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Predicting the future
of medical imaging
The title of a recent 24 – page
article published by the British
Institute of Radiology World Partner
Network is nothing if not ambitious
— “The Global Future of Imaging”
(www.bir.org.uk/get-involved/worldpartner-network/global-future-of-imaging). An international community of
leading national radiology societies,
BIR World Partner Network has the
shared goal of advancing the knowledge and understanding of all its
individual members, who amount in
total to 600000 imaging professionals
around the world. The recent article
from the Network was a collaborative
study whose aim was to produce a
global “barometer” of the changes in
radiology that are emerging locally and
worldwide.
In the study, the presidents of 18
national professional radiology societies from Europe, North America, South
America, Africa and Asia were invited
to answer a series of questions about the
future of imaging. Three questions were
put to each of the presidents. These
were: what do they consider will be the
single most positive development in the
next ten years?; what do they consider
as being the biggest obstacle worldwide
to future progress ? and finally how can
imaging professionals prepare themselves for future success ?
As regards the most positive development in the next ten years, the presidents
were unanimous. Artificial Intelligence
was generally hailed as being positive for
the profession but in any case unavoidable. Some opinions were almost religious in their enthusiasm, e.g. “If the
human mind combines with all the tools
AI provides, the results will be magnificent” or “Radiology will transform from a
subjective perceptual skill into an objective
science. An increase in the armamentarium of quantitative tools will speed up
our journey along the path of precision
medicine.” Other presidential opinions,
while still being positive towards AI ,
were more nuanced, such as “foreseeing an AI- driven shift towards a more
advisory role for radiologists, who would
consult on more difficult cases and be
liberated from tedious diagnostic reporting”. Interestingly, this particular president also suggested that, over time,
D I
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radiology employment opportunities are
more likely to lie in interventional
radiology. One other opinion was more
specific and down-to-earth suggesting
that “the most crucial and far-reaching
consequence of AI could be in reducing MRI scan time, including faster MRI
acquisitions”.
As for the biggest obstacle, problems in providing access to advances
in care and to procure equipment
were high on the list, as was the
limited means patients have to pay
for the influx of new technologies.
Other perceived obstacles were problems in attracting qualified specialists. (In the UK, hospitals are already
unable to adequately recruit into consultant radiology posts with six out of
ten posts remaining unfilled after 12
months).
The third question was how imaging professionals can prepare for success. Unsurprisingly, the message here
was that, especially in the light of the
impending AI revolution ”it is imperative for radiologists to be life-long learners throughout their career.”
It’s difficult to summarise in one
single conclusion all the opinions of
18 presidents of national radiology
societies spread throughout the world,
but the general consensus seems to
be that, even if significant challenges lie ahead, nevertheless, overall the
future of radiology looks positive, if
only because of the continuing increase
in requests for imaging examinations.
Sceptical observers of the radiology
world could point out that radiologists
in the lofty positions of being president
of a national society and who therefore,
almost by definition, have already
succeeded in their professional careers
can afford to be philosophical and contemplative regarding the future and
the balance between opportunities and
threats. It’s more difficult for the newly
qualified medical graduate who might
be considering entering radiology as
his/her chosen specialisation to shrug
off the future threats that radiology
faces. As a result, certainly in Western
countries, there are fewer and fewer
new medical graduates opting to enter
radiology. That perhaps is the biggest
challenge that the profession faces.
3
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Pioneering MRI techniques for measuring the progression and
treatment of multiple sclerosi
SyMRI software is helping researchers at Sweden’s Karolinska Institute to
pioneer MRI techniques that make it possible to measure the amount of
myelin in the brains of multiple sclerosis patients, enabling the tracking of
the progression and treatment of the disease �������������������������������������������������� 27
SyMRI software provides robust tissue volumes, here
pictured on six different scanners from three vendors:
from left R1, R2, PD maps, T2W, T2W FLAIR, T1W,
cerebrospinal fluid, gray matter, and myelin correlated
volumes. Image courtesy of Synthetic MRI, Sweden.
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AI algorithm rivals expert radiologists at detecting brain hemorrhages
An algorithm developed by scientists at UC San Francisco and percent, is not OK, because in a series of 30 images, you’ll make an
UC Berkeley did better than two out of four expert radiologists at incorrect call on one of every 2 or 3 scans,” she said. “To make this
finding tiny brain hemorrhages in head scans — an advance that clinically useful, you have to get all 30 images correct— what we call
one day may help doctors treat patients with traumatic brain inju- exam level accuracy. If a computer is pointing out a lot of false posiries (TBI), strokes and aneurysms.
tives, it will slow the radiologist down, and may lead to more errors.”
The continued increase in diagnostic imaging studies, including
The radiology experts said the algorithm’s ability to find very
3D imaging studies such as CT, means that radiologists are looking small abnormalities and demonstrate their location in the brain
at thousands of images each day, searching for tiny abnormalities was a substantial advance.
that can signal life-threatening emergencies. The number of images
“The hemorrhage can be tiny and still be significant,” said Dr.
from each brain scan can be so large that on a busy day, radiologists Pratik Mukherjee, professor of radiology at UCSF. “That’s what
may opt to scroll through some large 3D stacks of images using makes a radiologist’s job so hard, and that’s why these things occasionmice with frictionless wheels, almost like viewing a movie. But it ally get missed. If a patient has an aneurysm, and it’s starting to bleed,
could be much more efficient — and potentially more accurate— if and you send them home, they can die.”
AI technology could pick out the images with significant abnorDr. Jitendra Malik, Professor of Electrical Engineering and
malities, so that radiologists could examine them more closely.
Computer Sciences at Berkeley, said the key was choosing which
“We wanted something that was practical, and for this tech- data to feed into the model. The new study made use of a type
nology to be useful
of deep learning
clinically, the accuknown as a fully
racy level needs to
convolutional
be close to perfect,”
neural network,
said Dr Esther Yuh,
or FCN, which
MD, Ph, co-corretrains algorithms
sponding author of
on a relatively
the study (Kuo W,
small number of
Hane C, Mukherjee
images, in this case
P, Malik J, Yuh EL Case judged negative by 2 of 4 radiologists, but positive for acute hemorrhage by both the algorithm and the gold 4,396 CT exams.
Expert-level detec- standard of consensus. Small left temporal subarachnoid hemorrhage (SAH). The boxed areas are magnified views of But the training
small areas of hemorrhage. Arrows indicate the borders of small or subtle hemorrhages Images reproduced from Kuo
tion of acute intra- W, et al. Proc Natl Acad Sci U S A. 2019.
images used by the
cranial hemorrhage
researchers were
on head computed
packed with infortomography using deep learning. Proc Natl Acad Sci U S A. 2019. pii: mation, because each small abnormality was manually delineated
201908021. doi: 10.1073/pnas.1908021116).
at the pixel level. The richness of this data — along with other steps
“The performance bar is high for this application, due to the that prevented the model from misinterpreting random variapotential consequences of a missed abnormality, and people won’t tions or “noise” as meaningful — created an extremely accurate
tolerate less than human performance or accuracy.”
algorithm.
The algorithm the team developed took just one second to
The scientists could have chosen to feed an entire stack of
determine whether an entire head scan contained any signs of images, or one complete image, all at once. Instead, they chose to
hemorrhage. It also traced the detailed outlines of the abnor- feed only a portion or “patch” of an image at a time, contextualizing
malities it found--demonstrating their location within the brain’s this image with the ones that directly preceded and followed it in
three-dimensional structure. Some spots may be on the order of the stack. Viewing an image in patches is also how people read text
100 pixels in size, in a 3D stack of images containing over a million or look at a computer screen, and this enabled the network to learn
of them, and even expert radiologists sometimes miss them, with from the relevant information in the data without “overfitting”
potentially grave consequences.
the model by drawing conclusions based on insignificant variaThe algorithm found some small abnormalities that the experts tions that were also present in the data. They called their model
missed. It also noted their location within the brain, and classified PatchFCN.
them according to subtype, information that physicians need to
“We took the approach of marking out every abnormality —that’s
determine the best treatment. And the algorithm provided all of why we had much, much better data,” said Malik, a co-correspondthis information with an acceptable level of false positives--min- ing author of the study. “Then we made the best use possible of that
imizing the amount of time that physicians would need to spend data. That’s how we achieved success.”
reviewing its results.
The authors are now applying the algorithm to CT scans from
Yuh said one of the hardest things to achieve with the AI trauma centers across the country that are enrolled in a research
technology was the ability to determine whether an entire exam, study led by UCSF’s Dr. Geoffrey Manley, professor and vice chair
consisting of a 3D “stack” of approximately 30 images, was normal. of neurosurgery.
“Achieving 95 percent accuracy on a single image, or even 99 doi: 10.1073/pnas.1908021116.
NOVEMBER 2019
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Highest resolution brain MRI scan

A recent paper describes a breakthrough 100 micron
resolution scan of the human brain that was created by a
multidisciplinary team from the Massachusetts General
Hospital (MGH. (Edlow BL et al. 7 Tesla MRI of the ex vivo
human brain at 100 micron resolution Sci Data. 2019 Oct
30;6(1):244. doi: 10.1038/s41597-019-0254-8). The paper
describes the highest resolution MRI scan of the whole
human brain to be created to date, the images of which
are 1,000 times more detailed than a standard clinical
MRI scan.
“This unique dataset has a broad range of investigational, educational and clinical applications that will
advance understanding of human brain anatomy in
health and disease,” says Dr. BL Edlow first author of
the paper and associate director of the MGH Center for
Neurotechnology and Neurorecovery (CNTR), and director of the Laboratory for NeuroImaging of Coma and
Consciousness (NICC).

the therapeutic outcome of deep brain stimulation electrode placement in a broad range of disorders, including Parkinson’s Disease and obsessive compulsive disorder. Another group, the Fiber Tractrography Lab at
University of Pittsburgh, integrated the 100 micron MRI
data with 3-dimensional tractography data, which show
axonal pathways, to map the connectivity of the human
brain. “Over the next 10 years, we will continue to develop
ground-breaking imaging tools to map the human brain at
increasingly high resolutions, with a “moon-shot” goal of
micron-scale resolution,” says Edlow. “We envision a future
in which ex vivo MRI and optical images at micron-scale
resolution are precisely coregistered to histopathological
data and in vivo MRI data. This fully integrated analysis
pipeline will open up a new world of opportunities to investigate the pathophysiological basis of neurological disorders,
and ultimately, will usher in a new era of pharmacologic,
electrophysiologic, and neuromodulatory therapies.”
doi. 10.1038/s41597-019-0254-8

Using artificial intelligence to
predict risk of thyroid cancer on
ultrasound

The project required designing and building custom
hardware to get the maximum possible resolution. MGH
RF Coil Engineer Azma Mareyam designed the specialized MRI instrument for this project. The challenge in this
case was to place many coils (32) close enough together
that they could be fit snugly around the brain but would
not interfere with each other. “This was done using many
techniques we have developed in professor Lawrence Wald’s
lab at MGH,” she explains.
The project has three main goals. First, it aims to
generate insights into the structure of the brain, and
connections between its parts. Another goal is to better
understand the biology of neurological disorders such as
traumatic brain injury and Alzheimer’s Disease through a
new type of “network-based autopsy” that integrates MRI
with histopathology. Finally, the team hopes to stimulate
development of new, ultra-high resolution imaging techniques for use in living subjects.
The group, has been working on this for over a decade,
and has now released the 100 micron resolution MRI
scan of a donated brain, including the underlying data,
for which investigators already note promising additional
uses.
In one application, data were integrated from this
scan into a software platform called Lead DBS, which
may allow neurologists and neurosurgeons to improve
6
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Thyroid nodules are small lumps that form within
the thyroid gland and are quite common in the general population, with a prevalence as high as 67%. The
great majority of thyroid nodules are not cancerous and
cause no symptoms. However, there are currently limited
guidelines on what to do with a nodule when the risk
of cancer is uncertain. A new study from The Sidney
Kimmel Cancer Center - Jefferson Health investigates
whether ultrasound imaging, combined with a Google-

Ultrasound image of thyroid nodule. Image credit :Dr. Elizabeth Cottril, Thomas Jefferson
University

platform machine-learning algorithm, could be used as
a rapid and inexpensive first screen for thyroid cancer.
(Daniels K et al Machine Learning by Ultrasonography
for Genetic Risk Stratification of Thyroid Nodules. JAMA
Otolaryngol Head Neck Surg. 2019 Oct 24:1-6. doi: 10.1001/
jamaoto.2019.3073).
“Currently, ultrasounds can tell us if a nodule looks
suspicious, and then the decision is made whether to do a
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needle biopsy or not,” says Dr. Elizabeth Cottril an otolaryngologist at Thomas Jefferson University, and clinical
leader of the study. “But fine-needle biopsies only act as a
peephole, they don’t tell us the whole picture. As a result,
some biopsies return inconclusive results for whether or not
the nodule may be malignant, or cancerous, in other words.”
If examining the cells of a needle biopsy proves inconclusive, the sample can be further tested via molecular
diagnostics to determine risk of malignancy. These tests
look for the presence of certain mutations or molecular
markers that are associated with malignant thyroid cancers. When nodules test positive for high risk markers
or mutations, the thyroid may be surgically removed.
However, the standards as to when to use molecular testing are still in development, and the test is not yet offered
in all practice settings, especially at smaller community
hospitals.
In order to improve the predictive power of the firstline diagnostic, the ultrasound, the researchers looked into
machine learning or artificial intelligence models developed by Google. The researchers trained the algorithm
on images from 121 patients who underwent ultrasoundguided fine needle-biopsy with subsequent molecular testing. From 134 total lesions, 43 nodules were classified as
high risk and 91 were classified as low risk, based on a
panel of genes used in the molecular testing. A preliminary set of images with known risk classifications was
used to train the model or algorithm. From this bank of
labeled images, the algorithm utilized machine-learning
technology to pick out patterns associated with high and
low risk nodules, respectively. It used these patterns to
form its own set of internal parameters that could be used
to sort future sets of images; it essentially “trained” itself
on this new task. Then the investigators tested the trained
model on a different set of unlabeled images to see how
closely it could classify high and low genetic risk nodules,
compared to molecular tests results.
“Machine learning is a low-cost and efficient tool that
could help physicians arrive at a quicker decision as to how
to approach an indeterminate nodule,” says Dr. J Eisenbrey,
associate professor of radiology and lead author of the
study. “No one has used machine learning in the field of
genetic risk stratification of thyroid nodule on ultrasound.”
The researchers found that their algorithm performed
with 97% specificity and 90% predictive positive value.
The high specificity is indicative of a low rate of false positives, which means that if the algorithm reads a nodule
as “malignant” it is very likely to truly be malignant. The
overall accuracy of the algorithm was 77.4%.
“This was such an important collaboration of surgeons
and radiologists, and there’s already interest from other
institutions to pool our resources. The more data we feed
the algorithm, the stronger and more predictive we’d expect
it to become,” says Dr. Cottril.
“There are so many potential applications of machine
learning,” says Dr. Eisenbrey. “In the future we’d like to
make use of feature extraction, which will help us identify
anatomically relevant features of high risk nodules.”
Doi. 10.1001/jamaoto.2019.3073
NOVEMBER 2019
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Contrast-enhanced ultrasound
predicts nodule transformation
to hepatocellular carcinoma
A recent article describes sonographic biomarkers that
can predict eventual malignant transformation of pathologically confirmed cirrhotic nodules for patients at risk for
hepatocellular carcinoma (HCC).(Lin M, Lu DS, Duan Y, Liao
P, Sayre J, Xie X, Kuang M Cirrhotic Nodule Transformation
to Hepatocellular Carcinoma: Natural History and Predictive
Biomarkers on Contrast-Enhanced Ultrasound. AJR Am J
Roentgenol. 2019:1-9. doi: 10.2214/AJR.19.21739).

69-Year-Old Man with Cirrhotic Nodule At initial detection, contrast arrival time
difference between nodule and liver was 1.87 seconds. Contrast-enhanced (left)
and conventional (right) ultrasound images. At 30.07 seconds, nodule (arrowheads,
left image) is isoenhanced compared with surrounding liver. American Journal of
Roentgenology (AJR)

Lead investigator Manxia Lin of China’s Sun Yat-Sen
University retrospectively studied 39 consecutive patients
with 44 pathologically confirmed cirrhotic nodules who
initially underwent contrast-enhanced ultrasound (CEUS)
examination at detection, followed by conventional ultrasound every 3-4 months thereafter. Fourteen nodules
(31.8%) showed eventual malignant transformation after a
median follow-up time of 26.7 months. According to Lin’s
results, the contrast arrival time difference between the cirrhotic nodule and the liver on CEUS proved useful in stratifying eventual malignant transformation risk— ”which
may enable a more customized surveillance strategy,”.
“During surveillance,” Lin continued, “a relative growth rate of
30% or greater in 6 months or an absolute growth rate of 5 mm or
greater in 6 months highly indicated malignant transformation.”
Moreover, Lin’s team determined that the absence of
both echogenicity change and threshold growth “significantly excluded malignant transformation.”
Acknowledging that additional studies will be necessary for validating possible biomarkers, Lin concluded:
“These additional imaging features may have the potential
to be adopted as ancillary or even major features to stratify
probability for HCC in the CEUS LI-RADS system.”
doi: 10.2214/AJR.19.21739)
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Shear wave elastography may
help predict the success of
labor induction
When labor is induced in pregnant women, one
in five women will require an emergency cesarean
section. A recently published study has demonstrated an effective way to predict such cases (Lu J,
Cheng YKY, Ho SYS, Sahota DS, Hui LL, Poon LC,
Leung TY. The predictive value of cervical shear wave
elastography in the outcome of labor induction. Acta
Obstet Gynecol Scand. 2019 Nov 5. doi:. 10.1111/
aogs.13706).

The strategy adopted assessed the stiffness of the
cervix before labor is induced, using the imaging technique of shear wave elastography. The method was
tested in 475 women, 17.3% of whom required an
emergency cesarean section.
The authors conclude that shear wave elastography
is a useful tool in pre‐induction of labor assessment
of the stiffness of the cervix, which is an independent
predictor of overall caesarean section. “Our study suggests that in the future, ultrasonic assessment of the cervix may replace manual assessment in providing more
objective and precise information on the condition of the
cervix, which may lead to better management of induction of labor,” said senior author Dr. Tak Yeung Leung,
of The Chinese University of Hong Kong.
Doi. 10.1111/aogs.13706

Gd-enhanced MRI improves
diagnostic accuracy in
polymyalgia rheumatica
According to new research findings presented
at the recent 2019 ACR/ARP Annual Meeting, the
use of gadolinium-enhanced MRI in shoulders of
patients with polymyalgia rheumatica may contribute
to more accurate diagnosis and prediction of recurrence. Gd-enhanced MRI displayed capsulitis, rotator
cuff tendinitis and focal osteitis in shoulders that
were relatively specific to patients with polymyalgia
rheumatica.
PMR is a chronic musculoskeletal disorder that
causes aching and stiffness about the upper arms,
neck, lower back and thighs. It is a common cause of
8
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widespread aching and stiffness that affects adults over
the age of 50, especially Caucasians. Because PMR does
not often cause swollen joints, it may be hard to recognize. PMR is clinically diagnosed based on symptoms,
but accurate diagnosis is difficult because the symptoms may occur in many other rheumatic diseases.
While MRI may visualize bone and muscle lesions,
its application in PMR has not been established, so
a cross-sectional, follow-up study was carried out to
evaluate Gd-enhanced MRI in the shoulder of PMR
patients to assess whether it could improve diagnostic
accuracy.
“The diagnosis of PMR remains challenging. Bird’s
Classification Criteria composed of the combination of
clinical symptoms is highly sensitive but is low in specificity and requires careful diagnosis of exclusion,” says
Dr. Kazuro Kamada, a rheumatologist at Tomakomai
City Hospital in Japan, and the study’s lead author.
“The EULAR/ACR Provisional Classification Criteria
using ultrasound findings improve specificity, but the
sensitivity was not enough. So, we need a new diagnostic tool with high specificity and sensitivity for PMR.”
Participants in the study included 175 patients with
bilateral shoulder pain who fulfilled the Bird classification criteria for PMR. Out of these, 137 patients
received both Gd-enhanced MRI and ultrasonography on their shoulders. At least two rheumatologists
diagnosed PMR in 58 of the patients, and independent radiologists evaluated their MRI and ultrasonography findings. The findings showed that PMR
patients had significant enhancement of joint capsule
or rotator cuff
tendon and focal
bone edema in
humerus heads.
MRI had 76
percent sensitivity and 85
percent specificity, higher than
ultrasonography,
which had 50
percent sensitivity and 72 percent specificity.
These findings led the study’s authors to conclude that
Gd-enhanced MRI of the shoulder can play a useful
clinical role in patients with PMR. “Rheumatologists
will diagnose PMR with confidence using gadoliniumenhanced MRI with high sensitivity and specificity, which
will lead to decreasing misdiagnosis of PMR,” says Dr.
Kamada. “Moreover, rheumatologists can consider using
disease-modifying anti-rheumatic drugs from the early
stage for PMR patients if recurrences can be predicted by
Gd-enhanced MRI. We are going to validate the results
in a larger cohort in order to optimize and standardize
the Gd-enhanced MRI procedure for PMR to apply in
real-world clinical practice.”
https://www.rheumatology.org/Annual-Meeting,
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New CT scores give more accurate
prognoses for patients with
penetrating brain injury
Most traumatic brain injuries (TBI) treated in intensive
care units are the result of a blunt instrument mechanism of
injury, such as in falls or road traffic accidents, but a small proportion of TBI are penetrating injuries caused, for example,
by firearms or sharp objects.
Determining the
patient’s prognosis
are challenging in
both trauma types.
Injuries are generally assessed using
CT scans of the head.
For blunt trauma
injuries, the prognostic estimates of
CT findings are classified on the basis
of dedicated scoring
systems, among the
most common and
most accurately validated of which are
the Marshall CT classification and the Rotterdam CT score.
In addition there is the Helsinki CT score from Helsinki
Uiversity Hospital and the Stockholm CT score developed at
the Karolinska University Hospital. A new study has described
a CT scoring system for penetrating traumatic brain injury
(Lindfors M et al. Prognostic performance of computerized
tomography scoring systems in civilian penetrating traumatic
brain injury: an observational study. Acta Neurochir 2019 Oct
28. doi: 10.1007/s00701-019-04074-1).
“Prior to our study, the prognostic performance of scoring systems had not been assessed in relation to penetrating
TBIs. This is why we wanted to investigate the extent to which
different classifications can be used in establishing prognostic
estimates for these trauma types” says Dr. Matias Lindfors,
lead author.
To assess the prognostic performance of the classifications, the researchers analysed patient-record data and CT
scans from all patients who had been treated for a penetrating
TBI in the neurosurgical ICU of either the Töölö Hospital of
the Helsinki University Hospital between or the Karolinska
University Hospital.
The low number of patients included in the study, 75, in
relation to the length of the observation period, indicates the
rarity of the injuries in question. A partial explanation is the
very selective nature of patient material, as the majority of
patients with a penetrating traumatic brain injury die before
reaching hospital care. Among this patient group, the number
of suicide attempts is markedly high; in 64% of those included
in the study, the injury was self-inflicted.
The study demonstrated that the Helsinki CT score, developed at the Helsinki University Hospital, was clearly more
accurate compared to the older systems – with an accuracy of
NOVEMBER 2019
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90%, it was able to predict whether a patient would be alive
six months after the injury. The prognostic performance of the
Stockholm CT score was almost as good, at 85%.
The study also assessed how much added value these classification systems bring to other factors predicting recovery,
namely age, level of consciousness and pupillary responsiveness. When only considering these three factors, the prognostic performance was approximately 90–95%, thus outperforming individual CT scoring systems – no significant increase in
prognostic performance was provided by any of the scoring
systems.
The prognosis of penetrating injuries has been considered
fairly poor. However, according to the study, the prognosis of
patients receiving active ICU treatment is comparable to that
of patients with blunt TBI: 69% survived and as many as 49%
regained functional independence.
Further improving treatment outcomes requires increasingly accurate patient selection. “The development of a scoring
system specific for penetrating TBI aidS in targeting intensive
care and surgical treatment as effectively as possible,” Lindfors
says.
doi.org/10.1007/s00701-019-04074-1

7T MRI offers new insights into
multiple sclerosis
Increased immune system activity along the surface of
the brain, or meningeal inflammation, may be important
for understanding how multiple sclerosis (MS) progresses
from the most common and earliest form of the disease
known as relapsing remitting MS (RRMS) to a secondary
progressive form. The meninges are the thin, protective
tissue that covers the brain and spinal cord. One proposed
way to more easily see evidence of inflammation at the
meninges is by finding leptomeningeal enhancement (LME)

Detection of LME using 7T MRI in relapsing-remitting multiple sclerosis. Example
of LME in RRMS subjects as detected by 3D FLAIR sagittal sequences at 7T MRI.
Pre-contrast (a, ) and post-contrast (b ) images showing representative foci of LME
arrows. Image from Zurawski et al. MSJ.
doi: 10.1177/1352458519885106.

on MRI scans. This can appear early in the course of the
disease and increases as the disease progresses, yet the most
commonly available MRI technology — 3 Tesla — gives a
limited view of this proposed marker. Investigators from
Brigham and Women’s Hospital have completed a new study
using 7 Tesla MRI to further examine LME in MS patients.
With this new powerful tool, they have found that this proposed marker of brain inflammation in MS patients is more
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common than previously reported
and is tied to lesions in the gray matter regions of the brain. (Zurawski J,
Tauhid S, Chu R, Khalid F, Healy BC,
Weiner HL, Bakshi R. 7T MRI cerebral
leptomeningeal enhancement is common in relapsing-remitting multiple
sclerosis and is associated with cortical and thalamic lesions. Mult Scler.
2019 Nov 12:1352458519885106. doi:
10.1177/1352458519885106.
“The 7T MRI scanner affords us
new ways of viewing areas of damage in neurologic diseases such as
MS that were not well seen using
3T MRI; it’s capturing nuances that
we would otherwise miss,” said corresponding author Dr. J Zurawski,
neurologist at the Brigham. “The 7T
scanner reveals markers or signatures that were poorly characterized
or overlooked and may allow us to
better understand the disease process and ultimately better treat MS
patients. As a clinician, I often hear
from patients that they feel worse,
even though the MRI may appear
stable. I’ve always thought that there
is probably more to the story of that
patient; 7T MRI is helping us fill in
those details.”
The Brigham’s 7T MRI unit was
installed at the hospital in 2017 Since
that time, it has been fully integrated
into the MRI program at the Brigham.
To conduct their study, Zurawski
and colleagues enrolled 30 participants with RRMS and 15 heathy control subjects. All participants underwent detailed 7T MRI scans to look
for signs of LME and gray matter
lesions.
The team found that two-thirds
(20/30) of MS subjects had LME
compared to only one of the 15
healthy people (6.7 percent), a tenfold increase. (Previous studies of
patients with progressive MS using
3T MRI found signs of LME in only
20 to 50 percent of subjects.) MS
patients with LME also had a fourto-five-fold increase in cortical
lesions and thalamic lesions, telltale signs of gray matter injury seen
in MS. Interestingly, these signs
were independent of white matter
lesions, which are the traditional
marker of MS.
The team chose to study patients
with RRMS to help address a gap in
10

the current understanding of the disease. While they cannot yet address
how treatment of LME may affect disease progression, and whether their
findings may apply to patients with
the progressive form of the disease,
plans are underway to continue following the patients in this study over
time to see how LME and gray matter
lesions may change over months and
years. The team has also expanded the
study’s size to include more patients in
the future.
“Gray matter injury is an important part of MS, which may be a key
factor leading to disease progression,”
said Zurawski. “Our hope is that by
finding new markers of this progression, it opens up the opportunity for
developing treatments that can prevent
progression before lesions become widespread.”
doi: 10.1177/1352458519885106.

are based on the cumulative clinical
experience of treating more than 60
patients throughout the health system’s 24 hospitals and 215 clinics. The
Intermountain guidelines recommend
shorter courses of moderate-dose
steroids for patients who are either
treated as outpatients, or admitted to
hospitals, and higher doses of intravenous steroids that are tapered more
slowly for patients who are critically
ill on admission. Clinicians also recommend close outpatient follow-up,
as complications after initial recovery
are recognized.
While the majority of E-VALI
patients were admitted to an intensive
care unit, many weren’t critically ill and
recovered more quickly. These patients
typically had flu-like symptoms, shortness of breath, cough, chest pain, and
abdominal symptoms such as nausea,
vomiting, and abdominal pain.

Guidelines to identify,
treat vaping-associated
lung injuries
As the outbreak of lung injuries and
deaths associated with e-cigarettes,
or vaping, continues to spread across
the U.S., researchers at Intermountain
Healthcare in Salt Lake City have
effectively developed a best practice
treatment guide to quickly identify
and treat patients who develop the
new and potentially fatal respiratory injury, according to a new study
(Blagev DP et al. Clinical presentation,
treatment, and short-term outcomes of
lung injury associated with e-cigarettes
or vaping: a prospective observational
cohort study. Lancet. 2019 Nov 8. pii:
S0140-6736(19)32679-0. doi: 10.1016/
S0140-6736(19)32679-0).
“This is still an ongoing outbreak, and
not something we’ve seen with vaping before,” said Dr. D Blagev, a pulmonary and critical care physician
at Intermountain Healthcare, lead
author of the new study that outlines best practices for treatment for
patients with e-cigarette or vapingassociated lung injury (E-VALI).
The lung injury diagnosis and
treatment guidelines developed by
Intermountain Healthcare clinicians
D I
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This chest x-ray of a patient being treated for e-cigarette
or vaping-associated lung injury shows lung opacities,
densities and whitish cloud-like areas which are typically seen with unusual pneumonias, fluid in lungs or
lung inflammation. Credit Intermountain Healthcare

Most patients with lung injuries
associated with e-cigarettes or vaping
were treated with antibiotics (due to
overlapping pneumonia symptoms),
oxygen, and steroids. While specific
infectious disease testing was negative
for all of the patients, most received
antibiotics, researchers reported.
“Being vigilant about obtaining a
patient’s vaping history when they’re
admitted and keeping it in mind
throughout their hospital stay, is
essential,” said Dr. Blagev. “For some
patients in our study, their vaping history didn’t emerge until they were well
into the course of their disease.”
doi: 10.1016/S0140-6736(19)32679-0.
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The current and future role of Cone-Beam CT in MSK
clinical routine and research
Imaging is crucial in the diagnostic workup and monitoring of
most musculoskeletal diseases both in routine clinical practice
and research, where imaging modalities such as X-ray CT, MRI,
ultrasound are widely used. Recently, cone-beam CT-systems that
allow scanning in weight-bearing conditions and provide high-resolution images have emerged, which renders MSK imaging even
more versatile.
The Musculoskeletal Imaging Research Unit at the Department
of Radiology, Copenhagen University Hospital Bispebjerg and
Frederiksberg, Denmark performs research on advanced imaging procedures in patients with various musculoskeletal diseases
and provides imaging facilities for routine examinations of MSK
patients. The unit has recently installed an Extremity Onsight 3D
Cone beam CT system from Carestream. We wanted to find out
more about the MSK Imaging Research unit in general and their
experience with the 3D CBCT system in particular, so we spoke to
Prof. Mikael Boesen, head of the unit and research team members,
Dr P Hansen and JD Nybing.

Q

 efore we get down to details, please give us some
B
general background regarding your hospital and the
radiology department.

Located in the Greater Copenhagen area,
Copenhagen University Hospital is a middle-sized 530
bed hospital which receives a total of 80.000 acute and
400.000 outpatients per year. In 2018 we carried out
a total of 214.000 radiological examinations. For this
workload we have six MRI systems (three 1.5T Philips,
two Siemens 3T verio and one Esaote tilting weightbearing MRI (G-Scan). and six CT systems (three
Siemens DECT, one 64 slice Philips, one GE DECT and
one Toshiba). We also have nine X-ray units (Santax
and Philips), and 4 ultrasounds (Hitachi and GE). All
these are used in routine clinical work except for one
3T MRI and part of our 1.5T MRI scanner which are
uniquely dedicated to clinical research
To operate all this equipment we have 90 technologists/radiographers, with 25 support staff as well as
several secretaries, two RIS/PACs administrators, two
QC officers and one medical physicist. Images are
read by 36 radiologists with the help of five reading
technologists.
NOVEMBER 2019
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Q

Prof. MIkael Boesen, MD,
Ph.D is senior consultant in
MSK radiology and head of
the Musculoskeletal Imaging
Research Unit Copenhagen,
Department of Radiology,
Copenhagen University Hospital
Bispebjerg and Frederiksberg.
email: Mikael.Ploug.Boesen@
regionh.dk

Philip Hansen, MD, PhD is
Consultant Radiologist.

Now what about the MSK
Imaging Research unit?

Musculoskeletal diseases can
affect all joints and soft tissues,
including muscles and tendons.
MSK diseases represent a substantial burden not just for the affected
patient but also for society as a
Janus Damm Nybing,
whole. In the face of this, our aim M.Sc. is Senior Research
is simply to try and reduce that bur- Technician
den principally through improved
MSK-imaging. In particular, the aim of our research unit
is to implement, test and develop the use of various imaging techniques not just for diagnosis and monitoring of
treatment but also to understand more fully the underlying
patho-physiology and anatomy involved in various MSK
diseases. Our research unit is integrated within the radiology department and our research is conducted in close collaboration with several internal and external departments
including collaborators from outside Denmark. We cover a
range of MSK conditions including osteoarthritis, rheumatoid arthritis, psoriatic arthritis, generalized pain syndromes,
degenerative and inflammatory diseases of the spine (axial
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spondylosis/spondylitis), trauma to muscle and bone, tendon
diseases as well as sports-related injuries. Our collaborators are
the Parker Institute (www.parkerinst.dk/) and the sports medicine and sports surgery Olympic Committee affiliated research
center (http://ismc.dk/).
Currently we are running a total of approximately 30
approved, on-going scientific projects.
One particular research focus in which we consider ourselves as pioneers is the quantification of inflammation in both
inflammatory and degenerative MSK diseases. In this we use
both static and dynamic contrast-enhanced MRI (DCE-MRI),
with most of the work being carried out in collaboration with
the with the computer science and imaging research company,
Image Analysis Group in London, UK (www.ia-grp.com/). Other
research activities involve the use of advanced 2D and 3D static
MRI imaging technologies including ultrashort echo time (UTE),
T2 maps and Dixon methods to quantify and monitor the pathoanatomical disease changes in bones, joints, tendon and muscles.
We were the first institute in Scandinavia to have a tilting, weightbearing MRI scanner — the G-Scanner from Esaote — which we
have been using since 2009 to understand mechanical changes
in the lumbar spine, the knees and feet which occur as the body
position changes from supine to weight-bearing. The aim is to
improve the correlation between imaging findings and clinical
symptoms.
In this work we use imaging-derived parameters not only as
inclusion criteria but also as both primary and secondary endpoints in many studies. These include the testing of pharmacological therapies, the impact of weight loss, food supplements and
exercise. This work is carried out in collaboration with national
and international research groups as well as with pharmaceutical
companies.
As you can see this is not blue-sky academic research. On the
contrary, since most of our research is focussed on implementing and testing novel imaging techniques in clinical research, our
results can be translated relatively quickly and easily into regular
clinical practice for the benefit of the individual patient.
In January 2019, together with the Danish start-up Radiobotics
(https://radiobotics.com/), we were proud to receive the top award
in the prestigious EUROSTAR grant programme The particular
project for which we received this grant is aimed at introducing
machine learning algorithms (ML) and artificial intelligence (AI)
approaches into clinical, radiology-based diagnostic workflows
using standard X-rays of bones and joints. We expect that the
implementation of such approaches will not just increase workflow efficiency but also improve the quality and reliability of the
diagnoses. On a more general basis, regarding the development
of AI radiology applications or the implementation of already
developed AI algorithms, our group is taking initiatives to try to
reduce resistance and infrastructure obstacles in our hospital and
region by forming a local expert group involving key stakeholders to optimize the introduction of AI approaches.
Finally, our group also takes an active part in research and educational training, and is responsible for pre- and post-graduate
students and fellows. We have co-organized and given presentations in several national and international imaging symposia and
courses. We have also served as radiological expert in the development of the national and international guidelines for imaging of degenerative and inflammatory joint and spinal diseases.
12
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We are invited associate board members of the IMAGINE
study, Arthritis Research UK Centre for Sport, Exercise and
Osteoarthritis, MUSKRAD, ESSR, DRS, ESR, EULAR,OARSI,
IWOAI, DIMS, the clinical academic group (CAG), the Research
OsteoArthritis Denmark (ROAD), “Physical Activity and Sports
in Clinical Medicine – Disease Prevention, Treatment and
Rehabilitation” as well as the regional groups “Fast diagnostics”
and AI-innovation network.

Q

Now, what about the CBCT system?

Q

What precise diagnostic advantages does 3D CT imaging
give over classical 2D X-ray in MSK?

Encouraged by our experience with the weight-bearing
MRI mentioned earlier, we recently installed the Onsight 3D
Extremity Cone beam CT system from Carestream to complement our study of loading-induced joint changes in the knee,
ankle and foot under weight-bearing conditions.
Some of the features of the system that influenced our choice
were its low radiation dose compared to conventional CT scanners, the largest Field of View among existing conebeam systems,
high image quality with isotropic 0.26 mm voxel resolution
and fast image acquisition. Prior to our purchase of the system,
we had in-depth discussions with the Carestream medical and
research people, the result of which is that we have a master service agreement (and a non-disclosure agreement) with
Carestream to be able to install and beta-test future technological advances; in return we give input in the development of new
post-processing algorithms.
As for the Onsight Extremity 3D system itself, the installation
was smooth and timely. Initially the speed of the system was
not optimal e.g. in post-processing after image acquisition but
Carestream have now alleviated this problem through skilled
on-site technical intervention; further measures are on-going to
speed up the system even more. Our patients appreciate the open
configuration of the system and in general do not complain of
any discomfort in the weight-bearing mode, thanks to the good
support measures during scanning. With a typical scan of a knee
or ankle joint involving only approximately 40µSv, radiation dose
is not an issue. The system is intuitive and easy to handle so we
were able to train five technicians to be expert in the system in
only a couple of months.

There are an increasing number of convincing clinical examples which show that classical 2D X-ray is often insufficient in the
detection of various MSK pathologies. For example, overlays of
osseous structure can mask detection of many pathologies even
when multiple image projections are taken. The practical result
for us is that for trauma cases our threshold for the carrying out
of additional CT has progressively been lowered over the last few
years. We have noted in patients with significant clinical symptoms quite a large number of cases which showed significant
trauma-related pathology on MRI but negative X-ray results.
However, a disadvantage of MRI in such cases is that often the
MRI findings are indirect e.g. detection of bone marrow edema
caused by fractures — fractures themselves cannot be well characterized by MRI in terms of fracture morphology. In addition,
small bony avulsions can easily be missed.
While it is well established that fractures can be detected and
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characterized by conventional CT, we have noted that the high
image resolution and quality of 3D CBCT significantly increase
our ability to correctly detect and characterise even small fissures
and minute avulsions. In addition, subtle features such as chondrocalcinosis or small erosions are clearly identifiable on CBCT.
{Figure 1,2,3 & 4]
As a result of all this we are increasingly turning to 3D CBCT,
which provides an image quality often superior to that of conventional CT — not least when we’re dealing with osteosynthetic
material.
In the latter situation, the 3D CBCT has proven its value by
providing very convincing bony detail even in close proximity to the implants through use of the metal artefact reduction
procedure built-in to the CBCT system. Many of our current
conventional CT-systems do not perform equally well on metalartifact reduction {Figure 5, 6, 7].
Additionally, in some trauma cases or in certain elderly patients,
limb positioning is troublesome in conventional CT. One example of
this is with elbows where patients can often only tolerate positioning
of the elbow on or alongside the torso rather than in the optimal
overhead position. The result is poor image quality, not adequate
for diagnosing fractures. Such patients can in many instances benefit
from CBCT, which allows acceptable limb positioning [Figure 8].

Q

severity of osteoarthritis in the knee and foot. In some trauma
cases such as syndesmotic injury, weight-bearing imaging may
also be applied. However, conventional radiography requires
strict standardization of images to avoid bias from projection

Figure 3. 1.5T MRI vs CBCT in hand trauma. Fractured hamulus ossis hamuti not
visible on the X-ray and overlooked at the MRI. The image furthest to the right shows
the healing at 4 months follow-up with bridging trabecular bone.

What are the diagnostic advantages of being able to acquire
images under weight-bearing conditions?

Imaging under weight-bearing conditions is often used in
conventional radiography, not least in the evaluation of the

Figure 1. Cone-beam CT. Trauma vs Calcium pyrophosphate dihydrate crystal
deposition disease (CPPD)
Left panel: conventionel X-ray left hand; Second from left panel Scout X-ray of left
hand CBCT. Two right panels CBCT coronal view. Images show CPPD detection in the
first carpal row, erosions in the lunate and erosions and joint space narrowing in the
2nd and 3rd MCP-joints.

Figure 2. Wrist trauma from the emergency room.
Fractured hamulus ossis hamati not visible on X-ray and overlooked at MRI..
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Figure 4. Stress fracture navicular bone causing pain
CBCT of the X-ray negative ankle in a soccer player with increasing pain when running
and playing. The CBCT reveals an incomplete longitudinal stress fracture in the central
part of the navicular bone.

Figure 5. CBCT control of osteosynthesized distal crus fracture
Patient complains of pain when walking: suspected screw irritation.
E U R O P E
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Figure 6. CBCT follow-up of internally fixated distal crural fracture. Pain when walking - suspected screw irritation.
Metal Artifact Reduction (MAR) allows detection of two screws penetrating the medial
cortex of fibula and lateral tibial cortex as potential source of the pain.

Figure 8. Elbow injury — an indication for conebeam CT! Left Panel Conventionel
CT scan, sagittal view Middle Panel CBC, sagittal view. Top right panel: CBCT, axial
view. Bottom right panel: CBCT, coronal view.
Fracture of the Coronoid processus in proximal ulna much better visualized with
CBCT. Conventional CT failed due to difficulties positioning the elbow.

Q

What synergistic advantage does the combination of 3D
MRI and 3D CT images provide in MSK imaging?

In our experience, 3D MRI is useful in many joint pathologies, for example for the evaluation of meniscal morphology and the characterisation of tendon tears in the knee.
However it remains to be firmly established whether weightbearing MRI holds any true advantage e.g. in characterisation
of meniscal injuries. Some reports have claimed this but there
are still some caveats, one of which is the issue of movement
artefacts in weight-bearing MRI. In theory, the combination
of 3D-MRI and CBCT could for example be of interest in the
knee and ankle, which could allow the evaluation of soft tissue
pathology together with the grading of osteoarthritis.

Q

Given that orthopedic surgeons are used to receiving conventional 2D X-ray images, how will they react to getting
3D CBCT images?

Figure 7. C CBCT follow-up of internally fixated elbow fracture. Suspected nonunion and screw loosening. Note the fine detail of the most distal screw with lucency
around the distal screw windings without surrounding artifacts, which indicates
loosening.

inconsistencies. These can have implications both for the initial
grading of the pathology and for the evaluation of osteoarthritis
progression over long time periods. In some cases we noted
an apparent increase in joint space width in knee radiographs
when monitoring osteoarthritis patients over time. On closer
scrutiny, this finding could be traced back to projectional variation.
Weight-bearing CBCT allows for multi-planar reconstruction by means of which such projectional imaging biases
can be avoided. We thus believe that the measurement of
joint space width or syndesmotic widening can be carried out
more reliably with CBCT than with radiography, while still
maintaining the possibility of combining imaging with physiological loading.
Of course the gradings and measurement cut-off values in
such applications have been established for straightforward
X-ray images. The challenge is to transfer and validate the transition of these X-ray standards to CBCT; this will require some
rigorous scientific work.
14
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Yes, it is true that surgeons are used to getting 2D images
and this habit is a brake on the further dissemination of novel
technologies such as weight-bearing 3D CBCT. Although
the advantages of high resolution 3D CBCT which allows
imaging under weight-bearing conditions seem obvious, the
time needed for the complete clinical transition to the new
technology is surprisingly long. There are many reasons for
this, not least of which is the limited time that pressured
clinicians and surgeons have available just to become accustomed to, and familiar with, CBCT images or indeed those
from any other novel imaging techniques. However, we are
gaining ground, albeit slowly, for example in X-ray-negative
cases where the advantages of simple detection of small fractures and avulsions can be demonstrated quite convincingly
by CBCT. However, the acceptance by clinicians of weightbearing 3D CT images is more challenging. Obviously, 3D
anatomical information is more complex than 2D so CBCT
cannot just be evaluated “at a glance”. A significant research/
educational effort is required to convince clinicians of the
value of obtaining much more detailed 3D information.
We are currently expanding our experience by applying
CBCT imaging to cases of degenerative and inflammatory
osteoarthritis/crystal deposition diseases The technology
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seems promising in these applications and we have already a
few cases where we have been able to clearly detect by CBCT
erosions and chondrocalcinosis that could not be reliably identified by X-ray. Whether CBCT is superior to conventional
CT remains to be established but for sure the technique seems
attractive, if only because of the great advantage of being able
to position the patients comfortably, e.g. when imaging hands
or feet.

Q

What about CBCT in upper limb imaging?

Q

What’s the situation with standardization of measurements
of complex structures such as the knee?

We are sure that we will increasingly use CBCT in
the elbow, wrist and hand especially in the trauma setting.
Our preliminary observations in arthritis patients are quite
promising but we need more cases to fully evaluate the
usefulness of the technology. In particular we hope to apply
CBCT more and more in patients suspected of arthritis but
whose radiographs are equivocal. One particular point that
will be of great interest is to determine whether CBCT can
improve detection of crystal deposition disease in hand
arthritis e.g. by visualizing chondrocalcinosis with greater
certainty than on radiographs.

To increase reliability, we are currently working on methods to improve standardization in CBCT of the knee and in
particular of the patella-femoral joint. We believe that the
combination of loading and cross-sectional imaging offered
by CBCT is ideal in the evaluation of patella-femoral joint
pathology, with our current focus being patella-femoral instability. To be able to reliably quantitate the degree of instability, CBCT measurements should be robust over time and
confounding factors such as knee joint positioning and the
magnitude of loading should be removed by rigorous standardization of the imaging protocols.

“...CBCT will increasingly be used in many MSK
applications where conventional X-rays are currently used, not just in orthopedic surgery, but also
traumatology and rheumatology..”.

Throughout our research we have become very aware that
human readers of radiology images are a significant — albeit
inadvertent — source of variability in measurements, particularly
when multiple measurements are being made on the patellafemoral joint, e.g. the so-called TT-TG distance, patella-bisect
offset, trochlear inclination angle and other measurements. In
addition, there is less than optimal reproducibility of measurements between observers.
D I

Q

Now let’s turn to your other research activities. Your unit is
a Sports Reference Center as well as an Olympic Research
Center. What do these entail?
Our hospital, has been recognized as an Olympic Research
Center through its Institute of Sports Medicine (ISMC) &
Sports Orthopedic Research Center-Copenhagen (SORC-C).
We provide the imaging framework for many of the studies
performed in these departments, which often entail advanced

Our patients appreciate the open configuration of the system and in general do not
complain of any discomfort in the weight-bearing mode, thanks to the good support
meaures during scanning.

imaging typically MRI. However, we are currently initiating
CBCT studies with ISMC and SORC-C, focussing on sportsrelated ankle trauma, patella-femoral instability and anterior
knee pain.

Q

In addition, we want to use standing CBCT in the creation of 3D bone models and 3D joint space measures
in osteoarthritis and measure 3D erosive progression in
inflammatory joint diseases. Finally, the scanner will be
used in research studies of crystal deposition in the hand,
knees and feet.
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To overcome these issues, we believe that the use of automated computer-algorithms developed from 3D datasets will,
in time, render such measurements more robust. We believe
that such deep-learning neural networks will play an increasing role in optimizing automated measurements.

What would you like to see as future technical developments in CBCT?

We are delighted to be already involved in the testing and
development of dual energy CT facilities in the current CBCT
system. DECT is of course already established on high-end conventional CT scanners for crystal and urate deposition in joint
and soft tissue. In addition, DECT availability in the current
CBCT system could potentially improve the metal artifact reduction system even further.

Q

Finally, what’s your overall perception of the future of
CBCT?

We believe that CBCT will increasingly be used in many
MSK applications where conventional X-rays are currently used,
not just in orthopedic surgery, but also traumatology and rheumatology.
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Intra-articular corticosteroid injections in
the hip and knee: perhaps not as safe as
we thought?
Osteoarthritis (OA) of the hip and knee is among the
most common joint disorders. Intra-articular corticosteroid (IACS) injections are frequently performed to treat
OA and other joint-related pain syndromes. However
this treatment may be more dangerous than previously
thought, according to a recently published report [1]. In a
multi-national study, researchers suggested that injectionassociated risks such as rapid progressive osteoarthritis,
which eventually may lead to joint collapse, should be
integrated into consent forms so that patients are aware
of the potential risks associated with these treatments.
Osteoarthritis of the hip and
knee are common and debilitating
joint disorders. Physicians often
inject anti-inflammatory corticosteroids into the joint to treat the
pain and swelling associated with
osteoarthritis. The procedure is
widely viewed as safe, and patient
consent forms mainly mention the
risks of hemorrhage and infection among more rare side effects

associated with most needle-based
procedures.
However, the recent study from
a group of researchers from the
University of Erlangen, Germany
and the Institute of Sports Imaging,
French National Institute of
Sports and led by Dr. A Guermazi,
Professor of radiology and medicine at Boston University School of
Medicine, found that corticosteroid

Ali Guermazi, M.D., Ph.D.
Department of Radiology,
Boston University School of
Medicine, 820 Harrison Ave,
Boston, MA, USA

injections may be associated with
complications that potentially
accelerate the destruction of the
joint and may hasten the need for
total hip and knee replacements.
“We’ve been telling patients that
even if these injections don’t relieve
your pain, they’re not going to hurt
you,” Dr. Guermazi said. “But now
we suspect that this is not necessarily the case.”

Figure 1. Rapid progressive osteoarthritis joint space loss (type 1) in a 61-year-old woman who presented with hip pain. (a) Anteroposterior left hip radiograph
shows joint space narrowing (arrowheads) and femoral and acetabular osteophytic changes (arrows) consistent with Kellgren-Lawrence grade III hip osteoarthritis. She was referred for US-guided steroid injection. (b) Four months after intraarticular corticosteroid injection, she presented with worsening left hip pain.
Anteroposterior hip radiograph shows severe interval joint space narrowing (arrowheads) and enlarging subchondral cysts (arrows). (c) Coronal intermediateweighted fat-suppressed MRI obtained at the same time as b shows complete loss of the acetabular and femoral cartilage (arrowheads), with subchondral cystic
changes (black arrows). In addition, there is joint effusion and synovitis (*) and periarticular soft-tissue edema (white arrows). This patient underwent total joint
replacement 3 months later. Image reproduced from [1], courtesy of Radiological Society of North America.
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Figure 2. Osteonecrosis in a 29-year-old man who presented with right hip pain. (a) Anteroposterior radiograph of the pelvis shows osteonecrosis in the right femoral
head, with preserved femoral head contours (arrows). He subsequently went to the sports medicine clinic and received a right hip joint corticosteroid injection for pain. (b)
Three months later, he was referred to our institution for repeat intra-articular corticosteroid injection. The patient presented with a severe limp when walking and described
the pain as worse than his original pain. Preprocedural sagittal US image shows a defect in the anterior right femoral head cortex (black arrow) and moderate joint effusion
with a severely thickened anterior joint capsule (white arrows). The intra-articular corticosteroid injection was cancelled given the US findings, and the referring orthopedic
physician was informed of the findings. (c) Repeat anteroposterior right hip radiograph obtained 1 week after US when the patient was seen in the orthopedic clinic for a
follow-up visit enabled confirmation that the superior femoral head articular surface had collapsed (arrows), and the patient underwent right hip joint replacement.
Image reproduced from [1], courtesy of Radiological Society of North America.

In a review of existing literature
on complications after treatment
with corticosteroid injections, Dr.
Guermazi and colleagues identified
four main adverse findings: accelerated osteoarthritis progression with
loss of the joint space, subchondral
insufficiency fractures (stress fractures that occur beneath the cartilage), complications from osteonecrosis (death of bone tissue), and
rapid joint destruction including
bone loss.
The researchers recommend
careful scrutiny of patients with
mild or no osteoarthritis on X-rays
who are referred for injections to
treat joint pain, especially when
the pain is disproportionate to the
imaging findings. Prior research
has shown that these patients are
at risk of developing rapid progressive joint space loss or destructive osteoarthritis after injections.
Physicians may also want to reconsider a planned injection when the
patient has acute change in pain
not explained by X-rays as some
underlying condition affecting
joint health may be ongoing, the
researchers said. Most importantly,
younger patients and patients earlier in the course of the disease
need to be told of the potential
NOVEMBER 2019

consequences of a corticosteroid
injection before they receive it.
“Physicians do not commonly tell
patients about the possibility of joint
collapse or subchondral insufficiency
fractures that may lead to earlier
total hip or knee replacement,” Dr.
Guermazi said. “This information
should be part of the consent when
you inject patients with intra-articular corticosteroids.”
With corticosteroid injections so
widely used, the potential implications of the study are enormous,
according to Dr. Guermazi.
“Intra-articular joint injection of
steroids is a very common treatment
for osteoarthritis-related pain, but
potential aggravation of pre-existing
conditions or actual side effects in a
subset of patients need to be explored
further to better understand the risks
associated with it,” Dr. Guermazi
said. “What we wanted to do with
our paper is to tell physicians and
patients to be careful, because these
injections are likely not as safe as we
thought”

retrospective analyses and prospective studies evaluating accelerated
osteoarthritis (OA) or joint destruction after IACS injections are lacking. The authors believe that certain
patient characteristics, including
but not limited to acute change in
pain not explained by using radiography and no or only mild OA at
radiography, should lead to careful
reconsideration of a planned IACS
injection.
In these circumstances, MRI
may be helpful to further evaluate
the actual cause of pain prior to a
planned injection.
Given that IACS injections are
increasingly performed to treat pain
in patients with hip or knee OA, the
authors suggest that the radiologic
community should actively engage
in high-quality research on this
topic to better understand potential at-risk conditions prior to intervention and to better understand
potential adverse joint events after
these procedures to avoid possible
complications

Conclusion
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The potential role of abbreviated
MRI for breast cancer screening
in an academic medical center
By Dr. T Gill & Dr. V Dialani

This article summarizes the result of a recent study
carried out to determine whether an abbreviated
MRI protocol (ABMR) is suitable for breast cancer
screening in an academic practice setting. The
results of the study show that the performance characterstics of the ABMR protocol are similar to those
of a full breast MRI protocol in terms of sensitivity
and of specificity, while the acquisition and interpretation times required for ABMR are notably reduced
compared to the full protocol. Larger, multi-center trials will be necessdary to validate these findings.
Mammography is a well-established
and accepted form of breast cancer
screening. The American College
of Radiology (ACR) Breast Imaging Reporting and Data System (BIRADS) lexicon is commonly used
to interpret and describe mammograms in a systematic manner using
consistent terms. One of the initial
descriptors of every mammogram
is the breast tissue density, which
can be subjectively determined by
assessing the amount of fibroglandular tissue relative to the fatty breast
parenchyma. The BI-RADS lexicon

categorizes breast tissue density into
four groups [1]:
-almost entirely fatty;
-
scattered areas of fibroglandular
tissue;
-heterogeneously dense;
- extremely dense.
It is known that, as breast density
increases, the sensitivity of mammography decreases, due to superimposed
tissue camouflaging masses. A study carried out using seven population-based
mammography registries across several
states in the United States found that
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the sensitivity of mammography ranged
from 87.0% in women with almost
entirely fatty breasts to 62.9% in women
with extremely dense breasts [2].
According to the BI-RADS atlas,
when describing the heterogeneously
and extremely dense patterns of
fibroglandular tissue, the reporting
radiologist should use appropriate
terminology such as “the breasts are
heterogeneously dense, which may
obscure small masses” or “the breasts
are extremely dense, which lowers the
sensitivity of mammography.” [1]
Additionally, given that breast cancers typically originate from epithelial cells, increased breast density
is a known independent risk factor
for developing breast cancer. There
is disagreement on exactly how high
is the risk posed by dense breasts;
some studies report a four- to six-fold
increased risk [3].
It was against this background of
decreased sensitivity of mammography and the increased risk of breast
cancer in patients with high breast
density, that several years ago Connecticut became the first state in the
USA to pass legislation requiring that
every mammography report had to
include information regarding the
patient’s breast density. For patients
with extremely dense breasts, it was
recommended that a letter be sent
to communicate the information
which should include the following
statement:
“If your mammogram demonstrates
that you have dense breast tissue,
which could hide small abnormalities,
you might benefit from supplementary
screening tests, which can include a
breast ultrasound screening or a breast
magnetic resonance imaging (MRI)
examination, or both, depending on
NOVEMBER 2019

your individual risk factors” [4]. There
are now 38 states in the United States
with such breast density notification
laws [5].
As a result of these breast density
reporting initiatives, there is now
increased emphasis on, and demand
for, supplemental forms of breast cancer screening.
MRI as supplemental breast
cancer screening modality.

time and cost requirements of the procedure must be lowered to at least match
those of other screening modalities, and
hopefully to eventually reduce costs
even further.
To reduce the time and cost requirement, multiple abbreviated breast MRI
(ABMRI) protocols have been proposed
for screening purposes [9]. Commonly
used ABMRI protocols include an unenhanced phase and a single post-contrast
phase. This therefore excludes the
delayed post-contrast phases and other
optional phases such as non-fat-suppressed T1. Such types of abbreviated
protocol reduce the acquisition time to
less than 10 minutes [5].

Eight channel breast coil was used to
produce high resolution images. Gadopentate dimeglumine was administered
at a dose of 0.1 mmol/kg body weight at
a rate of 1.2 mL/s using a remote control
power injector. Each MRI acquisition
included a pre-contrast fat-saturated
T1 sequence, dynamic 4-phase postcontrast fat-saturated T1 and non-fatsaturated T2 weighted images.
MIP and sagittal reconstruction of the
first and delayed post-contrast images
and computer assisted detection (CAD)
color mapping were generated.

MRI is the most sensitive imaging
modality for the diagnosis of breast
cancer [6] and is a possible additional
method of screening. However, breast
The radiologists were blinded to patient
MRI is an expensive procedure espeinformation and the imaging report. The
cially as used currently for diagnostic
MRIs were initially assessed without any
examinations and screenprior imaging being available
ing of women at high risk of
for comparison, so mirroring
breast cancer.
the interpretation of baseline
“... As a result of these breast density reporting
Such procedures involve
studies. In the second phase
initiatives, there is now increased emphasis on,
multiple acquisitions and
of the study, prior imaging
and demand for, supplemental forms of breast
take much more time
was made available to the
cancer screening...”
than mammography and
radiologists for comparison.
ultrasound.
Each study was reviewed
Additionally, screening breast MRI
using a three-step protocol.
requires intravenous gadolinium
First, only MIP images were evaluated
administration, which not only increases Applicability of ABMRI for
and labeled as either positive, indetermicost, cannot be administered to renally screening in an academic
nate, or negative for malignancy.
impaired or pregnant patients, but also medical Center
Then, MIP images with T1 pre-contrast
requires coverage by an on-site physi- The breast radiology team at our institu- and T1 single post-contrast images were
cian to deal with any eventual contrast tion carried out an institutional review reviewed. During this step, radiologists
reactions [5].
board (IRB)-approved retrospective categorized each study as either a “recall”
study, to investigate the potential role of or “no recall.”
Conventional breast MRI protocols ABMR for breast cancer screening in an The third step included T1 pre-contrast,
include an unenhanced T2-weighted academic medical center.
T1 post-contrast, and T2-weighted
sequence, an unenhanced T1-weighted The primary aim of the study was to images. Again, at this step the study was
sequence, an immediate post-contrast assess various ABMR protocols and to categorized as either requiring recall or
T1-weighted phase with or without fat determine their impact on cancer detec- not.
suppression, and delayed post-contrast tion rates, abnormal interpretation rates, Additionally, breast density, background
T1-weighted sequences. Occasionally as well as the sensitivity and specific- parenchymal enhancement, and interdiffusion weighted sequence is included ity compared to the conventional breast pretation time were noted.
in the protocol. Typically, subtraction MRI protocol. A secondary aim was to
images and maximum intensity projec- determine interpretation times.
Three months later, the radiologists
tions (MIP) are then created [7]
reviewed all the cases they had labeled
Study design and methods
as requiring a recall. However, this time,
A typical breast MRI including multiple Five breast radiologists evaluated 259 they had access to all prior imaging, prosequences takes anywhere from 20-40 screening breast MRIs of high-risk cedures, and histology. The cases were
min depending on the protocol used [8]. patients (mean age 52 years; range 26-78 then again categorized as either requiryears; median 52 years) from January 1 ing a recall or no recall.
Currently, many sites use the same pro- 2019 to June 30, 2012. All patients had a
tocol for diagnostic and screening breast negative mammogram in the previous Results
MRI. However, this is not sustainable year.
The study acquisition time was found
for population-wide screening. In order All MRIs were acquired in a 1.5 Tesla GE to be on average three minutes for the
to successfully implement breast MRI Twin speed MRI or in a 1.5 Tesla Sie- ABMR and eight minutes on average
as an acceptable form of screening, the mens Magnetom Espree or Aera system. for ABMR with T2 sequence. This is in
NOVEMBER 2019
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Radiation dose
Conclusion

The results of this study show that
the performance characteristics of the
ABMR protocol are similar to those of
the full breast MRI protocol in terms
of sensitivity and of specificity, while
the acquisition and interpretation times
required for ABMR are notably reduced
compared to the full protocol.
Thus, implementing ABMR into a busy
MRI department could allow for efficient and accurate supplemental breast
cancer screening [10].
The abbreviated protocol could be
offered to patients with dense breasts
who seek additional means of screening. It should be noted however, that our
pilot study only involved a small patient
sample size, and from a single institution.
Other studies have also looked at other
ABMR protocols, including some withFigure 1. Cancers detected by all five readers on post-contrast T1-weighted dynamic images. Reproduced with out intravenous gadolinium. However,
permission of Wiley from [10]. Color figure can be viewed at wileyonlinelibrary.com,
these studies shared the same limitations
[5].
Thus, ABMR has the potential to serve
as a suitable imaging modalmarked contrast to the full MRI
protocol, which required 16 min- “...The abbreviated protocol could be offered ity for supplemental screening.
to patients with dense breasts who seek
However, prior to this, a large,
utes of scanning. The average time
additional means of screening..”.
multicenter study is needed to
needed to read each ABMR study
further increase the confidence
with a T2-weighted sequence
in the approach on the part of
was 2.4 minutes (range 1.6-4.0
radiologists, clinicians, and patients.
minutes).
Of the 259 patients, seven had cancer. Of these seven cancers,
five of the seven (71.5%) were correctly identified by all five
readers [Figure 1]; six out of seven (85.7%) were identified by References
four readers, and seven out of seven (100%) were identified 1. D’Orsi CJ, Mendelson EB, Morris EA, et al. Breast Imaging
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American College of Radiology, 2012.
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Radiology Staff satisfaction Survey
Research highlights the need for radiology staff
empowerment and workflow-focused innovation
A Philips radiology services impact and satisfaction survey of
technologists and imaging directors
The subject of physician burnout – especially
among radiologists – has become a major topic of
research and discussion. What is less discussed is the
staff experience of radiology technologists (RTs) and
imaging directors (IDs)*.
In an ongoing efforts to understand the challenges
of “the people behind the image,” Philips conducted a
double-blind research study with 254 radiology technologists and imaging directors in four countries: the
US, Germany, France and UK. Using both qualitative
and quantitative methods, the study assessed technologist and imaging director impressions across a
broad range of subjects related to their daily work life.
A partial list of findings is shared below. The full
study can be downloaded at www.philips.com/radiology.

Figure 2. Question to RTs and IDs: How satisfied are you with your job?
Not at all satisfied Somewhat satisfied
Satisfied Very satisfied
Extremely satisfied

Study design

The Philips Radiology Staff Experience Study was conducted in the summer of 2019 by the MarkeTech Group. The
quantitative phase was based on analyis of the responses of
study particpants from four countries [Figure 1]:

Figure 1. Geographical distribution of RTs and IDs interviewed in the study

Summary of Findings
Imaging staff satisfaction

On average, imaging staff and directors are moderately
satisfied with their jobs. With a global shortage of qualified staff, there are many reasons to improve.[Figure 2, 3].
Qualified imaging technologists and technologist managers are already in short supply across Europe – and
Terminology used in study
The two groups represented in our survey are known by
various titles depending on the country. In order to simplify
the report, we have standardized on the terms Radiology
Technologist (RTs) (also referred to as radiographers,
radiologic technologists, imaging technicians) and Imaging
Directors (IDs) (also known as radiology administrators,
radiology directors, imaging managers, etc.).
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Figure 3. Question to RTs and IDs: How satisfied are you with your job?
Extremely satisfied
Very satisfied
Satisfied
Somewhat satisfied
Not at all satisfied
Note: Due to rounding, some totals fall below 100%.

the forecast for meeting mounting demand is not optimistic. Dr. Graciano Paulo, co-founder of the European
Federation of Radiographers Societies, said “While the
number medical imaging procedures has risen sharply over
the past fifteen years, there is evidence of a shortage in the
number of radiologists and radiographers.” [1]. From 2007
to 2015 alone, the German Federal Statistical Office estimates the number of CT and MRI images to have risen by
40% and 55% respectively [2]. And yet the technologist
supply has not risen to meet demand. In the UK, where
vacancy rate for radiographers was 9.0% in November
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2018 [3], the Society and College of Radiographers has recommended that medical radiographers be added to the government’s Shortage Occupation List and recruited from outside
the EU to meet shortages in the NHS [4].
Factors contributing to job satisfaction

Staff consider many factors to be extremely important
to their job satisfaction, but in real life these priorities
fall short. The factors they value most involve their ability
to work as a team to deliver highly competent, patientcentered care [Figure 4].

Figure 5. Question to RTs and IDs: What motivated you to choose your current
professional (could choose all that apply)

Figure 4. Question to RTs and IDs: How important is each of the following elements
to you, and how satisfied are you with it?
Satisfaction
Importance

and Christine Porath found that employees who derive
meaning and significance from their work were more than
three times as likely to stay with their organizations - the
highest single impact of any variable in the survey. These
employees also reported 1.7 times higher job satisfaction
and they were 1.4 times more engaged at work [7].
People who actively seek meaning in their work will be
highly sensitive to the factors that threaten their connection
to a sense of purpose. Healthcare managers must be committed to removing obstacles that impede that connection.
Stress among technologists

We evaluated the most important-rated factors for their
relationship to satisfaction with those factors. Results are
ranked by the delta between importance and satisfaction.
(Δ = Importance mean – Satisfaction mean)
The connection between job satisfaction and employee
productivity is well established. Harvard Business Review
recently published an analysis of various studies that
showed an average of 31 percent more productivity when
employees are happy or satisfied [5]. Another study – this
one conducted by economists at the University of Warwick
– found that happiness leads to a 12 percent increase in
productivity. It also found that unhappy workers are 10
percent less productive than content employees [6].
With a looming shortage of talent and mounting pressure
on imaging departments, health systems need to focus on
what matters most to staff and actively intervene to enhance
their satisfaction and avoid disengagement and attrition.

Alarming numbers of technologists report moderate or
extreme levels of job stress: FR = 40%; US = 44%; UK =

Motivation for choice of profession

Imaging staff are purpose-driven professionals. They chose
this profession because they want to help and care for people.
Anything that interferes with that core sense of purpose
should be regarded as a threat to their satisfaction [Figure 5].
Research shows that employees who feel like their work
creates positive impact are more likely to feel fulfilled and
stay at their job longer. A seminal study by Tony Schwartz
NOVEMBER 2019
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Figure 6. Question to RTs only: Respondents were asked about stress level using
eight standard statements describing how they feel. These were used to define
stress levels.
Severe stress

Moderate stress

Low stress

Very low stress

Note: Due to rounding, some totals fall below 100%.
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54%; GER = 97%. There is no sugar-coating these results.
Our study used a standard workplace stress scale [8] to
investigate stress levels among technologists [Figure 6].
The connections between stress and depression, anxiety,
substance abuse, illness, errors, reduced productivity, absenteeism, attrition, and so on are too complex and exhaustive to cover
here. But we can safely say that any sustained level of moderate
to extreme stress is a threat to imaging staff, their patients’ experience, and the very functioning of the imaging service.

The correlation between stress and burnout is 0.78, which
is very strong. Our results underscore distressing levels of
burnout in a talent pool that is already in inadequate supply.
In his research on physician burnout, Dr. Tait Shanafelt
determined that every one point increase in burnout [based
on a 7-point emotional exhaustion scale] is associated with
30-50% likelihood of reduced professional work effort [11],
presenting a strong business case for organizations to invest
in efforts to reduce staff burnout and promote engagement.

Burnout among technologists

Sources of stress and burnout

Technologists in every geography reported a significant incidence of moderate or high burnout (UK
= 30%; FR = 33%; US = 36%; GER = 97%). Taken
together with burnout levels for radiologists [9], we’re
witnessing a serious, systemic problem across imaging.

Workload is, by far, the greatest source of stress and
burnout for imaging staff. Given that workload will likely
only increase, it is paramount to focus both innovation
and process improvement efforts on empowering technologists to do their jobs with more ease and less stress.

Using a standard inventory for professional burnout
[10], technologists were asked about how they feel at work.
In addition, we asked imaging directors to estimate the
stress levels of the technologists they supervise [Figure 7].

While factors contributing to workload vary across
geographies (lack of budget, lack of training programs,
competition for talent), the mandate to do more with less
is a constant. As imaging services are forced to become
‘leaner,’ some technologists are being asked to pick up
duties such as patient transport – or to support imaging
needs in other departments. While demand for imaging
continues to increase, health systems’ inability to reduce
workload for imaging staff remains their primary source
of stress [Figure 8].
Getting the image right the first time

When technologists can’t get the image right the first
time, it’s largely because the patient hasn’t been properly
prepared or because of missing or inadequate patient
information. With workload already a critical problem,
staff are having to repeat exams because they’re missing
critical clinical information or patients are unprepared
– all of which is mostly out of their control [Figure 9].
Figure 7. Question for RTs only: How often do these nine statements (taken from
a standard burnout inventory) describe how you feel at work?
Question for IDs: How often do these nine standard statements describe how your
technologists feel at work? (Results determined by quartile distribution)
High burnout
Moderate burnout
Low burnout
Very low burnout
Note: Due to rounding, some totals fall below 100%.

Figure 8. Question to RTs & IDs: What are the greatest sources of stress or burnout
at your work?
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Our survey confirms that radiology technologists and
imaging directors went into this field to help people. So
imagine about how frustrating it is for them to routinely
struggle to deliver quality patient care because they don’t
have the right information where and when they need it.
Data shows that, in spite of strict verification guidelines put in place to avoid it, the high demand for imaging
studies and complexities of imaging care still put patients

Figure 9. Question for RTs & IDs: How much does each of the following contribute
to getting the imaging study done right the first time?
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at risk for wrong patient, wrong procedure, wrong site/
wrong side events [12]. This is obviously most concerning
for patients. But it’s also creating undue stress on imaging
staff, who must serve as the stopgap to prevent errors and
rectify information gaps in an inefficient system.
Staff empowerment

While technologists are quite clear about causes of
inefficiency in their departments, many do not feel
empowered to effect change [Figure 10].
A recent report by Salesforce revealed that employees
who feel their voice is heard at work are nearly five times
more likely to feel empowered to perform their best work
[13]. Studies have also shown that empowered employees are
more satisfied and committed to their workplace. According

As a solutions partner to imaging services, we at Philips
understand that the need for automation and AI to improve
the staff experience for imaging technologists, administrators,
and radiologists is not merely a nicety, but an urgent priority. But for those on the front lines of imaging, we hope this
research serves to underscore the areas where improvement
efforts can yield significant results in the interim. Identifying
better ways to prepare patients, arming technologists with the
information they need to get the image right the first time,
recognizing staff and expressing appreciation: these are all
incremental improvement tactics that can make a big difference for staff today.
To download the full research report, please visit
www.philips.com/radiology.
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Summary
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systems cannot afford to leave imaging staff satisfaction
to chance.
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Pioneering MRI techniques for
measuring the progression and
treatment of multiple sclerosis
SyMRI software is helping researchers at
Sweden’s Karolinska Institute to pioneer
MRI techniques that make it possible
to measure the amount of myelin in
the brains of multiple sclerosis patients,
enabling the tracking of the progression
and treatment of the disease.
In September, Tobias Granberg, research team leader at Karolinska Institutet and radiologist at the Department of Neuroradiology at Karolinska University Hospital in Stockholm, was awarded
the Merck Grant for Multiple Sclerosis Innovation Award 2019,
sharing the prize with two other researchers.
The €300,000 prize, presented in conjunction at the European
Committee for Treatment and Research in Multiple Sclerosis
(ECTRIMS) congress is in recognition of, and provides further
funding for, the work of Dr Granberg and his research team on
“Rapid in vivo myelin and neurite density imaging - new promising quantitative and tissue-specific biomarkers for predicting
disease progression and treatment response”.
We recently spoke to Dr Granberg about his award-winning
research. In particular, he explained how the use of the new
SyMRI software package provides quantitative MRI images of
the brain, allowing accurate and objective characterization of
different types of pathological changes in Multiple Sclerosis (MS).
This gives neuroradiologists the ability to track the progress of the
disease itself and evaluate the effect of drugs to treat it.

Q

Can you tell us how and why your MRI research came to
focus upon multiple sclerosis?

I started doing MRI research when I was a medical student,
more than ten years ago. Back then, I was working on MRI for
dementia disorders, focusing on cerebral microbleeds.
But for my PhD I turned to MS, at the urging of an inspirational
lecturer. I think he was right to urge me to go in this direction,
since it’s very interesting and rewarding in many ways to focus
on MS research. In Sweden, patients are typically diagnosed
with MS in their twenties, so whatever you can do to help these
patients will have a resounding effect on the rest of their lives
and have a great impact on the rest of society.
I finished my PhD in 2015 and then went to Boston for a
post-doctoral fellowship at the Martinos Center for Biomedical
Imaging, the joint biomedical imaging facility for Harvard Medical School, Massachusetts General Hospital and MIT. There, I
continued with my focus on MS. Not just on clinical scanners
NOVEMBER 2019
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Dr. Tobias Granberg of Karolinska University Hospital in Stockholm
Image courtesy of Kajsa Müllersdorf.

but also using PET-MR and 7 Tesla MRI. I also worked with the
Human Connectome scanner, helping detail how MS pathology
affects both the white matter and the cortex

Q

How did you come to use Synthetic MR’s SyMRI software
with Karolinska’s MRI scanners?

Back at Karolinska in 2012, I started working with the SyMRI
technique for Siemens scanners. Back then, the software ran on
Philips and GE scanners, but was not yet available for Siemens
systems. Since at that time we only had Siemens scanners at
our hospital, we undertook a collaboration between the SyntheticMR company in Linköping, Sweden (who developed the
technique /software), Siemens (for the scanners) and Karolinska
University Hospital, to make the SyntheticMR sequence work
on Siemens scanners. We could then apply the quantification
module of SyMRI and we published a validation study on the
technique in 2016. The same year, at the Radiological Society
of North America (RSNA) congress, we published on the use
of SyMRI to quantify the myelin content of the brain. This has
been followed by validation work partly in Boston and partly
in Stockholm that is still only partly published. In Boston, we
carried out an ex vivo study where we looked at donated tissue
samples from the brains of MS patients that we could scan using
the same sequence that we used in vivo in healthy controls and
MS patients. We presented that work at ECTRIMS in 2018, the
world’s biggest conference devoted to basic and clinical research
in multiple sclerosis. It was awarded the Best Poster prize at the
congress.
The innovation award

The innovation award we have now received is a recognition of the
work put in to try to become more quantitative and tissue-specific
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T2_Flair and Myelin maps. Healthy controls at the top and Multiple Sclerosis in the bottom.

with MRI and MS. It funds a three-year study
where we are applying these two new techniques – both neurite orientation dispersion
and density imaging (NODDI) for looking at
axons and also SyMRI to look at myelin quantification in MS patients. The study enrolls
newly diagnosed treatment-naïve MS patients,
those who have had the disease for quite a
long time and healthy controls. The idea is to
use the baseline MRIs to see how the patients
will fare both clinically and radiologically
three years later but also, more importantly, to
see how initiation of treatment affects these
MRI biomarkers. If we can look at myelin
more specifically, we could then look at different drugs and see not only how they reduce
inflammation, which has been studied quite
extensively for most drugs on the market,
but also at how these drugs might promote
remyelination.

Q

The advantage of SyMRI

The main advantage of SyMRI, however, is
that you can also use the quantitative proton density, T1 and T2 maps. Conventional
images are arbitrarily scaled in terms of the

How does SyMRI differ from
conventional MRI?

Normally when we make an examination
of the brain with conventional MRI, we
run a protocol consisting of several image
acquisitions or sequences, which provide
images that reflect the brain properties in
different ways. It is like taking a photograph, but you adjust all the settings of
your ‘camera’ to capture different aspects
of the object you are imaging, over and
over again. This is time-consuming and
involves collecting a lot of redundancy as
well.
On the contrary, with SyMRI, instead of
applying different weightings, you do a
single scan which takes around five to six
28

minutes. Once you have that scan, you can
calculate the actual properties of the tissue. You can then mathematically figure
out how a certain weighting would have
looked if you had run that experiment. So
afterwards, you can get a group of different images from just one acquisition. All
weightings are showing different parts of
the tissue properties and you can actually
generate all those post hoc if you know what
the actual properties are.

image intensities – you have a nice picture of
the brain but you cannot do measurements
in the images and there are imperfections
in the magnetic field which means that if
you do the scan later in the day, the values
will be different because it is all arbitrary.
This is not the case with quantitative MRI,
which opens up the possibilities of comparing measurements across times, between
patients and between scanners. This is especially important for patients with chronic
or progressive disorders to see how much
the pathology changes over time. We can do
that in CT scans, but we have not been able
to do that in MRI in clinical practice, and
the advantage of getting these quantitative
measures is that you can do much additional
analysis of the images.
For example, we know what the normal
tissue properties of healthy grey and white
matter are. So, if you do this quantitative
SyMRI acquisition in a patient, you can
actually measure the amount of healthy
grey and matter. Furthermore, you can also
measure the amount of tissue of the brain
that has abnormal tissue properties and
you can also get quantitative volumes of
how much brain tissue a person has lost
over time.
In terms of tissue-specificity, we can also
use the quantitative data to tease out microstructural properties like myelin content.
We know that myelin has certain magnetic
properties that will affect these measurements, which then makes it possible to infer
how much myelin there is in a brain. The
hallmark of MS is demyelination, and that’s
obviously something we want to measure.

SyMRI NEURO provides quantitative MRI by measuring the absolute tissue properties of the brain in a unique
single 6-minutes scan. The result is tissue specific quantitative multi-parametric maps on an absolute scale
(T1,R1,T2,R2, PD), automatic tissue segmentation and up to 8 different synthetical contrast images.
D I
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Q

How can SyMRI improve the understanding and treatment of multiple sclerosis?

More than ten different types of MS drugs
have arrived since the first ones started
appearing in the mid 1990s. When they have
been developed and evaluated the focus
has been on how much they dampen the
immune response because MS is an autoimmune inflammatory disorder. But there
are some drugs that have not had such a
pronounced immuno-modulatory effect,
but which have later been shown to promote
remyelination in the brain, which would
repair some of the damage caused by MS.
With SyMRI, we can evaluate some of the
drugs on the market for their remyelinating
potential and we can also evaluate the emerging and promising new drugs that specifically
promote remyelination. Ideally, we would like
to have a treatment that is immuno-modulatory and also promotes remyelination or
a combination of two drugs that have these
effects. But that is further down the line.

Q

What stage is your research at now
and what are the key challenges?

We are getting nearer to clinical trials. Currently, we have patients on treatment so we can
see how the treatment affects these measurements. Our patients are being scanned regularly as part of their clinical routine and also
as part of this research project. But we are just
now starting specific clinical trials with this
as a specific outcome. We hope to have begun
the first clinical trial by next year where these
metrics will be part of the outcome of the trial.
Three key challenges

MRI is a fantastic, widely-used technique but
there are three issues with conventional MRI:
1) It is time-consuming compared with the
likes of CT, so we need to become even faster;
2) There is a need to become quantitative
because we only work with arbitrarily scaled
images which have their disadvantages regarding comparability and robustness; and
3) MRI is a great technique to image different
tissue properties but the different weightings
that we typically look at as radiologists are not
tissue-specific per se.
What we need to do in the field is to try and
get as much data as possible in a short time
to increase the availability of MRI and make
it more efficient. But then we need to make
it quantitative so we can apply all these other
techniques to analyse the data and compare
them, so we can then build new analytic
NOVEMBER 2019

examinations, and post-doctoral researchers and PhD students to do the actual analysis and research. We already have about 20
people, and it is a great mix of different
competences and experience. We have some
people who were here when MRI first came
to Sweden, and also some younger talent.

SyMRI is available on most scanners from GE, Siemens
and Philips, including the Siemens MAGNETOM Vida
shown above as used for the MS research at the
Karolinska Institute, Stockholm, Sweden.

tools to become more tissue specific.
Those three challenges can be addressed with
SyMRI. In some instances, just using this single scan may be sufficient and in some cases
only a few other sequences like DWI, SWI
and a 3D FLAIR maybe needed. This leads
to shorter examination times, quantification
which provides comparability and robustness,
and the contrast weightings can be configured
post scan. There are dedicated acceleration
techniques out there that could further reduce
scanning time more, but more importantly
we get quantitative information from the scan
that we can then use to do these more tissuespecific analyses, which obviously have biologically important information.
In the future, the key advancement will be to
make 3D SyMRI available, for which there is
now promising work.

Q

How will the Innovation award help
your work?

It will help fund more MRI acquisitions and primarily longitudinal acquisitions of MRI because
a lot of current studies of MS in MRI are crosssectional. A longitudinal study is much more
informative, especially in terms of drug effects.
It helps us to do repeatability measures of these
techniques, so we know how precise they are.
We can also add key competences to our
group, including more technical staff
and MRI techs to help acquire these

Q

Do you feel like you are on the verge of
a breakthrough? How will you know
when you have achieved what you set out to do?
It is exciting to know that something we have
been working on for the past eight years is
now running on clinical scanners of all the
major vendors and is now distributed globally.
I feel like we are on the verge of being able to
see large-scale applications of these techniques.
Up until this point, the question as to what
can be done with this technique has been
hypothetical, but now that SyMRI is more
widely available and widely used, we can see
what this technique can bring as an advantage for diagnostic imaging. Although we
have done many validation studies over the
years, we have still only scratched the surface
as there is so much we can do with these
techniques.
One of the milestones has been clinical
approval of the technique and that has been
reached. The second thing is to see if we can
actually measure an effect of a drug that could
help with remyelination in the brain. If we
were able to show that as an outcome, I think
that would be fantastic. We have been developing this tool for so long and now we are able
to apply it to different things and when you
have a very useful tool, the sky is the limit with
different applications. Only time will tell what
it ends up being most valuable for.
The Swedish Board of Health and Welfare
(Socialstyrelsen) recommends annual MRI
readings for MS patients, as they help with
treatment. If we can improve the MRI for
MS patients this will affect 20,000 or so
patients a year in Sweden alone, so it has an
immediate impact on clinical practice.

About the SyMRI software
SyMRI NEURO provides quantitative MRI by measuring the absolute tissue properties of the brain
in a unique single 6-minute scan. The result is tissue-specific quantitative multi-parametric maps on
an absolute scale (PD, T1, R1, T2, R2), automatic tissue segmentation and up to 8 different synthetic
contrast-weighted images. This supports greater diagnostic confidence, objective decision support and
faster hospital workflow. With the SyMRI NEURO package, the contrast images can be fully adjusted
after the scan, creating additional images without re-calling the patient. SyMRI is CE marked, FDAcleared and compatible with most systems from GE, Philips and Siemens.
For more information contact: Isabelle Hachette, SyntheticMR Global Account Manager, isabelle.
hachette@syntheticmr.com
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Prevalence of Off-Centering during
CT imaging: implications for patient
dose and image quality
By Dr. A M Tuchayi, Dr. X Y Tang and Dr. CC Moreno

Introduction

Inadvertent patient off-centering
within the CT gantry impacts both
dose and image quality. CT machines
are designed to perform optimally
when the center of the patient is
located in the center of the machine.
Historically, technologists center the patient based on their visual
estimate by raising or lowering the
CT table to position the patient
such that the center of the patient
is located in the center of the gantry.
However, accurately centering the
patient is imprecise when based on
visual estimate, especially in patients
with a non-cylindrical body habitus
and who may also have overlying
support devices or blankets.
If the patient is off-centered
within the gantry and is closer to the
x-ray source for the topogram, the
patient will appear magnified in the
topogram [Figures 1,2]. Automated
tube current selection algorithms that
operate based on the topogram will
then select higher than necessary tube
currents based on the magnified size
of the patient, with resultant increased
dose [1-7]. Relative dose increases of
19-238% have been reported due to
off-centering in pediatric and adult
subjects and vary with the CT vendor and the ATCM algorithm used
[1-8]. Automated tube voltage selection algorithms that select the kVp

Figure 1. Schematic illustration of table height impact on patient size in topogram image. Illustration
of impact when topogram obtained with posterior-anterior technique (i.e. x-ray source for topogram
located at the bottom of the CT gantry (180° position)). (a) Centered position. (b) Patient off-centered
below isocenter and appears magnified in topogram image obtained with posterior-anterior technique.
(c) Patient off-centered above isocenter and appears smaller than actual size in topogram image
obtained with posterior-anterior technique.

based on patient size in the topogram
also do not perform optimally if the
patient is not centered in the CT gantry. Thus, topogram-based auto kVp
selection software will select higher
than necessary tube voltages based on
the magnified size of the patient with
resultant relative increased doses of
up to 91% [9,10].
Magnification effects are more
severe the more significant the offcentering. This may also occur more
commonly in smaller patients than
in larger patients [4]. Additionally,
if the subject is off-centered farther from the x-ray source for the
topogram and appears smaller than
actual size, topogram-based tube
current and tube potential selection algorithms will select lower
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than necessary tube currents and
tube potentials with the resultant
increase in image noise [11].
Bowtie filters are designed to shape
the x-ray beam such that the strongest
part of the x-ray beam is delivered to the
more attenuating center of the patient
[Figure 3], [12]. Bowtie filters shape the
x-ray beam by being thicker peripherally (resulting in relatively more x-ray
attenuation) and thinner centrally
(resulting in relatively less beam attenuation)[Figure 3]. When a subject is offcentered, the less attenuated portion of
the x-ray beam is delivered to the surface of the patient. Surface dose can
be increased by up to 51% due to offcentering with use of a bowtie filter [4].
Our Approach

We utilized dose tracking software (Radimetrics Enterprise
Platform
from
Bayer
AG,
Leverkusen, Germany) to retrospectively determine the severity
of off-centering in 57,621 CT scans
of the chest, abdomen, and/or pelvis [11].
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with the patient in the decubitus position were excluded.
The majority of acquisitions
(83.7% (48,271/57,621)) were found
to have been performed with the
patient’s centroid positioned below
iso-center. Off-centering in the x-axis
(left to right dimension for a supine
patient) was negligible. Approximately
62% of exams were acquired with the
patient’s centroid 0-2.99 cm below
isocenter, 21% with centroid 3-5.99
cm below isocenter, and 1.5% with
centroid > 6 cm below isocenter. The
distance between the centroid and the
isocenter did not differ significantly
for men versus women. Mean centroid
to isocenter distances were generally
greater for exams that included more
than 1 station (example, mean 1.89 cm
below isocenter for chest, abdomen,
and pelvis exams) as compared to single station exams (example, mean 1.47
cm below isocenter for chest exams).
Our finding that technologists
tended to center patients below isoFigure 2. Impact of phantom position within CT gantry on phantom size in topogram image obtained with
center when based on visual estimate
posterior-anterior technique. When the phantom is positioned closer to the posterior x-ray source (e.g. -3 cm
and -9 cm positions), the phantom appears larger in the topogram image. When the phantom is positioned
is in line with prior smaller studies (n
farther from the posterior x-ray source (e.g. +3 cm and +9 cm positions), the phantom appears smaller in the
= 63-549 patients) which reported a
topogram image. Higher than necessary tube currents and tube voltages are selected with topogram-based
mean off-centered distance of 2.2-2.3
tube current and tube voltage selection software when the phantom appears magnified in the topogram image
cm below isocenter [2,4,13,14]. Prior
as tube currents and tube voltage are selected based on the magnified size of the subject rather than the
investigations reported surface dose
subject’s actual size.
increases of 12-18% with a 30-mm
off-center distance and 41-49% with
the vendor, the software converts the a 40 cm off-centered distance due to
Phantoms
Initially, we validated the software Hounsfield units of each axial image bowtie filter effects [14].
by imaging a water quality control to a material density which is used
A limitation of our study is that
phantom and an anthropomorphic to calculate the center of mass of the the dose tracking software computes
phantom in the centered position and body cross-section [11]. The reported the distance between patient centroid
at -6 cm, - 3 cm, +3 cm, and + 6 cm distance between centroid and isocen- and isocenter rather than the distance
relative to the centered position.
between the patient’s geoThe centroid to isocenter
metric center and isocenter.
“... Off-centering in the CT gantry can result in
distances in the y-axis com- higher dose than necessary due to magnification ef- The distance between geoputed by Radimetrics were
metric center and isocenter
fects in topogram images...”
nearly identical to the table
may be the primary contribposition for the homogeneous
utor to magnification effects
water phantom. By convention, the ter values reflect the average distance in topogram images with implications
y-axis is the axis running along the between centroid and isocenter for all for topogram-based tube current and
anterior-posterior dimension of the axial images [11].
tube potential selection software.
patient in the supine or prone posiCurrent Applications and
tion. However, for the anthropomor- Patients
phic phantom, the computed centroid
In the retrospective patient por- Future Directions
to isocenter distance was consistently tion of the study, we analyzed disAs there is a tendency for techlower than the geometric center of tances between centroid and isocenter nologists to inadvertently off-center
the phantom ,probably due to the as computed by the dose tracking soft- patients below center in the CT ganpresence of more attenuating struc- ware for 57,612 CT scans of the chest, try, protocols utilizing topogramtures (e.g. simulated vertebral bodies) abdomen, and pelvis in adult subjects based tube current and tube potenin the posterior aspect of the phan- (57.7% female; 42.3% male). Scans tial modulation software should
tom. According to discussions with acquired using a biopsy protocol or obtain the frontal radiograph with
32
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Figure 3. Impact of off-centering on surface dose due to bowtie filter. (a) The bowtie filter shapes the x-ray beam such that the strongest portion of the beam is delivered
to the center of the patient when the patient is centered in the CT gantry. (b) When the patient is off-centered below center in the CT gantry, the strongest portion of the x-ray
beam is delivered to more superficial structures including radio-sensitive breast tissue.

anterior-posterior technique to minimize magnification
effects. Depending on ATCM algorithm, it may also be
beneficial to obtain the lateral localizer as the last localizer
as lateral topogram images are less subject to magnification effects [15].
Additionally, vendors have developed tools to improve
patient centering including a 3D camera [16,17], software
that suggests an optimal table height based on the patient’s
appearance in the lateral topogram [14,18], and software
that detects the offset between patient center and gantry
center to better estimate patient size and correct for magnification effects [19]. This technology is becoming available for newly-purchased equipment but is generally not
present on older equipment.

“...it is suggested that anterior-posterior technique be
used for frontal scout radiographs if topogram-based tube
current and tube voltage selection
software is utilized...”
Conclusion

Off-centering in the CT gantry can result in higher
dose than necessary due to magnification effects in topogram images with use of topogram based automated tube
current selection software and tube potential selection
software. Additionally, off-centering results in higher surface doses when a bowtie filter is used. As technologists
tend to center patients below the centered position, it is
suggested that anterior-posterior technique be used for
frontal scout radiographs if topogram-based tube current
and tube voltage selection software is utilized. Vendors
are actively working to develop hardware and software to
improve patient centering during CT imaging.
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The effect of mis-centering on
radiation dose in CT examinations
of the head: a phantom study
By Dr. MKA Karim, SM Shaffiq & Dr. INC Isa

There are several factors that may contribute to an increase in CT radiation dose, including the
use of unoptimized protocols and improper scanning techniques. In this article, we summarize
our recent study which was carried out to determine the precise impact on radiation dose of
mis-centering during CT examinations of the head using both a standard “adult” and a low-dose
protocol in a 64 slice multi-detector CT [1]. Dose was measured using a calibrated ionization
chamber. As reference measurement, the dose was first measured on a standard cylindrical
PMMA phantom that was positioned at 104 cm from the floor (reference isocenter). The position
of the phantom was then varied by increments of 5cm from the isocenter, in both the superior
and inferior directions to simulate mis-centering. The highest mean CTDIvol values for mis-centering superior (MCS) and miscentering inferior (MCI) were respectively 105.06 mGy (at +10 cm)
and 105.51 mGy (at -10 cm), and were significantly different from the isocenter value. When a
low dose protocol was used, the CTDIvol was also found to increase significantly for MCS (at +10
cm) and MCI (at -10 cm) compared to the isocenter.
The study thus showed a noticeable difference in radiation dose between isocenter and experimental positioning because of a reduction in the perfromance of the bowtie filter. These findings
emphasize the importance of accurate patient centering at the true isocenter of the CT gantry
so that radiation exposure can be optimized.
Computer Tomography (CT) is well
established for its ability to provide
high-contrast cross-sectional images
of the human anatomy and has as a
result currently become by far the most
widely-used imaging modality for
clinical diagnosis. With the introduction of slip-ring and improved detector
technologies, the performance of CT
has improved dramatically in terms
of scanning time and the delineation
of low contrast structures such as brain
parenchyma. Thus CT scanning plays
a vital role in rapid diagnosis in conditions such as head trauma. CT head
or brain procedures provide detailed
images of the head region including

the brain, paranasal sinus, ventricles,
head skull and eye sockets — information which clinically enhance the overall diagnostic value. Such protocols are
considered as a gold standard for the
detection of intracranial abnormalities and are widely used for the neurological monitoring of head trauma.
According to Mukerji et al, CT examinations of the head represent more
than 66% of the radiology department
workload of which 41.7% were specifically requested for CT head trauma
examination [2, 3].
However, despite its advantages, the
CT scanner is the imaging modality
that contributes the highest radiation
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dose to which the patients can be
exposed.
This situation requires that the
radiographer apply optimization techniques [4]. Many dose optimization
procedures have been introduced
but despite these advances there are
still significant factors which must be
taken seriously and which are potentially significant sources for increases
in radiation dose. Among such factors, one of the most important is the
simple miscentering of the patient
during the scanning procedure. Miscentering can increases the radiation
dose to which the patient is exposed as
dose is not evenly distributed around
the scanning region. In 2012, Habibzadeh et al reported that 95% of patients
undergoing CT chest-abdomen-pelvis
examination were significantly miscentered either above or below the
isocenter [5].
It was found that the effect of miscentering in CT examinations of the
chest-abdomen- pelvis may not only
increase the radiation dose to which
the patient is exposed by 23% dose but
also increase the noise on the resulting
image by 7%.
NOVEMBER 2019

However the effects still depend on whether the miscentering is
either above or below the isocenter. The evaluation of the effect
of an increase in radiation dose caused by miscentering in CT
examinations of the head is all the more important since the
head contains vital organs such as the brain and the eyes that
are particularly sensitive to ionizing radiation.
One phantom study reported that radiation dose could be
increased by as much as 38% when the table height was set to
-6 cm vertical miscentering with respect to the isocenter [6].
Apart from the magnitude of the possible increase in radiation
exposure caused by mis-centering and the radio-sensitivity of
certain organs in the head, it is all the more important to properly assess and monitor the position of patients undergoing CT
head examination since many such patients will be undergoing
repeat scans as part of the process of monitoring the progression
of their pathologies or the effect of therapeutic intervention.
Repeated CT examinations which may be necessary as a result
of technical error can also directly increase the total amount
of radiation dose received by the patient and are all the more
regrettable.
All these factors provided the rationale behind our study whose
aim was to investigate and evaluate the effects of miscentering
on radiation doses during CT examinations of the head.

protocols for CT head examinations and was positioned at different table heights. A CTDI head phantom was used specifically
for dose characterization using an ion chamber survey meter
as shown in Figure 1. A CT water phantom was used for the
assessment of image quality (not discussed in this paper).
The protocol for the modification of the table height was
designed to be similar to that used in a previous study by Filev
et al. with the only modification being that of the phantom
used [6].
The reference position (isocenter) of the table height was set at
104 cm above the floor [Figure 2]. To simulate mis-centering,
the position of the table was then varied in 5 cm increments
from the isocenter. Thus, for mis-centering superior (MCS) the
table heights were set at 109 cm, 114 cm, 119 cm, and 124 cm
and for mis-centering inferior (MCI) positions were set at 84
cm, 89 cm, 94 cm, and 99 cm.
We carried out CT scans of the phantom at each set of positions
using adult protocols (120 kVp tube voltage, 180 mA tube current) as well as with low dose protocols (100 kVp tube voltage
and 142 mA tube current) as recommended by the manufacturer. At each position, the CT dose descriptors, namely CTDIvol, and DLP values were collected and analyzed.
Data were analyzed using Statistical Package for Social Sciences
(SPSS) version 22.0 (IBM SPSS, Armonk, New York, USA).
The Shapiro-Wilk test was used to determine the normality
of the estimated effective dose. The quantitative variables were
expressed as a mean ± standard deviation. Differences between
the two groups were determined using the ANOVA (p < 0.05),
while the Kruskal-Wallis H Test was used for more than two
groups (p < 0.05). The mean comparisons between variables
were presented descriptively.
Results

The purpose of our study was to evaluate various parameters
quantifying the CT dose, namely the CT Dose Index by volume
(CTDIvol) , the dose length product (DLP), the effective dose (E)
and to measure changes in these parameters as a function of the
position of the gantry.
Table 1 and Table 2 show the results of measurements of
Figure 1. Set-up of the pencil ionization chamber into the center hole of the
CTDI head phantom

Our approach

In this prospective study, we evaluated the influence of mis-centering position on the distribution of dose during the CT head
procedure using a standardized phantom. The study utilized a
64-slice MDCT scanner (Toshiba Aquilion; Toshiba Medical
Systems, Japan) that is composed of 896 detector elements, with
1 reference element arranged in a single row. The maximum
helical scan coverage is 1950 mm using a 1 mm imaged slice
thickness with a pitch factor of 1.5. This 3rd generation CT
model has an aperture of 72 cm with the distance from middle
point to the inner surface of the gantry being 36 cm. The mid
point of the gantry was set as isocenter and the experimental
mis-centered positions were labelled accordingly, with respect
to the iso-center.
A standardized cylindrical phantom was scanned using our
NOVEMBER 2019
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Figure 2. The phantom was positioned at the gantry isocenter with 36 cm radius
from the inner surface.
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ct: Radiation dose
Discussion

Table 1. Meam values of CT dose descriptors using the adult normal dose protocol . Data in columns with asterisk
* are statistically significant (p < 0,05)

radiation dose for standard and low dose
protocols, respectively. As shown in Table
1 the highest mean CTDIvol value for
MCS and MCI were 105.06 mGy (at
+10 cm) and 105.51 mGy (at -10 cm),
respectively. These values were statistically significantly different (p<0.05) from
the value at the isocenter.
It should be noted that the lowest mean
value of the CTDIvol, DLP, and E were
obtained at the isocenter, indicating that
the experimental design could be considered as optimized.
The measured value was significantly
different to the isocenter for both MCS
(at +10 cm) and MCI (at -10 cm). The
range of CTDIvol value for MCS and
MCI was recorded as from 51.65 mGy to
53.58 mGy and 51.22 mGy to 53.51 mGy,
respectively. However, the mean CTDIvol value decreased uniformly with the
increase of the table height by 15 cm.
Interestingly, the mean DLP value varied significantly (p<0.05) between the
isocenter and both the MCS and MCI,
which differed by 56.5 mGy.cm and 58.5
mGy.cm, respectively. The mean DLP
value for MCI and MCS were significantly different (p<0.05). As calculated,
the mean values of effective dose for the
table positioned at +10 cm and -10 cm
were shown to be statistically significantly
increased (p<0.05) with the ratio of the
mean E value at the isocenter to the highest E values for MCS and MCI being 0.95
and 0.94, respectively.
The ratio of the maximum mean E value
to the minimum with respect to the isocenter was 1.08.
At a height of +10 cm and -10 cm, the
36

mean E value showed a significant
increase (p<0.05) compared to the isocenter, with the estimated value being
1.62 mSv and 1.63 mSv, respectively. It
was thus apparent from this study that
the phantom received the optimum dose
at the isocenter position, while miscentering resulted in significant increases in the
dose value.
As predicted, the radiation dose thus
changes with MCS and MCI both miscentering, as presented in Figure 1 and
Figure 2. However, taking the initial dose,
i.e. the dose at the isocenter, as reference
point, the dose increased as a function of
the extent of the miscentering to reach a
maximum dose (which occurred at +10
cm and -10 cm) after which the dose
decreased uniformly. These trends were
found for both the adult and low dose
protocols.

The increasing number of CT examinations being carried out has resulted in an
increased demand for CT optimization
practices especially when the procedures
are being carried as part of a program
of repeated examinations for example in
monitoring disease progression. Since the
inception of multidetector systems, several
dose optimization procedures have been
introduced, namely increased pitch factor,
reducing tube potential, reducing the size
of the scanning field and use of Automated Tube Current Modulation (ATCM)
systems. The main purpose of such procedures is to reduce the radiation dose to
which the patient is exposed while maintaining optimum image quality. Previous
studies have shown that mis-centering in
CT chest/abdomen examinations may significantly impact both the image quality
and the radiation dose distribution to the
patient [5 - 7].
Our study was carried out only to assess
the effects on radiation dose of miscentering in CT head examinations, as
determined by dose descriptors (CTDIvol, DLP and E) and by using CTDI head
phantom and CTDI head water phantom.
The mean value of dose descriptors and
image quality for MCS and MCI were
expressed with reference to the isocenter.
The phantom study showed a noticeable
difference in radiation dose when the
CTDI head phantom was scanned at the
MCS and MCI positions compared to the
isocenter of the CT gantry for both exposures; adult and low dose protocol. When
the table heights were adjusted to +10 cm
and -10 cm from the isocenter, the dose

Table 2. Meam values of CT dose descriptors using the low dose protocol . Data in columns with asterisk * are
statistically significant (p < 0,05)
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descriptors showed clear increases, with was miscentered from +15 cm to +20 cm not be neglected especially when dealing
the biggest increase occurring by 5.86% and -15 cm to -20 cm, similar trends were with patients who may require repeated
for the normal adult protocol and 7.90% observed with the value of each radiation examinations and where radiation dose
for the low dose protocol. This finding is dose descriptor decreasing uniformly. In is of concern.
in accordance with the results of a previ- this case, it is possible that the dose reducous study conducted by Li et al. in which tion is due to the effect of the inverse Conclusion
the radiation dose was shown to increase square law, whereby the X-ray intensity Although often neglected, the proper cenby 18% when the CTDI body phantom is inversely proportional to the distance tering of patients during CT head prowas mis-centered by 6 cm from the iso- from the x-ray source. When the CT head cedures is an important issue, not just
center [10]. In agreement with the clini- phantom is positioned at a table height from the point of view of radiation dose
cal study on CT chest-abdomen exami- of ±15 cm to ±20 cm from the isocen- but also because lower image quality may
nation, Habibzadeh et al. showed that ter, the distance between the CT X-ray contribute to an increase in the possibilmis-centering the patient 3.7
ity of misdiagnosis which can
cm above the isocenter resulted
affect management and treatin a radiation dose increase by
ment of the patient.
“.. ., the higher daily workload ... means that Our study emphasizes the
29.1% [5].
the radiographer cannot afford to spend
According to Toth et al., the
importance of accurate patient
much
time for proper patient positioning ...” centering at the isocenter of CT
increase in dose due to miscentering is caused by the degradagantry so that CT optimization
tion of the performance of the
can be achieved.
bowtie filter [8]. Generally, the
function of the bowtie filter is to shape tube to the pencil ionization chamber References
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The 100th anniversary
of the birth of the inventor of CT
Arguably the most significant development in radiology since the initial discovery of X-rays by Roentgen, the CT
scanner is without any doubt the core,
vital imaging modality in all modern
imaging departments. CT was developed in the 1970s by the English scientist Godfrey Hounsfield, for which
accomplishment he was awarded the
Nobel Prize for physiology or Medicine.
This year, 2019, is the hundredth anniversary of Hounsfield’s birth.
To mark this occasion we spoke to
Liz Beckmann, past-president of the
British institute of Radiology and current chair of the British Society for the
History of Radiology. Liz Beckmann is
co-author of the definitive biography of
Godfrey Hounsfield.

Q

Before we discuss Godfrey Hounsfield, the man and
his achievements, how did you come to know Godfrey
Hounsfield and be interested in his work?
I joined EMI Medical in January 1977 as an Applications
Engineer. EMI medical was the sector of EMI responsible

Liz Beckmann
Elizabeth C Beckmann was president of the British Institute of
Radiology president from 1993-1994. She is current chairperson
of the British Society for the HIstory of Radiology. Mrs Beckmann
is also a co-author of the book “Godfrey Hounsfield: intuitive
genius of CT“ which was published in 2012

She gained a degree in Electrical and Electronic Engineering at
King’s College London, where she was one of the few women
studying engineering. She has been working in the medical imaging world for over 30 years. Starting her career with EMI Medical
in the early days of CT, she has also worked for GE, AMI hospitals,
Picker and was Managing Director of Elscint (GB).
Mrs Beckmann is a Fellow of the BIR and chaired the Industry
Committee for many years. Mrs Beckmann has remained a stalwart supporter of the BIR, and is still involved in many aspects of
the Institute’s life.
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for the development, sales and support for the EMI CT
scanner. At that time Godfrey Hounsfield was still working
at the EMI Central Research Labs on developments on the
CT Scanner. I was lucky enough to come across Godfrey
quite a few times during the late 1970s and 1980s. My
contact with Godfrey developed further in the late 1990s
when the British Institute of Radiology (BIR) inaugurated
a lecture in his name and I hosted Godfrey to those lectures
until the last one he attended in 2002 and it was during this
period that I got to known him better. I have continued
to work in the work of Medical Imaging through out my
career with a special interest in CT.

Q

Although excelling in maths and physics at school,
Hounsfield was not outstanding in his school education
and did not have a university degree. Was this a disadvantage to
him or would he have succeeded in his great invention anyway?
While showing a slight interest in Physics and Maths,
Godfrey did not excel in them or any other subject at
school. In fact his school report just before he left school
at the age of 16 stated “Godfrey’s bad work was due to intellectual retardation”. Godfrey did not get his matriculation,
which was the examination for 16 year olds at that time, nor
did he go onto any further education then.
He did however have a great curiosity from a young age
about how things worked and he was instinctively skilled
at repairing them. His mother told the story of grandfather
clock which hadn’t worked for years and Godfrey aged
about 5 took it to pieces rebuilt it and it worked.
He showed an interest in all sorts of experimentation
from an early age. As a teenager he flew in home-made gliders, and climbed up unsupported ladders. Godfrey made
crude rockets. His first experiment was using a cocoa tin
inside a Tate and Lyle syrup tin- which flew out onto the
main road behind the house. His second attempt was 100
times more powerful.
He was always keen to take things apart to fully understand how they worked – but he did not always get them
back together again.
I believe that it was these interests and skills, and his
unique way of thinking and experimenting as a teenager,
which set his approach to work throughout his life and
which provided the framework for his later invention of
the CT Scanner.

Q

During the Second World War Hounsfield served in
the Royal Air Force and was involved radar R&D.
Was this the period where the germ of the idea for CT was
born?
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Godfrey volunteered for the
RAF at the outbreak of World War
2, initially working as part of a
maintenance unit salvaging parts
from crashed aircraft. While doing
this he studied the RAF books
on radio mechanics and took the
RAF Radio Test. Upon passing this
he was immediately taken on as
a Radar Mechanic Instructor and
he continued to work in the field
of radar until the end of the war.
The idea for CT came much later
although the principles of radio
waves and radar were certainly a
valuable knowledge when he came
to consider how electromagnetic
waves would interact with an
object and could be used to create
an image through the object.

Q

After the war, Hounsfield
was employed by the British
company EMI and was originally
involved in the development of one
of the first fully solid-state computers. How important was this experience to the later development of CT?

The inventor of Computed Tomography, Godfrey Hounsfield was born 100 years
ago this year and was awarded, jointly with Allan M Cormack, the 1979 Nobel
Prize in physiology or medicine. The citation read “for contributions toward the
development of computer-assisted tomography, a revolutionary radiological
method, particularly for the investigation of diseases of the nervous system”.
The immediate recognition of CT as a revolutionary diagnostic instrument led to
the naming of the Hounsfield unit in honour of the inventor. The Hounsfield unit
(HU) is a relative quantitative measurement of radio density used by radiologists in the interpretation of CT images

to pattern and character recognition. The head of CRL later
recalled that he was certain that
Godfrey was bound to come up
with something, but little did
he anticipate just how significant Godfrey’s work would be.
Godfrey decided to not just
look at character recognition
but wondered if he could recognise what was inside a box
from taking lots of readings
through the box. At this time he
had an accidental conversation
about his ideas with a doctor
he met, who commented that
the “box” they had the biggest
challenge with in medicine was
“seeing ” inside the head. This
was the basis of his work that
created CT.
Things would probably be
different if this had happened
today and Godfrey might just
have been made redundant
when EMI ceased the computer project which he was
working on.

Q

Godfrey joined EMI in 1949
Hounsfield’s
initial
initially, based upon his experience
experiments were posiin the RAF, to work on radar a few
tive in that they showed that the
years later he joined the Central
approach to pattern recognition
Research Labs (CRL)at EMI. He
by a source and detector rotating
subsequently moved to work on
around the object to be scanned
computers and computer memory
If so, do you think that such a development
was possible, but at the same
stores until EMI moved out of computers process would be possible in today’s corpo- time were quite discouraging at the practiin 1967.
rate culture, where development projects cal level — it’s said that the early experiHis knowledge and understanding of are forever being scrutinized in detail with ments needed nine days for the computercomputers was a very useful basis for his respect to reaching milestones and respect- based pattern recognition process to scan
later work on CT, although these early ing budgets.
the object. How did Hounsfield face up to
computers were large main frame comthese practical challenges ?
puters and took a significant
amount of time to carry out
The fact that the early
even simple processing tasks
scans were slow was not dis“...the “box” they had the biggest chalthat would now be done in
couraging, as you say it was
lenge
with in medicine was “seeing ” inside in fact very encouraging since
under a second on small portable devices such as mobile the head. This was the basis of his work that the early scans proved the
created CT...”
phones.
concept. Speed was not at that
time considered a key priority. Although obviously the
After this, he went on
to work for EMI in pattern recogAt the time when EMI ceased all its speed needed to be increased to a scan
nition. Was this of real strategic interest work on computers EMI had an internal time that would be feasible for a patient
to EMI or was this a convenient means group looking at pattern recognition. The to lie still for.
Godfrey was not discouraged by the
to “park” an extremely creative man in a head of the CRL at EMI was uncertain
position without too many bureaucratic what he could use Godfrey for, but asked technical challenge, in fact he loved and
constraints and see what he came up with? him to independently give some thoughts thrived on challenges and looked at

Q
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ways to speed up the
acquisition by moving
from the initial experiments on gamma rays
using an Americium
60 source to an X-Ray
tube as the source and
a crystal/photomultiplier tube as a detector.
The early laboratory
prototype- the Lathe
bed model- so named
because it was built
upon the base of an
old lathe that was lying
around the laboratory,
worked such that the
X-ray tube and single
detector translated
across the object. The
object then rotated a
small amount and the
detector and X ray tube
translated back across
the object. collecting
readings on each translation.

Q

At the time of the original
CAT scan, there was another
department in EMI (with no connection to the research department
where Hounsfield worked) which
dealt with music recording and the
distribution of discs. One of the
musical groups signed up by EMI
was the Beatle and this has given
rise to the lovely urban myth that
the success of the Beatles indirectly
helped the development of one of
the greatest technological advances
in medical instrumentation. Please
tell us that there is some truth in
this story.

From this.....

An original sketch by Godfrey Hounsfield of the basic design principles of his idea for CT.

Q

After the initial
work in which
Hounsfield’s mathematical input enabled the
potential of X-ray based
scanning to be proven,
EMI formed a team,
including two radiologists to further develop
the system. How did
Hounsfield operate in
a team setting? Was he
happier as a loner?

.....to this.

Thanks to huge advances in engineering, and especially computing power and software
design, modern CT units have performance characteristics many orders of magnitude
greater than Godfrey Hounsfield’s original prototypes.
Modern systems are however still based on the same principles originally proposed by
Godfrey Hounsfield

Like
most
of
Godfrey’s work the initial prototype was build using Godfrey’s
intuition and experimentation rather
than mathematical or scientific theory.
Early on in his work a few colleagues
became intrigued with his idea and
started to help Godfrey, particularly with
programming the ICL computer that he
was using. Some people do have an image
of Godfrey sitting in a corner of his lab
working alone. In fact he enjoyed working with a team. Although initially the
limited resources available to him meant
his team was small and worked in an
unconventional structure which suited
Godfrey.
Godfrey always recognised areas
40

where he had limited knowledge and welcomed the experience and knowledge of
the members of his team who had more
experience in the field.
Many radiologists who were shown
the early concept were sceptical some felt
that they could cope with what they had
and many did not believe or understand
what he would be able to show.
He did however, after a lot of perseverance convince a few people including Cliff Gregory and Gordon Higson
at the Department of Health and Social
Security (DHSS) in the UK of the potential of his project. They agreed to help
with limited funding.
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Q

As you say one of the main
areas of activity and success in
EMI at the time was the music
division who were making a significant income and profit from
groups including the Beatles.
While this income kept EMI
solvent, none of the income was
used to support Godfrey’s work
on CT. In fact many of the directors at EMI could not understand
why money was being used to
support research into a medical
device. Medical equipment was
not an area which EMI had any
experience or interest in and they
felt that EMI’s resources would
be better utilised in areas such as
music where they had experience
and success.
The result was that Godfrey
had virtually no money or
resources for his project but still
managed to invent and develop
something spectacular from
nothing.
What was Hounsfield’s reaction to
the award of the Nobel Prize?

Godfrey was very proud of the
Nobel prize that he won in 1979 and
the many other awards that he received.
In one 2 year period he won 24 Major
International awards. He never felt that
he deserved any of the awards and accolades which he received, and always felt
that he was accepting them on behalf of
his entire team. He believed that what
he had done was just a stepping stone
for the future and for future generations.
As Godfrey said when talking to his old
school Magnus Grammar School “...each
NOVEMBER 2019

new discovery brings with it the seeds of their original prototype images. It is the technology but failing to follow up comother, future, inventions. There are many huge improvement in modern computer mercially? What did/would Godfrey
discoveries, probably just around the cor- processing power and algorithms that Hounsfield think of this aspect?
ner, waiting for someone to
I am not sure what
bring them to life…”.
“...I am sure that Godfrey would not have Godfrey’s view would have
Godfrey never enjoyed the
demands on his time for formal
been surprised by the improvements today been on the lack of a major
functions such as award cere- and would have been delighted with how CT imaging company in the UK.
monies and lecturing and found scanners have developed and improved since I believe that he would have
wanted to ensure that there
them all very challenging.
his original discovery....”
was ongoing major research
in different areas of technolAlthough still based on the same have enabled iterative reconstruction to ogy in the UK. I often felt that his interbasic principles Hounsfield devel- be feasible for current days CT systems. est was more in the technology and the
oped in his lab, modern CT scanners — GodIrey saw significant improvement in ongoing development of that rather than
thanks to their sophisticated engineering computers during his lifetime from large in any specific applications area.
and extremely powerful software — have slow mainframe computers through mini
While there may not be a major UK
a performance that is orders of magnitude computers to small micro processors, so Imaging giant there are certainly a number
superior to the early models. How do you I am sure that Godfrey would not have of groups in the UK making significant
think he would have reacted to such aston- been surprised by the improvements contributions to Imaging technology and
ishing performance if he were still alive today and would have been delighted research, and using the innovative skills
with how CT scanners have developed which the UK is renowned for and which
today?
and improved since his original discovery. I am sure Godfrey would have welcomed.
Some of the advances since the first
The fact that CT continues to be a
EMI Mk1 scanner were suggested by
At the time of his death, in 2004, major contributor to medical imaging
notes in Godfrey’s original project proit was already clear that the main departments and to medical diagnostics
posal and early note books, but were commercially successful imaging compa- throughout Godfrey’s live did surprise
restricted by the technology available at nies were GE in the United States, Philips and greatly please him.
the time.
and Siemens in the Netherlands and
If any proof were needed regarding
It is interesting that modern scanners Germany, respectively and Toshiba (now the continuing indispensable role that the
have reverted to using iterative recon- Canon) in Japan. Is the absence of any imaging modality of CT plays in modern
struction, which was one of the first UK company among the current imag- healthcare, a short visit to any radiology
image reconstruction techniques which ing giants, just another example of the department or imaging centre throughGodfrey and his team used to create UK playing a vital initial creative role in out the world will show how vital CT is.

Q
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Book Review

Cardiac CT, PET and MR, 3rd Edition
Ed. By Vasken Dilsizian & Gerald M. Pohost

Pub. July 2019 Wiley-Blackwell 480 Pages E book $136, Print $170.
Today’s imaging technologies offer
cardiologists more ways than ever to
diagnose conditions of the heart without the need of endoscopies and other
invasive procedures. Now in its third
edition,Cardiac CT, PET and MRI continues to provide an in-depth explanation of these tools and their correct
applications, while also exploring cardiac imagings most recent and groundbreaking developments.
This wide-ranging guide places CT,
PET and MRI in a practical context, illustrating clearly their respective functions
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as they apply to specific cardiological
disorders and clinical situations. With
the addition of seven new chapters, it
also offers an expanded insight into PET
 an increasingly popular and affordable diagnostic utility, hitherto underexplored in texts devoted to imaging.
Cardiologists, radiologists, nuclear
medicine physicians, physicists, and
imaging technologists alike will find
the third edition of Cardiac CT, PET
and MRI an informative and accessible
resource with a direct use in their dayto-day practice.
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INDUSTRY NEWS
Philips and Stuttgart
hospital sign 10-year
innovation partnership
agreement
Philips have signed a comprehensive 10-year innovation partnership agreement with the Klinikum
Stuttgart, which is the largest healthcare provider in the Stuttgart region
of Germany.
The long-term strategic partnership agreement covers the demandoriented replacement and procurement of state-of-the-art medical
technology, including diagnostic
imaging and intelligent informatics solutions, at Klinikum Stuttgart
hospitals, together with joint development of new workflows and connected care solutions. The ultimate

goal is to implement innovations
that improve the quality and costeffectiveness of patient care, as well
as the experiences for both patients
and staff.
“This partnership is an important
step for us to further improve the quality and efficiency of the care we deliver
to our patients,” said Dr. Alexander
Hewer, Commercial Director at
Klinikum Stuttgart. “As the largest
provider in the region we continue
to grow. Together with Philips we
will work on technical innovations
and process improvements to further
enhance our attractiveness for patients
and employees.”
42

Process optimization and standardization are core tasks in today’s
hospital management. By optimizing
and standardizing processes, hospitals can increase efficiency, eliminate
sources of error and fully exploit the
potential of modern technologies.
“As an innovation partner, we
will work with Klinikum Stuttgart
to further optimize their hospital
workflows in patient care and thus
their performance as a whole,” said
Peter Vullinghs, Market Leader
Philips DACH (Germany, Austria,
Switzerland). “These aspects of the
agreement are performance-based and
focused on success, demonstrating our
commitment to being an accountable
business partner.”
In order to provide first-class
healthcare over the long term,
Klinikum Stuttgart has initiated a farreaching restructuring process that
includes investment in new buildings
and modern equipment. One of its
trend-setting measures is construction of the new Katharinenhospital
in Stuttgart. The first phase of construction, which is expected to be
completed by the end of next year,
will see technically demanding disciplines such as radiology, interventional neuroradiology, intensive care
and endovascular surgery housed in
brand new buildings. In addition to
the installation of state-of-the-art
medical equipment, the implementation of networked care and the
improvement of processes are other
important goals.
“We have excellent clinicians and
strong care delivery. With Philips, we
now have a strong partner with a
reputation for innovation leadership
in medical technology and healthcare
IT,” said Prof. Jan Steffen Jürgensen,
Medical Director of the Klinikum
Stuttgart. “With our combined expertise, we want to further improve our
clinical processes and the safety of
treatment for the more than 700,000
patients treated at the Klinikum
Stuttgart every year.”
A key feature of the partnership
is that Klinikum Stuttgart maintains
the greatest possible flexibility with
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regard to which technologies are used
and when they are installed. They
will be delivered within a business
model that retains this broad flexibility and choice for the hospital, while
also having a positive effect on overall investment costs and total cost of
ownership.
Philips
Eindhoven, The Netherlands
www.philips.com

GE receives FDA
approval for its
macrocyclic MRI
contrast agent
The U.S. Food and Drug
Administration (FDA) has approved
Clariscan, a macrocyclic, ionic, gadolinium-based, MRI contrast agent.
Clariscan is indicated for intravenous
use with magnetic resonance imaging
(MRI) in brain (intracranial), spine
and associated tissues in adult and
pediatric patients to detect and visualize areas with disruption of the blood
brain barrier (BBB) and/or abnormal
vascularity.

Clariscan has been approved in
more than 55 countries globally and
has had more than four million patient
doses shipped in those countries. It
is the latest in a growing range of
imaging agents available in the U.S.
from GE Healthcare. For more than
40 years, GE agents have been routinely used across MRI, X-ray/CT and
ultrasound modalities to enhance the
image and support diagnosis.
“Demand for contrast media has
significantly increased over the past
decade. The introduction of Clariscan
NOVEMBER 2019

increases our clinical offering for U.S.
radiologists, enhancing visualization to
provide better patient care. Our customers rely on our high-quality products, first-rate supply network, and surrounding services to support their dayto-day work,” explained Kevin O’Neill,
President & CEO Pharmaceutical
Diagnostics at GE Healthcare.
“The FDA’s approval of this macrocyclic MR agent adds to the range
of contrast media options available.
and as radiologists we welcome this
broader choice,” said Dr. Lawrence N
Tanenbaum, M.D., FACR.
GE Healthcare offers diagnostic
imaging agents used in approximately 90 million procedures per
year globally, equivalent to three
patients every second. In the U.S.,
GE Healthcare has a strong record
of innovation in new contrast media
products and indications, with recent
FDA approvals for Omnipaque
(iohexol) in CT of the abdomen and
for Visipaque (iodixanol) in coronary CT angiography. GE Healthcare
has invested $240 million in its
global manufacturing and supply
network over the past five years to
deliver imaging agents to hospitals
and pharmacies globally.
GE Healthcare,
Chalfont St Giles, England
www.gehealthcare.com/

Siemens completes
acquisition of
Corindus
Siemens Healthineers has completed the acquisition of 100 percent
of Corindus Vascular Robotics, effective as of October 29, 2019. The relevant governmental authorities previously granted the approvals required
to complete the acquisition.
“With the completion of the acquisition, we are opening up a new field for
our Advanced Therapies business, tapping into adjacent growth markets with
great potential for the future. We are
taking an important step forward in the
upgrading phase of our 2025 strategy,”
said Bernd Montag, CEO of Siemens
Healthineers AG.
NOVEMBER 2019

“The combination of Siemens
Healthineers’ strong medical technology
portfolio with its digital platforms and
solutions, together with Corindus’ precision robotics platform, has the potential
to transform healthcare delivery so that,
together, we can provide better care at
lower cost,” said Mark J. Toland, former
President and Chief Executive Officer
of Corindus. Mr. Toland will continue
to manage the business within Siemens
Healthineers.

Corindus is now part of the
Advanced Therapies reporting segment. Headquartered in Waltham,
Massachusetts, the company develops,
produces and sells a robotic-assisted
platform. It is currently the only FDAcleared and CE-marked robotic system for endo- vascular coronary and
peripheral vascular interventions. It
helps physicians to precisely control
guide catheters, guide wires, balloon
or stent implants via integrated imaging. The physician does not have to
stand directly at the angiography table
as is current practice but can control
the procedure with a separate controlling module and is therefore exposed
to less radiation.
Robotic assisted minimally invasive procedures have the potential
to reduce treatment times, increase
precision during treatment, raise
standardization levels in clinical
procedures and ultimately improve
clinical outcomes. Corindus is currently one of the leading companies
offering a robotic treatment platform for major vascular therapeutic
markets.
Siemens Healthineers
Erlangen, Germany
www.siemens-healthineers.com.
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Bracco acquires Blue
Earth Diagnostics
Bracco Imaging has announced that
it has signed a definitive agreement
to acquire Blue Earth Diagnostics, a
molecular imaging company based in
Oxford, UK. Bracco will acquire all outstanding shares of the privately-held
Blue Earth Diagnostics for the equity
value of $450 million, plus a closing
adjustment estimated at $25 million,
Blue Earth Diagnostics will become
a subsidiary of Bracco Imaging, led
by its current leadership team and
will retain the well-established Blue
Earth Diagnostics name. Blue Earth
Diagnostics employs approximately
100 people and is expected to generate revenues of $140M in the year to
September 2019, primarily in the US.
The first novel PET molecular
imaging agent developed by Blue
Earth Diagnostics is Axumin (F18fluciclovine) injection approved in the
United States (US) and the European
Union for PET imaging in men with
suspected recurrent prostate cancer
based on elevated prostate specific

antigen (PSA) levels following prior
treatment. The company’s pipeline
includes innovative Prostate Specific
Membrane Antigen (PSMA)-targeted
radiohybrid agents, which are a clinical-stage, investigational class of theranostic compounds, with potential
applications in both the imaging and
treatment of prostate cancer. In two
separate studies which evaluated the
43
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utility of Axumin (F18-fluciclovine)
PET/CT in providing physicians with
actionable information for the management of men with recurrent prostate cancer, the intended management
plan was changed in approximately
60% of the study subjects, based on
the results of the Axumin®PET/CT
scan.
F18-fluciclovine has a broad
range of other potential applications
in cancer imaging and Blue Earth
Diagnostics is investigating the molecule for other cancers including in
neuro- oncology.
“Blue Earth Diagnostics’ innovative products and pipeline will significantly enhance Bracco Imaging’s
portfolio in precision medicine and
personalized diagnostics, while
expanding our range of nuclear
oncology imaging solutions in the
Urology segment and other specialties,” said Fulvio Renoldi Bracco,
Chief Executive Officer, Bracco
Imaging. “We are thrilled to welcome
to Bracco this world class team with
exceptional product development
and commercialization expertise.”
“The acquisition of Blue Earth
Diagnostics by Bracco Imaging is a
validation of the proven success of
Axumin in prostate cancer, its potential
uses beyond prostate cancer, and the
PSMA pipeline under development,”
said Dr. Jonathan Allis, CEO of Blue
Earth Diagnostics. “Bracco Imaging’s
global footprint and clinical research
and marketing support will enable us
to further leverage our high-value platform for innovative radiopharmaceuticals to inform clinical management
and guide care for cancer patients
around the world.”
Blue Earth Diagnostics is a leading molecular imaging diagnostics
company focused on the development and commercialization of novel
PET imaging agents to inform clinical management and guide care for
cancer patients in areas of unmet
medical need. Formed in 2014, Blue
Earth Diagnostics is led by recognized
experts in the clinical development
and commercialization of innovative
nuclear medicine products.
Bracco Diagnostics
Milan, Italy
www.bracco.com
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Varex subsidiary
opens photon
counting application
and innovation
centre in Munich
Varex Imaging has announced that
its Direct Conversion AB subsidiary
has opened an Application Innovation Centre in Graefelfing, Munich,
Germany. The facility will showcase
Direct Conversion’s advanced photon

counting X-ray products and provide
deeper insight into how this innovative and disruptive imaging technology can benefit healthcare professionals and patients. Medical specialists,
research experts and representatives
from the healthcare industry will be
able to discover how photon counting
detectors offer sharper X-ray images
at lower dose rates than conventional
detectors through tours of laboratories
that contain shielded and self-shielded
X-ray equipment and a universal CT
setup for medical feasibility studies.
Adding depth to the visitor experience,
Direct Conversion will be conducting workshops, seminars and training
focused on its advanced technology,
as well as ongoing proof-of-principle
(POP) and proof-of-concept (POC)
studies.
Direct Conversion CEO Spencer Gunn
explains, “I am very excited by what we
have created. The customer can come in,
see demonstrations using our detectors,
explore integration examples and try
out imaging applications of their own.
This will allow existing and potential
users of our detection systems to grow
their confidence in our solutions and
the detectors’ abilities.” Looking ahead,
Gunn adds, “Direct Conversion will be
able to broaden its application experience and present our detectors in their
best light which means an easier route
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to long term customer relationships and
improved services.”
Located in Munich’s “biotech triangle,”
the Application Innovation Centre will
allow Direct Conversion to further
strengthen its collaborative work with
the neighboring Technical University
Munich (TUM) and the Ludwig-Maximilians-Universität (LMU).
Under its Ajat and XCounter brands,
Direct Conversion provides innovative linear array digital detector products that are incorporated in imaging
systems used globally by a broad range
of medical and industrial customers:
systems used by orthodontists, orthopedic radiographers, and wider industrial applications. Direct Conversion
is one of the world’s largest manufacturer of CdTe detectors.
Varex Imaging
Salt Lake City, UT, USA
www.vareximaging.com

FUJIFILM SonoSite
signs agreement with
Intelligent Ultrasound
group to develop
clinician training
FUJIFILM SonoSite — specialists
in developing cutting-edge, point-ofcare ultrasound solutions, and part
of the Fujifilm Healthcare portfolio — has entered into an agreement

with Intelligent Ultrasound Group, a
global, world-class ultrasound software and simulation developer, allowing the companies to deliver a training
solution to the point-of-care ultrasound (POCUS) market. The agreement includes Intelligent Ultrasound
NOVEMBER 2019

Group’s BodyWorks Eve POCUS
training solution and the HeartWorks
transthoracic echocardiography (TTE)
and transesophageal echocardiography (TEE) simulator training platforms that can be used to accelerate
training for all Fujifilm SonoSite’s
POCUS systems.
“This agreement will allow clinicians
the opportunity to work with two leading companies in their respective markets to access a robust POCUS training
solution that will facilitate increased
adoption of a critical imaging modality
in their institutions,” said Rich Fabian,
President and Chief Operating Officer
of Fujifilm SonoSite.
BodyWorks Eve is Intelligent
Ultrasound Group’s ultra-realistic
patient simulator designed for interactive POCUS scenario training. It
comes complete with 100 real patient
scans and over 10,000 pathology variations across cardiac, lung, transabdominal and pelvic ultrasound, which
will help Fujifilm SonoSite’s POCUS
users train for a diverse case load in
Emergency Medicine and Critical
Care disciplines. Specific focus areas
of this simulator include recognition
of common abnormalities and pathology, assessment skills to guide decisions for patient referral or discharge,
Doppler and M-mode functions and
more.
“We are excited to join FUJIFILM
SonoSite in offering the ultrasound
market a solution to both train and
confidently perform POCUS,” said Ian
Whittaker, COO and Head of the
Simulation Division at Intelligent
Ultrasound Group. “We feel this agreement will have a very positive effect,
not only on improving scanning skills of
the clinicians, but on patient outcomes
as well.”
FUJIFILM SonoSite, Inc.
Bothell , Washington USA
www.sonosite.com

Sectra wins enterprise
imaging contract at
prominent Dutch
university hospital
Sectra has signed a five-year contract for its enterprise imaging solution with the Dutch University
NOVEMBER 2019

Medical Center Groningen (UMCG).
With the solution, image handling
across the hospital will be consolidated to a single solution which will
allow for more efficient access and collaboration around patient images and
reduces cost and workload for the IT
department.
With over 12,000 employees,
UMCG is one of the largest hospitals in the Netherlands. As a university medical center, it has three
core tasks: providing complex care,
training new doctors, and conducting research into new techniques
and treatments, new medicines and
new forms of care.

“It was important for us to find
a vendor with an open ecosystem,
industry-leading system availability,
a scalable architecture designed for
top level cyber security and with solutions that are built to continuously
improve workflow efficiency. We share
Sectra’s vison of enterprise imaging and we look forward to working
together towards increased efficiency
and, in the end, better healthcare
for our patients,” says Jan Joost van
Walsum, Lead Enterprise Architect
at UMCG. The enterprise imaging
solution will span all medical imaging, starting with radiology, including nuclear medicine, and cardiology. Together with tight integration
with the EMR system Epic and its
departmental subsystems Radiant
and Cupid, it will provide a complete
overview of patients’ medical records
and facilitate cross-department collaboration around images and information. UMCG will also use Sectra’s
vendor-neutral AI platform to integrate image analysis applications
based on AI.
The enterprise imaging contract,
signed in NOVEMBER 2019, includes
the multimedia archive Sectra VNA
and a common solution for reviewing
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medical images, Sectra PACS. The
solution will be used for approximately
275,000 radiology exams and about
10,000 cardiology exams per year.
Sectra
Linköping, Sweden
https://medical.sectra.com/.

Swissray Wins
Radiology Contract
with Egyptian
Government
Swissray Medical, a leading manufacturer of direct digital Radiography
(ddR) systems, has announced that it
has won a contract with the Government
in Egypt to supply 29 X-ray systems to
improve the radiology services in the
Army and Ministry of Health hospitals in Egypt. The contract has been
signed with the Ministry of defense of
the Government of the Arab Republic
of Egypt. The systems will be delivered
and installed starting the end of the year
In 2016 Swissray completed a project with the Ministry of Health supplying 80 units of which 30 x-ray systems and 50 computed radiography
(CR) systems and printers into 41 hospitals all over Egypt. The radiologists,
radiographers and the Ministry experienced the advantages of Swissray
unique technology in a remarkable
improvement of the image quality,
increased patient throughput, ease of
use and the extraordinary reliability of
Swissray technology.

For more than twenty years Swissray
has been a pioneer and technology
leader in the field of digital radiography serving thousands of health care
providers and patients with innovative
and cost-effective DR solutions that
emphasize excellence in image quality
and lower radiation dose.
Swissray
Hochdorf, Swiytzerland
www.swissray.com
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Electronic cigarette or vaping-associated
lung Injury (EVALI): the tip of the iceberg?

special report has been published on lung injury
nue myAresulting
free
subscription
from the use of electronic cigarettes
or “vaping.” with the aim of raising awareope. (e-cigarettes),
NO.
ness among radiologists and
other medical profession-

on how
to identify
or vaping
product
out to verifyalsyour
eligibility
to e-cigarette
receive free
issues.
use-associated lung injury (EVALI) [1].
r a free subscription.
“Radiologists will continue to play an
important role in recognizing this emerging entity,” said Dr. Abbara, “We encourage the medical imaging community to
produce scientific evidence and medical
knowledge to help advance our collective
understanding of the effects of e-cigarette
use on the lungs and other organ systems.”
E-cigarettes act by delivering nicotine, flavorings and other additives in
aerosol form. Vvaping has become especially popular among teens. The 2018
National Youth Tobacco Survey reported
that in 2018 more than 3.6 million middle and high school students in the US
were using e-cigarettes.
The CDC, the FDA and US state and
local health departments have started an
investigation into the recent outbreak of
lung injury associated with the use of
e-cigarettes. As of October 22, 2019, 1,604
cases have been reported Thirty-four
cases have resulted in death. However,
these numbers probably underestimate
the true incidence and prevalence of
disease due to lack of recognition and
reporting of vaping-associated lung
injury.
In the special report [1], Drs. Abbara
and Kay summarize recent cases from
the literature and illustrate some of the
radiographic and CT findings of lung
injury with a clinical case of a 24-year-old
male patient with past medical history
of asthma, who presented with shortness of breath, productive cough, chest
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pain and fever for one week. The patient
reported current daily use of e-cigarettes
(with tobacco) and marijuana, without
substantial change in recent vaping hab-

Figure 1. Posteroanterior chest radiograph in a
24-year-old man with a history of e-cigarette use
shows bilateral reticular and predominantly groundglass and airspace opacities distributed throughout
both lower lungs and absence of pleural effusions.
Image reproduced from [1], courtesy of RSNA.

its. He had high white cell and platelet
counts. His chest X-ray showed groundglass and reticular, or netlike, opacities
in both lungs.
CT findings included ground glass
opacities and pulmonary consolidation with relative subpleural sparing. Histologic specimens obtained
from the right lower lobe at biopsy
were suggestive of lipoid pneumonia.
The patient was given steroids with a
presumptive diagnosis of lung injury
associated with e-cigarette use.
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The authors of the report Dr. S Abbara
[Left panel] and Dr. F U Kay [ Right
panel] are from the Department of
Radiology at UT Southwestern Medical
Center in Dallas, TX, USA

“The diagnosis of lung injury due to
e-cigarette use should be a differential possibility in patients presenting with bilateral
lung opacities on radiographs or groundglass opacities on chest CT images and
exposure to e-cigarette products within 90
days of the presentation,” Dr. Abbara said.
The epidemiologic case definition of
lung injury associated with e-cigarette
use for surveillance purposes includes
the presence of all the following criteria: use of e-cigarette or dabbing (butane
hash oils) within 90 days before symptom onset, presence of pulmonary opacities on chest radiographs or ground-glass
opacities on chest CT images, absence of
pulmonary infection at initial workup,
and no evidence of alternative plausible
diagnoses.
The report outlines that research into
vaping-associated lung injury should be
approached as a team effort by members
of multiple specialties, including pathologists, epidemiologists, pulmonologists
and emergency physicians, but highlights
the critical role of radiologists.
“It is crucial that radiologists drive
some of the research initiatives to better
understand the mechanisms of disease
presentation, facilitating the diagnosis
and management of these patients,” said
Dr. Abbara.
Reference
1. Abbara S & Kay FU. Electronic Cigarette or
Vaping-associated Lung Injury (EVALI): The Tip of the
Iceberg. Radiology: Cardiothoracic Imaging 2019;
1(4):e190212 doi 10.1148/ryct.2019190212
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CHest X-ray
Deep Learning assists in detecting
malignant lung cancers
Assisted by deep-learning based software, radiologists
were better able to detect malignant lung cancers on
chest X-rays according to a recent study [1]. In the
study, researchers analyzed 800 X-rays from four participating centers, including 200 normal chest scans
and 600 with at least one malignant lung nodule.
The average sensitivity, or the ability to detect an
existing cancer, improved significantly from 65.1% for
radiologists reading alone to 70.3% when assisted by
the software.
Radiologists assisted by deeplearning based software were better
able to detect malignant lung cancers
on chest X-rays, according to recebntpublished research [1]
The purpose of the study was to
evaluate the clinical efficacy of software using a deep convolutional neural network (DCNN) algorithm for

the detection of malignant pulmonary nodules on chest radiographs.
A group of researchers from Souh
Korea, Germany and U.S. and led by
Dr. BW Choi evaluated the DCNNbased software using frontal chest
radiographs collected at four different
centers with zero to three malignant

Figure 1. Flowchart of radiograph selection (center 3 not included). Image reproduced from Ref [1],
courtesy of RSNA.
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Byoung Wook Choi, M.D., Ph.D.,
professor at Yonsei University
College of Medicine, and cardiothoracic radiologist in the
Department of Radiology in
the Yonsei University Health
System in Seoul, Korea

nodules and analyzed by 12 readers
with varying levels of experience.
“The average sensitivity of radiologists was improved by 5.2% when
they re-reviewed X-rays with the deeplearning software,” said Byoung Wook
Choi, M.D., Ph.D., professor at Yonsei
University College of Medicine, and
cardiothoracic radiologist in the
Department of Radiology in the
Yonsei University Health System in
Seoul, Korea. “At the same time, the
number of false-positive findings per
image was reduced.”
Dr. Choi said the characteristics
of lung lesions including size, density,
and location make the detection of
lung nodules on chest X-rays more
challenging. However, machine learning methods, including the implementation of deep convolutional neural networks (DCNN), have helped to
improve detection.
Deep learning is a type of artificial
intelligence that allows computers to
complete tasks based on existing relationships of data. A DCNN, modeled
after brain structure, employs multiple hidden layers and patterns to
classify images.
In this retrospective study, radiologists randomly selected a total of
800 X-rays from four participating
NOVEMBER 2019

centers, including 200 normal chest
scans and 600 with at least one malignant lung nodule confirmed by CT
imaging or pathological examination
(50 normal and 150 with cancer from
each institution). There were 704 confirmed malignant nodules in the lung
cancer X-rays (78.6% primary lung cancers and 21.4% metastases). The majority (56.1%) of the nodules were between
1cm and 2cm, while 43.9% were between
2cm and 3cm.
A second group of radiologists,
including three from each institution,
interpreted the selected chest X-rays
with and without cancerous nodules.
The readers then re-read the same
X-rays with the assistance of the DCNN
software, which was trained to detect
lung nodules.
The average sensitivity, or the ability
to detect an existing cancer, improved
significantly from 65.1% for radiologists reading alone to 70.3% when aided
by the DCNN software. The number
of false positives — incorrectly reporting that cancer is present — per X-ray
declined from 0.2 for radiologists alone
to 0.18 with the help of the software.
“Computer-aided detection software
to detect lung nodules has not been widely
accepted and utilized because of high
false positive rates, even though it provides relatively high sensitivity,” Dr. Choi
said. “DCNN may be a solution to reduce
the number of false positives.”
Conclusion

Figure 3. Graphs show sensitivities and P values when nodules are grouped by size, location, and type. (a)
Sensitivities and P values when nodules are grouped by size. (b) Sensitivities and P values when nodules are
grouped by location. This shows that the improvement in nodule detection is primarily due to better recognition
of the known trouble areas of the posteroanterior chest radiograph (eg, projecting over the mediastinum and
diaphragm) Image reproduced from Ref [1], courtesy of RSNA.

In this multicenter study, the researhers
found that a commercially available

deep convolutional neural network

(DCNN)–based algorithm achieved
equivalent performance to 12 radiologists for the detection of malignant lung
nodules. A DCNN may be a solution
to reduce the number of false-positive
examinations for nodule detection on
chest radiographs.
Further studies with a crossover design
may reduce the effects of demographic
and radiologist factors.
Reference

Figure 2. Images in 62-year-old man with primary adenocarcinoma. (a, b) Posteroanterior (PA) digital chest
radiographs. (a) Without deep convolutional neural network (DCNN) software assistance, the three readers (readers 10, 11, and 12) interpreted this image as a normal chest radiograph. (b) According to the DCNN’s suggestion
(dotted circle), all readers were able to identify a true nodule (yellow circle). (c) Axial CT image obtained on the
same day shows a 25-mm solid mass in the apical segment of the right upper lobe (arrow). Image reproduced
from Ref [1], courtesy of RSNA.
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1. Sim Y, Chung MJ, Kotter E, Yune S, Kim M,
Do S, Han K, Kim H, Yang S, Lee DJ, Choi BW.
Deep Convolutional Neural Network-based Software
Improves Radiologist Detection of Malignant Lung
Nodules on Chest Radiographs. Radiology. 2019
Nov 12:182465. doi: 10.1148/radiol.2019182465.
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Healthcare IT
Internet-first impetus could connect
NHS diagnostics in the UK
In the UK, the functional unit within the National
Health ServiceI is the NHS trust which is an
organisational unit generally serving either a geographical area or a specialised function. In any
particular location there may be several trusts
involved in providing different aspects of healthcare, supplying hospital services, community services and/or other aspects of patient.
In the future, regional clouds will connect trusts,
and might even eventually connect the entire
NHS, transforming diagnostic services, easing
access to vital imaging, and removing infrastructure headaches for NHS IT teams, writes Jane
Rendall, managing director, Sectra UK.
Cloud-first and internet-first government policies have been a feature of public sector procurement
for years. But where the NHS has
been slower to respond, momentum is now starting to build in the
health service as private networks
are set to become a thing of the
past.

to cloud options first, and to move
services to the internet when updating or changing technologies.

Jane Rendall is Managing Director, Sectra, UK.

interoperability, around innovation
and adoption of new technologies
such as artificial intelligence, and
in removing a great deal of IT cost,
complexity and limitation.

Running services over the internet could have significant implicaGoing internet-first whilst tions for NHS diagnostic departactively and aggressively replacing ments across the country. And the
applications which are not inter- evidence that it works in this envinet ready, with those that are, is the ronment already exists, albeit in a
order of the day.
single example for the UK.
So far one NHS trust – Guy’s
UK Health and social care sec- It’s already happening in
and St Thomas’ NHS Foundation
retary Matt Hancock has insisted it diagnostics – but only just
Trust – runs its enterprise imagis time to “stop the narrative that it’s
Moving digital services to the ing over the internet, with its pictoo difficult to do it right in health cloud opens new possibilities ture archiving and communication
and social care”, with online services for the NHS. Hosting services on system (PACS) now in the cloud
now the way forward.
– hosted by Sectra, the
In May this year,
trust’s imaging technolNHS Digital extended “... Guy’s and St Thomas’ NHS Foundation Trust ogy provider.
its internet-first policy
This is having a tre– runs its enterprise imaging over the internet,
to reflect this, emphawith its picture archiving and communication mendous impact. The
sising the numbered
trust no longer needs
system (PACS) now in the cloud...”
days not only of the
to worry about network
N3 network, but also of
capacity to deal with an
its relatively new replacement, the the internet opens opportunities ever-growing volume of diagnosHealth and Social Care Network around ubiquitous access to impor- tic images. The organisation is in a
– designed as a stop gap measure tant data for consumers and users stronger position to remain up-toto allow transition from private to – be that the public using healthcare date with the latest patches, virus
public networks.
services, or clinicians involved in software and Windows updates.
Healthcare providers are now the delivery of care.
And a whole layer of additional
being strongly encouraged to look
It also opens doors around management and complication has
50
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now almost exclusively span regions
and trust consortia.
Regions are collaboratively procuring to ensure they can operate their
diagnostic services across geographies,
allowing them to make the most of
scarce specialists, to deliver crucial
diagnostic imaging to the point of care
wherever that might be, and to leverage significant economies of scale.
Cloud infrastructure is the perfect
fit for large regionalised deployments.
This approach can be scalable very
quickly to bring in new organisations,
respond to mergers or takeovers, and
to the evolving needs of the clinical
environment, allowing trusts to consume additional bandwidth with ease.
Security can also be enhanced in the cloud. Cloud hosted environments typically have dedicated cyber security
expert resources not typically available in individual NHS trusts.

been removed, that doesn’t need to
involve the trust’s busy IT team, whose
responsibility ends at the externally
facing firewall.
The appetite for cloud is
growing fast

uses of bandwidth over private NHS
networks, and with more diagnostic
specialities set to digitise, demand for
digital space will continue to grow.
Moving to the cloud can remove this
obstacle entirely for trusts, placing the
requirement to scale up storage on the
vendor.
Security can also be enhanced in
the cloud. Cloud hosted environments typically have dedicated cyber

Moving to the cloud also removes a
political obstacle traditionally encountered in regional procurements –
which trust is best placed to host. In
the past this can leave trusts not hosting the solution feeling disempowered.
And once regions are established
with their regional solutions, what is
to stop regions eventually connecting
their clouds to other regions – forming
an NHS wide imaging network?

More and more NHS providers with
whom I engage as managing Director
How will cloud take hold?
of Sectra UK, fully recognise the value
of moving their imaging services into
If there is one lesson to take from
the cloud; and in fact many are
the history of NHS IT, it
starting to demand it.
“....imaging can be made accessible much more is that one size does not
And it’s not difficult to see quickly to support decisions on patient care, with fit all. Embracing the
why. Put national directives to
cloud will be no different.
internet-facing applications allowing greater
one side, and the benefits are
flexibility and simplicity in where and
immense.
We can expect a
how images are accessed...”
From the radiologist’s point
great variety of different
of view, and for other healthdemands from providcare professionals, imaging can be security expert resources not typically ers. Some, like Guy’s and St Thomas’
made accessible much more quickly to available in individual NHS trusts. In might more immediately seek support
support decisions on patient care, with a single environment, penetration from their imaging vendor to host
internet facing applications allowing risks and vulnerabilities can be better their imaging solution and remove an
greater flexibility and simplicity in controlled.
immediate headache.
where and how images are accessed.
Others might seek out cloud proPatients too will gain easier internet- Advancing regional diagnostics viders to host many more of their
based access to images.
But perhaps the biggest impact applications, with imaging forming
From an infrastructure perspective, cloud and internet-based approaches just part of their cloud.
imaging demands are only set to grow to diagnostic imaging will have is in
Whatever the way forward, vendors
as more ologies generate ever larger support of the regionalisation agenda. must be ready to listen and support the
amounts of digital images that in turn
The days of trusts procuring their needs of trusts to manage this transirequire larger amounts of bandwidth. own imaging systems are largely a tion.
The transfer of diagnostic imaging thing of the past. Procurements for
The opportunities are too great to
already accounts for one of the largest enterprise imaging systems in the NHS miss.
NOVEMBER 2019
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Technology Update
An innovative solution tailored to the needs of modern imaging centers
A major global player in the diagnostic imaging market thanks to
the established reputation of its contrast media products, Guerbet is
much more than a mere supplier of contrast agents. In addition to its
core business of developing and marketing high quality contrast
media for diagnostic imaging, Guerbet also provides a wide flexible
range of injection systems, digital solutions and services.
Appreciating that their customers benefit from these products and
perceive their value not only as individual items but rather as forming
a combination of interconnected solutions, Guerbet has introduced
a new concept, the UNIK solution, designed to facilitate the decisionmaking process of healthcare professionals as they guide patients
through their healthcare journeys. We wanted to find out more about
UNIK so we spoke to David Hale, Chief Commercial Officer.

Q

So, what is UNIK?

The starting point is our recognition that a modern imaging
center is composed of many, very
busy healthcare professionals who
all face daily complex challenges
and needs. Some of these needs are
shared; others are unique, depending on the specific role and place
of the professional in their organization. These needs cover issues
such as reducing costs and minimizing the time spent in imaging
procedures, not just for the patient,
but also for the radiographers and
the back-up staff. Other challenges
are the constant need to improve
quality and ensure traceability and
regulatory compliance. In short,
to cover all facets of the whole
diagnostic imaging process from
contrast media through injection
solutions to digital and technical
support services.
Putting ourselves in our partners’ shoes we realized that by optimizing processes and intelligently
combining products and services
we could create tailored solutions
that exactly fit healthcare professionals’ requirements.
The important word here is
tailored. UNIK is not a collection
of disparate products, nor is it a
NOVEMBER 2019

commercial package covering an
aggregation of prices — it really is
a flexiblesolution designed to create
value by reflecting the healthcare
professionals’ specific needs and
improvement areas, targeted for
excellence.
Of course to provide this we
need to understand fully the particular characteristics of the customers’ processes. In doing so, we build
a mutually beneficial long-term
partnership, as opposed to being a
mere provider of various products.
And since we cover the whole
range of everything associated with
contrast-based imaging, we can be
the key partner, which is simpler for
the customer and allows the development of mutual trust.

Q

What does UNIK comprise?

UNIK is a tailored solution, providing healthcare professionals and
decision-makers with an ecosystem of additional value beyond our
individual products.
These include our high quality
contrast media for MRI as well as
CT and cath lab. Then we have our
large range of injectors and associated disposables, expert technical support, as well as innovative
digital solutions: Dose&Care for
D I
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David Hale.
Chief Commercial Officer, Guerbet
Contact:
veronique.coma@guerbet.com

radiation dose monitoring and
Contrast&Care for monitoring
patient injection data and tracking
contrast media usage.

Q

What does UNIK bring to
healthcare professionals?

There are many tangible benefits, ranging from efficiency and
optimization of the work flow,
patient (and staff) safety; traceability and control of the injected contrast media; improved clinical performance through optimal product
combination. and interoperability.
Another tangible benefit, and
not the least, is cost-saving, which
is achieved through integration,
improved workflow and smart
financing services.
In addition, UNIK provides the
full organization with the ability
to identify areas of value creation,
to improve processes and guidelines, reporting the evidence of
their excellence through traceability and certifications. Necessary in
the modern world of imaging, the
high performances can however be
challenging for each professional
to maintain on their own. UNIK,
within the Guerbet excellence partnership, allows the diagnostic imaging organization to help healthcare
professionals meet this challenge.
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T ECHN O LOGY update
Measuring radiation in multiple applications
Radiation measurement often requires different
devices for varying applications adding to the cost and
complexity of data collection. The new RaySafe 452
Survey Meter is a versatile, powerful tool that can be
used for multiple situations, reducing the number of
devices technicians need to carry, learn, and calibrate.
The 452 Survey Meter is the ideal tool to measure
radiation in a wide variety of applications, including
wall leakage, scatted radiation in a room, tube leakage,
nuclear medicine, and control of treated patients. The
meter helps technicians:
• Make data collection accurately
and easily with fast
response times;
• Detect variations
from background
radiation levels due
to its high sensitivity;
• Trust the readings without post
processing of the
data due to a flat,
wide energy response
range;
• Easily save data
and analyze it later with the automatic saving of dose
rate values every second.
The survey meter comes with RaySafe View software that makes it easy to transfer data to a PC and
log data quickly, easily, and efficiently. All data is time
stamped and dose rate waveforms can be further analyzed later. Built on the trusted and proven technology
of the RaySafe X2, the 452 Survey Meter provides peace
of mind that the readings collected are accurate.
Unfors RaySafe AB
Sweden
www.raysafe.com

Platform for enterprise imaging

Visage Imaging’s Visage 7 platform has advanced
Enterprise Imaging based on the proven ability to
replace legacy PACS for imaging organizations of
all sizes and local, regional or national scale. Five
of the 2019-2020 top 20 ranked U.S. hospitals have
chosen Visage 7, more than any other PACS. One of
the key drivers of this change has been the relentless
growth of datasets produced by modern imaging
modalities such as large cross-sectional (CT/MR)
and digital breast tomosynthesis (DBT), and now
high-resolution DBT . These datasets, which are often
combined with numerous prior imaging studies, are
creating major bottlenecks for legacy ‘compress and
send’ technology. “The challenges of data explosion
are placing significant stress on healthcare institutions,
particularly when it comes to imaging,“ explained
Dr Malte Westerhoff, CTO of Visage Imaging. Dr.
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Westerhoff continued, “While we’ll continue to successfully
scale the underlying
platform to cope with
the
exponentially
growing compute and
data handling requirements, that is only one
part of the solution. Continuous innovation in how
the system can aid and guide users in understanding
data quickly, efficiently, and reliably is also needed to
allow users to benefit from the additional resolution
and information contained in these growing datasets, instead of slowing them down. This involves user
interface enhancements, AI-based data analysis, and
seamless information exchange with other IT systems
in the modern enterprise.”
Visage Imaging,
Berlin, Germany
www.visageimaging.com

AI solution for chest radiography

Chest radiography is one of the most basic and
fundamental diagnostic test used in medicine, accounting for 25% of the annual total numbers of diagnostic imaging procedures.
It has been shown that
radiologic
information changed clinical
practice in more than
60% of those who
received chest radiography. Unfortunately,
miss rates for proper
interpretation of chest radiographs go as high as 30%
even for experts, leading to increased mortality from
treatable diseases. Moreover, interpretive performance
of chest radiographs differ significantly between specialists and non-specialists, by up to 30%.Among the
various diseases detected or diagnosed through chest
radiography, lung cancer (nodule/mass), tuberculosis,
pneumonia (consolidation), and pneumothorax are
among the most common and major diseases.
Developed using Lunit’s cutting-edge deep learning technology, Lunit INSIGHT CXR-MCA accurately
detects lung nodule/mass, consolidation, and pneumothorax in the form of diagnostic support tool. The AI
solution generates
(1) location information of detected lesions in the
form of heatmaps and
(2) abnormality scores reflecting the probability that
the detected lesion is abnormal. The solution is indicated to be directly involved in the primary interpretation process of radiologists or clinicians.
Lunit
Seoul, Korea
www.lunit.io
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New FDA-approved AI-powered algorithm
for mammography
Hologic have just announced that the U.S. Food and
Drug Administration (FDA) has approved the company’s 3DQuorum Imaging Technology, powered by
Genius AI.
The 3DQuorum technology works in tandem with
Hologic’s Clarity HD high resolution imaging technology to reduce tomosynthesis image volume for radiologists by 66 percent.
In 2009, Hologic revolutionized breast cancer screening with the introduction of
the Genius 3D mammography exam, the only mammogram clinically proven and
FDA-approved as superior to
2D mammography alone, for
all women, including those
with dense breasts.
Today, there are nearly
7,000 Hologic 3D mammography systems in use in the
U.S. alone,. and tomosynthesis
is now the standard of care
for annual breast cancer screening. These advancements serve as the foundation for Genius AI technology, Hologic’s new core artificial intelligence platform
designed to provide advanced cancer detection, operational efficiency, and clinical decision support across the
breast cancer care continuum.
3DQuorum technology uses Genius AI-powered
analytics to uniquely reconstruct high-resolution 3D
data to produce 6 mm “SmartSlices.” These analytics
identify clinically relevant regions of interest and preserve important features during reconstruction of the
SmartSlices. SmartSlices expedite read time by reducing
the number of images for radiologists to review, without
compromising image quality, sensitivity or accuracy.
With 3DQuorum technology, the number of 3D images
to review is reduced by two-thirds, saving an average of
one hour per eight hours of daily image interpretation
time.
“Superior breast cancer detection begins with our
superior imaging, and only Hologic offers a comprehensive
breast health ecosystem that improves outcomes, reduces
costs and increases patient and clinician satisfaction,”
said Pete Valenti, Hologic’s Division President, Breast
and Skeletal Health Solutions. “3DQuorum technology
is the first of many products to come powered by our new
Genius AI technology platform, which will further revolutionize cancer detection in the coming years. 3DQuorum
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technology delivers meaningful productivity gains for
radiologists, due to a significant reduction in read time.”
Benefits of 3DQuorum

Accurate and Timely Diagnosis: The Genius AI
powered software identifies clinically relevant regions
of interest and preserves important features during the
creation of SmartSlices. Each high-resolution SmartSlice
overlaps the previous one by 3mm, ensuring there is no
loss of 3D image data and continuity in scrolling.
Expedited Clarity HD High
Resolution 3D Exam Read
Times: When a radiologist reads
SmartSlices instead of 1mm slices,
the number of 3D images to
review is reduced by 2/3. On average there is an interpretation time
saving of 1 hour per day, based
on 8 hours of image interpretation
time per day.
High-Resolution File Size
Reduction: The 3DQuorum technology reduces the typical Hologic
Clarity HD and Intelligent 2D study size by over 50%,
bringing the storage space and network impact back
down to that of standard resolution 3D imaging.
The world leader in mammography, Hologic has
expanded its product portfolio significantly, through
insight-driven innovation and strategic acquisitions to
address the entire clinical continuum of breast cancer
diagnosis and care. From digital specimen radiography
and stereotactic breast biopsy systems, to breast biopsy
markers and surgical guidance systems – Hologic’s
comprehensive suite of products is designed to meet
the unmet and changing needs of patients and clinicians.
3DQuorum technology is available as part of the
new Hologic Clarity HD Plus technology package for
use with existing and future Hologic 3D mammography systems. The Genius 3D Mammography exam
(also known as the Genius exam) is only available on a
Hologic 3D Mammography system. It consists of a 2D
and 3D image set, where the 2D image can be either an
acquired 2D image or a 2D image generated from the
3D image set.
Hologic.
Marlborough, MA USA
www.Genius3DNearMe.com
www.hologic.com
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New detector makes upgrading to DR easy

With the launch of AeroDR NS, Konica Minolta’s new flat
panel detector, the process of upgrading from CR to DR
has become easier than ever. The 14x17’’ portable detector
supports the user with a complete workflow solution and is
compatible with any existing static RAD room and mobile
RAD system.The ImagePilot software enables the user to
register patients, acquire & view images, perform measurements & reports and archive them using a miniPACS functionality.

For various applications, there are specific user tools
available: optional tools include dedicated Orthopedic &
Veterinary tools and a Bone-Suppression feature. This function processes an image so as to render the clavicles and the
ribs ‘attenuated’, thus making it easier to diagnose thorax
images.
The biggest advantage of using AeroDR NS instead of a CR
workflow is that the acquisition cycle time is much shorter,
being reduced from several minutes to a few seconds.
Other features of the AeroDR NS detector are:
• A pixel size of 150µm, a CsI scintillator and 72% MTF so
delivering high image quality allowing high confidence
diagnoses
• Automatic Exposure Detection so there is no need for
cable connections to the X-ray generator
• An internal Access Point which can send the images
directly to the screen within seconds
•AeroStorage allows working offline if necessary together
with the possibilty to store up to 200 images.
The AeroDR NS is specifically relevant for medical imaging professionals who are considering upgrading from analog
or CR to DR, but don’t have a sufficient budget for the purchase of a complete new Digital RAD room.
Konica Minolta
Tokyo, Japan
www.konicaminolta.eu/eu-en/hardware/healthcare-dr/
aerodr-ns
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CT systems for radiation therapy planning

Siemens Healthineers has introduced two CT systems, namely
Somatom go.Sim and Somatom go.Open Pro that are specifically
designed to facilitate planning procedures for radiation therapy
and to provide improved images to help calculate radiation plans.
CT images enable radiation oncologists to identify the target
tumor and more precise planning means the tumor can be treated
with improved accuracy, while providing better protection for surrounding tissue and organs-at-risk.
“We developed Somatom go.Sim and Somatom go.Open Pro
in deep cooperation with world leading radiotherapy experts,”
said Dr. Gabriel Haras, Head of Radiation Oncology at Siemens
Healthineers. “We firmly believe that these systems will help healthcare providers to overcome challenges in planning radiation therapy
and drive forward precision medicine in the fight against cancer.”
Designed to accommodate patient positioning accessories and
increase patient comfort, the 64-slice Somatom go.Sim and the
128-slice Somatom go.Open Pro have an extra-large 85 cm bore.
Both systems also feature optional patient marking lasers known
as Direct Laser. The laser is used to mark the position for treatment in the CT, which makes subsequent positioning in the linear
accelerator both faster and more accurate. The Direct Laser system
is mounted directly onto the gantry and controlled via a mobile
tablet. The new GO with Green mobile workflow brings ease of use
and walks the radiation therapist through each step of the patient

setup process, enabling the therapist to remain at the patient’s
side, potentially improving communication and comfort as well as
reducing anxiety.
The Somatom go. Sim and Somatom go.Open Pro also feature DirectORGANS for OAR (Organs at Risk) contouring. This
software automatically addresses the dependency between image
quality and the consistency of autocontouring results. Based on
Siemens Healthineers strong competence in Artificial Intelligence,
DirectORGANS uses a specialized image reconstruction, optimizing the CT images for autocontouring and applying a deep learning-trained contouring algorithm. DirectORGANS may reduce
unwarranted variations with high-quality contours that approach
the level of consensus-based contours.
Unique to the Somatom go.Open Pro CT system is the Direct
Intelligent 4D (Direct i4D) technology, which adapts the image
acquisition to a patient’s breathing in real time during the scan.
Direct i4D is designed to help optimize image quality for each
patient, reducing artifacts that are common to 4D image sets and
often prompt rescans. In this manner, Direct i4D images can help
customers treat more patients with techniques such as stereotactic
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body radiation therapy (SBRT) that require
a high degree of precision to avoid damaging healthy tissue.
Siemens Healthineers
Erlangen, Germanyt
www.siemens-healthineers.com

New 1.5 T MRI improves
workflow and delivers clinical
confidence
The Vantage Orian system from
Canon represents a new standard in the
premium wide bore 1.5T market with
new technology designed to boost productivity, enhance patient comfort and
deliver diagnostic clinical confidence. The
new system offers a range of innovative
hardware features that can help improve
workflow and deliver clinical confidence
including:
• A detachable table option enabling
preparation outside the scan room,
enhancing workflow and allowing medical staff to respond to patient requirements quickly and easily.

accelerated), which allows high frame
rate cardiac cine and perfusion imaging
with free breathing.
The system also features EasyTech
technology enabling clinicians to improve
workflow with automatic slice alignment
for neuro, spine and cardiac exams, as well
as WFS DIXON, which allows clinicians
to take four contrasts in just one scan to
show uniform fat-suppression in difficultto-shim areas.
The new system enhancements come
in addition to the existing patient-friendly
MRI features Canon Medical offers.
• The 71cm wide bore and in-bore
immersive virtual experience that encourages patients to relax and thus enabling
clinicians to produce stable, high-quality
images.
• Pianissimo technology that significantly reduces the noise in and around
the MR, as well as Pianissimo Zen quiet
sequences which further reduce noise to
just above ambient noise level, making
exams even more comfortable and easier
to complete.
Canon Medical Systems Europe
Zoetermeer, The Netherlands
https://eu.medical.canon/

Expanded oncology PET tracer
portfolio to improve response
rates to immunotherapies

• Saturn Technology for high performance imaging capability, including
a new slim gradient with a maximum
amplitude of 45 mT/m and a slew rate of
200 T/m/sec.
• PURERF Rx technology that results
in an increase in SNR by up to 38 percent.
• A re-designed digital gantry interface which displays important patientrelated and coil information, allowing
clinicians to ensure proper and complete setup without leaving the patient’s
side.
The Vantage Orian also offers a
suite of software enhancements to
help reduce scan time and increase
productivity. New features include the
MultiBand SPEEDER, which enables
clinicians to reduce DWI acquisition
times, and the k-t SPEEDER (up to x8
NOVEMBER 2019

GE Healthcare is partnering with
multiple companies and academic
institutions to develop a portfolio of targeted Positron Emission Tomography
(PET) tracers to better predict and
monitor patient response to immunotherapies. Currently an average of
only 20-40 percent of patients respond
to immunotherapies, and patient suitability for an immunotherapy is determined by taking limited tissue samples
of a tumor. It is hoped that these PET
tracers, which would accurately screen
immune mechanisms in real-time,
would give clinicians a more comprehensive understanding of a patient’s
entire tumor environment and its heterogeneity, enabling more successful
selection of therapies and earlier and
more accurate monitoring of their efficacy. The portfolio contains a variety of
tracers which target biomarkers associated both with tumors themselves
and the presence and state of T-cells,
D I
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the subpopulation of white blood cells
which typically fight cancers. Three
partnership deals have been signed
with US-based Indi Molecular for a
CD8 T-cell marker, Affibody Imaging

from Sweden for a PDL-1 cell expression marker and Australian company
AdAlta for a Granzyme-B activated
T-Cell marker. Once proof of concept
has been reached, the clinical translation of these tracers would initially help
improve the success rate and efficiency
of immunotherapy clinical trials by
enabling more advanced stratification
of patient cohorts and in turn increasing speed to market of immunotherapies.
“We know immunotherapies can
transform patients’ lives when they are
effective, however, low patient response
rates, the potential of serious adverse
effects and high costs all mean we need
to significantly improve how we more
accurately predict the efficacy of an
immunotherapy,” explains Sanka Thiru,
Global Product Leader, Molecular
Imaging Oncology at GE Healthcare’s
Pharmaceutical Diagnostics business.“If
we can do this accurately and earlier in
the patient pathway, we can either avoid a
particular course of treatment altogether
or shift sooner to an alternative more
appropriate therapy.”
Earlier this year, GE Healthcare also
announced a five-year partnership with
Vanderbilt University Medical Center
to further investigate the role of PET in
the field of immunotherapies. The two
organizations will develop Artificial
Intelligence (AI) powered apps and PET
tracers to help physicians identify the
most suitable treatment for each individual patient.
GE Healthcare
Chalfont St. Giles, UK
www.gehealthcare.com
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High-resolution 12 Megapixel color monitor
EIZO has introduced its RadiForce RX1270, a 30.9inch, super high-resolution 12 megapixel color monitor
ideal for multi-modality medical applications.
The monitor was developed in response to the constant need for radiologists to read and interpret a wide
variety of medical image types for easier and more reliable patient diagnosis. To achieve this the new monitor
combines both performance and ease-of-use.
The RX1270 is EIZO’s highest resolution monitor at
12 megapixels (horizontal 4200 x vertical 2800 pixels).

The resolution is approximately 1.3 times larger than
the company’s former highest 8 megapixel (horizontal
4096 x vertical 2160 pixels) monitor. This allows an
even wider range of medical images to be viewed at
once, including high volume images displayed in full,
for increased reading efficiency. Consistent with EIZO’s
line of multi-modality monitors, the RX1270 automatically distinguishes between monochrome and color,
ensuring faithfully reproduced images for any modality.
The stark contrast of the low-light in reading rooms and
a bright screen are often a cause of eye fatigue. To combat
this, the RX1270 features a built-in comfort light that gently
illuminates the wall behind the monitor without interfering
with the visibility of the image. An adjustable spotlight is
also attached to make reading documents easier.
To facilitate more efficient diagnostic image viewing,
EIZO’s unique Work-and-Flow functions are also included
with the RX1270. The Point-and-Focus function allows
users to highlight specific areas of the screen for deeper
interpretation. The Hide-and-Seek function allows a secondary input to be displayed in the corner of the screen
for quick referencing without needing an additional monitor. The Switch-and-Go function allows two PCs to be
controlled with a single mouse and keyboard via a simple
mouseover movement.
Eizo
Hakusan, Japan
www.eizo.com
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Intracranial Hemorrhage software to be
integrated on Philips CT systems
The Israel-based company MaxQ AI have announced that the
company’s Accipio intracranial hemorrhage (ICH) and stroke
software will be integrated on Philips CT systems. The new
system will support the detection of ICH and so help in the
identification and prioritization of patients suffering from stroke,
traumatic brain injury, head trauma, and other life-threatening
conditions.
The ACCIPIO ICH and Stroke Platform uses deep learning
technologies to analyze medical imaging data such as non-contrast
head CT images. The results provide deep clinical insight and
actionable data in minutes which will enable physicians to make
faster assessments in any location, at any time. The Accipio Ix software enables automatic identification and prioritization of noncontrast head CT images with suspected ICH while the Accipio Ax
provides automatic slice-level annotation of suspected ICH. Both
software packages are FDA-cleared and CE -approved.
“Designed for seamless integration into Philips CT systems and
workflow for the caregiver, our AI-powered medical diagnostic platform – coupled with the vast global offerings from Philips – will bring
critical minutes-matter decisions directly to wherever the caregiver
needs them most,” said Gene Saragnese, CEO of MaxQ AI. “Through
this powerful collaboration, we will empower physicians to better
identify and prioritize patients with a suspected ICH, which have
the potential to save lives, improve the quality of care, and lower
healthcare costs.”
“We are advancing patient care by co-creating with our customers to bring innovations in CT system design, workflow, radiation
dose management, image quality, advanced clinical applications and
improved total cost of ownership,” said Karim Boussebaa, General
Manager, CT and advanced molecular Imaging at Philips. “As
healthcare continues to transform from a volume- to a value-based

approach, and the amount of data available for each clinical decision
dramatically grows, the integration of MaxQ’s Accipio AI-powered
solutions with our CT systems supports our ambition to achieve the
quadruple aim: improved outcomes, enhanced patient experience,
increased staff satisfaction, and lowered cost of care delivery.”
The Accipio platform will be available with new Philips CT systems and as an upgrade to previously installed Philips CT systems
throughout U.S. and EU markets
MaxQ AI
Tel Aviv, Israel
https://maxq.ai/
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Compressed SENSE

Up to 50% faster MR exams1,
so you can spend your time wisely.
Speed up your MRI examinations with Philips Compressed SENSE.
This breakthrough acceleration technique shortens single MRI
sequences and full MRI examinations.
Use Compressed SENSE to:
• Scan up to 50% faster1 with virtually equal image quality

“Compressed SENSE
is a way where you
are able to maximize

• Spend more time with your patient to help enhance patient satisfaction

your image quality

• Increase higher spatial resolution within the same scan time

and your time. You are

How will you spend the time you gain?

the driver; you decide

There’s always a way to make life better.

Discover more about Compressed SENSE.
www.philips.com/compressedsense
1 Compared to Philips scans without Compressed SENSE.

when you want to use
one or the other.”
Dr. Constantino S. Peña, Medical
director of Vascular Imaging,
Baptist Hospital, Miami, FL, USA

