
www.birpublications.org

Selected articles covering imaging, 
radiation oncology and the 

underlying sciences

B E S T  O F
  BJR



The powerful new mobile X-ray unit that will deliver 
outstanding image quality in any environment

Fujifi lm’s new FDR nano is ultra-lightweight and ultra-mobile, 
enabling fast image acquisition in challenging environments 
such as OR, ER, ITU and neo-natal. The agility of the FDR nano 
reduces the need to move patients and speeds up workfl ow, while 
delivering excellent image quality courtesy of the patented imaging 
technologies Virtual Grid and Dynamic Visualization II.

www.fujifi lm.eu/uk

Where will you take yours?

FUJ0003 BJR Publication Adverts.indd   1 19/05/2017   15:21



1

birpublications.org

Published by:

Registered charity number: 215869

BIR Publications publishes BJR, an international journal 
covering medical imaging, radiation oncology, medical 
physics, radiobiology and the underpinning sciences, as well 
its open access sister title BJR|case reports and DMFR.  

Keeping in contact

publications@bir.org.uk

Our BIR|OPEN symbol is shown on open access articles. 

We hope you enjoy reading this collection of influential 
articles from recent issues of BJR and BJR|case reports. 

To get access to the articles selected for Best of BJR

www.birpublications.org/bob

@BJR_Radiology

Introduction 2
Spotlight on reviewers 4
BJR Editorial Board 6
BJR abstracts 7
BJR|case reports Editorial Board 21
BJR|case reports abstracts 22
British Institute of Radiology news 26
Puzzles 30
British Institute of Radiology books 32

Contents

New issue notifications www.birpublications.org/alerts



2

birpublications.org

For our 2017 edition of Best of BJR, we’ve extended 
the coverage to include articles from our sister journal, 
BJR|case reports. We’ve kept the briefcase-friendly 
size and created some more fun radiation-themed 
games for you to tackle when you’ve got a quiet 
moment to yourself (page 30). You’ll also find tips 
for reviewing manuscripts from our editors and news 
from the British Institute of Radiology.

Inside you’ll find abstracts from 13 BJR papers and 4 
BJR|case reports papers, representing a cross-section 
of the broad, multidisciplinary content that can be 
found in our BJR family of journals. Featured articles 
include a commentary on the use of “Big Data” in radi-
ation therapy, what happens to retained gadolinium 
in the brain and the feasibility of using a long single 
breath-hold in radiotherapy as featured on BBC News 
and AuntMinnie Europe. Use the code and instruc-
tions on page 1 to access the full articles for free.

It’s been another exciting and busy period for us 
where we welcomed Dr Simon Jackson as our medi-
cal Editor-in-Chief and said a fond farewell to Dr Nigel 
Hoggard. We published two successful special fea-
tures in BJR covering Interventional MSK procedures 
and Small Animal IGRT, with more coming soon. We 
are also delivering enhanced content to our readers 
with the launch of CPD exam questions and a series 
of podcasts.

BJR|case reports continues to go from strength to 
strength with over 300 articles published so far.  With 
that many case reports, you’re sure to find something 
that grabs your attention and don’t forget they are all 
free to read and share.

We hope you will join our growing list of international 
authors, readers and reviewers by reading articles, 
reviewing papers and publishing your next paper in 
one of our BJR family of journals.

We’re introducing the 
family! 
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Podcasts
Listen to our editors, authors and special guests 
discuss selected articles in BJR, as well as the 
latest topics on everyone’s lips within the field of 
imaging, radiation oncology and the underlying 
sciences.
Get further insight into the clinical implications 
of papers, as well as provide the opportunity for 
discussion within the community.

www.birpublications.org/podcasts

CPD questions
We now o¦er articles with CPD questions for our 
journals BJR and BJR|case reports. After reading the 
article, complete the associated CPD questions. 

Pass the test and you will be able to download a 
certificate for your records.

Want to write CPD questions to complement your 
own article?

Authors can add questions to their manuscript and 
they will be peer-reviewed at the same time as your 
paper.

www.birpublications.org/exams

To get access to the articles selected for Best of BJR

www.birpublications.org/bob
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Spotlight on reviewers

BIR and Publons partnership
BJR reviewers can simply opt-in to the Publons service when prompted 
during the review submission process. Receiving credit for your work is 
important at all stages of your career. 

For more details www.birpublications.org/publons 

Peer review matters. It demonstrates a commitment to improving research 
and is something to aspire to. The critical work reviewers do for us ensures 
the research we publish in the BJR family of journals is of the highest qual-
ity and interest to the field and helps us maintain our status as a reliable 
and prestigious destination for researchers to publish and read cutting 
edge science.

We believe all expert reviewers should get recognition for their peer review 
activities. To show our appreciation, we o¦er reviewers the following: 

How to become a reviewer
1. Register 
BJR: www.editorialmanager.com/bjr
BJR|case reports: www.editorialmanager.com/bjrcr

2. Choose your research interests 
These are in the personal classifications section. Our Editors use these to 
identify appropriate reviewers

Any questions?
Contact the Editorial O¨ce: bjro¨ce@bir.org.uk

Annual certificate

Acknowledging and 
detailing your work 
as a reviewer in the 

previous year.

Publons partnership

A free service for 
researchers to track, 
verify and showcase 
your reviewer and 

editor contributions.

Vouchers 

A £20 BIR voucher  
to put towards one 

of our books, events 
or your first BIR 

membership.
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Reviewing tips from our editors

Make sure to keep an 
eye on the deadline 
in order to submit 

your review in time.

Stephane Supiot

Avoid non-specific 
comments such as 
“This section should 

be shortened” or “I disagree 
with your methodology”.

Kevin Prise

Reviewers are in an 
important and privi-
leged position by act-

ing as a “consultant” to the 
editor. Offer your considered 
opinion as to the strengths 
and weaknesses of the paper 
and always remain profes-
sional in your assessment.

Simon Jackson

Whether you’ve just accepted your first invitation to review or you’re an 
experienced assessor with many reviews under your belt, you can always 
find ways to work smarter. 

We’ve put together this handy page of tips to help you on your way to 
becoming a superstar reviewer!

Don’t focus on gram-
matical or spelling 
errors. These can be  

corrected with use of a native-
English speaker review or dur-
ing the editorial process.

Amy Kotsenas

Number your com-
ments as this helps 
the authors answer 

queries and helps editors see 
the revisions.

Kieran McHugh

Read the paper all 
the way through 
and then try to write 

down in 2–3 sentences in your 
own words what the authors 
have studied and their main 
results. This helps me focus 
on whether the paper is 
clear and the research well 
described. It may also throw 
up questions about overall 
findings and omissions.

Rosalind Given-Wilson

Structure your review 
with the same sec-
tions as the paper. 

Provide comments for each 
of these sections in every 
review.

Stuart Taylor
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Abstracts

Big Data in radiation therapy: challenges and 
opportunities

Tim Lustberg, Johan van Soest, Arthur Jochems, Timo Deist, Yvonka 
van Wijk, Sean Walsh, Philippe Lambin and Andre Dekker

Data collected and generated by radiation oncology can be classified by the 
Volume, Variety, Velocity and Veracity (4Vs) of Big Data because they are spread 
across di¦erent care providers and not easily shared owing to patient privacy 
protection. The magnitude of the 4Vs is substantial in oncology, especially owing 
to imaging modalities and unclear data definitions. To create useful models ide-
ally all data of all care providers are understood and learned from; however, this 
presents challenges in the guise of poor data quality, patient privacy concerns, 
geographical spread, interoperability and large volume. In radiation oncology, 
there are many e¦orts to collect data for research and innovation purposes. 
Clinical trials are the gold standard when proving any hypothesis that directly 
a¦ects the patient. Collecting data in registries with strict predefined rules is also 
a common approach to find answers. A third approach is to develop data stores 
that can be used by modern machine learning techniques to provide new insights 
or answer hypotheses. We believe all three approaches have their strengths and 
weaknesses, but they should all strive to create Findable, Accessible, Interoper-
able, Reusable (FAIR) data. To learn from these data, we need distributed learn-
ing techniques, sending machine learning algorithms to FAIR data stores around 
the world, learning from trial data, registries and routine clinical data rather than 
trying to centralize all data. To improve and personalize medicine, rapid learning 
platforms must be able to process FAIR “Big Data” to evaluate current clinical 
practice and to guide further innovation.

10.1259/bjr.20160689 Volume 90³(Issue 1069)

Commentary
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Predicting risk factors for radiation pneumonitis after 
stereotactic body radiation therapy for primary or metastatic 
lung tumours

Mitsuru Okubo, Tomohiro Itonaga, Tatsuhiko Saito, Sachika Shiraishi, 
Ryuji Mikami, Hidetugu Nakayama, Akira Sakurada, Shinji Sugahara, 
Kiyoshi Koizumi and Koichi Tokuuye

Objective: To investigate risk factors for radiation-induced pneumonitis (RP) after 
hypofractionated stereotactic body radiotherapy (SBRT) in patients with lung 
tumours.

Methods: From May 2004 to January 2016, 66 patients with 71 primary or meta-
static lung tumours were treated with SBRT; these 71 cases were retrospectively 
analyzed for RP. To explore the risk factors for RP, the following factors were 
investigated: age, sex, performance status, operability, number of treatments, 
respiratory gating, pulmonary emphysema, tumour location and subclinical inter-
stitial lung disease (ILD). Irradiated underlying lung volumes of more than 5´Gy, 
10´Gy, 20´Gy and 30´Gy (Lung V5, V10, V20 and V30), mean lung dose and volumes 
of gross tumour volume (in cubic centimetre) and planning target volume were 
calculated for possible risk factors of RP.

Results: The median follow-up period was 32 months. RP of Grade 2 or more, 
according to the Common Terminology Criteria for Adverse Events v. 4.0, was 
detected in 6 (8.4%) of the 71 cases. Grade 5 RP was identified in two cases. Of 
the risk factors of RP, subclinical ILD was the only factor significantly associated 
with the occurrence of RP of Grade 2 or more (p´<´0.001). Both cases with Grade 
5 RP had ILD with a honeycombing image.

Conclusion: Subclinical ILD was the only significant factor for Grade 2–5 RP. In 
addition, the cases with honeycombing had a high potential for fatality related 
to severe RP. Patients with subclinical ILD should be carefully monitored for the 
occurrence of severe RP after SBRT.

Advances in knowledge: Hypofractionated SBRT for primary or metastatic lung 
tumours provides a high local control rate and safe treatment.

10.1259/bjr.20160508 Volume 90³(Issue 1073)

Full paper
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The changing paradigm of tumour response to irradiation 

Richard P Hill

Tumours contain multiple di¦erent cell populations, including cells derived from 
the bone marrow as well as cancer-associated fibroblasts and various stromal 
populations including the vasculature. The microenvironment of the tumour cells 
plays a significant role in the response of the tumour to radiation treatment. Low 
levels of oxygen (hypoxia) caused by the poorly organized vasculature in tumours 
have long been known to a¦ect radiation response; however, other aspects of the 
microenvironment may also play important roles. This article reviews some of the 
old literature concerning tumour response to irradiation and relates this to current 
concepts about the role of the tumour microenvironment in tumour response to 
radiation treatment. Included in the discussion are the role of cancer stem cells, 
radiation damage to the vasculature and the potential for radiation to enhance 
immune activity against tumour cells. Radiation treatment can cause a signifi-
cant influx of bone marrow-derived cell populations into both normal tissues and 
tumours. Potential roles of such cells may include enhancing vascular recovery as 
well as modulating immune reactivity.

10.1259/bjr.20160474 Volume 90³(Issue 1069)

Review article

Figure 9
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Pulmonary computed tomography findings in patients with 
chronic aspiration detected by videofluoroscopic swallowing 
study

Betina Scheeren, Edson Marchiori, Jorge Pereira, Gustavo Meirelles, 
Giordano Alves and Bruno Hochhegger

Objective: To demonstrate CT findings in patients with chronic aspiration com-
pared with a control group without aspiration, as detected by the videofluoro-
scopic swallowing study (VFSS).

Methods: This retrospective, observational study included patients with and with-
out diagnoses of aspiration confirmed by VFSS, who underwent CT examination 
of the lungs between 2010 and 2014. Two radiologists blinded to the presence 
of aspiration reviewed the images to detect the presence of any abnormality. 
Consensus was reached with a third radiologist. CT pulmonary findings (bronchial 
thickening, bronchiolectasis, centrilobular nodules, ground-glass opacities, atelec-
tasis, consolidation and air trapping) were compared between the groups using 
the χ2 test, with a significance level of 0.05.

Results: A total of 56 patients (28 patients with diagnoses of aspiration; 52% male, 
mean age 65´±´15 years) were included in the study. Patients with aspiration were 
more likely to than those in the control group to demonstrate atelectasis, centri-
lobular nodules, bronchiolectasis, consolidation and ground-glass opacities (all 
p´<´0.05), with a significant predilection for the lower lobes (p´<´0.001). Bronchial 
wall thickening and air trapping did not di¦er between groups.

Conclusion: Atelectasis, centrilobular nodules, bronchiolectasis, consolidation and 
ground-glass opacities occurred more frequently in patients with aspiration than 
in those without aspiration, with a pronounced tendency for distribution in the 
lower lobes.

Advances in Knowledge: CT findings of aspiration are very important, as pulmo-
nary symptoms may be the first manifestation of this disorder. Knowledge of 
these findings is essential to enable the early diagnosis of aspiration disorders and 
prevent lung damage.

10.1259/bjr.20160004 Volume 89³(Issue 1063)

Full paper
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Ultrasound-guided interventional procedures around the 
shoulder

Carmelo Messina, Giuseppe Banfi, Davide Orlandi, Francesca Lacelli, 
Giovanni Serafini, Giovanni Mauri, Francesco Secchi, Enzo Silvestri and 
Luca Maria Sconfienza

Ultrasound is an established modality for shoulder evaluation, being accurate, low 
cost and radiation free. Di¦erent pathological conditions can be diagnosed using 
ultrasound and can be treated using ultrasound guidance, such as degenerative, 
traumatic or inflammatory diseases. Subacromial–subdeltoid bursitis is the most 
common finding on ultrasound evaluation for painful shoulder. Therapeutic injec-
tions of corticosteroids are helpful to reduce inflammation and pain. Calcific tendi-
nopathy of rotator cu¦ a¦ects up to 20% of painful shoulders. Ultrasound-guided 
treatment may be performed with both single- and double-needle approach. 
Calcific enthesopathy, a peculiar form of degenerative tendinopathy, is a common 
and mostly asymptomatic ultrasound finding; dry needling has been proposed 
in symptomatic patients. An alternative is represented by autologous platelet-
rich plasma injections. Intra-articular injections of the shoulder can be performed 
in the treatment of a variety of inflammatory and degenerative diseases with 
corticosteroids or hyaluronic acid respectively. Steroid injections around the long 
head of the biceps brachii tendon are indicated in patients with biceps tendi-
nopathy, reducing pain and humeral tenderness. The most common indication for 
acromion–clavicular joint injection is degenerative osteoarthritis, with ultrasound 
representing a useful tool in localizing the joint space and properly injecting vari-
ous types of drugs (steroids, lidocaine or hyaluronic acid). Suprascapular nerve 
block is an approved treatment for chronic shoulder pain non-responsive to con-
ventional treatments as well as candidate patients for shoulder arthroscopy. This 
review provides an overview of these di¦erent ultrasonography-guided proce-
dures that can be performed around the shoulder.

10.1259/bjr.20150372 Volume 89³(Issue 1057)

Review article

Figure 1
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In vivo dosimetry in UK external beam radiotherapy: current 
and future usage 

Niall D MacDougall, Michael Graveling Vibeke N Hansen, Kevin 
Brownsword and Andrew Morgan 

Objective: Towards Safer Radiotherapy recommended that radiotherapy (RT) 
centres should have protocols in place for in vivo dosimetry (IVD) monitoring at 
the beginning of patient treatment courses (Donaldson S. Towards safer radio-
therapy. R Coll Radiol 2008). This report determines IVD implementation in the 
UK in 2014, the methods used and makes recommendations on future use.

Methods: Evidence from peer-reviewed journals was used in conjunction with the 
first survey of UK RT centre IVD practice since the publication of Towards Safer 
Radiotherapy. In March 2014, profession-specific questionnaires were sent to 
radiographer, clinical oncologist and physics sta¦ groups in each of the 66 UK RT 
centres.

Results: Response rates from each group were 74%, 45% and 74%, respectively. 
73% of RT centres indicated that they performed IVD. Diodes are the most popu-
lar IVD device. Thermoluminescent dosimeter (TLD) is still in use in a number of 
centres but not as a sole modality, being used in conjunction with diodes and/
or electronic portal imaging device (EPID). The use of EPID dosimetry is increas-
ing and is considered of most potential value for both geometric and dosimetric 
verification.

Conclusion: Owing to technological advances, such as electronic data transfer, 
independent monitor unit checking and daily image-guided radiotherapy, the 
overall risk of adverse treatment events in RT has been substantially reduced. 
However, the use of IVD may prevent a serious radiation incident. Point dose IVD 
is not considered suited to the requirements of verifying advanced RT techniques, 
leaving EPID dosimetry as the current modality likely to be developed as a future 
standard.

Advances in knowledge: An updated perspective on UK IVD use and provision of 
professional guidelines for future implementation.

10.1259/bjr.20160915 Volume 90³(Issue 1072)

Guidelines & Recommendations
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Yttrium-90 hepatic radioembolization: clinical review and 
current techniques in interventional radiology and 
personalized dosimetry

Aaron K T Tong, Yung Hsiang Kao, Chow Wei Too, Kenneth F W Chin,  
David C E Ng and Pierce K H Chow

In recent years, yttrium-90 (90Y) microsphere radioembolization has been estab-
lishing itself as a safe and e¨cacious treatment for both primary and metastatic 
liver cancers. This extends to both first-line therapies as well as in the salvage 
setting. In addition, radioembolization appears e¨cacious for patients with portal 
vein thrombosis, which is currently a contraindication for surgery, transplanta-
tion and transarterial chemoembolization. This article reviews the e¨cacy and 
expanding use of 90Y microsphere radioembolization with an added emphasis on 
recent advances in personalized dosimetry and interventional radiology tech-
niques. Directions for future research into combination therapies with radioembo-
lization and expansion into sites other than the liver are also explored.

10.1259/bjr.20150943 Volume 89³(Issue 1062)

Review article

Figure 1
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Feasibility study of low tube voltage (80�kVp) coronary CT 
angiography combined with contrast medium reduction using 
iterative model reconstruction (IMR) on standard BMI patients

Fan Zhang, Li Yang, Xiang Song, Ying-na Li, Yan Jiang, Xing-Hua Zhang, 
Hai-Yue Ju, Jian Wu and Rui-Ping Chang

Objective: To investigate the feasibility of low-tube-voltage (80´kVp) coronary CT 
angiography (CCTA) combined with contrast medium (CM) reduction and iterative 
model reconstruction (IMR) on patients with standard body mass index compared 
with clinical routine protocol.

Methods: Retrospectively gated helical CCTA scans were acquired using a 256-slice 
multi-slice CT on 94 patients with standard body mass index (20–25´kg´m−2) who 
were randomly assigned into 2 groups. The scan protocol for Group 1 was 100´kVp 
and 600´mAs with 70´ml CM at an injection rate of 4.5–5.5´ml´s−1; images were recon-
structed by a hybrid iterative reconstruction technique. Group 2 was scanned at 
80´kVp and 600´mAs with 35´ml CM at an injection rate of 3.5–4.5´ml´s−1; images were 
reconstructed with IMR. Objective measurements such as the mean image noise 
and contrast-to-noise ratio of the two groups were measured on CT images and 
compared using the paired t-test. In addition, a subjective image quality evaluation 
was performed by two radiologists who were blinded to the scan protocol, using a 
5-point scale [1 (poor) to 5 (excellent)]. The results of the two groups were com-
pared using Mann–Whitney U test.

Results: The iodine delivery rate of Group 2 was 1.0´±´0.5´gI´s−1 compared with 
2.1´±´0.5´gI´s−1 in Group 1 resulting in a reduction of 52.4%. In addition, an e¦ective 
radiation dose reduction of 56.4% was achieved in Group 2 (2.4´±´1.2´mSv) compared 
with Group 1 (5.5´±´1.4´mSv). The mean CT attenuation, contrast-to-noise ratio and 
image quality of all segments in Group 2 were significantly improved compared with 
those in Group 1 (all, p´<´0.01).

Conclusion: The use of IMR along with a low tube voltage (80´kVp) combined with 
a low CM protocol for CCTA can reduce both radiation and CM dose with improved 
image quality.

Advances in knowledge: We used a novel knowledge-based IMR which remark-
ably reduced the image noise. We compared the quality of the images obtained at 
80´kVp to those from the clinical routine protocols to determine whether ultra-low-
dose imaging plus IMR is feasible in CCTA scans. We found that a low dose protocol 
combined with 80´kVp and reduced CM for CCTA can reduce both radiation dose 
and CM dose with improved image quality by the use of IMR in non-obese patients.

10.1259/bjr.20150766 Volume 89³(Issue 1058)

Full paper
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Quantification of hepatic and visceral fat by CT and MR 
imaging: relevance to the obesity epidemic, metabolic 
syndrome and NAFLD

Peter M Gra�y and Perry J Pickhardt

Trends in obesity have continued to increase in the developed world over the past 
few decades, along with related conditions such as metabolic syndrome, which is 
strongly associated with this epidemic. Novel and innovative methods to assess 
relevant obesity-related biomarkers are needed to determine the clinical signifi-
cance, allow for surveillance and intervene if appropriate. Aggregations of spe-
cific types of fat, specifically hepatic and visceral adiposity, are now known to be 
correlated with these conditions, and there are a variety of imaging techniques to 
identify and quantify their distributions and provide diagnostic information. These 
methods are particularly salient for metabolic syndrome, which is related to both 
hepatic and visceral adiposity but currently not defined by it. Simpler non-specific 
fat measurements, such as body weight, abdominal circumference and body mass 
index are more frequently used but lack the ability to characterize fat location. 
In addition, non-alcoholic fatty liver disease (NAFLD) is a related condition that 
carries relevance not only for obesity-related diseases but also for the progression 
of the liver-specific disease, including non-alcoholic steatohepatitis and cirrhosis, 
albeit at a much lower frequency. Recent CT and MRI techniques have emerged to 
potentially optimize diagnosing metabolic syndrome and NAFLD through non-
invasive quantification of visceral fat and hepatic steatosis with high accuracy. 
These imaging modalities should aid us in further understanding the relationship 
of hepatic and visceral fat to the obesity-related conditions such as metabolic 
syndrome, NAFLD and cardiovascular disease.

10.1259/bjr.20151024 Volume 89³(Issue 1062)

Review article

Figure 5a
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Safely prolonging single breath-holds to >5�min in 
patients with cancer; feasibility and applications for 
radiotherapy

Michael J Parkes, Stuart Green, Andrea M Stevens, Sophia Parveen, 
Rebecca Stephens and Thomas H Clutton-Brock

Objective: Multiple, short and deep inspiratory breath-holds with air of approxi-
mately 20´s are now used in radiotherapy to reduce the influence of ventilatory 
motion and damage to healthy tissue. There may be further clinical advantages 
in delivering each treatment session in only one single, prolonged breath-hold. 
We have previously developed techniques enabling healthy subjects to breath-
hold for 7´min. Here, we demonstrate their successful application in patients with 
cancer.

Methods: 15 patients aged 37–74 years undergoing radiotherapy for breast can-
cer were trained to breath-hold safely with pre-oxygenation and mechanically 
induced hypocapnia under simulated radiotherapy treatment conditions.

Results: The mean breath-hold duration was 5.3´±´0.2´min. At breakpoint, all 
patients were normocapnic and normoxic [mean end-tidal partial pressure of 
carbon dioxide was 36´±´1 standard error millimetre of mercury, (mmHg) and mean 
oxygen saturation was 100´±´0 standard error %]. None were distressed, nor had 
gasping, dizziness or disturbed breathing in the post-breath-hold period. Mean 
blood pressure had risen significantly from 125´±´3 to 166´±´4´mmHg at breakpoint 
(without heart rate falling), but normalized within approximately 20´s of the 
breakpoint. During breath-holding, the mean linear anteroposterior displacement 
slope of the L breast marker was <2´mm´min−1.

Conclusion: Patients with cancer can be trained to breath-hold safely and under 
simulated radiotherapy treatment conditions for longer than the typical beam-on 
time of a single fraction. We discuss the important applications of this technique 
for radiotherapy.

Advances in knowledge: We demonstrate for the first time a technique enabling 
patients with cancer to deliver safely a single prolonged breath-hold of >5´min (10 
times longer than currently used in radiotherapy practice), under simulated radio-
therapy treatment conditions.

10.1259/bjr.20160194 Volume 89³(Issue 1063)

Full paper
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Distribution and clearance of retained gadolinium in 
the brain: di§erences between linear and macrocyclic 
gadolinium based contrast agents in a mouse model 

A Adhipatria P Kartamihardja, Takahito Nakajima, Satomi Kameo, 
Hiroshi Koyama and Yoshito Tsushima

Objective: To investigate the distribution and clearance of retained gadolinium 
(Gd) in various parts of the brain after intravenously administering a Gd-based 
contrast agent (GBCA) in normal and renal failure mouse models.

Methods: Two di¦erent mouse models: normal (n´=´12) and renal failure (n´=´12) 
were used. Clinical GBCAs (Gd-DTPA-BMA, 5´mmol´kg−1, or Gd-DOTA, 5´mmol´kg−1) 
were intravenously administered five times per week for 4 weeks. Both groups 
were divided into two subgroups based on the time point for sample collection: 3 
days (3d) and 45 days (45d) after the last injection. Normal saline (5´ml´kg−1) was 
intravenously administered to mice of the control groups in the same manner. 
Samples of the following parts of the mouse brain were obtained on dissection: 
olfactory bulb, cerebral cortex, hippocampus, thalamus, mid-brain, cerebellum, 
pons and medulla. 158Gd concentrations in each sample were quantified using 
inductively coupled plasma mass spectrometry.

Results: The olfactory bulb had the highest Gd concentration in both Gd-DTPA-
BMA and Gd-DOTA groups. Gd retention was higher in the Gd-DTPA-BMA group 
than in the Gd-DOTA group (p´<´0.01). In the Gd-DTPA-BMA group, Gd retention in 
the 3d subgroups of normal and renal failure models were similar (p´=´0.4). At 45d, 
Gd in the Gd-DTPA-BMA group was not eliminated from the renal failure model 
(p´=´0.1), while that in the Gd-DOTA group was eliminated from both the normal 
and renal failure mouse models (p´<´0.01).

Conclusion: Gd distributions in the brain for both groups were similar, regardless 
of the renal function and GBCA type. The Gd concentration was highest in the 
olfactory bulb of both groups. In the Gd-DOTA group, Gd was eliminated from the 
brain in both mouse models, while in the Gd-DTPA-BMA group, Gd clearance was 
limited.

Advances in Knowledge: Gd concentration in the brain was not a¦ected by renal 
function. The clearance of Gd from linear GBCA was limited in both the normal 
and impaired renal function mouse models.

10.1259/bjr.20160509 Volume 89³(Issue 1066)

Full paper
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Radiation risk of breast screening in England with digital 
mammography

Lucy M Warren, David R Dance and Kenneth C Young

Objective: To estimate the risks and benefits of breast screening in terms of num-
ber of deaths due to radiation-induced cancers and the number of lives saved 
owing to modern screening in the National Health Service Breast Screening Pro-
gramme (NHSBSP) in England.

Methods: Radiation risk model, patient dose data and data from national screen-
ing statistics were used to estimate the number of deaths due to radiation-
induced breast cancers in the NHSBSP in England. Dose and dose e¦ectiveness 
factors (DDREFs) equal to one and two were assumed. The breast cancer mortal-
ity reduction in the invited population due to screening and the percentage of 
females diagnosed with symptomatic breast cancer, who die from breast cancer, 
were collated from the literature. The number of lives saved owing to screening 
was calculated.

Results: Assuming, a total of 1,770,436 females between the ages of 50–70 years 
were screened each year, and a breast cancer mortality reduction of 20% due to 
screening in the invited population, the number of screen-detected cancers were 
14,872 annually, resulting in 1071 lives saved. Conversely, for the same mortality 
reduction, the number of radiation-induced cancers was 36 and 18 for DDREFs 
of 1 and 2, respectively. This resulted in seven and three deaths due to radiation-
induced cancers annually for DDREFs of 1 and 2, respectively. The ratios of lives 
saved owing to screening to radiation-induced cancers were 30´:´1 and 60´:´1 for 
DDREFs of 1 and 2. The ratios of lives saved owing to screening to deaths due to 
radiation-induced cancers were 156´:´1 and 312´:´1 for DDREFs of 1 and 2. For the 
1.8% of the screening population with very thick breasts, the latter ratios decrease 
to 94´:´1 and 187´:´1 for DDREFs of 1 and 2.

Conclusion: The breast cancer mortality reduction due to screening greatly out-
weighs the risk of death due to radiation-induced cancers.

Advances in knowledge: Estimation of the radiation risk for modern breast 
screening in England using digital mammography.

10.1259/bjr.20150897 Volume 89³(Issue 1067)

Full paper
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Volumetric modulated arc therapy (VMAT) in the combined 
modality treatment of anal cancer patients

Pierfrancesco Franco, Francesca Arcadipane, Riccardo Ragona, 
Massimiliano Mistrangelo, Paola Cassoni, Fernando Munoz, Nadia 
Rondi, Mario Morino, Patrizia Racca and Umberto Ricardi

Objective: To report clinical and dosimetric outcomes of a consecutive series of 
patients with anal cancer treated with volumetric-modulated arc therapy (VMAT) 
concomitant to chemotherapy (CT).

Methods: A cohort of 39 patients underwent VMAT employing a schedule con-
sisting of 50.4´Gy/28 fractions to the gross tumour volume (GTV) and 42´Gy/28 
fractions to the elective nodal volumes for patients with cT2N0 disease. Patients 
with cT3–T4/N0–N3 tumours were prescribed 54´Gy/30 fractions to the GTV 
and 50.4´Gy/30 fractions to the gross nodal volumes if sized ≤3´cm or 54´Gy/30 
fractions if > 3´cm. Elective nodal regions were given 45´Gy/30 fractions. CT was 
administered concurrently following Nigro’s regimen. The primary end point was 
acute toxicity. Secondary end points were colostomy-free survival (CFS), disease-
free survival (DFS), cancer-specific survival (CSS) and overall survival (OS). Dosi-
metric data are also provided.

Results: Median follow-up was 21 months. Maximum acute toxicities were: derma-
tologic—G3: 18%; gastrointestinal–G3: 5%; genitourinary–G3: 2%; anaemia—G2: 7%; 
leukopenia—G3: 28%; G4: 8%; neutropenia—G3: 13%; G4: 18%; thrombocytopenia—
G3: 11%; and G4: 2%. The actuarial 2-year CFS was 77.9% [95% confidence interval 
(CI): 54–90.4%]. Actuarial 2-year OS and CSS were 85.2% (95% CI: 60.1–95.1%), 
while DFS was 75.1% (95% CI: 52.4.7–88.1%).

Conclusion: Our clinical results support the use of VMAT as a safe and e¦ec-
tive intensity-modulated radiotherapy (IMRT) option in the combined modality 
treatment of anal cancer, with consistent dosimetry, mild toxicity and promising 
sphincter preservation and survival rates.

Advances in knowledge: IMRT is a standard of care for patients with anal cancer, 
and VMAT is a robust technical solution in this setting.

10.1259/bjr.20150832 Volume 89³(Issue 1060)

Full paper
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Transgastric biopsy of a submucosal gastric tumour

Joachim Kettenbach, Martin Mittendorfer, Irina Wimmer, Marcus Mader, 
Eva Taubenschuss, Eva Unfried and Gertrud Heinz

Endoscopic biopsy is thought to be the best method to obtain biopsy samples 
of the gastrointestinal tract. In our case, however, an endoscopic forceps biopsy 
failed to confirm malignancy of an intramural gastric tumour. Since the tumour, 
about 4 cm in diameter, was well delineated on the CT scan, the patient was 
referred for a percutaneous CT-guided needle biopsy, which confirmed a gastro-
intestinal stromal tumour.

10.1259/bjrcr.20160009 Volume 2³(Issue 4)

Case Report

Figure 4
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Unusual presentation of an usual condition—cystic 
ganglionosis

Anuradha Rao, Srivalli Nandikoor, Govindarajan Mallarajapatna and 
Prabhu Meghanathan

Cystic ganglionosis is an unusual benign condition, which presents as multiple 
ganglion cysts involving multiple joints. The case we report here is probably the 
first case of an adult reported in the literature. The only other case of multiple 
ganglion cysts reported in the literature is that of an 11-year-old child with gan-
glion cysts in multiple joints. A 57-year-old female presented with an approxi-
mately 4-year history of pain and swelling below the left knee and in the right 
hand. An MRI of the left knee showed multiloculated cystic-intensity lesions 
around the knee joint with intra-/extra-articular and intraosseous components. 
Similar lesions were noted around the right knee joint, right wrist and ring finger. 
With all the above findings and in view of multiple joint involvement, the possi-
bility of cystic ganglionosis or multiple giant ganglion cysts was considered and 
confirmed by biopsy of one of the knee lesions. It is because of this rarity and the 
unusual presentation involving multiple joints that we have reported this case. The 
importance of the diagnosis is that unnecessary surgical intervention and hospi-
talization can be avoided, provided the patient’s symptoms are not severe.

10.1259/bjrcr.20150231 Volume 2³(Issue 1)

Case Report

Figure 2
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Clot or not? An unusual case of false positive CTPA and 
an approach to diagnosis

Cheryl Main, Ausami Abbas, James S Shambrook, Charles Peebles and 
Stephen Harden

The case involves a 69-year-old female with severe, longstanding bronchiectasis 
secondary to childhood pertussis infection. She presented to the hospital and 
was thought clinically to have a pulmonary embolus. A CT pulmonary angiogram 
was performed, which was technically satisfactory. This revealed multiple, bilateral 
filling defects that were fairly convincing for pulmonary emboli. Further review of 
the CT scan not only revealed the extent of her bronchiectasis but also a number 
of enlarged bronchial arteries supplying the diseased lung. The pulmonary arterial 
filling defects arose suspiciously close to the bronchial arteries and the possibility 
of bronchial to pulmonary artery anastomoses was considered. Could the admix-
ture of highly contrast-opacified pulmonary arterial blood with partially opacified 
systemic arterial blood cause the apparent filling defects? After further consid-
eration, a second electrocardiography-gated CT angiogram was performed—this 
time in the systemic arterial phase but planned with two regions of interest sited 
over the main pulmonary artery and the aorta with the aim of triggering the scan 
with maximum contrast in the bronchial arteries, and as much contrast washout 
as possible in the pulmonary arteries. This study revealed a reversal of the CT pul-
monary angiogram appearances with contrast now seen in the bronchial arteries 
and opacifying the sites of the previous filling defects in the pulmonary arteries. 
Thus, the filling defects were actually false positives caused by an admixture of 
highly opacified and part-opacified blood via bronchial artery anastomoses. In 
the context of a false-positive finding of pulmonary embolus on a background of 
severe bronchiectasis, unnecessary anticoagulation could have increased the risk 
of complications such as haemoptysis. This case report illustrates the importance 
of knowledge of potential false-positive findings in CT pulmonary angiography 
and describes a novel approach based on cardiac CT techniques to prove this.

10.1259/bjrcr.20160021 Volume 3³(Issue 1)

Case Report
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Radiation-induced angiosarcoma of the brain

Sodai Hoshiai, Tomohiko Masumoto, Masahide Matsuda, Narushi Sugii, 
Noriaki Sakamoto and Manabu Minami

Primary angiosarcoma of the central nervous systemis unusual.We encountered 
a case of radiation-induced angiosarcoma of the brain. A 65-year-old male was 
referred to our hospital with drowsiness for the last 6 months. He had undergone 
radiation therapy for pituitary adenoma 43 years ago. An MRI revealed a right 
temporal lobe tumour that consisted of a well-demarcated haemorrhagic lesion 
and an avid contrast enhancement, with significant vasogenic oedema. Surgical 
resection was performed and a post-operative pathological diagnosis of an angio-
sarcoma was made. A Thorotrast-associated angiosarcoma has been, hitherto, the 
only reported case of radiation-induced angiosarcoma of the brain. We present an 
extremely rare case of primary angiosarcoma of the brain, occurring after external 
beam radiotherapy.

10.1259/bjrcr.20150374 Volume 2³(Issue 2)

Case Report

Figure 3
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Advancing education, learning 
together 

This year we celebrated 120 years 
since the first meeting of The 
Roentgen Society in 1897. Our 
multidisciplinary ethos developed from 
these early meetings, a principle that 
is still important to us. We welcome 
radiologists, scientists, radiographers, 
oncologists and nurses. In fact, anyone 
with an interest in radiology and 
radiation oncology is welcome in the 
BIR community. 

We are delighted that our membership numbers are continuing to grow, 
and this includes our corporate members who develop the equipment, 
software, materials and services essential to a 21st century radiology or 
oncology department. Many of our members, including some of the world’s 
leading clinicians, help to develop educational resources and events aimed 
at advancing knowledge and careers and helping to make professionals 
more successful. 

Visit our website to see the latest peer-reviewed research, events, webinars 
and podcasts, educational resources those early pioneers could only 
dream of.

Simon Thompson
Chief Executive, The British Institute of Radiology
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Accessible education for all
See our expanding range of online education which meets the needs of health 
professionals who have less time and resource to travel to in-person events. 
We now have a diverse programme of live webinars as well as an on-demand 
video collection (including training resources, talks and sessions from our live 
events). Webinars and videos are free to BIR members.

This year we launched the first of our “portfolio” collection with “Fetal MRI”, 
a new style of learning which includes an in-person event, a webinar, a short 
video of equipment and patient set-up and peer-reviewed articles.
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Podcasts
Catch up on the latest research and top topics by downloading 
a BIR podcast. These 10-15 minute audio recordings on topics 
ranging from radiographer reporting to radiation safety are 
great to listen to on the move or if you have spare time at your 
desk. You can subscribe to our podcasts and receive automatic 
notification of each new episode.

Visit www.bir.org.uk/podcasts

CPD accredited events in the UK
As our online education flourishes there is still an appetite for in-person events where 
you can talk to experts, ask questions and network with your peers from across the 
world. Our educational programme has a diverse range of one-day and evening events, 
practical “hands-on” workshops and longer courses addressing a wide range of topics 
in radiology, radiation science and radiotherapy aimed at a multidisciplinary audience. 

The BIR Annual Congress has something for everyone and o¦ers a chance to hear 
international speakers and to mix with multidisciplinary peers from across the UK and 
beyond. 

Anyone can attend our educational events, but if you are a BIR member we o¦er you 
a special discounted rate.

Book online at www.bir.org.uk

Radiotherapy awareness at the 
Houses of Parliament
Making sure that politicians understand key scientific issues and 
arguments is the remit of the Parliamentary & Scientific Committee 
(P&SC). As a member organisation of the P&SC, the BIR was invited 
to organise a talk on “Radiotherapy, cancer treatment of the past 
or future?” to an enthusiastic audience of MPs and members of the 
House of Lords. Research shows that radiotherapy can be more 
cost e¦ective than cancer drugs or surgery and BIR members Dr 
Alex Stewart and Andy Beavis and Charlotte Beardmore from the 
Society and College of Radiographers all gave their fascinating 
expert perspectives on the topic. Mark Davies, who has survived 
cancer, also gave a moving and very personal but positive view of 
his radiotherapy experience.
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The Future of Imaging
The BIR was involved in producing a print and online 
publication called “The Future of Radiology” introduced 
by BIR President, Andy Rogers. Workforce issues, artificial 
intelligence, radiography reporting and radiation safety 
were just some of the topics discussed in the sixteen 
page supplement which was aimed at patients and 
professionals to raise awareness of the challenges of the 
profession and to put the spotlight on future innovation 
in the management and science of radiology. Look out 
for the next in the series, “Future of Radiotherapy” to be 
published soon.

View it online www.healthawareness.co.uk/imaging

Partnership with the 
Institute of Physics
All BIR members with a passion for physics are 
entitled to a 25% discount on membership of 
the Institute of Physics (IOP) as a result of a 
new partnership between the two organisations. 
Membership of the IOP includes access to a range 
of fascinating events and a monthly magazine. 

Signing up is easy, join online at www.iop.org.

Be seen and heard: Enter a BIR award
Apply for a BIR award and set your CV apart from the rest. Not only will winning an 
award enhance your professional development, it’s one way to shine the spotlight on 
your work and achievements. 

Our latest award, the BIR/GE Radiation Safety Award, provides funding to attend an 
academic conference. Or you could enter the BIR Make it Better award which showcases 
innovative work to improve the patient experience. Our professional development 
awards are aimed at trainees and students and the BIR/Siemens Research Bursary 
o¦ers pump-priming funding to boost your research project. 

See all our awards at: www.bir.org.uk/awards

Left, Paul Hardaker, CEO of the IOP 
and right, Andy Rogers, BIR President.
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Thank you to BIR corporate members, at the heart of the radiology 
and radiation oncology community.

      Diagnostic Imaging

Correct at time of printing



30

birpublications.org

1 2 3 4 5 6 7 8

9 10

11 12

13 14 15

16 17 18 19 20

21 22 23

24 25

26 27

Across
1. Scottish physician who pioneered the use of diagnostic ultrasound (surname) [6]
5. Rase with fire [4,4]
9. American physicist who pioneered the field of nuclear medicine (surname) [8]
10. A prickly sensation [6]
11. Heavy metal used in radiation protection [4]
12. A device for measuring the radiant flux of electromagnetic radiation [10]
13. Hindu god of war, brother of Ganesha [6]

Puzzles
Test your wits on this crossword containing a mixture of radiology and 
general knowledge or for something a little di¦erent try our Sudoku using 
nuclear medcine isotopes.



31

birpublications.org

14. A localised swelling of blood outside the blood vessels, US spelling [8]
16. Foreign substances inducing an immune response from the body [8]
19. English choreographer, knighted in 1962 (surname) [6]
21. English engineer who invented the CT scanner (surname) [10]
23. Bone of the forearm [4]
24. What you might use to scrub out a faulty diagnosis? [6]
25. The study of the causes of diseases [8]
26. Compounds with negatively charged hydrogen ions bonded to electropositive groups [8]
27. Items of PPE made with 11 across, and used to protect bodies from radiation [6]

Down
2. 1895 paper in which 8 down reported his discovery of X-Rays [2,1,3,4,2,3]
3. A colourless crystalline base , formula C13H11N, made by reducing acridine [7]
4.  A soldier ant – or perhaps a scandal involving someone in a restaurant? [9]
5.  The distance between two sides [7]
6.  A quantitative relationship between two amounts [5]
7.  American philosopher and cognitive scientist, author of Darwin’s Dangerous Idea (surname) [7]
8. German physicist, won the first Nobel Prize in Physics for his discovery of X-Rays [7,8]
15. A genus of stony coral, anagram of ‘nerd mania’ [9]
17. A device to improve air quality [7]
18. The SI unit of electrical conductance [7]
20. American geneticist, “the father of radiation genetics” (first initial and surname) [1,6]
22. The SI derived unit of electrical capacitance [5]

99Mo 89Sr

89Sr 99mTc 90Y 14C 67Ga

90Y 18F 89Sr 99Mo

18F 131I 89Sr 14C

99Mo 90Y

18F 99mTc 90Y 13N

18F 90Y 14C 67Ga

67Ga 131I 13N

Isotope Sudoku
Instructions

We have used the following istopes 
in the Sudoku puzzle: 14C, 18F, 67Ga, 131I, 
99Mo, 13N, 89Sr, 99mTc and 90Y

Complete the puzzle so that each row, 
column and 3×3 section contain all the 
isotopes listed above.

Answers are available at www.birpublications.org/bob
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BIR books

£25.00

£30.00

£30.00 £15.00

from
£14.99

£25.00 £60.00£60.00

£60.00

We have been publishing books covering imaging, radiation oncology and 
the underlying sciencess for over 60 years. For our full range of titles visit 
our online bookshop at www.bir.org.uk



PPE resources for staff working with X-rays 
to help develop radiation safety knowledge 
in and beyond the radiology department.

Personal Protective Equipment  
For Diagnostic X-ray Use

Book £14.99

Posters from £3.99

Videos free to view

www.birpublications.org/ppe

eBook 
available 

now!
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