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Analysing radiologists’ fear of being replaced
by Artificial Intelligence

T

here is no escaping the current buzz that is currently swirling about in radiology regarding the implementation of Artificial
Intelligence (AI). The number of papers
published on the subject is increasing
exponentially and every conference, be
it virtual or not, seems to be dominated
by AI. Just about every company marketing products in the radiology sector
proclaims the virtues of its AI-based
algorithms. AI has been shown to offer
substantial opportunities for radiologists, such as increased workflow efficiency and faster and more reproducible segmentation and detection tasks.
Despite all this hype and the undeniable
promise that the technology holds out,
the reality is that AI in radiology is still
only in the early phase of clinical adoption. So far, only relatively few, narrow
task detection DL-based models have
actually been implemented in clinical
routine. But there is no doubt that it is
only a matter of time before the number of AI-based software packages in
routine clinical radiology increases dramatically as the validation of research
level projects finally justifies their nonresearch implementation.
The big question is no longer that of
the value that AI can bring to radiology,
but rather is how radiologists react to
the inevitability of the arrival of AI. For
many radiologists, AI has induced a
“fear of being replaced”. This is not just
that the classical role of image interpretation may be replaced by AI software
but (perhaps even worse) that, because
of AI, radiologists might lose yet another
turf war to other medical disciplines,
e.g. cardiology. Although the fear is still
there, the peak of the paranoia regarding the replacement of radiologists by
AI seems to have come several years
ago when many non-radiology commentators felt free to opine on the future
of the profession to which they didn’t
belong. The most (in)famous of these
was perhaps business guru V Khosla,
founder of the computer company Sun
Microsystems who came out with the
admittedly catchy phrase: “Radiologists
are toast”. However, now that AI is at the
beginnings of routine implementation,
a more thought-through approach is
being adopted to estimating just how
big the fear really is that radiologists
D I
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have of being replaced. Thus, a multinational team of radiologists carried out
a survey on AI in radiology (Huisman
M et al. An international survey on AI
in radiology in 1,041 radiologists and
radiology residents part 1: fear of replacement, knowledge, and attitude. European
Radiology 2021; 31: 7058–7066. https://
doi.org/10.1007/s00330-021-07781-5]
and Huisman M et al. An international
survey on AI in radiology in 1041 radiologists and radiology residents part 2:
expectations, hurdles to implementation,
and education. European Radiology 2021;
31:8797–8806 https://doi.org/10.1007/
s00330-021-07782-4)
A total of 1,086 radiologists and
residents completed the survey, of
whom most worked in Europe. The
results showed that although radiologists still had a fear of being replaced
by AI, those who had intermediate or
advanced AI-specific knowledge levels
were associated with a more open and
proactive attitude towards the subject.
However radiologists and residents
with only basic knowledge levels of
AI had a significantly less open attitude. It seems that increased AI-specific
knowledge enhances adoption of AI in
clinical practice, while basic knowledge
levels may be inhibitive. The authors
concluded with a recommendation
that AI should be incorporated into
radiology training curricula and postacademic training. Following up on
these results, the same group sought
to explore the expectations regarding
the implementation of AI in radiological practice, including anticipated
hurdles, as well as the opinion of the
radiological community concerning the
incorporation of AI education in residency programs — for which there was
broad support. It was found that the
radiological community is becoming
increasingly aware of the hurdles to AI
implementation, with ethical and legal
issues and lack of knowledge being
identified as main bottlenecks.
The overall conclusion however was
that the way forward to successful integration of AI into diagnostic radiology
without causing radiologists to flee was
to incorporate AI education in radiology curricula.
The message seems to be “learn more
about the subject before you fear it”.
3
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PHOTON - COUNTING: A QUANTUM LEAP IN THE IMPROVEMENT OF CT
PERFORMANCE
The world’s first commercially available CT scanner equipped with photon counting
detectors, the NAEOTOM Alpha system from Siemens Healthineers, enables the full
promise of photon counting to be realized in clinical applications and has the potential to
provide a quantum leap in the performance characteristics of modern CT scanners. ������12
Front Cover Image
Siemens Healthineers’ new Naeotom Alpha provides a temporal resolution down to 66ms. The
system provides spectral imaging for cardiac
scans and can evaluate coronary arteries and
get spectral maps (e.g. iodine concentration) in
the same scan.
Image courtesy of Universitätspital Zürich,
Zürich, Switzerland.
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Chronic Traumatic Encephalopathy:
could MRI be the window into
diagnosis during life?
Chronic traumatic encephalopathy (CTE) is a neurodegenerative disease associated with exposure to repetitive head
impacts (RHI), such as those from participation in contact
sports. Currently, CTE can only be diagnosed at autopsy using
neuropathological diagnostic criteria. The pathognomonic
lesion of CTE includes hyperphosphorylated tau (p-tau) in
neurons, with or without astrocytes, around small blood vessels at the depths of the cerebral sulci.

MRI and autopsy patterns of atrophy and P-tau deposition in a brain donor with CTE.
The figure shows an antemortem axial (A) and coronal
(D) T1 MRI sequence and corresponding gross atrophy at autopsy (B, C, E) of a male
former professional American football player with CTE stage
IV. The antemortem MRI scan was done when he was in his early 60’s and he died
in his mid-70s and donated his brain. The antemortem MRI and
neuropathological examination both showed frontal and temporal cortical atrophy
(A–E) along with atrophy of medial temporal lobe structures (C,
E) including the hippocampus and amygdala.
Image reproduced from Alosco ML et al. doi: 10.1186/s13195-021-00928-y

While chronic traumatic encephalopathy (CTE) cannot
yet be diagnosed during life, a new study provides the best
evidence to date that the commonly used brain imaging technique, MRI, may expedite the ability to diagnose CTE with
confidence in the living (Alosco ML et al. Structural MRI
profiles and tau correlates of atrophy in autopsy-confirmed
CTE Alzheimers Res Ther. 2021 Dec 7;13(1):193. doi: 10.1186/
s13195-021-00928-y)
The research team from Boston MA,USA found that participants diagnosed with CTE post-mortem had shrinkage
in regions of the brain associated with CTE, as well as other
abnormalities, compared with healthy controls. “Specifically,
those with CTE had shrinkage in the frontal and temporal lobes
of the brain, the regions most impacted by CTE” explained
corresponding author Dr. Jesse Mez, director of the Boston
University (BU) Alzheimer’s Disease Center Clinical Core and
a BU CTE Center Investigator.
CTE is a progressive brain disease associated with repetitive
DECEMBER 2021
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head impacts. It has been diagnosed after death in American
football players and other contact sport athletes as well as
members of the armed services and victims of physical abuse.
To learn how to diagnose neurodegenerative diseases like
Alzheimer’s disease, scientists usually study a population during life and confirm a diagnosis after death, which can take
decades. To shorten this timeline, Mez and colleagues worked
backwards, reviewing the medical records of deceased brain
donors and analyzing MRIs obtained during life an average of
four years prior to death. They compared the MRIs of 55 men
diagnosed with CTE to 31 male healthy controls with normal
cognition at the time of their scan. “MRI is commonly used
to diagnose progressive brain diseases that are similar to CTE
such as Alzheimer’s disease. Findings from this study show us
what we can expect to see on MRI in CTE. This is very exciting
because it brings us that much closer to detecting CTE in living
people,” said first author Michael Alosco, PhD, associate professor of neurology at BU School of Medicine, co-director of
the BU Alzheimer’s Disease Center Clinical Core, and a lead
BU CTE Center investigator. The findings support frontaltemporal atrophy as a magnetic resonance imaging finding of
CTE and show p-tau accumulation is associated with atrophy
in CTE.
“While this finding is not yet ready for the clinic, it shows
we are making rapid progress, and we encourage patients and
families to continue to participate in research so we can find
answers even faster,” adds Mez.
Alosco also added, “there is more to do as we still need to
understand whether the patterns we saw on MRI are specific to
CTE, that is, do they differentiate CTE from Alzheimer’s disease
and other causes of dementia.”
http://dx.doi.org/10.1186/s13195-021-00928-y

Low-dose CT scans for the diagnosis
of appendicitis
A newly published paper indicates that it’s possible to
diagnose appendicitis using low-does CT scans, so decreasing
radiation exposure, which is of significant clinical importance especially in young patients (Haijanen J et al. Diagnostic
accuracy using low-dose versus standard radiation dose CT in
suspected acute appendicitis: prospective cohort study. British
Journal of Surgery, Dec 2021; 108: 1483–1490, https://doi.
org/10.1093/bjs/znab383)
Appendicitis is one of the most common causes of hospital
admissions and appendectomies are some of the most common surgical procedures performed worldwide. However, it
can be difficult to diagnose appendicitis and such difficulties
may delay surgery or lead to unnecessary surgeries. Contrastenhanced computed tomography (CT) scans are very useful
in aiding to ascertain the correct diagnosis but there are concerns about radiation exposure.
The increasing evidence on the safety and efficacy of nonoperative treatment for uncomplicated acute appendicitis has
set new demands for the accuracy of diagnostics in both
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acute appendicitis and appendicitis severity. As an emergency
appendectomy is no longer considered the only treatment
alternative for patients with uncomplicated acute appendicitis, the emphasis has shifted from solely assessing whether a
patient has appendicitis or not toward differentiating between
uncomplicated and complicated acute appendicitis.
Imaging has become standard in appendicitis diagnosis,
reducing both the negative appendectomy rate and overall
treatment costs. Although an ultrasound is often used in the
pediatric population to avoid the dangers of radiation, a CT
scan is the most accurate way to diagnose appendicitis in
adults.

The Finnish authors of the recent article studied patients
treated between April 4, 2017 and November 27, 2018 at
Turku University Hospital, Finland. The hospital admitted a
total of 989 patients to the emergency room with suspected
acute appendicitis. Some 53% per cent underwent low-dose
CT scans and 47% were diagnosed with standard-dose CT
scans. Researchers found the overall accuracy of low-dose
and standard-dose CT scans in identifying patients with and
without acute appendicitis was 98% and 98.5% respectively.
The accuracy for differentiating between uncomplicated and
complicated acute appendicitis using the different types of CT
scans was 90.3% and 87.6% respectively.
This study shows that low-dose and standard-dose CT
scans were accurate both in identifying appendicitis and in
differentiating between serious cases requiring surgery and
those that can be treated with antibiotics alone.
The researchers found that low- and standard-dose CT
were accurate both in identifying appendicitis and in differentiating between uncomplicated and complicated acute
appendicitis. Low-dose CT was associated with a significant
radiation dose reduction, suggesting that it should be standard
clinical practice at least in patients with a BMI below 30 kg/m2
“The results of this study suggest that the diagnostic CT scan
radiation dose can be significantly decreased without impairing diagnostic accuracy”, said the paper’s lead author, Paulina
6
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Salminen. “These findings will hopefully encourage physicians
to implement low-dose CT modalities at emergency departments for acute appendicitis imaging to avoid unnecessary
radiation in this very large patient population.”
https://doi.org/10.1093/bjs/znab383

Development of AI-based technology
for producing CT images based
on MRI
Transcranial focused ultrasound (tFUS) is a promising
non-invasive technique for treating neurological and psychiatric disorders based on delivering ultrasound energy to
a specific area of the brain without opening the skull. One of
the challenges for tFUS is the disruption of wave propagation
through the skull. Consequently, despite the risks associated
with exposure to ionizing radiation, computed tomography
(CT) is usually employed to estimate the acoustic transmission
through the skull. However, there have been concerns about
the safety of CT scans, during which radiation exposure is
inevitable, especially in pediatric and pregnant patients.
A team of researchers from the Bionics Research Center
at the Korea Institute of Science and Technology (KIST) have
developed an artificial intelligence technology to generate CT
images based on MRI images and conducted a simulation
experiment. The results of the study have just been published
(Koh H et al., Acoustic simulation for transcranial focused ultrasound using GAN-based synthetic CT IEEE J Biomed Health
Inform. 2021; http://dx.doi.org/10.1109/JBHI.2021.3103387)
and show that the transcranial focused ultrasound procedure
could be performed with MRI alone.
Efforts have been made to obtain cranial information from
MRI images, but special coils for the MRI or imaging protocols that are not widely available in the medical field are
required. As an alternative, interest for acquiring artificial
intelligence-based CT images has been high worldwide, but
their clinical efficacy has not been proven. The KIST research
team proved that CT images obtained by artificial intelligence
have clinical utility.

Schematic diagram of training and test flow. Image courtesy of Korea Institute of
Science and Technology(KIST)

The KIST research team developed a three-dimensional
conditional adversarial generative network that learns the
nonlinear CT transformation process from T1-weighted MRI
images, which is one of the most commonly used images
in the medical field. The team devised a loss function that
minimizes the Hounsfield unit pixel variation error of the CT
images, and also optimized the neural network performance
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by comparing the changes in quality of the synthetic CT
images according to the normalization methods of MRI image
signals, such as Z-score normalization and partial linear histogram matching normalization.
For safe and effective ultrasound treatment, it is imperative
to understand each patient’s skull density ratio and skull thickness in advance, and when these skull factors were obtained
via the synthetic CT, both factors showed >0.90 correlation
with the actual CT. There was no statistically significant difference. Moreover, when simulated ultrasound treatment was
performed, the ultrasound focal distance had an error of less
than 1 mm, the intracranial peak acoustic pressure had an
error of approximately 3.1%, and the focal volume similarity
was approximately 83%. This demonstrated that the transcranial focused ultrasound treatment system can be performed
with only the MRI image.
Dr.. Hyungmin Kim of KIST stated that “patients can
receive focused ultrasound treatment without being worried
about radiation exposure, and as the additional imaging and
alignment processes can be omitted, this will reduce staff workload, leading to a reduction in time and economic costs.” He also
stated that “through follow-up studies on identifying the error
associated with the ultrasound parameters and transducers
and understanding the possibility of artificial intelligence CT
application in various parts of the body, we plan to continue
developing the technology for its applicability in various treatment technologies.”
http://dx.doi.org/10.1109/JBHI.2021.3103387

MRI-derived clear cell likelihood
score correlates with renal mass
growth rate
According to a recent publication (Rasmussen RG et al.
Association of Clear Cell Likelihood Score on MRI and Growth
Kinetics of Small Solid Renal Masses on Active Surveillance AJR
Am J Roentgenol.2021 Nov 24;1-10. http://dx.doi.org/10.2214/
AJR.21.25979) the standardized non-invasive clear cell likelihood score (ccLS) — derived from MRI — correlates with the
growth rate of small renal masses (cT1a, <4 cm) and may help
guide personalized management.

Coronal T2-weighted single shot fast spin echo and coronal T1-weighted fat-saturated
spoiled gradient echo acquired during corticomedullary phase--ccls5 lesion outlined
red for clarity. Image courtesy of AJR Am J Roentgenol
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“Extracted from clinical reports, the ccLS scores the likelihood that the small renal mass represents clear cell renal cell
carcinoma, from 1 (very unlikely) to 5 (very likely),” explained
corresponding author Ivan Pedrosa from the University of
Texas Southwestern Medical Center at Dallas. “Small renal
masses with lower ccLS may be considered for active surveillance, whereas small renal masses with higher ccLS may warrant
earlier intervention.”
Pedrosa and colleagues’ retrospective study included consecutive small renal masses assigned a ccLS on clinical MRI
examinations performed between June 2016 and November
2019 at an academic tertiary-care medical center or its affiliated safety net hospital system. Tumor size measurements
were extracted from available prior and follow-up cross-sectional imaging examinations, through June 2020.
Among 389 small renal masses in 339 patients (198 men,
141 women; median age, 65 years) on active surveillance that
were assigned a ccLS on clinical MRI examinations, those with
ccLS4-5 grew significantly faster (9% diameter, 29% volume
yearly) than those with ccLS1-2 (5% diameter, p<.001; 16%
volume, p<.001) or ccLS3 (4% diameter, p<.001; 15% volume,
p<.001).
Noting that the lack of validated imaging markers to characterize biologic aggressiveness of small renal masses hinders
medical decision making among available initial management strategies, “growth is associated with ccLS in small renal
masses,” the authors reiterated, “with higher ccLS correlating
with faster growth.”
http://dx.doi.org/10.2214/AJR.21.25979

Preoperative Chest CT improves
assessment of postoperative
mechanical ventilation
Postoperative prolonged mechanical ventilation is associated with increased morbidity and mortality. Reliable predictors of postoperative mechanical ventilation after abdominal
or pelvic surgeries are lacking.
A recently published article (Canan A et al Preoperative
Thoracic CT Findings Associated With Postoperative Mechanical
Ventilation in Patients Undergoing Major Abdominal or Pelvic
Surgery: A Matched Case-Control Study AJR Am J Roentgenol
2021 Sep http://dx.doi.org/10.2214/AJR.21.26411) shows that
preoperative thoracic CT findings can be used to improve
risk assessment for the need of postoperative mechanical
ventilation in patients undergoing major abdominal or pelvic
surgery.
“Many patients undergo thoracic CT before abdominal or
pelvic surgery; the CT findings may complement preoperative
clinical risk factors,” wrote first author Arzu Canan from the
University of Texas Southwestern Medical Center in Dallas.
Canan and colleagues’ single-center retrospective study
included patients who underwent preoperative thoracic CT
for abdominal or pelvic surgeries requiring general endotracheal tube anesthesia between January 1, 2014 and December
31, 2018. Cases were patients who required postoperative
mechanical ventilation, and both control and case patients
were matched at a 3:1 ratio based on age, sex, body mass

E U R O P E
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PreOP CT

62-Year-Old Woman Who Underwent Hysterectomy for Uterine Cancer.
Sagittal chest CT images demonstrate measurement of right (A) and left (B) lung
length at hilar level from apex to diaphragmatic dome. Right lung length was 20.1
cm for reader 1 and 20.0 cm for reader 2; left lung length was 21.7 cm for reader
1 and 21.3 cm for reader 2.
The patient did not require postoperative mechanical ventilation.

index, chronic obstructive pulmonary disease, smoking
status, and surgery type. Two radiologists reviewed the CT
scans.
In a matched case-control study of 165 patients (70
female, 95 male; mean age, 67 years; 42 cases, 123 matched
controls) who underwent major abdominal or pelvic surgery, independent predictors (p<.05) of postoperative
mechanical ventilation using preoperative thoracic CT
included bronchial wall thickening (exhibited odds ratio
[OR]=4.8), pericardial effusion (OR=5.3), shorter lung
height (OR=0.8 per cm increase), and greater anteroposterior chest diameter (OR=1.2 per cm increase).
“Bronchial wall thickening was the only qualitative parameter involving the lung parenchyma that differed between the
case and control groups for both readers, with significantly
increased need for postoperative mechanical ventilation in
patients with bronchial wall thickening,” the authors added.
http://dx.doi.org/10.2214/AJR.21.26411

NIST-led study finds variations
in quantitative MRI scanners’
measurements
Magnetic resonance imaging (MRI) is widely used in
medicine to detect, diagnose and treat diseases such as
cancer, while relying on experts interpretation of images.
Quantitative MRI, which obtains numerical measurements
during the scans, can now potentially offer greater accuracy,
repeatability and speed — but rigorous quality control is
needed for it to reach its full potential, according to a new
study (Keenan KE et al Multi-site, multi-platform comparison of MRI T1 measurement using the system phantom PLoS
One2021 Jun 30;16(6):e0252966. http://dx.doi.org/10.1371/
journal.pone.0252966)
Researchers at the National Institute of Standards and
Technology (NIST) led the study by 11 institutions comparing measurements by 27 MRI scanners from three vendors
8
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at nine clinical sites around the U.S.A. To obtain reference
values and disentangle sources of bias and variation, the
study used a phantom, originally developed at NIST for
evaluating the performance of MRI machines and related
software.
Traditional MRI poses several challenges. In addition to
subjective image analysis, MRI scanner performance may
drift, or different machines may produce contradictory
images of the same patient.
Quantitative MRI offers prospects for more consistent
disease detection, diagnosis and treatment without the
need for tissue biopsy. Ideally, numerical measurements
of tumors and other disease markers could be reproduced
across many different patients, scanners and clinics over
time -- and potentially reduce medical costs. Organizations
such as the International Society for Magnetic Resonance
in Medicine are promoting quantitative MRI, but it is currently used only in research, not routine patient care.

An example coronal slice of the ISMRM/NIST system phantom through the NiCl2
array and resulting segmentation. (A) The shortest inversion time image used for
identification of sample spheres and (B) the segmentation with sample sphere
centers identified.

The new study compared MRI scanner T1 measurements ,a property of water molecules that can depend on
the surrounding tissue. T1 of the pixels in images is one of
the parameters that could be measured by clinical MRI systems. By contrast, subjective interpretations of MRI images
look at “T1-weighted” judgments, which are qualitative and
non-numerical.
“A big difference between the T1 and current T1-weighted
is that the T1-weighted isn’t quantitative,” study leader Katy
Keenan of NIST said. “The pixel values themselves cannot
be compared to pixel values in other datasets. It is not easy to
compare T1-weighted data across datasets. In the case of carefully acquired T1, comparison of the pixel values is possible,
because they have a quantitative meaning.”
The study found that T1 measurements can be subject
to significant bias and variation. There was no consistent
pattern of discrepancy between vendors, and as a result, a
diagnostic threshold value determined on one MRI system
can’t be transferred to other MRI systems. In some cases,
these variations could make a clinical difference in diagnosing a benign versus a malignant brain tumor, seriously
affecting patient care, the study found.
As a remedy, the study recommended establishing rigorous quality control procedures for quantitative MRI to promote confidence and stability in measurement techniques
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and to transfer measurement thresholds for diagnosis, disease progression, and treatment monitoring from
research venues to the entire clinical
community. The study results echo
previous findings by other researchers.
Earlier efforts to use T1 values to
categorize brain tumors were impeded
by technical inconsistencies and found
to be unreliable. But recent advances
in quantitative measurement methods
have led to improvements in accuracy,
repeatability and acquisition speed.
The new study is a step toward applying diagnostic threshold T1 measurement across multiple clinical sites.
http://dx.doi.org/10.1371/journal.
pone.0252966

Automating brain MRI
image labelling

Researchers from the School of
Biomedical Engineering & Imaging
Sciences at King’s College London
have automated brain MRI image
labelling, needed to teach machine
learning image recognition models, by
deriving important labels from radiology reports and accurately assigning them to the corresponding MRI
examinations. Now, more than 100,00
MRI examinations can be labelled in
less than half an hour.
Recently published, this is the first
study allowing researchers to label
complex MRI image datasets at scale
(Wood DA et al. Deep learning to automate the labelling of head MRI datasets for computer vision applications
Eur Radiol2021. http://dx.doi.org/doi:
10.1007/s00330-021-08132-0)
The researchers say it would take
years to manually perform labelling of
more than 100,000 MRI examinations.
Deep learning typically requires
tens of thousands of labelled images to
achieve the best possible performance
in image recognition tasks. This represents a bottleneck to the development
of deep learning systems for complex image datasets, particularly MRI
which is fundamental to neurological
abnormality detection.
Senior author, Dr. Tom Booth from
the School of Biomedical Engineering
& Imaging Sciences at King’s College
London said: “By overcoming this bottleneck, we have massively facilitated
future deep learning image recognition
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tasks and this will almost certainly accelerate the arrival into the clinic of automated brain MRI readers. The potential
for patient benefit through, ultimately,
timely diagnosis, is enormous.”
Dr. Booth said their validation was
uniquely robust. Rather than evaluating their model performance on
unseen radiology reports, they also
evaluated their model performance on
unseen images.
“While this might seem obvious, this
has been challenging to do in medical
imaging because it requires an enormous team of expert radiologists.
Fortunately, our team is a perfect synthesis of clinicians and scientists,” Dr.
Booth said.
Lead Author, Dr. David Wood from
the School of Biomedical Engineering
& Imaging Sciences said: “This study
builds on recent breakthroughs in natural language processing, particularly the
release of large transformer-based models such as BERT and BioBERT which
have been trained on huge collections
of unlabeled text such as all of English
Wikipedia, and all PubMed Central
abstracts and full-text articles. In the
spirit of open-access science, we have
also made our code and models available to other researchers to ensure that
as many people benefit from this work
as possible.”
The authors say that while one barrier has now been overcome, further
challenges will be, firstly, to perform
the deep learning image recognition
tasks which also have multiple technical challenges; and secondly, once this
is achieved, to ensure the developed
models can still perform accurately
across different hospitals using different scanners.

Dr. Booth said: “This study was
possible thanks to a very broad team
of experts who are working on these
challenges. There is a huge base of supporting organizers and facilitators who
are equally important in delivering this
research. Obtaining clean data from
D I
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multiple hospitals across the UK is an
important step to overcome the next
challenges. We are running an NIHR
portfolio adopted study across the UK
to prospectively collect brain MRI data
for this purpose.”
http://dx.doi.org/doi:10.1007/s00330021-08132-0

MRI study shows rugby
may be associated
with changes in brain
structure

Participation in elite/professional
adult rugby may be associated with
changes in brain structure.
This is the finding of a study of
44 elite rugby players, almost half of
whom had recently sustained a mild
head injury while playing. (Zimmerman
KA et al White matter abnormalities in
active elite adult rugby players Brain
Commun2021;3(3):fcab133.http://
dx.doi.org/10.1093/braincomms/
fcab133).
The research found a significant
proportion of the rugby players had
signs of abnormalities to the white matter, in addition to abnormal changes in
white matter volume over time.
Professor David Sharp, senior
author from Imperial’s Department of
Brain Sciences, said: “Despite relatively
high rates of head injury and an increasing focus on prevention, there has been
relatively little research investigating the
long-term effects of rugby participation.
Our research using advanced MRI suggests that professional rugby participation can be associated with structural
changes in the brain that may be missed
using conventional brain scans. What is
not clear at this stage is the long-term
clinical impact of these changes.”
The study assessed 41 male players,
and three female. All underwent an
MRI exam (SWI and DTI) and around
half of the subjects then had a second
MRI scan a year later.
The rugby players were compared to
athletes in non-collision sports, as well as
individuals who were not athletes.
Among the group of rugby players, 21 were assessed shortly after
sustaining a mild traumatic brain
injury. In professional rugby union,
these types of head injuries, which
often cause concussions, are the most
9
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MRI, hybrid imaging outperform
conventional tests for small cell
lung cancer staging

common reported match injury - accounting for one in
five injuries.
The results revealed that 23 percent of all of the rugby players showed abnormalities to their cell axons or small tears in
blood vessels, microbleeds. These changes were seen in both
players with and without a recent head injury.
The research team also asked the players to complete assessments, such as memory tests, to analyze their brain function.
The results revealed that players with abnormalities in their
brain structures did not perform worse than players without
abnormalities. The study team add that long-term studies are
needed to investigate the long-term effects on brain health.
They add that other health benefits of sports participation
must also be taken into account when assessing impact on the
brain health.
Mr. Karl Zimmerman, lead author of the research, from
Imperial’s Department of Brain Sciences, said: “The implications on an individual level of the brain changes associated with
elite rugby participation are unclear, although obviously it is
concerning to see these changes in some of the players’ brains. It
is important to note that our results in adult professional rugby
union and league players are not directly comparable to those
who play at local or youth levels. The overall health benefit of
participating in sports and physical exercise have been well
established including the reduction in mortality and chronic
diseases such as dementia. Long-term studies are now needed of
both active and retired rugby players to investigate the effect of
participation on long-term brain health.”
Dr. Simon Kemp, Medical Services Director at the Rugby
Football Union (RFU) added: “We welcome any research that
helps to advance our knowledge. While it is unclear from the
research what the individual long-term implications are regarding the brain changes seen in these advanced imaging techniques, it is clearly a priority to investigate this further. To further
develop our understanding the Rugby Football Union (RFU),
will be providing a specialist clinical service for the assessment
and management of retired elite male and female rugby players between the ages of 30-55 to individually assess their brain
health. An integrated research programme will review the risk,
causes, assessment and management of brain problems for those
who have participated in elite rugby.”
http://dx.doi.org/10.1093/braincomms/fcab133.
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Whole-body MRI and FDG PET/MRI have shown
encouraging results for staging of thoracic malignancy, but
are poorly studied for staging of small cell lung cancer
(SCLC). A recent study (Ohno Y et al Small Cell Lung Cancer
Staging: Prospective Comparison of Conventional Staging
Tests, FDG PET/CT, Whole-Body MRI, and Coregistered
FDG PET/MRI. AJR Am J Roentgenol 2021 Dec 8. http://
dx.doi.org/10.2214/AJR.21.26868) shows that MRI—with or
without FDG PET coregistration—can improve the staging
of patients with SCLC
“FDG PET/CT, whole-body MRI, and coregistered FDG
PET/MRI outperformed conventional tests for various staging endpoints in patients with SCLC,” concluded first
author Yoshiharu Ohno of the Fujita Health University
School of Medicine in Japan. Whole-body MRI and FDG
PET/MRI outperformed FDG PET/CT for T category
and thus TNM stage,
“indicating utility
of MRI for assessing
extent of local invasion in SCLC.”
Ohno and colleagues’ prospective
study included 98
patients (64 men,
34 women; median
age, 74 years) with
SCLC who underUsing standard diagnosis for the patient,
went conventional
TNM stage was IIIA (T3N2M0) and Veterans
Administration Lung Cancer Study Group stage staging tests (brain
MRI; neck, chest,
was Limited Stage (LS)
Above image shows coronal fused image from and abdominopelvic
integrated FDG PET/CT shows primary lesion in CT; bone scintigright hilum (thick arrow) and mediastinal lymph
raphy), FDG PET/
node metastasis (thin arrow). Conventional imaging accurately assessed LS disease, but incor- CT, and FDG PET/
rectly assessed patient as stage IIIA (T2bN2M0). MRI within 2 weeks
Image courtesy of CREDIT
before
treatment.
American Roentgen Ray Society (ARRS), American After
MRI techJournal of Roentgenology (AJR)
nologists performed
coregistration via
proprietary software,
two nuclear medicine physicians and two chest radiologists independently reviewed the examinations in
separate sessions.
In patients with SCLC, accuracy for T category was
higher (p<.05) for whole-body MRI (94.9%) and FDG PET/
MRI (94.9%) than for FDG PET/CT (85.7%). Meanwhile,
TNM stage accuracy was higher (p<.05) for whole-body
MRI (88.8%) and FDG PET/MRI (86.7%) than for FDG
PET/CT (77.6%) and conventional staging tests (72.4%).
“These additional observations may relate to a superior
role of MRI in assessing the extent of local soft tissue invasion
by tumor, as has been observed in settings other than SCLC
http://dx.doi.org/10.2214/AJR.21.26868
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Photon - counting: a quantum
leap in the improvement of CT
performance

The technology of photon - counting as a detector for CT
scanners has been available in research fields for some
time. Now, technological advances have enabled the technology to be incorporated into the world’s first commercially available CT scanner equipped with photon counting detectors, the NAEOTOM Alpha system from Siemens
Healthineers. The new system enables the full potential of
photon counting to be realized in clinical applications and
has the promise to provide a quantum leap in the perforProf. H Alkadhi, head of the
Computed Tomography and
mance characteristics of modern CT scanners.
Cardiovascular Imaging section
We wanted to find out more about the prospects for CT
of the Institute of Diagnostic
Interventional Radiology at
with photon-counting detectors and their advantages over and
the University Hospital Zurich,
conventional systems, so we spoke to Prof. H Alkadhi, head Switzerland.
of the Computed Tomography and Cardiovascular Imaging
section of the Institute of Diagnostic and Interventional
Radiology at the University Hospital Zurich, Switzerland. As the first center in
the world to be equipped with the new NAEOTOM Alpha, Prof Alkadhi’s group
has played a leading role in the clinical evaluation of photon-counting CT.

Q

Before we get into the performance of photon-counting
detection systems in clinical applications, can you
remind us of the principles behind the technology?
Yes. There is a lot of advanced physics involved but the basic
principles can be explained simply in a diagram. As you can
see from Figure 1, current conventional energy integrating
detectors (EID) use a two-step conversion of X-ray photons
into an electric signal. Unfortunately this conversion process is associated with an information loss. In particular,
the information regarding the energy of each individual
X-ray photon is lost (hence the term energy integrating).
Currently the only way to get around this is through the
use of dedicated dual-energy techniques, all of which have
their own downsides.
Photon-counting detectors overcome these limitations by
being able not only to count individual X-ray photons but
also to simultaneously measure their energies without any
compromise in performance [Figure 2]. Additionally, photon-counting detectors give an increase in spatial resolution
without sacrificing the dose efficiency of the detectors.
(With EIDs, increased spatial resolution often comes along
with the drawback of requiring higher radiation doses).
As you alluded to in the introduction, photon-counting
12
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techniques have indeed been around for some time as
research systems in the fields of high-level physics and
of precision engineering, where the potential of the technology was first identified. The challenge to develop the
technology from the research prototype level to that of a
robust detector in a whole-body CT capable of handling
the rigors of daily clinical imaging was, as I understand it,
the choice, and production of the semi-conductor material
capable of directly converting X-ray photons into electrical pulses which is at the very heart of the detector. This
material must possess several very important properties: it
must have extremely good signal stability, both short- and
long-term, high X-ray absorption capacity and, last but not
least, be available at a reasonable price. The engineers of
our partner Siemens Healthineers have been working in
all these areas for nearly the past 20 years and have finally
overcome the challenges. Their development work led them
to choose ultra-pure crystals of cadmium telluride (CdTe)
for the detector material. These CdTe crystals are now being
produced in industrial amounts in Siemens Healthineers
factories at a purity of 99.9999%.
The core of the technology is of course embedded in the
detector itself, but you mustn’t think that a simple “part
exchange” swap can replace the conventional detector in an
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Figure 1. Operating Principle - Energy Integrating Detector ( EID). Conventional
EIDs convert X-rays into an electrical signal in a two-step process. First a scintillator
layer (GOS) converts X-rays into visible light. Photodiodes then convert light into an
electircal current

Hospital Zurich, we — and our patients — have been privileged to have high-end CT scanners (such as third generation
dual-source CT) available for clinical routine and research over
many years, so we were able to incorporate the new system into
our routine very easily.
Although until the installation of our new NAEOTOM Alpha
in March we didn’t have a prototype photon-counting CT
system actually installed here in Zurich, we were involved in
the carrying out of some key experimental examinations using
a prototype system at the Siemens Healthineers R&D headquarters in Forchheim, Germany. For example, we were able to
evaluate the high resolution capabilities of the prototype system
for visualization of coronary stents, work which we published
in Investigative Radiology a couple of years ago [1]. We also
carried out some other work on the multi-energy capabilities
of the prototype system for determining bone mineral density
based only on the topogram [2]
Thus, while we were not involved per se in the in-house development process of the new photon-counting CT in Siemens
Healthineers’ R&D facility, nevertheless through our many
research projects with Siemens and especially now with the first
clinical system being installed in our hospital, I’m glad that our
input contributed to the overall development of the system. We
clinicians provided a continuous feedback to the engineers and
physicists at Siemens Healthineers, and I’m happy to say that the
information flow was bi-directional.

Q

Figure 2. Operating Principle - Photon Counting Detector. Certain semi-conductor
materials such as Cadmium Telluride (CdTe) can directly convert X-rays into an electrical current. Each photon can be detected individually and its energy measured.

existing CT system by the new photon-counting detector — the
whole CT system has to be engineered and built from scratch
around the new technology. For example, the new detector generates high data rates; these data have to be transferred from the
rotating part of the gantry to the image reconstruction system.
To achieve this some sophisticated engineering is needed — a
completely new data chain had to be developed that can transfer
five times more data than the previous system.

Q

Now let’s get onto the NAEOTOM Alpha. Since when have
you been using the system?

The NAEOTOM Alpha was installed in our department end
of March 2021. Right from day one, we used it in our daily
clinical routine program. It should be said that at the University
DECEMBER 2021
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To get back to the system itself - what are its specifications?

As I said earlier, the system was designed as new completely
from scratch —it is a dual-source CT with two photon-counting
detectors each with 6 cm z-coverage and a bore size of 82 cm. It
offers 0.25s rotation speed which yields 66 ms direct temporal
resolution from actually measured data and a volume coverage
of 747 mm/s. In the research mode you can measure up to 4
energy thresholds simultaneously. In principle, all tube voltages
from 70 kV to 140 kV can be used, as well as pre-filtration with
tin filters.
The scan protocols are sub-divided into so-called “Quantum”
and “Quantum plus” protocols. Quantum allows reconstruction
of monoenergetic images as standard, whereas in the Quantum
Plus protocol, the whole spectrum of quantitative spectral applications such as iodine mapping, etc., can be carried out.
Because of the different technical characteristics of the photoncounting detector system, a new iterative reconstruction algorithm known as “quantum iterative reconstruction”, or QIR had
to be developed — another example of how the new system is
not just a detector update of an already existing CT system.
We use the QIR algorithm in clinical routine for all image
reconstructions,.
However, despite the fact that the scanner itself is of a brandnew design, the user interface is the same as that on other
top-of-the range CTs from Siemens Healthineers, such as the
SOMATOM X.Cite. Thus, for our technologists/radiographers,
there was in practice almost no learning curve needed regarding
the operation of the new system.
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detector CT system provides us with additional opportunities
to reduce radiation dose even further without any compromise
in image quality.

Seen here without its cover panels, the new NAEOTOM Alpha is a totally new CT
designed from scratch, not just an existing CT fitted with new detectors.

Q

From a purely theoretical point of view, photon-counting detection can provide several advantages, including
improved image quality, lower noise, increased contrast to noise
ratio, higher spatial resolution, higher dose efficiency, improved
material decomposition capability, spectral information. As a clinician, which of these advantages are the most appealing for you and
for which applications?
It’s impossible to pick out one of these aspects and proclaim it
as the single outstanding feature of the new system. The benefits of the scanner depend on the body region/organ being
examined and the original indication for the examination of
the patient, so choosing a single technological property as being
the most important doesn’t make sense, all the more so since
these properties can often be combined synergistically with each
other. Thus, when we’re talking about high resolution imaging
of very small structures, such as the temporal bone or small
vessel stents, the ultra-high-resolution (UHR) mode with a 0.2
mm resolution is extremely useful. However when we’re dealing
with material decomposition and spectral imaging, such as in
oncology or cardiology, e.g. imaging of the myocardium, the
scanner’s spectral multi-energy mode comes into its own. The
low noise and high contrast-to-noise ratio benefits are of course
beneficial for all applications, and they also enable the radiation dose to be lowered and/or the amount of contrast media
required to be reduced.
And while we’re on the subject of radiation dose, it’s true that,
with the development from one conventional CT scanner generation to the next, radiation doses continuously decrease, especially when we make full use of the many options that are
already available with modern scanners. However given that
even the lowest amounts of radiation are potentially harmful, it
should always be our aim as radiologists to keep the radiation
dose of each CT examination as low as possible, while of course
still taking care that the diagnostic usefulness of the images is
maintained. Clearly, the topic of lowering the radiation dose
is particularly important in younger/pediatric patients and in
screening programs. Therefore, radiation dose optimization
remains our daily duty to our patients, and current high-end CT
machines meet this clinical requirement. The photon-counting
14
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Before we leave the subject of the individual features of the
new system, let me pick up again on the high spatial resolution aspect. As I said this is really useful when we’re examining
small anatomical structures such as the temporal bone or small
vessels and stents. However another benefit arising from high
resolution is the potential in cardiovascular imaging to reduce
blooming artifacts from dense calcifications or stent struts. We
know from previous experiments that as the spatial resolution is
increased there is an improvement in visualization of the lumen
of calcified arteries and of the in-stent lumen. Based on my
initial experiences with the UHR mode in the photon-counting
CT, I believe that we will soon be able to tackle with the photoncounting CT lower extremity and coronary arteries affected by
advanced atherosclerotic disease. In such cases, current coronary CT angiography suffers from limited specificity mainly
because of advanced calcifications. With the new CT scanner, it
looks as though this may no longer be the case.

Q

Since photon-counting detection has the capability to
weight detected photons according to their energy, the
theoretical prospect of multi-energy imaging is now opened up.
How real is this prospect and what could be the clinical significance
of this?
The spectral information that is inherent within all the data generated by the photon-counting detectors can be fully exploited
in clinical routine with the new scanner which enables dualor multi-energy post-processing to be carried out after every
acquired scan. The practical result of this sequence of operations
is that there is no need to decide up-front on a particular dedicated
protocol prior to the actual scanning itself. Instead, all acquired
image data can be post-processed afterwards depending on the
particular clinical interest. I predict that the main applications of
this dual- or multi-energy technique will be in several areas, such
as myocardial imaging, e.g. for the quantification of extracellular
volume in the myocardium or for viability imaging; in imaging
of the lung, where iodine lung perfusion information could be
available in each scan; and in oncology, e.g. in functional imaging of tumors to predict their aggressiveness or likely response to
therapy, as well as in early monitoring of the tumor’s response to

The NAEOTOM Alpha was recently granted 510(k) clearance by the FDA.
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treatment based on iodine perfusion.
of investigation. Our department has a detectors, provided of course that the
Yet another fantastic option is the pos- high case load in chest and abdominal as costs of the scanners can be kept within
sibility — also based on the dual-energy well as in cardiovascular imaging. These an affordable range.
feature — of removing vessel wall calcifi- happen also to be the body regions with Even now at this early stage of clinical
cations, an option known as “pure lumen”, which we have most research experience, evaluation, the advantages of the phowhich is available with
ton-counting detectors are
“... just like with any new technology that has clear
the new CT scanner.
so clear and overwhelmOur initial results are
benefits, after its initial evaluation at the high-end, the ing that I cannot imagine
very positive in this
that EID-based CT systems
benefits will surely trickle down to the rest of
area and suggest that
will still survive much lonimaging applications...”
this approach will be
ger than the middle term
very promising.
future.
built up over decades, and where, on the In addition we know that the technology
You have already evaluated the pho- grounds of the theoretical potential of is not just applicable for high-end, very
ton-counting system in many clini- the new detector technology, we expected specialised niche imaging applications.
cal applications, ranging from bone mineral considerable performance improvement We are convinced that, just like with any
density; coronary calcium scoring; stenosis with the new CT scanner.
new technology that has clear benefits,
assessment; abdominal CT and pulmonary However we do not intend to limit our- after its initial evaluation at the high-end,
nodule evaluation and published your find- selves to these areas: future topics where we the benefits will surely trickle down to the
ings [3,4,5,6,7,8]. What were the reasons intend to evaluate the new system will be in rest of imaging applications.
for choosing these areas of investigation?
head and neck imaging; brain imaging, and
imaging of the extremities. We will then REFERENCES
I should have said earlier that a lot of our also move on from the first technical evalu- 1. Mannil M, Hickethier T, von Spiczak J, Baer M,
Henning A, Hertel M, Schmidt B, Flohr T, Maintz D,
evaluation of the new scanner was carried ation to a rigorous assessment of diagnostic Alkadhi H. Photon-Counting CT: High-Resolution
out according to the terms of the “Clini- accuracy, followed by studies analyzing the Imaging of Coronary Stents Invest Radiol. 2018 Mar;
cal Use Test Phase” which was in appli- impact of photon-counting detector CT 53(3): 143-149.
h t t p : / / d x . d o i . o r g / 1 0 . 1 0 9 7 /
cation for most of the work we carried imaging on clinical management and treat- RLI.0000000000000420.
out. One of the main, deliberate, aims ment decisions which is where the ultimate 2.Nowak T, Eberhard M, Schmidt B, Frey D, Distler
O, Saltybaeva N, Alkadhi H & Euler A Bone Mineral
of such a “clinical use test phase” is to clinical value will be revealed.
Density Quantification from Localizer Radiographs:
introduce a new device, in this case the
Accuracy and Precision of Energy-integrating Detector
new CT scanner, as quickly as possible
In practice how do you schedule CT and Photon-counting Detector CT 2021 Radiology;
298(1):147-152.
into daily clinical routine, as opposed to
patients for examination on the http://dx.doi.org/10.1148/radiol.2020202767.
reserving the new system for an exclu- PCCT versus the conventional EID detec- 3. Euler A et al. Assessment of Bone Mineral Density
sive, limited research program. So in a tors. Do you need a dedicated team of tech- From a Computed Tomography Topogram of PhotonCounting Detector Computed Tomography-Effect of
way the case load determined the areas nologist only for the PCCT system?
Phantom Size and Tube Voltage. Invest Radiol. 2021;

Q

Q

In our department, all our technologists can operate all of our CT scanners,
including the PCCT system and EID-CT
machines. Currently, we allocate patients
to the various scanners according to the
clinical indication. For example all cardiovascular imaging examinations are scanned
on the PCCT system. These cases include
coronary CT angiography, CT for imaging structural heart disease, CT prior to
minimally invasive cardiac interventions,
and CT angiography of the aorta. Also, we
are using the new system for certain chest
and abdominal CT examinations, so as to
explore the benefits of the system in terms
of image quality and accuracy.
The system enables spectral imaging for cardiac scans
and evaluation of coronary arteries with spectral maps
(e.g. iodine concentration in the same scan) As a dual
source system, the new system provides a temporal
resolution down to 66 ms. Offering the full range of
spectral imaging evaluation at this speed paves the
way for diagnostic procedures that were previously
unthinkable.
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Q

Some radiologists/commentators
have been quoted as saying that “in
the future all CTs will use photon-counting
detectors”. Do you agree with this opinion?
Yes. I strongly believe that future CT
systems will only use photon-counting
D I
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