure
and robust, saving time for interpretation
and review in that prior procedures are
pre-loaded and previous reports are on
line. The iReview system offers the first
level needed for most reviews; it is easy
then to switch to iNtuition 3D for more
complex needs, although the iNtuition
3D is used right away as first viewer for
routine CT readings. Above all, the number of “clicks” is limited to one or two,
which is the upper limit of any normal
radiologist…
Regarding interaction with archives this
is straightforward and simple: neither fuss
nor mess! We have both online and longterm storage and Q/R runs smoothly.
Another feature that is really appreciated is the 3D reconstruction especially
when comparing different series, as well as
those of the current day and previous ones
when used in combination with iNtuition
iReview. The automated processing server
(iNtuitionAPS server) offers pre-processing
and 3D display protocol/display scenarios.
This saves a lot of time, especially — but not
only — in vascular imaging and is a huge
advantage in real life…
The combination of the iNtuition
automation with the presentation states
is really robust, is (nearly) bug-free, and
easy-to-use and install: it is a reliable and
easy-to-use working tool, not just a device
for computer geeks.

Q

No draw-backs ?
Well, if you push me...... the current TeraRecon workflows embed two different viewers which have different origins
and conceptions (US/Japanese and German) which support the different workflow
structures but some minor adaptations are
needed when switching from one to the
other. This can be irritating but on the other
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hand it’s a good way to keep the personnel
on their toes and their brains awake !
We look forward to a release that will
merge both interfaces into one, which we
understand is due to be implemented soon.

Q

what about image sharing?
That’s the next step. We already
share some images with physicians but not
on a systematic basis because of regulations and some complexity due to coding
and confidentiality. We have tried three
systems up to now but none gave full or
easy service. Another point is that most
physicians (especially those of older generations) are not used and/or trained to
look at images, since their time per patient
is quite limited. Previous image-sharing
solutions such as CD and web-based, were
too cumbersome and were quickly abandoned by most GPs and specialists. Let’s
see what we can do with the iNtuition
iEMV due to be implemented soon.

Q

How is all this software supported
and kept up-to-date?
As mentioned earlier we don’t have any
in-house informatics capability but rely on
external partners. Support from TeraRecon
has been very good, so far. They are very
quick in their response time and interact
well with our other support partners. We
find this system works well.
Once again human relationships are
important: our technical support partners
combine their technical knowledge with an
understanding of the medical objectives of
our work, which is more than just image
production.
On the other hand, requests for software
changes take a bit too long for our liking
but we are patient since we realize that our
requests are either just minor adjustments
or too fundamental a change, e.g. the different software organization of the two main
tools (iReview and Aquarius iNtuition). We
understand that real changes are on their
way, so we are eager to discover them!
Our service contract covers the evolution of clinical software — a topic that is
critical since evolution means additional
training. I believe that there is something to
improve on this side as continuing upgrades
to a full solution during a product life cycle
also means time investments for radiologists, which they can ill afford. How software is upgraded is a becoming a strategic
question — all the more so since we know
that nearly all software users actually only
D I
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exploit a small part of the overall possibilities of the software, be they medical or
non-medical.
We have suggested to TeraRecon to put
more focus on customized upgrades dedicated to specific needs rather than full version upgrade at every major step.

Q

 nd, the end result of all this on radiA
ologists’ workload and productivity?
In the end, as you can understand from
our case load, productivity is of utmost
importance to us. We reached our objective which was to be able to cope with
a tremendous amount of work, more
images and more cases to read. All this
was made even more challenging because
of the ever-increasing number of difficult
cases we have, such as those with neurological diseases or cancers, particularly
ENT, chest, colo-rectal cancers or breast
micro-calcifications in young women.
Our referring oncologists need to monitor the effect of therapy in such cases. For
us, this involves comparative evaluation
and measurements (e.g. RECIST) and is
important but time-consuming, so the
TeraRecon systems are very useful to us
in this respect. Of course the monitoring
examinations, e.g. CT or MRI, needed to
generate such data are in themselves quite
stressful for the patients, but also for the
physicians, too.
We calculated that we have saved at least
0.5 full time radiologist position — if not a
whole position — thanks to our new workflow. Thus, we have managed to significantly
improve our productivity without going crazy
in the process. However, in accordance with
our belief that medical imaging is not just a
“churn-it-out” commodity but a real service
for patients, we have recently decided to limit
our case-loads, except for real emergencies.

Q

And how do you see the future?
We take one step at a time in a very
unpredictable political and financial environment. Eventually some consolidation/
merger may be envisaged but there is still
a long way to go before this happens, especially in Paris or the greater Paris area. The
use of common or inter-operable tools will
then be mandatory. The next two major
developments, will be out-of-facility image
distribution and neutral archive storage.
However, despite our deeply rooted
French spirit, we nevertheless prefer pragmatic evolution to revolution…
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RSNA Outlook
By Greg Freiherr

New pragmatism to carry the day at RSNA booths

F

ear and uncertainty, fueled by the transition
from volume-to value-medicine, are leading
vendors of imaging equipment to change
their products and message. Efficiency, cost
effectiveness, and patient comfort are the new watchwords of design and marketing.
Dedicated conebeam CTs, applied years ago in
dentistry, are climbing the medical hierarchy into
breast imaging and orthopedics. CTs that minimize
patient radiation exposure; MR apps that replace
ionizing studies; enterprise-wide IT systems that
chip at the silos that cordon off specialties; versatile,
operator friendly ultrasound systems – all will be on
display at RSNA 2015, as exhibitors doff their hats to
pragmatic concerns.

“...CT operators will have to report scans
performed on Medicare patients with
equipment that does not comply with
the “Smart Dose” standard as well as
taking a five percent cut next year...”
Long-suffering CT can use the attention. Its last
day in the sun was a decade ago amid the pandemonium of 64-slice CTs. Those 64s gave radiology all it
needed. They even opened the door to near blur-free
coronary CT angiography, elevating this modality to
cardiac use. Having done all this, the 128-slice and
volumetric scanners addressed niches that were too
small to spur an industry wide surge in purchasing.
Ironically, these and even the machines that preceded them are more likely than ever to attract prospective buyers at this year’s RSNA. One reason is
that 16-, 64- and 128-slicers have been revamped as
highly efficient, entry level and mid-tier workhorses.
Another – a very big one – is XR-29, a standard
designed by the U.S. Centers for Medicare and Medicaid (CMS) to encourage CT providers to upgrade
their equipment to low-dose configurations.
A few months ago imaging pundits discussed
the possibility that XR-29 might be delayed. But in
November CMS announced that it had decided otherwise. Effective January 1, 2016, CT operators will

have to report scans performed on Medicare patients
with equipment that does not comply with the “Smart
Dose” standard, as well as take a five percent cut next
year in Medicare technical payments. This penalty
will increase to 15 percent in 2017 and later. (According to a pre-publication of the rules, issued in early
November, testing for compliance with XR-29 will
be done as part of the periodic accreditation of CT
scanners.)
The CMS decision will surely catch more than a
few American sites unprepared. In August, an AHRA
survey found that 36% of respondents would not
be compliant with the standard, if it took effect as
scheduled on the first of next year.
Vendors plan to take advantage of the likely surge
of interest in low-dose CTs. Among them is Toshiba,
which will position its Aquilion Lightning as a
16-detector-row system capable of meeting the new
standard. Lightning, which was introduced in March
at the European Congress of Radiology, was cleared
in October by the FDA for marketing in the U.S. It
exemplifies the power of modern iterations of this
class of scanner, which today occupies the lower tier
of CT. Capable of routine volumetric scanning and
generating 0.5 mm slices, the FDA-cleared system
offers premium features, including the company’s
iterative reconstruction algorithm AIDR 3D for dose
reduction and Adaptive Diagnostics technologies
such as Single Energy Metal Artifact Reduction.
Similarly Hitachi Medical will showcase its XR-29
compliant, 16-slice Supria. The system, cleared by the
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Carestream’s work-in-progress CT scanner for orthopedics offers new, compact
design. Photo courtesy Carestream Health.
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gists. Images embedded in the report
along with graphs containing, for
example, data about lesion progression establish the clinical context
for diagnosis, helps IT with compliance, and improves communication
with the patient, according to the
company.
The lifeIMAGE platform elevates
local network sharing into the cloud,
allowing studies to be shared across
health systems, even those operating data systems from different vendors. Advanced workflow capabilities
allow the sharing of imaging histories, as well as images.
AI arrives

Philips’ smartphone-based Lumify brings ultrasound to fast-paced care environments.
Photo courtesy Philips Healthcare.

FDA in September, can fit in a space
as tight as 200 Sq. ft. Hitachi will also
show off its Scenaria in 64- and 128slice configurations. Its new SE platform, cleared this fall by the FDA,
has been optimized for workflow.
Enhancements include a 40 percent
increase in the reconstruction speeds
of standard and multiplanar images,
as well as added automation of frequently used operator functions.
Scenaria SE also includes an upgrade
of the standard patient table weight
capacity to 550lbs to accommodate
bariatric patients.
Niche CT scanners will appear,
as well, among them a work-inprogress orthopedic scanner from
Carestream and a breast CT from
Koning. Carestream’s cone beam CT
promises to expose patients to less
radiation and take up less space than
traditional CTs.
Koning will exhibit the first conebeam CT approved by the FDA for
diagnostic imaging of the breast.
The specialty CT acquires hundreds
of images of the entire breast in a
10-second scan. Unlike in conventional mammography, the breast
does not need to be compressed.
Optional accessories include a biopsy
bracket and a collimator to limit the
46

x-ray beam to the area of interest.
At the high-end of CT, Philips
may show an enhanced version of
its IQon spectral CT scanner. The
IQon was shown as an FDA cleared
product at last year’s RSNA, generating information about the chemical
composition of body tissues, structures, and contrast media through
quantitative analysis of X rays at
different energies. In August the
FDA cleared three advanced spectral CT visualization tools. One is
designed for the inspection of contrast-enhanced blood vessels; the
second for viewing and evaluating
cardiovascular CT images; the third
for tracking tumors.
Knowing what drives demand will
help distinguish products destined to
succeed from those only dressed for
success. A common theme at RSNA
2015 will be efficiency.
Carestream will showcase its
Vue Reporting, which the company
says improves on radiology reports
through user defined templates and
structured interactive multimedia
reports. Smart intuitive hyperlinks
take the referring physician to images
referenced in the reports. Smart
voice recognition allows automatic
inserts, reducing work for radioloD I
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While radiology will be putting
more emphasis on the communications aspect of PACS, the picture component could also be ready to take
off, and in a very unconventional way.
Tucked in a meeting suite in South
Hall, San Francisco start-up Enlitic
will demonstrate its artificial intelligence (AI) algorithm for the analysis of medical images. Invited guests,
including radiologists, providers,
imaging centers and teleradiology
groups, will look under the hood of the
company’s deep learning algorithm.
Enlitic may not be the only company on the exhibit floor exploring
AI. In August IBM completed its
acquisition of Merge Healthcare.
The $1 billion cash deal was driven
primarily by the imaging assets the
deal would bring, particularly access
to the billions of medical images
that Merge might provide through
its installed base of 7,500 healthcare
customers. The images could comprise a critical part of the clinical
expertise and data IBM wants to use
to develop Watson Health, a derivative of the AI platform that gained
international prominence when it
defeated human competitors on the
TV game show Jeopardy in 2011.
Knowing whether or how IBM
and Merge will address AI must wait
until the exhibit floor opens. One
thing is for sure, however – ultrasound will be among the trickiest
modalities for AI to interpret.
This modality has long presented
NOVEMBER 2015
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Hitachi’s Scenaria SE allows efficient, low-dose management of even bariatric patients.
Photo courtesy Hitachi Medical Systems America

tissues and body structures in ways
substantially different from those of
other anatomically based modalities.
Although images have become more
recognizable in recent years, innovations have continued to drive sonography in directions that preserve its
unique contribution. One of these
is elastography, whereby the elasticity of tissue is correlated with health
both quantitatively and qualitatively.
An early application was in the
evaluation of suspicious breast
lesions. At RSNA 2015, Siemens will
highlight the use of this technology
as part of its S2000 automated breast
volume scanner. The system also
offers 2D hand-held scanning, which
was added after the automated 3D
scanner was commercially released
some six years ago.
Ultrasound will continue its evolution in other ways, notably touchscreen technology, pushed by new
entrants as well as established companies. Carestream will display two
ultrasound systems, its Touch Prime
and the Touch Prime XE. The two offer
a sealed, all-touch control panel with
soft user interface. Primary controls are
etched into the panel so operators can
localize key functions without looking
away from the monitor. Both are FDA
cleared for marketing as general purNOVEMBER 2015

pose scanners. The top-of-the-line XE
employs the company’s Touch Prime
SynTek Architecture, which enhances
spatial detail with increased frame rate,
while reducing noise and artifacts.
Siemens got the jump on RSNA
with the global launch in midNovember of its HELX Evolution,
featuring Touch Control, shear
wave elastography, multi-modality review and contrast-enhanced
ultrasound. HELX Evolution, the
newest member of the ACUSON S
family, is optimized for workflow
and ease of use, according to Siemens, with the goal of improving
exam quality with less effort. The
company will emphasize how it leveraged feedback from the user community, when developing the HELX
Evolution.
Philips Healthcare will likely
use the RSNA meeting to gain
traction for its app-based Lumify,
an Android-based, smartphonerun ultrasound system. Bringing
together smartphone and transducer technologies, Lumify appears
particularly suited to use in emergency rooms and urgent care centers. The FDA has cleared two
Lumify transducers, a curved linear
array and a linear array, which connect via USB to smartphones.
D I
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MRI offerings will continue to stress
advanced visualization techniques and
ways to make patients comfortable.
Toshiba plans to upgrade its 3T Vantage Titan, following its FDA clearance
in October. A new gradient, called
Saturn, will increase performance and
increase image stability, while new
apps, such as ultrashort echo time, will
allow the capture of signals that typically disappear quickly.
GE Healthcare will highlight two
MR scanners introduced as works
in progress at last year’s RSNA and
three months later at ECR 2015.
The two – Signa Creator and Signa
Explorer – operate at 1.5T, require
smaller footprints than previous generations, and require substantially
less power to run. Both were cleared
by the FDA in early February. (The
company also received in October
FDA clearance for a modification of
its Signa Pioneer 3T scanner.)
Clinical applications are similar
on the 1.5T Explorer and Creator.
But Explorer offers added patient
value through SilentScan for neuro
exams, which cuts audible noise to
as low as 3 decibels, and MAVRIC SL,
which visualizes soft tissue and bone
near metal implants.
This year’s focus in digital x-ray
will be on refinements to technology
that has served the modality since its
transition from computed radiography: wireless flat panels. Displaying
its third generation of DRX detectors will be Carestream. The wireless
detectors, named DRX Plus 3543 and
DRX Plus 3543C, enable improved
image quality and lower dose.
Samsung received FDA clearance
in October for a wireless flat-panel
digital imager, a retrofit system that
includes x-ray detector, power supply, battery pack, control Interface,
workstation, and barcode scanner.
Konica will feature its new AeroDR
LT wireless flat panels. At just 5.5
pounds, the panels can be used to
image bedridden patients weighing up
to 660 pounds. The panels are compatible with the AeroSync automatic
exposure detection. They can be used
with most fixed and portable x-ray
devices, according to the company.
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Ultrasound
By J. Baun, BS, RDMS, RVT, FSDMS

Triplex Ultrasound Evaluation
of Late Failure Hemodialysis
Access Fistulae
Triplex ultrasound, the integration of B-mode, color Doppler imaging
and quantitative pulsed-wave Doppler analysis has become the gold
standard for initial evaluation of dysfunctional hemodialysis access
grafts and fistulae. This article focuses on its use in assessing
autogenous arteriovenous fistulae (AVFs) that have failed after at
least three months of successful use.

A

A mature and adequately functioning AVF delivers ≥ 600 mL/min; typical dialysis device exchange
volumes require between 300-500 ml/min.. Triplex
ultrasound examination is the optimal method for
the evaluation of the adequate functioning of the
AVF [Figures 1 and 2]

In an autogenous AVF, an artery is surgically anastomosed to a vein, most commonly in the upper arm
(brachiocephalic fistula) or in the forearm (Bresicia-Cimino fistula). High pressure arterial blood
emptying into a passive, low pressure venous conduit creates a hemodynamic state which can provide
the high volume flow rate necessary for adequate
exchange between the patient and the dialysis device.

FIGURE 1. Triplex findings at a normal anastomosis. PSV 402 cm/sec, Volume
flow 506 mL/min.

utogenous arteriovenous fistulae (AVFs)
are the preferred route of vascular access
in patients with end stage renal disease
(ESRD) undergoing long-term hemodialysis treatment. In 1997, the U.S. National Kidney
Foundation published the Kidney Disease Outcomes
Quality Initiative (KDOQI) Guidelines for Vascular
access which recommended AVF as the first choice
for dialysis access in patients with competent vascular conduits. Subsequently, in 2003, the Fistula First
initiative was launched in an effort to achieve better patient outcomes by reducing the complications
and sequelae associated with other vascular access
methods such as central venous catheters, prosthetic
arteriovenous grafts, and peritoneal dialysis. AVFs
are cited by most articles in the medical literature as
“the optimal access with the longest survival and fewest complications of any form of vascular access” [1].
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FIGURE 2. Normal mid-graft triplex findings. PSV 120 cm/sec, volume flow
603 mL/min.
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FIGURE 3. Triplex findings in a mid-graft stenosis. CDI-directed PW Doppler demonstrate PSV >700 cm/sec, EDV >400 cm/sec.

Late failure of AVF

Late failure of an AVF is defined as the inability to use
the conduit after at least three months of use. Primary,
or early, failure occurs prior to its use or within three
months of its use and is not discussed in this article.
The main cause of late failure is vascular stenotic lesions
leading to decreased flow volume, inadequate dialysis and eventual occlusive thrombosis. Most stenotic lesions occur at or near
the arterial anastomosis. However, focal lesions may also occur
at the site of repeated needle cannulation. [Figure 3] Thrombosis in the central venous outflow tract (cephalic venous arch) can
also lead to AVF dysfunction and eventual failure. Other causes
of failure include vascular steal and aneurysms [2].
Identification of stenosis

Accurate identification of the cause and location of a
significant stenosis is essential if the AVF is to be salvaged
using either catheter-based or surgical interventional methods. Triplex ultrasound evaluation is the method of choice
and has become the gold standard for initial evaluation of
a dysfunctional AVF. The integration of high resolution
B-mode, color Doppler imaging (CDI), and quantitative
pulsed-wave (PW) Doppler tracings permit comprehensive
assessment of both the anatomic and hemodynamic status

of arterial inflow, full length of the AVF, and venous outflow. The superficial location of AVFs makes these ideally
suited for imaging with high frequency linear array transducers that provide exceptional B-mode spatial resolution,
enhanced CDI sensitivity and minimized effects of aliasing
on the PW Doppler tracing.
Another sonographic criterion that is useful in assessing
the functionality of an AVF is volume flow measurement.
Software algorithms that integrate conduit diameter and the
time average velocity (TAV) of blood flow within using color
Doppler imaging can calculate an estimated volume of flow
(mL/min). Because of limitations in traditional beam former
technology and variance in methods of measuring TAV, there
is poor statistical correlation between ultrasound obtained
flow volumes and those obtained from control flow phantoms.
Normal values in an adequately functioning AVF vary widely
from 600-1500 mL/min. Most authors accept 600 mL/min as
the minimum value for successful utilization of an AVF.
Ultrasound criteria in late AVF failure:
• PSV ratio (anastomosis: 2cm upstream):
>3:1 suggests >75% anastomotic stenosis
• B-mode suggests venous stenosis (AP Diameter <3 cm)
• Volume flow <500 ml/min should lead to fistulogram
• Steal is present if PW waveforms augment during AVF compression

TABLE 1. Ultrasound criteria in late AVF failure.

Emerging ultrasound technologies, such as ZONE
Sonography Technology, which perform volume flow
calculations directly on channel domain data and not
on a gain-dependent spectral Doppler waveform, permit
more precise and reproducible data points.
Identification of significantly stenotic areas either
at the anastomosis or along the length of the AVF is
accomplished using CDI-directed PW Doppler criteria
[Table 1]; venous outflow stenoses are best assessed with
B-mode imaging. [Figure 4]. Frequently, ultrasound
findings alone can provide the information necessary to
make patient management decisions and plan any intervention necessary to salvage an AVF. This is particularly
true for anastomotic and upstream areas. Identification
of thrombosis or stenosis in the venous outflow conduits
in the axilla or neck usually requires a contrast fistulogram for further assessment.
References
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FIGURE 4. Venous outflow thrombosis. Non-occlusive echogenic clot is seen in the
central lumen of the internal jugular vein (arrow)..
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Ultrasound
By Dr S. H.F Lam

Retrospective Review of Emergency
Bedside Ultrasound for Diagnosis of
Pediatric Intussusception
Pediatric intussusception can have serious consequences in cases of delayed
diagnosis or treatment. In this article, we conductive a retrospective review
of bedside ultrasound (BUS) performed by trained emergency physician at
our institution. We found that BUS was highly sensitive and specific for
detection of pediatric intussusception compared to radiology study results.
Introduction

Intussusception is a condition with an incidence of
1-2.24 per 1000 children in Europe and is second
only to appendicitis as the most common cause of an
acute abdominal emergency in children [1,2]. If left
undiagnosed and untreated, it can potentially lead to
bowel necrosis and death. The classic triad of colicky
abdominal pain, vomiting, and “currant jelly” stool
occur in only 30-40% of cases at presentation [3].
Often patients present with vague symptoms such as
crying, abdominal discomfort, or lethargy. Diagnosis
is complicated by the fact that most of the cases occur
in children younger than 2 years, who are unable to
provide a clear history. Barium enema is considered
the gold standard in diagnosis of intussusception.
However it is invasive, exposes children to radiation,
and requires the on-site presence of an experienced
radiologist, making it impractical in many hospitals
during after-hours.
Ultrasound was first utilized to diagnose intussusception in the 1980s. It has the advantage of being
radiation-free and non-invasive. Over the years it has
been proven to be highly sensitive and specific [4-6].
Hence ultrasound has become the first-line diagnostic
test for suspected intussusception in many radiology
departments throughout the world. As the scanning
technique is relatively easy to learn and the pathological pattern [“doughnut sign” see Figure 1] quite easy to

recognize, it has been found that trainees with as little
as 3 months of training in ultrasound can perform
the study with similar accuracy as staff radiologists
[7]. All these properties make it an ideal tool for the
emergency physician with proper training to diagnose
intussusception at the bedside.
We conducted a study [8] to measure the test characteristics of emergency physician-performed bedside
ultrasound for the diagnosis of pediatric intussusception when compared to radiology department results
as a gold standard.
Methods

This was a single-site, retrospective study on children who received bedside ultrasound (BUS) in our
Pediatric Emergency Department (ED) for suspected
intussusception. Our ED is a tertiary pediatric referral
center with over 30,000 visits per year, and is staffed
by board-certified emergency physicians around the
clock.
Emergency physicians who performed BUS to diagnose pediatric intussusception had undergone a minimum of 1-hour didactic training on the application.

The author:
H. F. Samuel Lam, MD, RDMS, FACEP
Department of Emergency Medicine
Advocate Christ Medical Center
Clinical Associate Professor of Emergency Medicine
University of Illinois at Chicago
4440 W. 95th St
Oak Lawn, IL USA
hiufungsamuel.lam@advocatehealth.com

50

FIGURE 1. Classic appearance of intussusception on ultrasound “the doughnut sign”.
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A Sonosite M-Turbo machine with pediatric transducers
was used to perform the studies. Recorded study images
[Figures 2 and 3] were archived at the ED ultrasound
office. They were reviewed weekly for quality assurance.
Inclusion criteria for the study were:
(1) Patients 0-18 years old seen in the ED from January 1st
2009 to October 3rd 2012
(2) Clinical presentation suspicious for intussusception as
per emergency physician documentation
(3) BUS performed by credentialed emergency physicians
in the ED with documented bedside interpretation in the
medical record
(4) A consultative study performed by the radiology
department (such as computed tomography, ultrasound,
or barium enema) was obtained during the same ED visit.
Cases were excluded if any of the following criteria were
present: (1) No formal radiology study obtained during
the ED visit to evaluate for intussusception (2) No BUS
images recorded for quality assurance (3) Undocumented
bedside interpretation of BUS performed. A cut-off date
of October 3rd 2012 was chosen because of the transition
of our ED to a new electronic medical record system on
that date.
Potential cases for the study were identified from the electronic medical record (EMR) by two of the investigators.
As a duplicate measure, the ED BUS archive was reviewed
by a third investigator to identify potentially missed cases.
After the screening was complete, the ED record of each
potential case was then reviewed for inclusion in the study
based on the aforementioned inclusion and exclusion
criteria. Particular attention was paid to the time stamps
of BUS impressions in the EMR and dictated radiology
reports to ensure that the former preceded the latter, to
avoid inadvertent bias by physicians performing the BUS.
The sensitivity, specificity, positive predictive value, negative predictive value, and overall accuracy of ED BUS
studies were calculated using radiology department study

FIGURE 3. Long Axis BUS Image of a Patient with Intussusception.

results as the gold standard.
Results

A total of 1631 charts were reviewed, with 49 meeting
inclusion criteria. Five of those were later excluded for
reasons of incomplete documentation or lack of saved
BUS images. Prevalence of intussusception was 23%. The
mean age of the subjects was 31 months. Seven physicians
performed these BUS studies. None of the intussusception
cases had a pathological lead point, and all were successfully reduced by barium, air, or gastrograffin enema. BUS
was 100% sensitive (95% CI 66-100%) and 94% specific
(95% CI 79-99%) for detection of pediatric intussusception compared to radiology study results. Positive and
negative likelihood ratios were 16.5 (95% CI 4.30-63.21)
and 0 (95% CI 0-0) respectively.
There were two false positive and no false negative BUS
studies. One of the false positives was determined to be
transient intussusception after review of the BUS images
with the pediatric radiologist. This patient was discharged
home after his symptoms spontaneously subsided in the
ED and he tolerated oral intake. The other BUS was interpreted as positive for intussusception at the bedside but
subsequently overread as a negative study during image
review. He was also discharged from the ED and had no
further visit for related complaints. None of the patients
with negative BUS was subsequently treated at our institution for intussusception.
Implications of Our Results

Our study demonstrated that physicians with limited
training could diagnose pediatric intussusception by
ultrasound with a high degree of accuracy. This is consistent with the results of various published studies [7,9,10].
With a negative likelihood ratio of 0 and a positive likelihood ratio of over 16, BUS results are likely to be helpful
in clinical decision-making in the emergency department.
In other words, along with clinical suspicion, treatment

FIGURE 2. Short Axis BUS Image of a Patient with Intussusception
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Ultrasound
decisions might be made based on
negative or positive BUS results.
This is especially true in cases of
medium or low clinical suspicion, or
in cases of atypical presentation of
intussusception.
A review of our confirmed intussusception cases revealed that none of
these patients presented with the classic triad of colicky abdominal pain,
vomiting, and “currant jelly” stool.
One patient had intermittent vomiting and abdominal pain for over a
week. Another patient was 7 years
old at presentation. Some of these
patients could have required prolonged and convoluted workups, perhaps even been subjected to unnecessary ionizing radiation before the
correct diagnosis was made, had they
not had BUS performed. In all of
the cases, BUS probably led to timely
diagnosis of the patients, and facilitated their workup in the emergency
department.
Reports on the use of BUS by emergency physicians to diagnose pediatric intussusception have only begun
to appear in the medical literature
over the last 6 years [9-12]. Though
these study results have been encouraging, a recent review concluded that
the value of BUS to rule out intussusception has yet to be proven due
to “clinically unacceptable” reported
sensitivities, and that further studies
would be necessary due to relatively
small sample sizes [13]. Our results
were similar to the conclusions of the
two published trials, in that emergency physicians with focused training could diagnose pediatric intussusception accurately with BUS9,10.
Although our total number of cases
was less than these existing studies,
the number of intussusception cases
included was comparable. Furthermore, our case series also yielded
a better BUS sensitivity. Thus our
results may complement the existing
literature, and serve as a rebuttal to the
aforementioned comment of limited
utility of BUS in ruling out intussusception. Because of the relative rarity
of intussusception and the paucity of
physician sonographers, future studies on the topic may require multiinstitutional collaboration in order to
52

accumulate sufficient positive cases
and achieve adequate power.
The major limitation of our study
is its retrospective design and the
potential for errors and omissions
[14]. Despite our efforts to define our
inclusion/ exclusion criteria as explicitly as possible and to cross-check two
different databases, it is possible that
some potential cases were inadvertently omitted. Similarly, abstractor
bias is likely present in spite of efforts
to minimize it, since abstraction was
unblinded. False negative rate may be
underestimated in our study, as only
single institutional data was reviewed,
and subjects might have presented to
other emergency departments with
undetected intussusception or complications. In addition, it is also possible that some BUS studies were not
recorded, particularly those that were
nondiagnostic or incongruent with
radiology department results. All of
our physician sonographers had performed more than 500 studies in various BUS applications, and most were
emergency ultrasound fellowshiptrained or emergency ultrasound fellows at the time of the study. Hence
our results may not be typical of less
experienced sonographers. Except
for the presence of stool, we did not
encounter any patient with conditions that might be falsely interpreted
as intussusception on BUS such as
inflammatory bowel disease, Meckel
diverticulum, and appendicitis. Thus
the test characteristics might be different in a patient population with
more diverse pathology.
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Conclusion

From our single-site retrospective
review, emergency physician performed-BUS was highly sensitive and
specific for the diagnosis of pediatric intussusception, and would likely
help clinical decision-making at the
bedside. Future multi-institutional
prospective study with a larger sample size might be needed to confirm
these findings.
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Musculo-Skeletal Imaging
By Dr R Aubry

ShearWave Elastography in the assessment
of tendon stiffness and for monitoring
patients undergoing treatment
Recent developments in ShearWave Elastography have resulted in new applications for the assessment of tendon softening. In this clinical application, the technology is helping clinicians assess and evaluate chronic tendinopathy through
the quantification of tendon stiffness, including the confirmation of lower elasticity than in normal tendons. These findings show the potential of ShearWave
Elastography to become a standard modality in MusculoSkeletal (MSK) imaging
and in the monitoring of patients undergoing new treatment therapies

T

endon injuries can occur in any tendon in the body,
and can result from a range of activities, from recreational and professional sports to repetitive motion at
work. Tendinopathy is the most common tendon disorder, and
is characterized by activity-related pain, tenderness at the site,
and decreased strength and movement in the affected area [1].
It should be noted that while tendinopathies are often referred
to as “tendinitis” in the clinical context, that term can be a misnomer when the tendinopathy does not exhibit any swelling.
[2] Achilles tendinopathy, rotator cuff tendinopathy, patellar
tendinopathies, and elbow tendinopathies are among the most
prevalent injuries related to tendon overuse.[3]

information on tendon morphology and vascularization. Now with SWE it is possible to obtain crucial
information about tendon stiffness.
Our initial studies of SWE on tendons were carried out on normal tendons. Tendon stiffness varies as
a function of articulation position and tendon stress.
Increasing tendon stress will usually result in an increase
of stiffness and can contribute to the diagnosis of tendinopathy. In the future, the SWE technique has the potential to assess the efficacy of treatment and to monitor the
tendon-healing process and patient follow-up.

The Technology

The investigative work described in the article was
carried out using the Aixplorer ultrasound system
(SuperSonic Imagine), which can evaluate and quantify
tissue stiffness in a broad range of clinical applications
in organs such as breast, liver, and thyroid as well as in
musculoskeletal applications. Tissue stiffness is used by
physicians to help identify and characterize potentially
malignant lesions or other pathologies and, in the case
of tendons, damaged tissue.
For this work the Aixplorer system was equipped with
the SHL20-6 probe, a hockey stick high-frequency transducer, enabling high resolution images of muscles, tendons,
ligaments and joints. In addition to this high frequency
transducer, a full range of other linear transducers for the
Aixplorer is also available for all MSK applications.
Prior to the availability of ShearWave Elastography
(SWE), Doppler imaging was frequently used to provide
The Author:
Sebastien Aubry MD, PhD

FIGURE 1. a) sagittal SWE image of a normal Achilles tendon. ShearWave
velocities reach 16 m.s-1 when the tendon is stretched. b) During achilles
tendonopathy, the tendon is softer, ShearWave velocities are lower and the
tendon appears blue on the color map.
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Musculo-Skeletal Imaging

Tendon Stiffness As An
Indication of Healing

An injured tendon is softer than
normal tendon [Figure 1]. We can predict that a tendon will recover its viscoelastic properties and become progressively stiffer and harder during the
healing process and when it is healed.
In the course of our research, we have
identified additional, diagnostically
significant signs, thus a new symptomatology. [4].
A New Application: Complete vs.
Partial Tendon Tear

ShearWave Elastrography analysis of
tendons opens up two major potential
approaches that have the potential to
have a significant clinical impact.
Firstly, SWE is capable of determining the difference between a complete
tendon tear as opposed to a partial tendon tear, including whether a tear is old
and where the tendon has a fibrosis
scar that is hindering its movement.
Before SWE, such an assessment could
be difficult. If a tendon is completely
torn, tendon stiffness is completely
eliminated, which is to say that it will
have no stiffness at all because the tension has been released. This is a totally
new sign of complete tendon rupture

FIGURE 3. Interstitial SWE. Absence of signal consistent with a partial tear of Achilles tendon

which is significant [ Figure 2].
Conversely a partial thickness tear
in some areas will present an absence
of signal and with no loss of tendon
stiffness during stress, suggesting that
the tear is not complete. SWE evaluation is unique in this regard, since it
provides both a visual and quantitative
indication [Figure 3].
SWE thus promises to be a new tool
for the follow-up of tendons that have
been treated with surgery or by other
recent therapeutic approaches, such
as platelet-rich plasma (PRP) injections, or by new drugs currently under
development.
SWE, A Rapid Learning Curve

FIGURE 2. a ) complete tendon rupture of Achilles
tendon at mid-portion (caliper). b) important drop of
tendon stump, even during dorsiflexion compared to
normal tendon which appears hard when stretched c).
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SWE is an important additional tool
in the general MSK unit. Research has
demonstrated that the technology has
unique capabilities in assessing tendon
injuries and monitoring healing and
therapies. The relatively rapid learning curve of the Aixplorer adds to its
appeal and usability, and is straightforward and intuitive. The new technique is quick to learn and is a valuable addition to the diagnostic exam
process.
In general, scanning tendons and
muscles is technically more challenging
than with soft tissue. Clinicians need to
be aware that results vary with tendon
tension, and that the orientation of the
probe can affect the accuracy of the
data. For instance, completely different results can be obtained depending
on whether the probe is perpendicular
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or parallel to the tendon fibers. The
device measures ShearWave speeds and
it is recommended not to express the
results in kilopascal due to the high
visco-elastic anisotropy of tendon. That
notwithstanding, the unique capabilities of the technology, and of the system in particular, make it highly useful.
Looking forward:

Additional research into ShearWave
Elastography analysis of muscle tissue
is currently underway. Some research
effort is being directed towards
attempting to detect changes in both
tendon and muscle stiffness in patients
who have myopathy or are spastic following a stroke. Researchers in this
field using SWE are finding the tool to
be of increasing value in the management of such patients.
In our unit in Besançon, we have
high hopes of our future use of SWE in
a variety of MSK clinical applications.
Our expectations are that the approach
will ultimately not only benefit the
patient but also be very cost-effective.
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Business development

Carestream move into cone
beam CT for orthopaedic
applications
Less than a year since it announced its development of a high performance ultrasound system,
Carestream have done it again with the announcement of their intention to move into the cone
beam CT (CBCT) market. Already well established
in the fields of digital X-ray and healthcare IT, with
advanced PACS and RIS applications, this latest
announcement regarding Cone-beam CT is a major
development for the Rochester, NY-based multinational company.
We wanted to find out about the company’s strategy and the rationale behind the latest initiative so
we spoke to Andrew Hartmann, VP Ultrasound and
Conebeam CT, Carestream Health.

Q

 et’s get straight to the new initiative of getting into
L
Cone-beam CT. What’s the rationale behind this
development?
This is indeed a major development for us and not in
anyway a “niche” market but one where we foresee a significant growth potential. Of course before we embark on a
development of this scale we carefully evaluate all the many
implications, both technical and marketing. To put this into
the context of Carestream, you first have to reflect a bit on
the recent history and guiding philosophy of Carestream.
As everyone knows, Carestream itself was born out of

The CBCT scanner from Carestream not
only allows images to be taken under
weight-bearing conditions but also features a specially engineered door to
allow the patient, who frequently finds
it difficult to move, to have easy access
to the scanner.

Kodak’s radiology film business. To the surprise of many
observers, this film business is actually still going strong
and, what’s more, looks like continuing strongly for several
years yet, especially in the emerging markets. However we
know that the trend is inevitably and inexorably towards
digitisation. And probably directly from film to DR rather
than passing through the CR intermediary step.
The good news is that we at Carestream are strongly
implanted in digital and mobile X-ray but, being market
leader can in itself be a challenge when considering future
organic growth prospects.
So it’s against this general background that we evaluate possible potential growth areas for development. At the heart
of this thinking process is the attention we pay to. and time
we spend in identifying and analyzing unmet clinical needs.

Q
The CBCT scanner from Carestream not only allows images to be taken under
weight-bearing conditions but also features a specially engineered door to
allow the patient, who frequently finds it difficult to move, to have easy access
to the scanner.
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So in this context, why cone-beam CT?
There are many applications of the technology of
cone-beam CT — in fact we at Carestream already have
CBCT for dental and ENT applications — but the area
where we see immediate potential is in the orthopaedics
area, simply because of the prevalence of musculoskeletal
conditions among people of all ages. With the aging general population, not to mention the ever-increasing toll of
sports-related injuries, the number of orthopaedic conditions requiring imaging is growing constantly. A CBCT
scanner has the potential to become a non-invasive tool to
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evaluate a host of orthopaedic conditions
that affect the biomechanical behavior of
the joints, such as arthritis, meniscus loss,
instability and malalignment syndrome.

Q

OK if that’s the clinical need, in
what way is it “unmet”
Cone beam CT can provide diagnostic
information that is not readily available using existing imaging systems. For
example, current systems use standard
digital imaging — or even, still, plain
film imaging — which of course give
2D images. There are many orthopaedic
conditions where a volumetric 3D image
is advantageous from a diagnostic point
of view. In these cases, the only option is
a conventional CT scanner. This in turn
means re-scheduling a visit for the CT
scan, with the inevitable time delay and
additional cost, not to mention the inconvenience for the patient that this involves.
What’s more, conventional CT scans are
carried out with the patient in the supine
position. In orthopaedics it is frequently
advisable to image the fracture or lesion
under weight-bearing conditions, which
is not possible with standard CTs

Q

And is Carestream able to meet all
these challenges?
That’s no problem. Carestream is what
I call a “big little company.” Little in
the sense of being quick to see market
opportunities and also agile enough to
move quickly into new areas, but big in
the sense of not only having extensive

More and more sports-related injuries require imaging,
but the need is not limited to sports injuries. The aging
population means that overall the number of orthopaedic injuries is constantly increasing.
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technological expertise and know-how
but also a world-wide presence — Carestream is present in no fewer than 170
countries throughout the world —that
guarantees optimal support to the endcustomer. I mentioned that Carestream
already have dental Cone Beam systems,
but in fact the most significant leverage
of our existing technology into the new
CBCT system is at the level of the detector systems, where we have vast experience from our digital X-ray product lines.
This is just one example of the use we can
make of our technological background.

Q

So when is the new system likely to
reach the market?
The product is already advanced enough
that extensive evaluation and clinical
studies have been carried out, and we will
be showing the system at the upcoming
RSNA meeting. However officially the
product is still investigational. We will be
submitting for 510(k) approval very soon.
In Europe we plan to install our 3rd clinical research system to Finland by the end
of the year and will begin several clinical
trials there.

Q

And how have the evaluation
studies panned out?
The CBCT development project has been
on-going for several years now, so naturally in this time we have amassed a large
amount of data and performance characteristics. Some of these were expected,
e.g the speed and convenience of CBCT
technology in generating volumetric
3D data in one sweep/rotation is well
known. What was gratifying was the
quality of the images generated by the
system, where the iterative reconstruction and metal correction algorithms
incorporated in the software result in
images whose high quality is such that
our consultant orthopaedic specialists are
extremely satisfied. These scans are also
conducted at considerably less radiation
dose than conventional CT.
We are also currently carrying out several clinical research studies with external orthopaedic facilities. One example
out of many is the study we are jointly
carrying out with the Orthopaedics &
Sports Medicine at the University of
Buffalo UBMD. This is an institutional
IRB-approved clinical study designed
D I
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The use of cone beam technology gives volumetric, 3D
images which would otherwise require a conventional
CT scan, with all the re-scheduling inconveniences and
costs that this entails. In addition, conventional CT scans
do not aquire images of the patient in weight-bearing
positions.

to help orthopaedic surgeons more
accurately and objectively diagnose the
degree of instability of the patella. Two
of the challenges of this condition are
identifying the cause of patella dislocation and then calculating the amount
of correction that would be necessary
when tibial tubercle transfer surgery
is planned. Images obtained on a conventional CT scanner are compared to
those obtained on the prototype CBCT
scanner while the patient is standing,
the quadriceps is active and the knee is
flexed to 30 degrees. The orthopaedic
specialists involved in the clinical study
are also extremely satisfied with the
image quality from the CBCT scanner
and have provided positive feedback on
the benefits provided by the use of the
technology for weight-bearing exams.
Yet another research project is attempting to validate computational measures
of joint surface area of contact and joint
surface pressure using weight-bearing
images from the cone beam CT scanner.

Q

 e can’t end our conversation
W
without mentioning the Touch
ultrasound system which Carestream introduced a year ago.
How is that going?
Extremely well. There has been huge interest in the Touch system. And now with
the CBCT system about to be launched,
it’s exciting times at Carestream!
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Liver Imaging
By Dr Samir Shah, Dr Akash Shukla & Dr Ashlesha Udare

State-of-the-Art Imaging in
Hepatocellular Carcinoma
Unlike most cancers, where imaging findings need to be confirmed
by tissue sampling for diagnosis
and treatment, multiphasic CT and
MR imaging is sufficient in most
cases for the diagnosis and staging of hepatocellular Carcinoma
(HCC). Imaging alone may be used
to make treatment decisions in
HCC, including major surgical
options such as hepatic resection
and liver transplantation, as well
as chemotherapy (Sorafenib) without confirmatory biopsy [1].

Role of ultrasound (US)

The American Association for the Study of Liver
Diseases (AASLD) practice guidelines recommend
surveillance of HCC by US examination every 6
months [2]. If a liver nodule of less than 1cm is
detected, a follow-up US is recommended; whereas,
all nodules equal to or more than 1cm need to be further evaluated with a multiphasic CT or MR imaging.
Multiphasic CT and MR imaging

The hallmark diagnostic features of HCC at multiphasic CT or MR imaging are “arterial phase hyper-enhancement” followed by portal venous or delayed phase “washout” appearance [3]. The AASLD, EASL (European Association for the Study of the Liver), OPTN (Organ Procurement and Transplantation Network), Asian Pacific
Association for the Study of the Liver, JSH (Japan Society
of Hepatology), National Comprehensive Cancer Network, and other organizations specify the criteria of
“arterial phase hyper-enhancement” and “washout”.
The authors
Dr Samir Shah, Dr Akash Shukla & Dr Ashlesha Udare,
Institute of Liver Diseases,
HPB Surgery and Liver Transplant,
Global Hospitals,
Mumbai, Maharashtr, India
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CT and MR Imaging with Extracellular Contrast
Agents:
Arterial Hyperenhancement

The hepatic artery is the primary supply to the
HCC, unlike the rest of the normal hepatic parenchyma, which has predominant portal venous perfusion. The late hepatic arterial phase is characterized by full enhancement of the hepatic artery and
its branches as well as enhancement of the portal
vein; the hepatic veins do not enhance in this phase.
This phase coincides with peak arterial perfusion
and enhancement of liver tumors, and it is critical
for detection and characterization of hypervascular
HCC. The early hepatic arterial phase, in which the
hepatic artery is enhanced but the portal vein is not, is
less effective, as tumor hypervascularity may be subtle
or missed altogether
The timing of contrast injection is critical to make
a confident and accurate radiological diagnosis of
HCC. This can be done by bolus tracking technique
and a four phase post-contrast acquisition [4] . These
increase the sensitivity for detecting smaller lesions
with profound neovascularization. Acquisition of the
late arterial phase in low keV setting on dual energy/
dual source CT scanner allows better delineation
of the enhancing nodules. Subtraction imaging is
an innovative technique of digitally subtracting the
post-contrast image from the precontrast image. This
method is especially useful in MRI for nodules that
are T1 hyperintense [Figure1] . Some large HCC may
be hypovascular on arterial phase and may show a
heterogenous delayed enhancement.
The ‘washout’
The term rapid washout is presence of hypodensity
or hypointensity of the lesion as compared to rest of
the liver on portal venous or delayed phases, and has a
specificity of 95– 96% for diagnosis of HCC [4,5]. The
portal venous phase coincides with peak parenchymal enhancement; characterised by enhancement of
hepatic veins as well as portal veins, and is acquired at
around 60–80 seconds after the start of contrast agent
injection [Figure 2]. The delayed phase is acquired at
3–5 minutes.
The absence of washout does not exclude HCC,
as some appear hyper/isointense during portovenous
phase [6]
In patients with cirrhosis or other risk factors for
HCC, this combined temporal enhancement pattern has approximately 100% specificity for HCC,
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FIGURE 1. Arterial hyper-enhancement in HCC: Pre-contrast axial T1w image (a) shows a T1 hyperintense subcapsular liver nodule (arrow).
On post-contrast arterial phase image (b) it is difficult to delineate the arterial enhancement, which is well appreciated on subtraction imaging (c).

of 2 cm or larger and approximately
90% specificity for lesions measuring
1-1.9cm. The combination of arterial phase enhancement and washout
appearance is very rarely observed
in cholangiocarcinoma as well. However, the sensitivity of this combination is low, as most small (<1cm)
HCC, and many infiltrative HCC do
not exhibit this combination of imaging findings.
Capsule appearance
This refers to a peripheral rim of
smooth hyperenhancement in the
portal venous or delayed phase with
the degree of enhancement usually
increases from early to later phases.
Retrospective studies of resected
HCC have shown that capsule
appearance correlates with the presence of a tumor capsule on pathologic examination; a tumor capsule
is a frequent pathologic feature of
progressed HCC but not of early
HCC, dysplastic nodules, or cirrhotic

nodules. The progressive enhancement has been attributed to slow flow
within intracapsular vessels as well as
to contrast agent retention within the
extravascular connective tissue of the
capsule [7].
Threshold Growth
Threshold growth is defined by
a diameter increase of a mass by a
minimum of 5mm as well as proportionate increase as shown in Table 1.
A new ≥10mm mass also represents threshold growth, regardless of
the time interval. A new mass of
<10mm does not represent threshold
growth.
MR Imaging with Hepatobiliary
agents/ Gd-EOB-DTPA-enhanced MRI

Organic anionic transporting
polypeptides (OATP) are a family of proteins expressed in hepatocytes along the sinusoidal membrane and involved in transport of

FIGURE 2. Washout appearance and tumour thrombus in HCC: Late arterial (a) and venous phase (b) T1w axial
images reveal an arterially enhancing liver nodule, which washes out on venous phase in segment 3 of liver with
a tumour thrombus in right portal vein showing similar enhancement characteristics.
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bile salts. One of these transporters,
OATP 8 (also known as OATP1B1/3),
is considered to be responsible for
uptake by human liver cells of two
gadolinium-based contrast agents,
gadoxetate disodium and gadobenate dimeglumine. Nodules with low
or no OATP expression do not take
up hepatobiliary agents and appear
hypointense in the hepatobiliary
phase, while nodules with pre-served
or elevated OATP expression uptake
the agents and tend to be isointense
or hyperintense. The advantage of
imaging the hepatobiliary phase is
its ability to identify early HCC; as
these have incomplete neoarterialization, frequently isoenhance in the
vascular phases, and hence, cannot
be reliably detected with extra-cellular agents. Since, the level of OATP8
expression decreases during hepatocarcinogenesis prior to complete
neo- arterialization and to elevation
of arterial flow, such HCC may be
visible in the hepatobiliary phase as
hypointense nodules.
Ancillary Features of HCC:

Ancillary imaging features are
additional imaging characteristics
of HCC that favour the diagnosis of
HCC but are not specific for HCC.
T2 hyperintensity
Mild-moderate T2 hyperintensity refers to signal intensity on
T2-weighted images that is unequivocally greater than that of background
liver but less than that of bile ducts or
other simple fluid-filled structures.
T2 hyperintensity is seen in 77% of
HCC larger than 3 cm. On the other
hand, cirrhotic nodules and dysplastic nodules characteristically are
isointense or hypointense on T2-w
images and rarely show mild-moderate T2 hyperintensity.
Restricted diffusion
This refers to the presence of signal intensity higher than background
liver, not attributable solely to T2
shine-through, on diffusion-weighted
63
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Liver Imaging
(DWI) images acquired with at least
moderate diffusion weighting (b
value > 400 sec/mm2). The apparent
diffusion coefficient (ADC) of the
lesion should be similar to or lower
than that of the liver by visual estimation. For masses that cannot be
categorised as definite HCC based on
other features, the presence of diffusion restriction favours the diagnosis
of malignancy and helps differentiate
HCC from dysplastic nodule.
Corona enhancement
This is a feature of hyper vascular and progressed HCC; referring to
enhancement of the venous drainage
area in the peritumoural parenchyma
The sinusoids and portal venules
draining progressed HCC communicate with the sinusoids in the perinodular hepatic parenchyma, carrying contrast material from the tumor
into the surrounding sinusoids,
resulting in corona-shaped perinodular enhancement a few seconds after
the tumor itself begins to enhance.
This appears as transient zone or rim
(“corona”) of enhancement around
a progressed hypervascular HCC in
the late arterial phase or early portal
venous phase, with fading to isoenhancement at subsequent phases
Nodule-in-nodule architecture
This refers to the presence of a
nodule within a larger nodule or
mass and corresponds to the nodulein-nodule growth pattern observed
at histologic evaluation and suggests
the emergence of a progressed HCC
within a dysplastic nodule or early
HCC [8]. The subnodule, corresponding to the progressed HCC, typically
shows arterial phase hyperenhancement as well as hyperintensity on
T2-weighted images and hypointensity in the hepatobiliary phase with
hepatobiliary agents.
Mosaic architecture
This refers to the presence within
Time interval between
2 imaging

Diameter increase

≤ 6 months

≥ 50%

> 6 months

≥ 100%

Table 1.

NOVEMBER 2015

FIGURE 3. LI-RADS categories.

a mass of randomly distributed internal nodules or compartments differing in enhancement (in the dynamic
vascular phases or, if a hepatobiliary
agent is administered, in the hepatobiliary phase), attenuation, intensity,
shape, and size.
Lesional iron sparing
This refers to a relative paucity of
iron in a solid mass compared with
that of background iron-overloaded
liver. This feature can be detected on
T2- or T2*-weighted MR images by
observing hyperintensity in a solid
mass relative to hypointense, siderotic
hepatic parenchyma. Lesional iron
sparing raises concern because highgrade dysplastic nodules and HCC
characteristically are iron “resistant.”
Thus, any iron-free solid nodule in
an otherwise iron-overloaded liver
should be regarded as suspicious for
high-grade dysplastic nodule or HCC
[9].
Intralesional fat
This is characteristic of, but not
specific for, early HCC.
Incremental value of intralesional
fat for diagnosis of HCC is limited
since this feature often coincides with
other more discriminatory imaging
features [9].
LI-RADS (Liver Imaging
Reporting And Data System)

LI-RADS is a system of standardized terminology and criteria to
interpret and report imaging exami-
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nations of the liver in at-risk patients.
LI-RADS is supported and endorsed
by the American College of Radiology (ACR). It involves categorizing
each hepatic observation (something
that is visible on an image) regarding
its likelihood of benignity, HCC, or
other malignancy, as shown in the
LI-RADS diagnostic algorithm [10],
[Figure 3].
Definitely or probably benign
observations are categorized as LR-1
and LR-2, respectively. If the characteristics of the mass suggest that
it might be a malignancy other than
HCC (e.g., cholangiocarcinoma), it is
categorized LR-M (probable malignancy, not specific for HCC). In such
cases, a confident diagnosis usually
requires biopsy. If there is definite
tumou in a vein, whether or not a
primary mass is clearly visible, the
observation is categorized as LR-5V.
If a mass has been treated, it is categorized as LI-RADS (LR) treated [9].
Imaging Features of Variant/
Atypical HCC

Hypervascular Nodules Without
Washout
Depending upon the nature of
contrast uptake in the arterial phase,
the liver lesions can be hypovascular
and hypervascular in relation to the
normal hepatic parenchyma. Sometimes, there is a delayed contrast
enhancement, without any washout.
Such lesions may be focal nodular
hyperplasia, hemangiomas, hepatic
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adenoma, hypervascular metastases
are of transient hepatic enhancement
difference. Some HCC may not show
washout with conventional imaging
and would either need newer imaging
modalities such as Gd-EOB-DTPA
MRI and/or biopsy for confirmation
of diagnosis [11].
Hypovascular Nodules
Hypovascular liver lesions are frequently identified and most likely
metastases. About 10% of HCC are
hypovascular. Delayed enhancement
is found in malignant tumours like
cholangiocarcinoma.
Diffuse Hepatocellular Carcinoma
Poorly demarcated, heterogeneously diffuse, infiltrating lesions
representing HCC are not uncommon. On MRI such lesions have a
variable but homogeneous T1-T2W
appearances (T1 hypointensity
and T2 hyperintensity) [12]. Diffuse infiltrating HCC demonstrate
hypoenhancement or nodular patchy
enhancement on arterial and heterogenous reticular enhancement on
delayed contrast phases. Portal vein
thrombosis is common in such diffuse infiltrating HCC (5–44%).
Hepatocellular Carcinoma in Noncirrhotic Liver
The overall reported prevalence
is upto 54% of all HCC especially
in oriental countries. Fibrolamellar
HCC are major differentials. HCC in
non-cirrhotic livers are larger, welldemarcated, solitary lesions with
large areas of necrosis and are usually
diagnosed at a later stage. Such HCC
uncommonly may show calcification,
fibrosis and central scar.
Conclusion

HCC is largely and accurately diagnosed based on characteristic radiological findings on CT scan and/or
MRI. US is the preferred modality
for surveillance. The classical finding of arterial hyperenhancement followed by washout is very specific for
HCC but has low sensitivity. Increasing use of hepatobiliary agents like
Gd-BOPTA will increase the sensitivity of HCC detection. Atypical HCC
presents a challenge to radiologists
66

and may need a biopsy for confirmatory diagnosis.
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Book review
Liver Imaging: MRI with CT Correlation

Editted by E Altun, M El-Azzazi, RC. Semelka
Pub by, Wiley-Blackwell, 201, 328 pages, €135.70
This is the first single source work to deal with the
two primary radiologic modalities in diagnosing and
treating benign and malignant diseases of the liver,
presented with clearly laid out MRI and CT correlations. Developed by an editorial team led by one of
the world’s leading authorities in abdominal imaging,
Richard C. Semelka MD.
The book employs a user-friendly, atlas-style
presentation, with over 1500 MRI and CT images in
over 320 figures featuring state-of-the-art MR and
CT imaging sequences, multidetector row CT images,
3D reformatted images, breath-hold MRI sequences,
and cutting-edge MR 3T images
It is a highly practical approach for imaging of focal and diffuse liver lesions,
complete relevant and systematic (differential) diagnostic information, the latest
references to primary literature and clinical evidence, and patient management
possibilities
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Abstract Submission Deadline: January 15, 2016
ESGAR/ESCP Workshop on GI tract tumour a multidisciplinary approach
December 10 – 11, 2015, Belgrade, Serbia
Workshop organisers
Zoran Krivokapic, Djordjije Saranovic

5th Pancreas Workshop
April 7 – 8, 2016, Munich, Germany
Workshop organiser
Thomas Helmberger

18th Liver Imaging Workshop
April 28 – 29, 2016, Edinburgh, United Kingdom
Workshop organiser
Ian Zealley

24th CT Colonography Hands-on Workshop
May 18 – 20, 2016, Gothenburg, Sweden
Workshop organiser
Mikael Hellström

Information on all ESGAR Activities can be found on www.esgar.org

T EC HN O LOGY update
World Premiere of
Twin Robotic X-Ray system
Siemens Healthcare have announced the launch of the
Multitom Rax (Robotic Advanced X-ray) system which
now for the first time enables a wide variety of examinations in a range of clinical areas to be performed using
only a single X-ray system.
In addition to conventional 2D X-rays, the system
also makes it possible to perform fluoroscopy examinations, angiography applications and even 3D imaging.
The operator is always in full control of the system’s
movement. By the push of a button, both robotic arms are
being positioned fully automatically around the patient,
improving both safety and convenience. There is no need
to move the patient on the system or to change rooms
for further imaging procedures, which makes examinations less stressful, painful and less time-consuming. Work
processes in hospitals can be improved and economic
efficiency increased. This all-round X-ray system was premiered by Siemens Healthcare at the University Hospital
Erlangen on the 29th October.

a single system. That saves time and avoids unnecessary
costs, since specially installed modalities for examinations
that are not performed on a daily basis can be uneconomical for hospitals. On the other hand, systems that
are in regular use can cause lengthy waiting times; this is
where the new X-ray scanner can help ease the burden.
The Multitom Rax makes work processes economically
efficient, while still being able to offer a wide range of
examinations.
First time robotic precision in X-ray

The two ceiling-mounted arms on Multitom Rax can
be moved into position automatically using robotic technology, and they can also be moved manually, servo motor
supported, when required – to make fine adjustments,
for example. While one arm moves the X-ray tube and
the large touchscreen, the other carries the 43 x 43 cm
flat panel detector, which can record static, dynamic and
real 3D sequences. “The robotic technology ensures a
new level of precision and automation, enabling a new
level of standardization and throughput”, explained
Francois Nolte, head of the X-ray Products Business Line
at Siemens Healthcare. “The precise positioning of the
arms in all three planes makes the examinations so much
easier: regardless of whether the patient is standing, sitting or lying down, the robotic arms move with perfect

The two ceiling-mounted arms on Multitom Rax can be moved into position
automatically using robotic technology, and they can also be moved manually,
servo motor supported, when required – to make fine adjustments, for example.
While one arm moves the X-ray tube and the large touchscreen, the other carries the 43 x 43 cm flat panel detector, which can record static, dynamic and
real 3D sequences.

“We see the Multitom Rax as a universal device that
covers all aspects of X-ray diagnostics. You could call it
radiology’s answer to the Swiss army knife,” said Prof.
Michael Lell, Senior Physician at the Imaging Science
Institute of the University Hospital Erlangen.
The new system can be used in a wide range of applications. from emergency medicine to orthopedics, angiography or fluoroscopy, and can thus help optimize clinical
work processes. The fact that the detector can be freely
positioned means that quite different X-ray images, both
static and dynamic, can be taken in a single room using
68
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Now, for the first time, Multitom Rax makes it possible to take 3D images under
the patient’s natural weight bearing condition. 3D images can be made of all
areas of the body with the patient seated, lying down or standing. Images taken
while the patient is standing are essential because knees, pelvis and spinal
column for example appear differently under the influence of the patient’s body
weight compared to when the patient is lying down.
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Easy access to the patient – in pediatrics in particular

3D image of a hand. Conventional 2D x-rays do not always reveal fine hairline fractures in the bone. If a bone fracture is suspected, it has previously been necessary
to take a 3D image using a CT system to be sure of the diagnosis. With the Multitom
Rax, however, a 3D image can be taken at the same system, and so the patient
does not have to wait for a further appointment or to be transferred to the CT unit.
Image courtesy and copyright of Clinic for Radiology and Nuclear Medicine, University
Hospital, Basel, Switzerland.

accuracy using robotic technology. Our strategy is based on
the principle that the system moves, not the patient, which
reduces risk of additional injuries and pain.”
With conventional radiography systems, the detector often
has to be placed in an external holder. In addition to the extra
time required, this also involves the challenge of positioning
the tube at exactly 90 degrees. Multitom Rax does this at the
push of a button for free exams. This also prevents any risk
of having to repeat image processes because the tube was
not precisely positioned. The system offers optionally also
wireless, portable detectors in two different sizes that can be
positioned directly between the wheelchair or mattress and
the patient’s back, which avoids the need to sit the patient up.
The automatic control of the robotic arms ensures that they
will always take the shortest and safest route to reach the next
programmed position. Pre-programmed safety zones and an
automatic stop in response to contact also improve safety.
3D imaging offers diagnostic certainty

3D computed tomography (CT) images are often used
in situations such as orthopedic examinations involving the
implantation of prosthetic joints, for example, to ensure that
the artificial joint is best adapted to fit the patient’s anatomy.
Now, for the first time, the Multitom Rax makes it possible
to take 3D images under the patient’s natural weight bearing
condition.1 3D images can be made of all areas of the body
with the patient seated, lying down or standing. Images taken
while the patient is standing are essential because for example
knees, pelvis and spinal column appear differently under the
influence of the patient’s body weight compared to when the
patient is lying down. As a result, 3D images acquired by the
Multitom Rax offer better diagnostic and planning certainty
compared to those that do not reflect a natural weight bearing
condition. Conventional 2D x-rays, for example, do not always
reveal fine hairline fractures in the bone. If a bone fracture is
suspected, it has previously been necessary to take a 3D image
using a CT system to be sure of the diagnosis. With Multitom
Rax, however, a 3D image can be taken at the same system, and
so the patient does not have to wait for a further appointment
or to be transferred to the CT unit.
NOVEMBER 2015
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A free-standing patient table and fully mobile system elements with Multitom Rax provide a more comfortable examination atmosphere. The system is designed for all patient
types, from children to the elderly, mobile, immobile and
adipose individuals. The fact that the table can be adjusted
to a very low 50 centimeter table height means that children
can get onto it by themselves. It can also be positioned at
the most convenient working height. The hospital staff thus
has full access to the patient, with no need for the hospital
staff to twist into an anatomically unnatural position. The
result is an improvement in both safety for the patient and
the examining physician, and in the level of convenience,
since it is the system that moves when needed, not the individuals. Additional devices and personnel are often essential
for interventional procedures such as fluoroscopic needle
localization in particular. The open system design makes it
possible to position the tube and detector most appropriately
in the room. And the fact that both arms are ceiling-mounted
means there is no floor-mounted equipment or cable ducts
to get in the way.

“... it is the system that
moves when needed, not
the individuals...”
Standardization – for future treatment trends, too

Care (Combined Applications to Reduce Exposure) applications support treatment standardization using Multitom
Rax and aim to keep the radiation dose as low as possible for
both patients and hospital staff. Removable scatter grids and
a copper filter, combined with the sensitive detector, help to
minimize dose. Precisely focusing on the area of the body to be
X-rayed and avoiding the need to repeat examinations using
X-rays helps protect patients from unnecessary exposure to
radiation. In the case of fluoroscopy examinations, such as
gastrointestinal or swallow exams, several Care features keep
the dose low. A preliminary examination using an especially
low radiation dose to fine-tune the tube and detector helps to
correctly position even in very challenging exams. In addition,
for all examinations the dose used is automatically reviewed
and recorded.
As a part of the Max system family from Siemens
Healthcare, the Multitom Rax stands out by providing the
same image impression and thus making it easier to compare
X-ray images. The controls and user interfaces on all Max
systems are identical, which means the operators have no need
to familiarize themselves all over again with new equipment.
The wireless detectors in the Max family can also be used
equally with all the systems in the family, improving the level
of flexibility. Multitom Rax is also configured to accommodate
future trends in treatment with functions that can be adapted
at a later time. And lastly, its closed surfaces are easy to keep
clean, which contributes to the long service life of the system.
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ECIO 2016
Seventh European Conference
on Interventional Oncology
April 17-20
Dublin, Ireland
www.ecio.org

LEADERS IN ONCOLOGIC
INTERVENTIONS
Join us in Dublin to explore the latest in
minimally invasive oncological therapies!
The 2016 programme will cover the full spectrum of IO,
including such staples as HCC, colorectal liver metastases,
lung cancers and the clinical management of patients,
as well as newer clinical territories such as immunotherapy,
neuroendocrine tumours and cholangiocarcinoma.
Find out more by visiting www.ecio.org/2016

C RSE

Cardiovascular and Interventional Radiological Society of Europe

Displays
Multi-Disciplinary Team room display
solution with 8 Megapixel quality
The Merian Iselin Hospital for Orthopedics and
Surgery, one of the largest private hospitals in Basel,
Switzerland, is the first to implement NEC Display
Solutions’ future-proof medical MDT (Multi-Disciplinary Team) room solution. NEC is launching the
solution to enable more precise diagnosis, allowing
medical professionals to access and review all relevant
clinical information when formulating treatment recommendations. The Merian Iselin Hospital is using
it to improve its communication with patients and
further strengthen its position as a leading hospital.
Efficient MDT room solutions provide the tools
medical professionals need for meetings and treatment planning, and enables them to access and review
all relevant clinical information when formulating
treatment recommendations. The Merian Iselin Hospital, which conducted more than 20,000 radiological examinations in 2014, produces reports for both
external and in-house physicians, so the facilities
offered by MDT room solutions is crucial. It is a key
part of patient communication as accurate information can then be shared efficiently.
The NEC displays, the MultiSync X841UHD Conference room display and the MD322C8 31.5” 8 Megapixel screen, which works as diagnostic display, deliver
the high level of requirement for the MDT room
solution, supporting high quality 4K UHD resolution, colour quality and signal processing. For Merian
Iselin Hospital, it now has the tools in place to deliver
more precise diagnoses and allow for a number of
viewing angles and distances, including close-up. This
is crucial for group diagnosis scenarios.
Dr. Med. Thomas Egelhof, chief physician for radiology at Merian Iselin Hospital, commented: “Modern
medicine is team work. It works best if you can assess
and discuss the examination results together with the
doctors involved and the patients. For this purpose,
the image display must be so precise that from the
different viewing angles and distances in the meeting
room good conditions are found, to carry out and
obtain a profound analysis.”
At the hospital, the NEC 84-inch X841UHD monitor features a screen measuring of more than two
metres diagonally, and DICOM mode for clinical
review of X-ray images for use in the Medical Conference room. The NEC MD322C8, an 8MP medical display, is used as an input monitor for the radiologists.
The two screens can be cloned on a pixel to pixel level
to provide outstanding image quality without any loss
of data or visual detail. Images remain stable regardless of the ambient room lighting and a non-glare
surface restricts the effect of reflections on the screens.
NOVEMBER 2015
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The NEC MDT room solution is now completed
with a solid Wall Mount PDW T XL with integrated
tilt function, offering the flexibility that is needed to
adapt the screen installation to the individual requirements existing for each MDT room. A NVIDIA
Quadro K2200 graphics card delivers exceptional
power and efficiency to support the high graphics
requirements for dual 8MP graphic displays. In addition, a Gold DisplayPort 10 m Cable from Lindy
bridges the distance from the input source and the
cloned 84-inch display, with the high quality required
to deliver 4K UHD signals over a larger distance.
The solution means hospitals can enable increased
productivity, as physicians can more easily view
images in detail together. Dr. Med. Egelhof added:
“With the use of the new meeting room resolution,
the diagnostic work could be visualised and thus
the credibility of the findings could be increased, as
lesions are shown in a better and more precise manner.” This leads to less uncertainty for all involved and
increases productivity both in radiology itself as well
as referring physicians and other incorporated medical specialisations.
“Displays play a crucial role in the productivity
of a hospital and in ensuring the high quality of
patient care,” comments Shinji Nohara, Product Manager Pro/Colour/Medical Desktop Display at NEC
Display Solutions Europe. “Merian Iselin Hospital is
a great example of how better displays have a major
impact on the diagnostic and communication abilities
of a hospital.”
NEC Display Solutions Europe GmbH
Munich, Germany
www.nec-display-solutions.com
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T E C HN O LOGY update
High resolution ultrasound system with
endoscopic capabilities

The novel technologies
incorporated in the
ARIETTA
system from Hitachi
enable it to provide
high-resolution
anatomical detail
using the company’s latest developments in the acquisition and detection of ultrasound
signals, improved
signal processing
as well as outstanding image quality
and display. Using
a highly innovative
multi-layer crystal and a new type of smart connector
technology, the versatile range of probes achieves a
very high degree of sensitivity with enhanced signalto-noise ratio, and in addition is characterized by excellent durability and convenient usability. Advanced and
flexibly adjusted algorithms of the emitted and received
ultrasound signals allow precision control of the ultrasound beam, guaranteeing the highest spatial resolution
to ensure ARIETTA’s premium image resolution. The
system is equipped with the fastest, ultrasound-specific
digital signal processors, supporting a wide variety of
application-related features and advanced data processing. The innovative ARIETTA platform together with its
high-grade IPS-Pro2 LCD monitor technology, ensure
that Real-time Tissue Elastography (RTE) and Contrast
Enhanced Ultrasound are displayed with the finest
picture quality, clarity and precision (High Sensitive
CE-EUS) for flexible endoscopic ultrasound.
In addition to an extensive number of user-specific
ultrasound transducers, the EUS ultrasound scopes
from Pentax Medical are now also compatible with the
ARIETTA ultrasound platform.
The successful partnership of Hitachi and Pentax
Medical in endoscopic ultrasound has grown over the
last two decades and has resulted in systems which
give exceptional image quality. The exclusive portfolio of linear and radial ultrasound endoscopes for
diagnostic, interventional and therapeutic procedures
is continuously developing. In Hitachi’s research and
development centres, the Pentax ultrasound endoscopes have been precisely aligned with the sophisticated Hitachi ultrasound systems and their most innovative features; meeting clinician and patient needs
never before addressed.
With the High Tissue Reduction Mode – TrC
(Amplitude Modulation) which enables the reliable
and accurate contrast imaging – the system provides
highly sensitive contrast, excellent penetration at

NOVEMBER 2015
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depth; as well as significant reduction in movement
artefacts and uniform near-field and far-field imaging
Hitachi Medical Systems Europe
Zug Switzerland
www.hitachi-medical-systems.eu

Node and Seed Location System

The provision of state-of-the-art care for breast cancer patients calls for more than procedural excellence,
but also demands the best tools to achieve the best
results quickly and accurately. The Kubtec GammaPro System is particularly suited for Radioactive Seed
Location (RSL) and Sentinel Lymph Node Biopsy
(SLNB) and is the most sensitive and accurate method
for detecting radioactive seeds or locating sentinel
nodes. The system is designed to detect the deepest nodes in all body types. With the most powerful
and efficient state-of-the-art signal detection, it can
pinpoint seed locations at up to 8 mm depth in breast
tissue, with instant audio feedback to the operator.

Used in the operating room with Kubtec’s Mozart
System with TomoSpec Technology, the only patented
3-D imaging system for specimen radiography, the
Gamma-Pro System is part of a suite of breast surgery
solutions from Kubtec. The system enables the smallest
incisions, accurately pinpoints seed and node location,
and detects even the deepest nodes,
Kubtec
Milford CT, USA
http://kubtec.com/

Mobile X-ray imaging system with easy
upgrade to DR workflow

Carestream has unveiled a new lower-priced mobile
X-ray imaging system that can be purchased as a CR
system and easily upgraded to wireless DR technology to gain faster image access and automated features. Scheduled to begin shipping in December 2015,
the fully featured Motion Mobile System is available
for order in Europe, Latin America and other countries outside North America. This flexible, reliable,
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new portable system offers components that make it easy to upgrade to
a DR workflow,” said Heidi McIntosh,
Carestream’s Marketing Manager for
Global X-ray Solutions. “Imaging
facilities across the world will find
the Motion Mobile system can meet
their imaging needs for years to come
because of built-in functionality that
can be activated when needed.”
The portable imaging system features a balanced and articulating arm

delivery to PACS or printers. This
imaging system supports DRX-1 and
DRX Plus detectors that deliver excellent image quality and the software
delivers advanced image management
features. The Motion Mobile also
supports sharing of a DRX detector
among multiple DRX imaging systems to maximize productivity while
enhancing a facility’s investment.
Carestream,
Rochester, NY, USA
www.carestreamhealth.com

Volpara Density Grades agree
with visual BI-RADS 5th Ed
Scores

that equips it to capture most types
of imaging exams. The unit is compact, lightweight, easy to transport
and position, and features a powerful 30kW generator and eight-inch
touch screen monitor. The Motion
Mobile System offers manual or APR
(anatomical programmed radiography) mode for quick selection of
exam technique and push button or
hand switch controlled exposures. A
tilting step is designed to help operators move the unit over uneven surfaces. A cost-effective DR retrofit
upgrade provides rapid image capture with DRX detectors, a 19-inch
touch screen monitor and access
to advanced features. A Dose Area
Product (DAP ) and X-ray Generator
Interface automatically acquires DAP
and technique information to monitor patient dose while eliminating the
need for manual entry. In addition,
Carestream’s DIRECTVIEW software
delivers accelerated image display and
74

Researchers from the Netherlands
recently completed a study (van der
Waal D, et al. Comparing Visually
Assessed BI-RADS Breast Density and
Automated Volumetric Breast Density
Software: A Cross-Sectional Study in a
Breast Cancer Screening Setting PLoS
One. 2015; 10(9): e013666) comparing BI-RADS 5th Edition visual breast
density scores to VolparaDensity’s
continuous, quantitative measure
of volumetric breast density and
VolparaDensity’s automated BI-RADS
score
Results of the study suggest that
volumetric density measures may
potentially be used in the evaluation of
screening performance and to identify
risk groups. “The use of automated
volumetric density measures has been
advocated in several studies and our
results suggest that volumetric density has several advantages over qualitative scales and area-based density
measures, including the calculation of
breast density based on 3D instead
of 2D information. This estimate of
the actual volume of the tissue rather
than the 2D projection of the tissue
is expected to have a stronger biological association,” said Gerard J. den
Heeten, co-author and recently retired
chair of the LRCB Dutch Reference
Center for Screening, Nijmegen, The
Netherlands.
“Consistent with other studies using
BI-RADS density classifications, we
observed significant variability among
the radiologists. However, there was a
positive association between percent
dense volume and the BI-RADS density scale; the Volpara Density Grades
D I
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seemed to be a good approximation
of BI-RADS density in our study. This
reinforces the conclusion that automated, volumetric density measures
may potentially be used in the evaluation of screening performance and to
identify risk groups,” added Heeten.
VolparaDensity’s
automated
BI-RADS showed a substantial agreement with the visual BI-RADS scores
with a weighted kappa = 0.80. Based
on these results, the authors noted
that volumetric density measures may
potentially be used in the evaluation
of screening performance and to identify risk groups.
Volpara
Wellington, New Zealand
www.volparasolutions.com

CT Breast imaging system
without breast compression

The Koning Breast CT (KBCT) system is a dedicated breast imaging system that acquires computed tomography images without compressing the
breast. The KBCT system produces
3D images to aid in the diagnosis of
breast cancer and achieves both high
contrast and high spatial resolutions
sufficient to allow differentiation of
small structures from background
tissue which are often described as
structure and tissue overlap. Unlike
whole body CT scanners, KBCT is
the first fully integrated, dedicated
CT scanner designed specifically to
image the entire breast, from the chest
wall to the nipple, with high spatial
and contrast resolution. Traditional
mammography is a two-dimensional
(2D) projection acquisition permitting structure and tissue overlap
which can obscure a breast lesion. In
contrast, KBCT images are displayed
in both 3D and thin multislice format
to improve performance on structure
and tissue overlap. With its unique
exam table and pendulous positioning
of the breast, KBCT is able to acquire
a true 3D image of the entire breast.
Prone positioning on the ergonomic table ensures patient comfort. The self shielded design and the
dedicated operator’s console eliminate the need for a separate control
room. Access to the patient is available from wide interlocking safety
covers on both sides, and the table
NOVEMBER 2015
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can be elevated to up to 1.5 meters
which makes it possible to perform
operations such as biopsy. Hundreds
of images are captured in a single 10
second rotation of the gantry and
processed within seconds. Images are
presented in both thin multislice multiplanar projections and true isotropic
3D format, eliminating tissue overlap and superimposition of structures
common to 2D mammography. KBCT
comes with a complete set of visualization tools including side by side
hanging protocols for comparison
to previous mammograms. KBCT is
DICOM compliant for RIS/PACS connectivity and allows remote viewing
from up to 3 simultaneous locations
(expandable if needed).
Diagnostic mammography requires
breast compression, which is painful

to many women. Breast scanning with
KBCT is easier on women because it
allows scanning the breast in its natural state without having to pull, flatten
and compress the tissue, eliminating
the pain due to compression.
Koning Corporation
West Henrietta, NY USA
www.koningcorporation.com

radiologists and radiology professionals identify patients whose dense
breast tissue may impact the ability
of the mammogram to clearly identify potentially concerning lesions and
those who may benefit from supplemental screening or surveillance protocols.
iReveal uses an “appearance-based”
approach to assess breast structure,
texture, and fibroglandular dispersion
to simulate the process radiologists
use to measure breast density, and
provide automated, rapid, and reproducible breast density results.
Mammography is considered to
be the gold standard in breast cancer
screening. However, mammography
has been proven to be less effective in
women with dense breast tissue.
There is also growing evidence that
a higher percentage of dense breast
tissue increases the risk of developing
breast cancer. It is estimated that 40%
of women have dense breasts and that
mammography is only 48% sensitive
in dense breast. iReveal is designed
to detect dense breast tissue present
in a mammogram and identifies the
risk of potentially masking a cancer,
then maps the percentage of the fibroglandular tissue to a density category
corresponding to the BI-RADS standards. The system uses an advanced
Breast Density Algorithm that considers both the distribution and dispersion of fibroglandular tissue, aligning
iReveal’s breast density measurement
directly to the new BI-RADS standard of identifying dense tissue in the
breast that could be masking cancer.
The masking risk is correlated to the
amount and also the distribution of
fibroglandular tissue.
In a clinical study, iReveal was
shown to result in statistical agreement among a panel of 10 expert
radiologists specializing in breast

Assessment and reporting of
breast density

The iReveal system from iCAD
is designed for radiologists reading
mammography who want to standardize the assessment and reporting
of breast density. The system helps
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imaging when assessing the percentage of breast density of over 500
mammography cases. The radiologists’ results were used to align iReveal’s percentage of breast density to
the BI-RADS breast density assessment categories. The results show that
iReveal is a reliable adjunctive breast
density assessment.
iCAD,
Nashua, NH USA
www.icadmed.com

New family of mobile C-arms

Comprising Cios Fusion, Cios
Connect, Cios Select, and the premium Cios Alpha system, the new
family of Cios systems covers all customer requirements for mobile X-ray
imaging.
In 2013 Siemens began offering
an imaging system, the Cios Alpha

mobile C-arm, whose square flatpanel detector and performance support surgical intervention. In addition
to an expanded field of vision, sharp
images down to the sub-millimeter
range are essential when it comes to
guiding fine catheters and tools in the
X-ray image. Now Siemens has introduced not only a new version of the
Cios Alpha but also three additional
models of the Cios C-arm family.
Like the well-established Cios
Alpha before it, the new Cios
Fusion features state-of-the-art flat
panel detector technology. In total,
its field of vision is about 160 percent larger than a standard image
intensifier and the system now
makes flat panel detector technology available in the medium price
segment. The system produces an
image that is free of geometrical distortion and offers a higher
grayscale resolution, making various anatomical structures clearer
E U R O P E
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to see. With two different detector sizes, either 30 cm x 30 cm or
20 cm x 20 cm, the model can be
equipped to meet specific requirements. An additional touchscreen
that can be located right at the
operating table enables the surgeon to control the C-arm from
within the sterile work area.
The Cios Connect is the second new C-arm in the Cios family
and covers a very broad area of
application in the medium market
segment. This highly reliable system offers low service costs and
outstanding value for the money
throughout its service life. Special
software options for vascular
imaging with the Cios Connect
enable physicians to display individual images simultaneously
in subtracted view and in X-ray
view, to optimize the presentation
of contrast and bone, and to save
them directly to the database for
documentation purposes.
The third new family member from
by Siemens Healthcare is the Cios
Select, an entry-level model intended
to serve as a basic product to improve
healthcare services worldwide by providing easier access to surgical: imaging. It is designed to be especially userfriendly in operation, and its sturdy
construction means that the system
does not require expensive maintenance.
Siemens,
Erlangen, Germany
www.siemens.com

High-productivity X-ray room

Agfa HealthCare has introduced
the new DR 600 multi-detector,
high-productivity, high-throughput
direct radiography solution; with
innovative features and ZeroForce
Technology, the DR 600 offers excellent speed, precision and comfort.
With it’s EasyStitch technology, the
system shows particular strength in
full leg/full spine (FLFS) imaging.
Fully automated, the DR 600 streamlines workflow, increases throughput and enhances the experience of
patients and operators alike, even in
the busiest imaging environments.
Full automation, auto-positioning
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and auto-tracking allow light, fast
and easy operation. The ZeroForce
Technology enables manual movement of the tube head in all directions quickly and with almost zero
effort.
Agfa’s MUSICA workflow provides immediate previews that reduce
time between exposures and thus
deliver a higher rate of throughput.
The result is a lower cost per exam
and faster patient throughput.
The DR 600 includes an innovative tube head design with a

touch screen control panel featuring a preview image and an integrated soft console on the MUSICA
viewing station. The direct image
capture capabilities and versatile
panel formats allow many different configurations. Each hospital can design the room it needs
and migrate to direct radiography
seamlessly – whether immediately
implementing a full DR solution, or
a cassette-based computed radiography (CR) solution that can then
evolve to cassette-less DR when the
hospital is ready.
The fully motorized wall bucky has
vertical tracking with the tube, offering the option of DR Full Leg Full
Spine (FLFS) with EasyStitch technology. Based on fully automated single
focus technology, EasyStitch minimizes distortions. Angular tracking is
available for dedicated exams, while
motorized movement of the wall
stand and tube head provides accurate stitching capabilities, for high
precision in images. An optional table
overlay allows FLFS to be carried out
right on the table.
D I A G N O S T I C

I M A G I N G

Agfa Healthcare
Mortsel, Belgium
www.agfahealthcare.com

Upgraded premium ultrasound
system especially suitable for
obs/gyn

The WS80A with Elite from
Samsung, features various research
functions and new visualization
technology. Features include: the 5D
Heart Color system that generates
nine standard fetal echocardiography views simultaneously in a single
template with blood flow dynamics
of fetal heart by using STIC (SpatioTemporal Image Correlation) volume
datasets. The 5D Limb Vol system
semi-automatically provides volume
measurements of upper arm or thigh
of the fetus which can be used to
calculate an accurate estimation of
fetal weight and nutritional status.
The 5D CNS+system provides axial,
sagittal, and coronal views of fetal
brain in nine planes by automatic
measurement of biometry, following
the international screening guidelines from the International Society
for Ultrasound in Obstetrics and
Gynecology (ISUOG) for fetal brain.
The updates system also includes
Crystal Vue, an advanced volume rendering technology which
enables users to assess detailed
information of internal and external structures of the fetus by an
intuitive 3D/4D visualization, providing increased diagnostic confidence.
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“We have been impressed by the
images we have obtained both in
early pregnancy and when we have
examined ovarian masses with Crystal
Vue. We seem to be getting novel
information,” said Professor Tom
Bourne, research team leader in the
Department of Surgery & Cancer in
the Faculty of Medicine at Imperial
College in the U.K. “We are currently
carrying out clinical trials to see how
this new technique impacts on diagnostic performance.”
Samsung
Seoul, Korea
www.samsungmedison.com

Multi-modality, multi-exam
comparison to evaluate lesion
metabolic activity over time

Information about the metabolic
effect of a given cancer therapy
enables the adjustment of treatment strategies before physical effects
become apparent. But review of PET/
CT datasets can be time-consuming
and cumbersome. Streamlining this
process enables therapy adjustments
to be made sooner and deliver care
more specific to a patient’s disease
development.
The PET VCAR (Volume Computer
Assisted Reading) system streamlines
the assessment of metabolic data,
and provides the ability to interpret,
quantify and manage PET/CT datasets more efficiently.
PET VCAR improves visualization
and analytical monitoring of disease
progression or response to therapy. It
provides the ability to compute various Standard Uptake Values (SUV), to
measure metabolic activity and volume for PET defined areas of activity,
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and compare CT, PET/CT and MR
studies for baseline and follow-up
studies. The system provides a multimodality reading platform for comparison and correlation of CT, MR
and PET/CT data. A summary table
supports and facilitates follow-up
studies by providing a Baseline and
Follow-up management tool. The
graph view displays the lesion evolution over time. Q.Check gives a noninvasive way to display, compare and
highlight key aspects of an exam that
affect SUV variability, and to gauge
the quality of the study based on
PERCIST criteria or any other criteria.
GE Healthcaree
Chalfont St Giles. UK
www3.gehealthcare.com

New-generation touch screen
ultrasound system

The recently-launched TE7 ultrasound from Mindray is the company’s most revolutionary touch screen
Doppler system and is designed to
provide superior quality imaging for
rapid patient-care decisions. Intuitive
gesture controls and efficient focused
point-of-care exams minimize the user
learning curve, with no need to navigate a knob cluttered keyboard. Touch
-enabled response, targeted application
presets, and one touch image optimization all contribute to improve diagnostic confidence and efficiency. Extractand-go capability with its unique
retractable power cable and built-in
battery makes TE7 always ready for the
point-of-care ultrasound environment.
Mindray,
Shenzhen, China
www.mindray.com
D I
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Advanced angiography system

The Trinias MiX package from
Shimadzu is an extension of the company’s Trinias angiography system,
which facilitates high-level interventions through proprietary image processing technology. The new system
provides functional enhancements,
such as newly developed 3D application, the trace mapping function,
and the PCI support application. As
a result, shorter treatment times are
achieved and less contrast media is
required.
The 3D application allows the
angiography system to be linked to
previously acquired CT images during the interventional procedure.
With this application, pre-procedure CT images can be imported
to the work-station, enabling an
overlay with fluoroscopy, including
angular synchronization with the
angiography system C-arm. Linking
the CT images directly to the treatment images allows a seamless flow
from pre-procedural therapeutic
design to navigation during the
procedure.
The trace mapping function
automatically extracts and displays only the outline of vessel
walls providing a map image for
easy device guidance. In addition,
the PCI (Percutaneous Coronary
Intervention) Thanks to the SCORE
PRO Advance image-processing
engine, the system now can operate at about half the conventional
X-ray dose.
Shimadzu
Duisburg, Germany,
www.shimadzu-medical.eu
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Innovations in
therapy guidance
MR-only Simulation
for Prostate

Pinnacle3 Auto-Planning

A plug-in extension to Ingenia MR-RT,

Pinnacle3 Auto-Planning is designed to

MR-only sim allows to adopt a

simplify and accelerate IMRT & VMAT

single-modality simulation approach

planning. It has smart automation tools

and obtain excellent soft-tissue contrast

that enable the user to generate high

and robust 3D density maps for dose

quality plans quickly, and with

calculations in one MR imaging session.

limited intervention.

This material is not for distribution in the USA.

www.philips.com/treatmentplanning

