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Abstract

Cardiovascular magnetic resonance (CMR) is an established non-invasive technique to comprehensively assess
cardiovascular structure and function in a variety of acquired and inherited cardiac conditions. A significant amount
of the neck, thorax and upper abdomen are imaged at the time of routine clinical CMR, particularly in the initial
multi-slice axial and coronal images. The discovery of unsuspected disease at the time of imaging has ethical, financial
and medico-legal implications. Extra-cardiac findings at the time of CMR are common, can be important and can
change clinical management. Certain patient groups undergoing CMR are at particular risk of important extra-cardiac
findings as several of the cardiovascular risk factors for atherosclerosis are also risk factors for malignancy. Furthermore,
the presence of certain extra-cardiac findings may contribute to the interpretation of the primary cardiac pathology as
some cardiac conditions have multi-systemic extra-cardiac involvement. The aim of this review is to give an overview of
the type of extra-cardiac findings that may become apparent on CMR, subdivided by anatomical location. We focus on
normal variant anatomy that may mimic disease, common incidental extra-cardiac findings and important imaging signs
that help distinguish sinister pathology from benign disease. We also aim to provide a framework to the approach and
potential further diagnostic work-up of incidental extra-cardiac findings discovered at the time of CMR. However, it is
beyond the scope of this review to discuss and determine the clinical significance of extracardiac findings at CMR.
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Background

Cardiovascular magnetic resonance (CMR) is an estab-
lished non-invasive technique to comprehensively assess
cardiovascular structure and function in a variety of
acquired and inherited cardiac conditions [1-4]. Although
the key components of a CMR study are acquired in
specific imaging planes orientated along the axes of the
heart, initial axial and occasionally coronal images of the
thorax and upper abdomen are also acquired to help plan
the study. Inevitably, this leads to imaging a significant
volume of the patient beyond the target organ of interest,
which may reveal extra-cardiac pathology (Fig. 1). A
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recent systematic review and meta-analysis of 12 studies
including data from 7,062 patients demonstrated a pooled
prevalence of incidental extra-cardiac findings of 35 %,
with major incidental extra-cardiac findings in 12 % [5].
Extra-cardiac findings resulted in a change in manage-
ment in 1 % of patients undergoing CMR [5], which is of
particular importance to large volume CMR centres. The
clinical use of CMR is growing year upon year, and the
burden of extra-cardiac findings identified at the time of
CMR is only likely to get larger as we image older individ-
uals with multiple comorbidities. Furthermore, a large
proportion of patients undergo clinical CMR for the
assessment of ischaemic heart disease and some of the
risk-factors for atherosclerosis (e.g. smoking, obesity,
physical inactivity) are also recognized risk-factors for a
variety of malignancies. The discovery of unsuspected
disease at the time of imaging has ethical, financial and
medico-legal implications [6—8]. However, given the
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(Anterior to Posterior)

Fig. 1 a to d Examples of the routine axial black blood images of the neck, thorax and upper abdomen acquired at the time of CMR (Cranial to
Caudal). e to h Examples of the routine coronal bright blood images of the neck, thorax and upper abdomen acquired at the time of CMR

incidental nature of the findings and the consequent
non-dedicated imaging and tissue characterization, not in-
frequently these findings require additional confirmatory
imaging. Furthermore, the presence of certain extra-
cardiac findings can significantly contribute to the inter-
pretation of the primary cardiac pathology as some
cardiac conditions have multi-systemic involvement. For
example, the discovery of mediastinal adenopathy and
interstitial lung disease in an appropriate anatomical dis-
tribution would increase the likelihood of cardiac findings
suggestive of cardiac sarcoidosis (Fig. 2). Depending on
the institution, CMR examinations may be reported by
Cardiologists, Radiologists or a combination thereof.
Regardless of the specialty of the reporting doctor, it is
clear that proper interpretation of clinical CMR studies
requires a thorough understanding of cross-sectional anat-
omy and familiarity with normal anatomical variants,
common and important pathology in the organs beyond
the heart captured within the field of view of the CMR
study. The importance of incidental non-cardiovascular
findings has been recognized in the recent update to the
European Association of Cardiovascular Imaging core
syllabus for the European CMR certification exam [9, 10].
The key topics in the syllabus are detailed in Table 1.

A variety of studies have previously explored the preva-
lence and clinical relevance of extra-cardiac findings.
However, the aim of this review is to give an overview of
the type of extra-cardiac findings that may become appar-
ent at CMR, subdivided by anatomical location. We focus
on normal variant anatomy that may mimic disease,
common incidental extra-cardiac findings and important
imaging signs that help distinguish sinister pathology from

benign disease. We also aim to provide a framework
to the approach and potential further diagnostic work-
up of incidental extra-cardiac findings discovered at
the time of CMR. This review cannot possibly equip
Cardiologists who report CMR with specialist radi-
ology training and is not a substitute to seeking expert
Radiology input where necessary, but simply aims to
provide an overview of some of the elements of radio-
logical interpretation of extra-cardiac findings to try
to avoid their misinterpretation, or missing them all
together.

Neck

Localiser images and cross sectional anatomical sequences,
e.g. axial black blood imaging, will often demonstrate a por-
tion of the neck and superior mediastinum. The main
organ of interest imaged in this region in terms of extra-
cardiac findings is the thyroid gland. It is an important
organ because thyroid abnormalities are common. Supra-
clavicular and cervical adenopathy may also be demon-
strated and the topic of pathological lymph nodal disease is
discussed in the Mediastinum section of this review.

Normal variant anatomy

The thyroid gland usually has two lobes joined in the
midline by the isthmus. An additional pyramidal lobe
can arise superiorly from the isthmus and, if present, is
usually located deep to the medial border of the strap
muscles of the neck, overlying laryngeal cartilage [11]. It
should not be misinterpreted as cervical adenopathy.
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pulmonary sarcoidosis

Fig. 2 CMR performed in a patient with bifasicular block and transient 2:1 second degree atrio-ventricular block. Short-axis LV cine images revealed
global LV systolic impairment with an ejection fraction of 31 %. There is evidence of aorto-pulmonary (a), para-tracheal (a and b) and subcarinal (c)
lymphadenopathy (solid white arrows) on axial black blood imaging. There is also subtle parenchymal lung infiltrate (solid red arrows) in the midzones
(b and ¢) on axial black blood images. The short axis magnitude late gadolinium enhancement images (d) reveal septal mid-wall and patchy lateral
wall replacement fibrosis (dashed white arrows). Together, the cardiac and extra-cardiac findings, in the clinical context are consistent with cardiac and

Table 1 2013 EACVI Core Syllabus for European CMR
certification examination — adapted from references [9] and [10]

9. Incidental (non-cardiovascular) findings

9.1. Neck including normal anatomy
1/ Thyroid nodules
2/ Adenopathy
9.2. Thorax including normal anatomy
1/ Lung (airspace disease, mass)
2/ Pleura (effusion, neoplasm)
3/ Mediastinum
= Oesophagus (hernia, mass, dilatation/thickening)
= Solid & cystic masses, adenopathy
4/ Bone (fracture, neoplasm, infection)
5/ Chest wall mass (breast, axilla)
9.3. Abdomen including normal anatomy
1/ Liver (cyst/haemangioma, mass, parenchymal disease)
2/ Kidney (cyst, mass, hydronephrosis, parenchymal disease)
3/ Adrenal mass
4/ Spleen (size, lesion)
5/ Other
= Gallstones/cholecystitis

= Ascites

Common pathology

The most common thyroid pathology is the diffuse goitre.
Its prevalence is greatest in pre-menopausal women and
has a female preponderance (women: men = 4:1) [12] but
prevalence decreases with age. On the contrary, the fre-
quency of thyroid nodules increases with age, with the
prevalence of clinically apparent thyroid nodules demon-
strated in 6.4 % of women and 1.5 % of men aged >60 years
old in a study of 5234 subjects [13]. Both these thyroid
pathologies have been described in previous studies inves-
tigating the prevalence of extra-cardiac findings at the
time of CMR [14-16].

Important imaging findings

Whenever thyroid enlargement is detected, interrogat-
ing the available images for evidence of local mass effect is
important. The position and calibre of the trachea should
be assessed. Tracheal deviation (Fig. 3) and tracheal com-
pression are important findings to mention in the clinical
report. Indeed, they may even be implicated in the
patient’s symptoms if they suffer from breathlessness.
Defining the inferior extent of the enlarged thyroid gland
is important. Significant retrosternal extension of the
thyroid should be mentioned in a report as it hinders
further evaluation of that portion of the thyroid with
ultrasound, which is often the modality of choice for
thyroid pathology.
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Fig. 3 Axial black blood imaging of the neck (a) and coronal bright blood imaging (b) demonstrate homogeneous enlargement of the right lobe
of thyroid gland (solid white arrows). There is local mass effect on the trachea with a degree of contralateral displacement and minor tracheal

The main concern regarding an incidental thyroid lesion
at the time of CMR is whether it represents malignant dis-
ease. However, the images of the neck acquired at the time
of CMR are usually very limited preliminary images and it
is often not possible to answer this question. One of the
reasons why magnetic resonance imaging (MRI) is unable
to distinguish benign from malignant disease is because
the spatial resolution of the images is insufficient to re-
solve some of the features associated with malignancy
that may be demonstrated by ultrasound (e.g. micro-
calcifications, intra-lesional vascularity and lobulated /
irregular margins) [17]. Furthermore, both malignant
and benign thyroid nodules have overlapping tissue
characteristics and may both result in iso-intense T1
weighted and hyper-intense T2 weighted signal return
[18]. Although nodule size only has a limited correl-
ation with malignant potential, thyroid malignancies
<2 c¢m have been reported to have a 99.9 % 10-year sur-
vival rate and failure to diagnose these lesions is un-
likely to affect morbidity and mortality [19, 20]. MRI
may underestimate the size of thyroid nodules relative
to ultrasound, but it is reasonable to use MRI-derived
measurements in risk stratification [21].

Further investigations

The most recent American College of Radiology White
Paper on the management of incidental thyroid nodules
detected at MRI advises, in the absence of suspicious
ancillary findings such as abnormal local lymph nodes
and/or invasion of local tissues by the thyroid nodule, a
cut-off of >1 cm in subjects <35 years old as a threshold
to further investigation with ultrasound and a cut-off of
>1.5 cm in subjects >35 years old [17]. The imaging mo-
dality of choice for further characterization is dedicated
ultrasound, which affords the opportunity of simultan-
eous fine needle aspiration (FNA) as appropriate. Sug-
gesting FNA correlation purely on the basis of the MRI
images should be avoided because, although FNA is a
minimally invasive procedure, the inability of cytology to

definitively establish a benign diagnosis in a proportion
of non-malignant nodules will expose a substantial num-
ber of patients to repeat biopsy or even lead to surgical
excision of benign thyroid disease due to indeterminate
cytological results [17].

Interpreting incidental thyroid lesions found at CMR
may require liaising with the referring clinician to iden-
tify any specific thyroid disease risk factors (e.g. family
history of thyroid or endocrine malignancy, previous
neck irradiation etc.). Reviewing any previous ultrasound
imaging and cross-sectional imaging is good practice
and, if any diagnostic doubt, seeking the opinion of a
Head and Neck Radiologist would be prudent.

Mediastinum

Superior, anterior, middle and posterior components of the
mediastinum are visualized on the axial cross-sectional se-
quences usually acquired to plan the subsequent specific
cardiac cines and images.

Normal variant anatomy

Thoracic lymph nodes are a common extra-cardiac find-
ing at CMR [5]. They are readily identified as discrete
ovoid areas of soft tissue signal return within thoracic
fat. Normal lymph nodes have characteristic morphology
with a fatty hilum (Fig. 4a). When measuring lymph
node dimensions, by convention, the short-axis diameter
should be quoted and not the maximum dimension of
the node (Fig. 4b). Generally, the upper limit of normal-
ity for mediastinal lymph nodes in terms of size is
10 mm in short-axis diameter [22—25]. However, there is
variation in thoracic lymph node size depending on loca-
tion, with a tendency for upper paratracheal nodes to be
smaller at 7-8 mm [22, 23, 26]. Retrocrural and peri-
diaphragmatic nodes normally measure up to 6 mm and
5 mm respectively [27, 28]. However, it should be re-
membered that the axial black blood imaging often has a
slice thickness of >5 mm, which may preclude accurate
nodal size measurements.
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Fig. 4 Axial black blood imaging of the thorax demonstrating a morphologically normal, ovoid left axillary lymph node (a) with fatty hilum ().
By convention, lymph node size (b) is measured in the short-axis (dashed black line)

The thymus gland is a normal anterior mediastinal
structure in children and young adults that should not be
mistaken for an abnormal anterior mediastinal mass. It
has a characteristic bi-lobed shape and convex margins
which become concave with age [29]. Over time, the thy-
mus gland undergoes fatty involution and is absent on im-
aging in 50 % of patients over 40 years old [30]. Thymic
reactivation (Fig. 5) can occur following severe illness and
may account for apparent normal thymic tissue in older
individuals. However, in this scenario a thymic malignancy
also needs to be considered.

The pericardial recesses are important mimics of
lymphadenopathy and distinguishing characteristics in-
clude fluid signal, a beak-like shape, lack of mass effect
and contiguity with the pericardium [31].

Comprehensive discussion of normal variant cardiovas-
cular anatomy is beyond the scope of this review but indi-
viduals reporting CMR studies should be familiar with
normal anatomical variations in cardiac position and situs,
aortic arch anatomy, aberrant superior mediastinal arterial

Fig. 5 Axial black blood imaging of the superior mediastinum in a
20 year old male patient who had recently suffered from a severe
pneumonia complicated with myocarditis. The anterior mediastinal
soft tissue (solid white arrows) detected at the time of CMR was felt
too prominent to be dismissed as normal residual thymus and given
the clinical history the diagnosis of thymic reactivation was made

anatomy and anomalous systemic and pulmonary venous
drainage.

Common pathology
Thoracic lymphadenopathy is a common extra-cardiac
finding at the time of CMR. Numerous pathologies can
cause thoracic lymphadenopathy and if identified it
should prompt a comprehensive review for the potential
aetiology. Causes of benign lymph node enlargement in-
clude pulmonary infection, congestive heart failure [32],
pulmonary fibrosis [33] and pneumoconioses [34]. Bilat-
eral symmetrical hilar and mediastinal node enlargement
in a young adult is most often due to sarcoidosis, al-
though lymphoma is an important differential diagnosis.
Lymphoma often involves the mediastinum and can co-
alesce to form large confluent mediastinal masses [35]
(Fig. 6). Malignancies that commonly metastasize to the
thoracic lymph nodes include lung, breast, head and
neck, melanoma, gastrointestinal and genitourinary car-
cinomas [36] and evidence for these may be present on
extracardiac images or preceding investigations.
Mediastinal masses are an uncommon but important
consideration when reviewing the extra-cardiac structures,
and if detected a Radiological opinion should be sought.
Common anterior mediastinal neoplasms include thym-
oma, lymphoma or teratoma. The most common poster-
ior mediastinal masses include lymphadenopathy and
neurogenic tumours such as schwannomas and neuro-
fibromas [37]. Extramedullary haematopoeisis is relatively
uncommon but may be seen more frequently in centres
where T2* MRI is used for assessment of myocardial and
hepatic iron loading in, for example, thalassaemia patients
(Fig. 7). A frequent incidental finding that may mimic an
inferior posterior mediastinal mass is a hiatus hernia. This
can be readily identified as a structure contiguous with
the alimentary tract, on initial axial and/or coronal images,
and may contain a gas/fluid level. Acid reflux from a hia-
tus hernia can sometimes be responsible for the symptoms
in patients referred for investigation of atypical angina
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Fig. 6 Axial black blood imaging (a and b) and coronal bright blood imaging (c) demonstrating florid mediastinal adenopathy engulfing the
trachea and proximal main bronchi (solid white arrows) detected incidentally at the time of CMR

and, particularly in the case of a negative stress CMR test,
it should be excluded.

Important imaging findings

The most common dilemma when reviewing the medias-
tinum on any imaging modality is trying to determine
whether the discernible lymph nodes are pathological.
The loss of the normal ovoid shape, with a more rounded
configuration, and obliteration of the normal fatty hilum
are findings that suggest the lymph node is abnormal. The
short-axis size cut-off values can be useful but it should be
noted that there are limitations to applying size criteria
alone to determine the presence of pathology, with studies
showing relatively low sensitivity and specificity for
detection of metastases [38, 39]. In addition, the lower
spatial resolution in MRI may result in closely opposed
lymph nodes being inseparable and appearing as a
larger nodal mass [40].

Further investigations

As with most imaging investigations, the next best investi-
gation when faced with a mediastinal abnormality is to re-
view the last investigation, when present. Increasing
numbers of patients undergoing CMR have had previous
cross-sectional imaging with computed tomography (CT)

which can help determine the aetiology and significance
of mediastinal abnormalities detected at the time of CMR.
If in doubt, the expert opinion of a Radiologist should be
sought.

Lungs and pleura

The standard axial imaging performed at the time of
CMR usually covers most of the thorax. MRI assessment
of the lung parenchyma is often limited by a combin-
ation of respiratory motion artifact, low proton density
of the aerated lung parenchyma and the presence of sus-
ceptibility artifact occurring at air-tissue interfaces [41].
Despite this, significant pulmonary abnormalities are
found in up to 21.8 % of CMR examinations [5].

Normal variant anatomy

A common anatomical variant that should not be con-
fused with pathology is the azygous lobe fissure (Fig. 8).
It has been reported in 1 % of pathological specimens
[42]. It occurs as the displaced azygous vein makes a
deep invagination into the apical segment of the right
upper lobe, carrying with it both pleural layers. As it
lacks its own bronchus, it is not a true anatomical
accessory lobe.

Fig. 7 Axial black blood imaging (a) and coronal bright blood imaging (b) acquired during a myocardial and hepatic iron loading protocol CMR
in an individual with thalassaemia major. There are several prominent heterogeneous posterior mediastinal masses (solid white arrows) consistent
with extramedullary haematopoeisis. The liver is uniformly low signal (white *), which is visual evidence of hepatic iron loading in the clinical
context and the spleen is absent (black *) which may be the result of an auto-splenectomy
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Fig. 8 Axial black blood image of the superior mediastinum acquired
at the time of CMR showing a linear high signal entity in the apical
segment of the right upper lobe (solid white arrows) consistent with
an incidental azygous lobe fissure

Common pathology

Consolidation is not infrequently encountered. Technic-
ally, consolidation is a radiographic term referring to in-
crease in lung parenchymal attenuation that obscures
the vascular margins [43]. It is not specific to infection
and can occur in pulmonary oedema, pulmonary haem-
orrhage and malignancy and they need to be differenti-
ated on the basis of clinical findings.

Smoking is a risk factor for atherosclerosis and lung
malignancy. Many subjects undergoing CMR are at risk
of lung malignancy and the lungs should be reviewed
carefully for lung nodules, defined as a rounded opacities
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well or poorly defined measuring<3 cm in diameter
(Fig. 9a and b), and/or lung masses, defined as a opa-
city >3 c¢m in diameter (Fig. 9c and d) [43]. It should be
appreciated that, due to the slice thickness of the axial
and coronal anatomical images, small nodules may not
be discernible at the time of CMR.

Pulmonary embolic disease is a common cause of chest
pain but may also be detected incidentally. Dedicated MR
pulmonary angiographic sequences can detect pulmonary
emboli but are less specific than CT [44]. Nevertheless,
pulmonary emboli may be detectable as abnormal signal
return from the pulmonary arteries on standard axial black
blood and coronal bright blood images (Fig. 10a and b). In
addition, pulmonary emboli may be detectable on late
gadolinium enhancement (LGE) images, with similar im-
aging appearances to ventricular thrombus but within the
pulmonary arterial tree (Fig. 10c). Review for pulmonary
emboli should be performed in patients undergoing CMR
in the context of chest pain, elevated troponin but unob-
structed coronary arteries where a pulmonary embolism
may be the underlying aetiology but if there is clinical con-
cern a CT pulmonary angiogram should be performed.
However, if a pulmonary embolism is detected on CMR,
the cine sequences should be reviewed for intracardiac
thrombus and/or signs of right heart strain. Depending on
the extent of the embolus, there may be associated pul-
monary infarct or pleural effusion.

The most common pleural abnormality identified at
the time of CMR is a pleural effusion. They are usually

Fig. 9 Axial black blood imaging (a) revealing an incidental 1.7 cm soft tissue density nodule in the right upper lobe (solid white arrows), which
was subsequently confirmed with CT (b). Axial black blood imaging (c) demonstrating an incidental 3.1 cm soft tissue mass intimately related to
the superior vena cava (solid white arrows), which was subsequently confirmed with CT (d)
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Fig. 10 Axial black blood imaging (a) and coronal bright blood imaging (b) demonstrating abnormal signal in the right sided pulmonary arterial
system (solid white arrows). Magnitude late gadolinium enhancement 4-chamber image (c) showing signal void in the pulmonary arteries (solid
white arrows) consistent with in situ thrombus from pulmonary embolic disease

seen layered posteriorly with low T1 and high T2 signal,
although this may be heterogeneous due to flow arte-
facts within.

Important imaging findings

When faced with a lung parenchymal opacity, it is im-
portant to try to measure the maximal dimension of the
entity. MRI has a sensitivity of up to 95 % for pulmonary
nodules measuring 5-10 mm in size [45] and is as accur-
ate as CT in detection of nodules over 1 c¢cm in size [46].
Nodule size is the main predictor of malignancy. In the
National Lung Screening Trial, the positive predictive
value for malignancy of nodules 7-10 mm, 11-20 mm
and 21-30 mm in size on CT were 1.7 %, 11.9 % and
29.7 % respectively [47]. The presence of spiculated mar-
gins is also suggestive of malignancy [48].

Although most pleural effusions encountered will be
simple effusions, it is important to assess for features that
would suggest a complex collection. The presence of locu-
lation and pleural thickening are seen in exudative effu-
sions. Pleural nodularity, circumferential or mediastinal
pleural involvement are suggestive of malignancy [49]. In-
vasion into adjacent mediastinal or chest wall structures
indicate aggressive infection or malignancy. Occasionally,
pleural fluid may become encysted in the horizontal and/
or oblique fissures and may mimic a mass but it should be
readily differentiated on MRI to due fluid, rather than soft
tissue, signal characteristics.

Further investigations

When nodules are detected, a review of any previous im-
aging is essential to establish stability or if growth, over
what time frame. Further evaluation with CT is often re-
quired and if appropriate the nodule can then be followed
up as per the Fleischner Society guidelines [50] (Table 2)
or the new 2015 British Thoracic Society guidelines for
the investigation and management of pulmonary nodules
[51]. If there is a suspicion of malignant nodule or mass,
there should be a low threshold for seeking thoracic Radi-
ology or Respiratory opinion. Urgent referral to the local

lung cancer multidisciplinary meeting would be important
in such cases.

Breast

The mammary tissue is visualized on axial cross sec-
tional imaging at the time of CMR. Indeed, incidental
breast lesions are identified in 0.1-2.5 % of CMR studies
and over 50 % of these lesions are clinically significant
[14-16, 52]. In addition, in women, breast cancer is the
most frequently diagnosed cancer and the leading cause
of cancer deaths on the worldwide scale [53]. However,
there are increasing numbers of breast cancer survivors
and there is a corresponding increase in cardiac imaging,
sometimes with CMR, to assess for cardio-toxic side ef-
fects from some of the chemotherapeutic agents used to
treat the disease. Particular care should be given to the
breast tissue in CMR studies performed in such patients
as they remain at risk of disease recurrence.

Table 2 The Fleischner society recommendations for the
follow-up and management of solid pulmonary nodules smaller
than 8 mm detected incidentally in persons 35 years of age or
older — adapted from reference [50]

Nodule size: < 4 mm
- Low risk® : No follow-up
« High risk® ; Follow-up CT at 12 months and if no change, no further
follow-up required

Nodule size: >4 — 6 mm
- Low risk® : Follow-up CT at 12 months and if no change, no further
follow-up required
« High risk® : Initial follow-up CT at 6-12 months and then at 18-24
months if no change

Nodule size: >6 — 8 mm
- Low risk® : Initial follow-up CT at 6-12 months and then at 18-24
months if no change
« High risk® : Initial follow-up CT at 3-6 months and then at 9-12
and 24 months if no change

Nodule size: >8 mm
« Follow-up CTs at around 3, 9 and 24 months
or
+ Dynamic contrast enhanced CT, PET-CT, and/or biopsy

“Low risk patients: minimal or absent history of smoking and / or other know
risk factors
bHigh risk patients: history of smoking or other known risk factors
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Normal variant anatomy

Breast density varies with age with more fibro-fatty re-
placement of glandular tissue in the elderly. Occasion-
ally, this process may be asymmetrical and a focus of
persistent glandular tissue may mimic a breast lesion.

Common pathology

The differential diagnosis for a focal breast lesion (Fig. 11a)
includes breast cyst, fibroadenoma, prominent area of fibro-
cystic change, fat necrosis, phyllodes tumour and, most
concerning, malignancy. The age of the individual affects
the likely aetiology. For example, breast cysts are a common
cause in premenopausal women >40 years old but an infre-
quent cause of breast masses in younger women. Fibro-
adenomas are areas of overgrowth of normal breast
tissue due to hormonal stimulation that are common in
younger women.

Given the high prevalence of breast cancer, mastecto-
mies are not infrequently encountered at CMR (Fig. 11b).
Identifying such abnormality may have important impli-
cations as it implies a history of previous breast cancer,
which may not always be stated in the clinical informa-
tion accompanying the clinical CMR request. In such
patients, the reporting doctor should have a heightened
level of suspicion that lung and/or bony lesions could
represent metastatic disease. Furthermore, lung paren-
chymal abnormality associated with volume loss in the
ipsilateral upper zone may be a result of previous breast
radiotherapy.

Breast implants, inserted for cosmetic or reconstruct-
ive purposes, are occasionally encountered (Fig. 11c).
Implant rupture is a recognized complication and has
received much media coverage in recent years. The high
specificity of MRI at detecting features of rupture means
those reporting MRI studies covering the breast need to
be aware of the imaging features of rupture which can,
albeit infrequently, be an incidental finding. The bright-
blood, T2 weighted sequences are the most valuable in
detecting potential rupture, which is classified as either
intra- or extra-capsular. The most useful feature of an
intra-capsular rupture is the ‘linguine sign, which are
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curvilinear hypointense lines within the hyperintense sil-
icon [54]. Focal invagination between the inner shell and
fibrous capsule is termed the tear-drop sign [54]. Extra-
capsular rupture is difficult to detect without breast ded-
icated MRI with silicon suppressed sequences.

Important imaging findings

When an incidental breast lesion is discovered, the most
important task is to try and positively identify malignant
lesions. Certain loco-regional changes should be sought
which increase the risk of malignancy, such as nipple in-
version and cutaneous thickening. The lymphatic drain-
age of the breast is to the axillary, internal mammary
and supraclavicular lymph node stations. Therefore,
these nodal groups should be scrutinized in patients
with known breast cancer and those where an incidental
breast mass is identified. Nodal imaging features con-
cerning for malignant infiltration include increased cor-
tical thickness, soft tissue infiltration of the fatty hilum,
lobulated shape and large size [55]. The size limits for
abnormal lymph nodes depend on the sensitivity to speci-
ficity ratio desired. A short-axis diameter >5 mm has been
demonstrated to be highly specific for malignant infiltra-
tion [56]. However, as previously discussed, determining
pathological lymphadenopathy should not be made on
size alone, but include morphological assessment too.

It should be noted that MRI is not a replacement for
oncological staging of breast cancer and CT may still be
required. Furthermore, normal breast appearance on
MRI at the time of CMR does not exclude sinister breast
disease and/or breast cancer recurrence.

Further investigations

The information that can be gathered on the breast tissue
from the routinely used CMR sequences is limited. The
incidental breast mass cannot be fully characterized at the
time of CMR and all lesions should be referred to a breast
unit for further assessment, usually with dedicated clinical
history, mammogram and/or ultrasound and tissue diag-
nosis as appropriate. Dedicated breast MRI is a specialized
investigation involving the patient lying prone with

imaging (c) showing bilateral breast prostheses (*)

Fig. 11 Axial black blood imaging (a) showing an abnormal, spiculate soft tissue signal mass in the fatty left breast (solid black lesion) detected
incidentally at the time of CMR. Axial black blood imaging (b) showing previous right-sided mastectomy (solid white arrows). Axial black blood
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dedicated breast coil and dynamic enhancement protocols
and warrants specialized breast Radiologist interpretation.

Liver, biliary tree and pancreas

Whilst the liver may only be partially imaged on the
most inferior aspect of the field of view during dedicated
cardiac MRI, it may be virtually completely imaged in
whole aortic MRI sequences. Knowledge of normal ana-
tomical variants and common hepato-biliary pathology
is, therefore, important.

Normal variant anatomy
Individuals who regularly report congenital heart disease
CMR will routinely assess the available images to determine
abdominal situs, but all CMR imagers should be comfort-
able identifying such anatomical variations (Fig. 12).
Riedel’s lobe is an accessory right lobe of the liver. It is
described as a tongue-like, inferior extension of the right
lobe of liver into the right flank / right iliac fossa, beyond
the right sided inferior costal cartilage [57]. It should not
be confused with a hepatic mass or hepatomegaly.

Common pathology
Simple hepatic cysts are the most common hepatic par-
enchymal abnormality and are frequently encountered in
the extra-cardiac field of view at the time of CMR. They
will have high signal return on T2 weighted sequences
(Fig. 13a and b). Not all cystic lesions in the liver are
simple and the imaging differential diagnosis includes
cystic tumours, parasitic or hydatid cystic disease, and
hepatic abscesses. However, usually the ancillary clinical
information enables the respective pathologies to be dis-
tinguished, with infective causes unlikely to be asymp-
tomatic incidental findings.

Metastatic disease is the most common cause of malig-
nant liver lesions (Fig. 13c and d). Colon, lung, breast and
gastric malignancies have a predilection for metastasizing
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to the liver. The differential for focal liver parenchymal le-
sions includes hepatocellular carcinoma, adenomas,
haemangiomas and focal nodular hyperplasia. Support-
ive clinical findings may be relevant in distinguishing
the pathologies, for example hepatocellular carcinoma
usually occurs in cirrhotic livers, whereas hepatic aden-
omas most frequently occur in young women on the
oral contraceptive pill.

Gallstones occur in approximately 10-15 % of the adult
population [58]. Calcified stones will appear as low sig-
nal entities on MRI (Fig. 14). Cholesterol stones may be
high signal on T1 weighted images. However, not every
individual with gallstone disease will be or will become
symptomatic. Gallbladder wall thickening and perichole-
cystic fluid, suggesting cholecystitis, and biliary tree
dilatation, raising the possibility of choledocholithiasis, are
unlikely to be present when gallstone disease is detected
incidentally at CMR, without right upper quadrant pain
and liver function test derangement respectively. However,
sometimes patients are referred for assessment of atypical
chest pain, which has actually been caused by gallstone
disease.

Images of the liver are routinely acquired when asses-
sing for hepatic iron loading with MRI. Even when the
dedicated gradient recall echo sequences required for as-
sessment of liver T2* are not performed, visual assessment
of the liver and spleen may provide useful insights into the
aetiology of an individual with possible cardiomyopathy of
indeterminate cause. The superparamagnetic effect of iron
accumulation in the tissues results in local magnetic field
distortion and shortening of T1 and T2 relaxation times.
This in turn leads to signal loss from the affected organs.
Diffuse low signal in both the liver and spleen raise the
possibility of secondary cause of iron overloading, whereas
low signal in the liver with preserved signal intensity in
the spleen suggests primary hepatic iron deposition dis-
ease such as haemochromatosis.

Fig. 12 Axial black blood imaging (a) and coronal bright blood imaging (b) demonstrating a left-sided liver (white *), right-sided spleen (black *)
and right-sided stomach (solid white arrow). There is also evidence of a right-sided descending thoracic aorta on the axial and coronal images
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Fig. 13 Axial black blood imaging (@) and coronal bright blood imaging
(b) showing a well-defined low and high signal entity respectively
consistent with a simple liver cyst. Axial black blood imaging (c)
showing ill-defined low signal entity in the right lobe of liver (red
box) which demonstrated features consistent with a metastasis on
contrast enhanced CT (d). There is also a low signal entity in the
vertebral body (blue box) which was confirmed to represent a
sclerotic metastasis on CT (e)

The pancreas often undergoes fatty replacement with
age and may appear atrophic. When a lesion is detected,
the most concerning pathology to be excluded is pancre-
atic malignancy. When this occurs in the pancreatic head,
there is often associated obstruction to the biliary tree and
as a result it is unlikely to present incidentally. However,
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the differential diagnosis for focal pancreatic lesions is
wide and if a lesion is identified then expert hepatobiliary
radiology opinion is advised in the first instance to
guide further investigation.

Important imaging findings

In terms of extra-cardiac liver parenchymal lesions, the
main concern is trying to distinguish liver metastases
from benign liver lesions. Liver metastases are variable
in their T1 and T2 signal intensities but usually result in
hypo to iso-intense signal on T1 weighted images and
iso to hyper-intense signal on T2 weighted images. Liver
metastases tend to lose signal with increasing T2 weight-
ing, whereas liver cysts and haemangiomas remain bright.
However, metastases with necrotic cores can mimic cysts
in terms of signal characteristics. Often it is not possible
to definitively characterize liver lesions incidentally de-
tected at the time of CMR.

Further investigations

Reviewing any available previous liver imaging can be use-
ful in determining the aetiology and necessity for further
investigation of the lesion in question. Trans-abdominal
ultrasound is a readily available, harmless investigation
that is often recommended as the next investigation to try
to characterize incidental liver lesions further. Entirely
simple appearing liver cysts do not require further investi-
gation. If there are any atypical features (e.g. ill-defined
margins, complex structure, heterogeneous content) and
there is no previous imaging for comparison then seeking
the opinion of a Radiologist and referral for ultrasound
should be considered. Comprehensive hepatic lesions
characterization with MRI is a specialist investigation,
which requires dedicated hepatic sequences and often ne-
cessitates specific contrast agents.

Fig. 14 Axial (@) and coronal (b) bright blood imaging demonstrating a large low signal entity in a fluid-filled viscus in the right upper quadrant
(solid white arrows), consistent with a large uncomplicated calcific gallstone
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Fig. 15 Axial bright blood imaging revealing a horseshoe kidney (¥).
The usual ascent of the kidneys out of the pelvis is impeded by the
physical constraint of the inferior mesenteric artery (solid red arrow)

Kidneys

Often only the upper poles of the kidneys are visualized
due the constraints of the field of view at the time of CMR.
This can make accurate localization and characterization of
potential renal abnormalities challenging, which may lead
to over-investigation, potential misinterpretation and incor-
rect diagnosis.

Normal variant anatomy
The size of the kidneys in adult subjects is 10 — 12 cm.
There is normally a slight discrepancy in the length of
the kidneys, with the left kidney usually being slightly
larger by approximately 1 centimetre. If the length of the
patient’s kidneys is going to be measured, it is important
that multiplanar reformatted images adjusted to give a
true long-axis image of each individual kidney are used
to avoid recording foreshortened measurements.

There are several anatomical variations in the kidneys
that may mimic pathology. For example, it is not uncom-
mon for the contour of the kidney to be slightly irregular.
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This may be simply due to persistent foetal lobulation or a
dromedary hump, the latter is more common in the left
kidney, rather than a parenchymal abnormality. In the
case of anatomical variations, the cortico-medullary dif-
ferentiation will be preserved and the cortical thickness
uniform.

Occasionally, one or both kidneys are not demon-
strated on the axial or coronal images at the time of
CMR. Providing there is no preceding history of neph-
rectomy, this is often due to low-lying kidney(s) or pel-
vic kidney(s). Sometimes, the kidneys are fused in the
midline and fail to ascend out of the lower abdomen
due to the inferior mesenteric artery blocking the path.
This is termed horseshoe kidney (Fig. 15) and is associ-
ated with certain congenital heart diseases.

Another renal anatomical variation that may cause
confusion is the duplex kidney. This occurs when there
is either complete or partial duplication of the renal col-
lecting system within one kidney. In a complete duplex
kidney, the 2 renal pelvicalyceal systems drain via
separate ureters into the bladder. The upper moiety
often inserts ectopically and may be associated with a
distal ureterocoele resulting in urinary obstruction and
hydronephrosis, whereas the insertion site of the lower
moiety ureter is prone to urinary reflux, which may result
in renal scarring,

Common pathology
The most common focal renal pathology identified at
CMR is a renal cyst. Most of these lesions will be simple
benign cysts of no clinical relevance. However, a propor-
tion of cystic renal lesions have malignant potential.
Sometimes the position of renal cysts can mimic other
pathology, for example prominent para-pelvic renal cysts
can sometimes be confused with hydronephrosis (Fig. 16).
It is not uncommon to detect global renal cortical atro-
phy, particularly in elderly subjects with cardiovascular risk
factors. The patient’s renal function should be routinely

para-pelvic cysts

Fig. 16 Coronal bright blood imaging (a) demonstrating a cystic entity at the left renal pelvis (solid white arrows). There is also a simple cortical
renal cyst in the left lower pole. Correlative trans-abdominal ultrasound image (b) revealed the hypoechoic areas at the renal hilum are in continuity
with a dilated proximal ureter and there is calyceal blunting (solid white arrows). These findings are consistent with hydronephrosis rather than
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Table 3 The Bosniak renal cyst classification system — adapted
from reference [59]

Bosniak |
« Simple cyst
o Hairline-thin wall, no septations, no calcifications, no solid
components
o Management: Nil
o Malignant potential: Approximately 0 %

Bosniak I
+ Minimally complex

0 May contain a few hairline-thin septa with no perceivable
enhancement, fine calcification or short segment of thicker
calcification in wall or septa, or uniformly high-attenuation lesions
on CT <3 c¢m that are sharply marginated and do not enhance

0 Management: Nil

o Malignant potential: Approximately 0 %

Bosniak IIF
+ Minimally complex

o Multiple hairline-thin septa, perceived septal enhancement but no
measureable enhancement, minimal wall thickening, calcification
may be thicker and nodular, no enhancing soft tissue components,
or totally intra-renal non-enhancing high-attenuating renal lesions
>3 cm

0 Management: Ultrasound or CT follow-up

o Malignant potential: Approximately 5 %

Bosniak Il
« Indeterminate
o Thickened irregular or smooth walls or septa with measureable
enhancement
0 Management: Partial nephrectomy or radiofrequency ablation
o Malignant potential: Approximately 55 %

Bosniak IV
« Clearly malignant
o All criteria of Bosniak Ill but also contain discrete enhancing soft
tissue components independent of the wall or septa
0 Management: Partial or complete nephrectomy
o Malignant potential: Approximately 100 %
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checked before CMR and administration of intravenous
gadolinium chelate contrast agent so the discovery of
such renal appearances should not be unexpected to
the referring clinician. Occasionally, unilateral renal
atrophy will be demonstrated. In such cases, it is
worth raising the question of ipsilateral renal artery
stenosis as the cause, which may be amenable to
intervention.

Important imaging findings
The challenge when faced with an incidental renal cystic
lesion is to determine the likely malignant potential. The
size and number of simple cysts are not usually clinical
important in this regard. The latter is only really relevant
in cases of excessive renal cysts, which may raise the pos-
sibility of polycystic kidney disease. The malignant poten-
tial of renal cysts can be predicted using the Bosniak
classification [59] (Table 3). This classification is based on
imaging findings on post-contrast CT but findings are
similar at MRI [60] and therefore the classification can be
loosely extrapolated to incidental cysts found at the time
of CMR. The important message is that completely simple
cysts have virtually no malignant potential but complex
cysts with multiple septations and nodules as well as part-
solid, part-cystic components are highly concerning for
malignancy. Occasionally, renal cysts in the left kidney
will be demonstrated in the field of view of LGE images
(Fig. 17). These images may provide information about
lack of cyst enhancement, which is a reassuring feature.
Differentiating para-pelvic cysts from hydronephrosis
can be challenging. The important ancillary findings that
favour the latter include blunting of the renal calyces
(Fig. 16b) and associated cortical atrophy (but this will
only be present in longstanding obstruction). The pres-
ence of a concomitant dilated ureter, if demonstrated on
the CMR images, also favours obstruction over para-

Fig. 17 Short-axis steady state free precession cine image (a) revealing a high signal cyst in the visualized left kidney (solid white arrow). On the
corresponding magnitude late gadolinium enhancement image (b) there is no enhancement of the cyst (solid white arrow) but diffuse
enhancement of the surrounding normal renal parenchyma. This is a reassuring feature of renal cystic lesions

~
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Fig. 18 Axial black blood imaging of the upper abdomen (a) revealing splenomegaly, with maximal bipolar diameter of the spleen of 17.1 cm
(solid black arrows). This was detected incidentally at the time of CMR. Scrutinizing the other available extra-cardiac images (b) revealed extensive
mediastinal lymphadenopathy (solid white arrows), suggesting the splenomegaly was due to lymphoma in this patient

pelvic cyst (Fig. 16b). It should be noted that para-pelvic
cysts are more likely to be incidental and urinary ob-
struction is more likely to present with corresponding
clinical and biochemical abnormalities.

Further investigations

Before considering additional imaging, it is important to
review any previous renal imaging. Stability in appear-
ances over a long period of time is clearly a reassuring fea-
ture. Ultrasound is a readily available modality that can
help further characterize incidental renal lesions in the
first instance. If there is any concern of urinary obstruc-
tion, an urgent Urological opinion should be sought. It
there are any concerns regarding possible malignant po-
tential of renal cystic lesions or other renal masses, seek
expert uro-radiological input and have a low threshold for
urgent review at the Urology cancer multidisciplinary
team meeting. A contrast enhanced CT study will be
needed to definitively characterize the lesion and stage
any potential disseminated metastatic disease.

Spleen

The spleen is often best visualized in coronal anatomical
imaging sequences, if performed. It may be incompletely
imaged in axial dataset.

Normal variant anatomy

In adults, the normal size of the spleen is between 12 —
15 c¢cm. Care should be taken to ensure measurements are
performed in maximal bipolar dimension (Fig. 18a). Ele-
vated height and increased body mass index are associated
with larger splenic dimensions in otherwise normal spleens.

It is fairly common to encounter rounded, well-
circumscribed soft tissue masses in the left upper
quadrant in the vicinity of the spleen. These are invari-
ably a focus / foci of accessory splenic tissue termed a
splenunculus / splenuculi.

The normal physiology of the spleen should be
understood by individuals who perform adenosine stress
perfusion CMR. The spleen can down-regulate its func-
tion during ‘stress’ with intravenous adenosine which
manifests as lack of enhancement, either assessed visually

Fig. 19 Real-time first pass myocardial perfusion at peak stress following administration of intravenous adenosine (a) revealing no discernible
enhancement of the visualized spleen (solid white arrow). Real-time first pass myocardial perfusion at rest in the same patient (b) revealing normal
diffuse enhancement of the splenic tissue in the field of view (dashed white arrow)
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detected at the time of CMR

Fig. 20 Axial black blood imaging (a) and coronal bright blood imaging (b) revealing an incidental left adrenal nodule (solid black arrow)

or quantitatively, on the stress images relative to the rest
images (Fig. 19) [61]. In addition to heart and blood pres-
sure changes and development of symptoms, the so-called
‘splenic switch-off” sign may be another useful marker to
ensure the patient has been adequately stressed during an
adenosine perfusion CMR [61].

Common pathology
Splenomegaly should be assessed as described. There are
numerous causes of splenic enlargement. However, certain
causes of splenomegaly are more likely to be present de-
pending on the indication of the CMR. For example, in pa-
tients being assessed for iron loading, haematological
disorders are the most likely cause of splenomegaly. Con-
gestive splenomegaly may occur in right heart or biven-
tricular heart failure. Viral pathogens may cause both
splenomegaly and viral myocarditis. Amyloidosis and
sarcoidosis are other disorders that may cause con-
comitant cardiac and splenic pathology.

Focal splenic lesions are uncommon. In the case of in-
cidentally detected lesions, they most likely represent
haemangiomata or the sequelae of previous trauma. An

expert radiological opinion should be sought in any un-
certain cases.

Important imaging findings

When splenomegaly is discovered, the available images
should be scrutinized for potential clues to the aetiology
if not already clinical apparent (Fig. 18b).

As with the liver, it is important to assess the signal
characteristics of the spleen. This can help distinguish
between primary and secondary iron overloading condi-
tions as explained in the Liver, Biliary tree and Pancreas
section of this review.

Further investigations

In the context of splenomegaly, further imaging is rarely
additive and the underlying aetiology needs to be deter-
mined clinically. In the case of incidental focal splenic
lesions, reviewing any previous imaging should be the first
step. Ultrasound is often performed as a readily avail-
able and non-ionising radiation modality to further
characterize splenic abnormalities. Discussion with a Radi-
ologist about the necessity for further investigation is then
advised.

r

Fig. 21 Axial black blood imaging (a) demonstrating abnormal soft tissue signal masses in the anticipated anatomical location of the adrenal
glands (solid white arrows). These areas were confirmed to be highly metabolically active on metaiodobenzylguanidine (MIBG) study (b)
confirming the diagnosis of bilateral phaeochromocytomas, which were the cause of this patient’s hypertension
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Fig. 22 In-phase MRI image (a) showing a right adrenal lesion (solid white arrow). There is signal drop out (dashed white arrow) on the out-of-
phase MRI sequence (b), confirming the presence of intracellular lipid and making the diagnosis of a benign lipid-rich adenoma

Adrenal glands
The adrenal glands are often visualized on the axial and
coronal anatomical imaging performed at the beginning
of a CMR study.

Normal variant anatomy

On axial and coronal MR images, the right adrenal gland
is located immediately posterior to the inferior vena cava
and superior to the upper pole of the right kidney. It has
a linear, inverted V or Y configuration [62]. The left
adrenal gland is anteromedial to the upper pole of the
kidney and posterior to the pancreas and has a triangu-
lar inverted Y or V configuration [62]. Normal adrenal
glands range from 2 to 6 mm in thickness and from 2 to
4 cm in length [62].

Common pathology

Adrenal masses are occasionally encountered inciden-
tally at the time of CMR (Fig. 20). The differential
diagnosis includes primary and metastatic malignancy as
well as benign entities. It should be appreciated that
abnormal adrenal function can occur in anatomically
normal appearing adrenal glands and biochemical

Fig. 23 Axial black blood lesion demonstrating a bony lesion in the
right humeral head (solid white arrow)

correlation should be performed if there is any clinical
suspicion. Biochemically active lesions are particularly
important to consider in subjects being investigated with
CMR for hypertensive heart disease as this may repre-
sent a treatable secondary cause of their hypertension
(Fig. 21).

Important imaging findings

When an incidental adrenal lesion is identified, the
important clinical question is whether the abnormality
represents a benign or malignant lesion. The biggest risk
factor for malignancy in an incidental adrenal lesion is a
history of known primary malignancy elsewhere; adrenal

Fig. 24 4-Chamber steady state free precession cine showing mitral
valve prolapse with central coaptation defect and a jet of mitral
regurgitation (solid black arrows). There is a marked pectus exacavatum
chest wall deformity (solid white arrow). The unifying diagnosis in this
case was Marfan's syndrome
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Fig. 25 Axial black blood imaging (a) and coronal bright blood imaging (b) showing a high signal entity within a thoracic vertebral body, with
no involvement of the posterior elements (solid white arrows). The patient had previously undergone a thoracic CT (c) and this confirmed the
classic appearance of a benign thoracic haemangioma with central ‘polka dot’ sign (white arrow)

metastases are found in as many as 25 % of patients with
known primary lesions [62]. Common primary sites of
malignancy that frequently metastasise to the adrenals
include lung, colon, breast and pancreatic tumours.

The documentation of macroscopic fat or MRI imaging
features of intracellular lipid are reassuring signs that sig-
nify the lesion represents a lipid-rich benign adenoma. The
lack of demonstrable fat means the lesion may still have
malignant potential. If the adrenal entity is appreciated
whilst the patient is still undergoing CMR, a simple add-
itional in/out phase MRI sequence can be performed to
try to distinguish benign from malignant disease (Fig. 22).
This sequence relies on chemical shift artifact; signal loss
on out-of-phase imaging relative to in-phase imaging con-
firms intracellular lipid and benignity (Fig. 22).

Further investigations

Adrenal lesions can be characterized by adrenal protocol
CT and the decision to use MRI or CT depends on local
availability and the individual patient (ionizing radiation
should be minimized wherever possible, particularly in
the young).

Bones

The thoracic rib cage, thoracic axial skeleton and proximal
humeri (Fig. 23) are routinely imaged at the time of CMR.
Familiarity with common and important osseous path-
ology is important for individuals reporting CMR images.

Normal variant anatomy

Pectus carinatum and pectus excavatum are chest wall
deformities that are occasionally encountered. The latter
is important to recognize as it may account for cardiac
dextroposition and extreme dextroversion. It can also
impinge the right ventricular free wall resulting in appar-
ent regional wall motion abnormalities which are im-
portant to recognize, particularly in CMR studies being
performed for suspected arrhythmogenic right ventricu-
lar cardiomyopathy / dysplasia. The presence of pectus
excavatum (Fig. 24) and other spinal abnormalities, such
as dural ectasia, may help support a unifying underling
diagnosis of Marfan’s syndrome.

It should also be recognized that congenital heart dis-
ease is associated with congenital spinal abnormalities,
such as kypho-scoliosis and hemi-vertebrae, and par-
ticular care should be taken when reporting congenital

Fig. 26 Axial steady state free precession cine image (a) and main pulmonary artery long-axis stack steady state free precession cine image
(b) revealing an abnormal mass within the spinal canal (solid white arrows) detected incidentally at the time of CMR
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heart disease CMR for concomitant bony anatomical
variations.

Common pathology

Lesions in the thoracic vertebral bodies are occasionally
encountered. Incidental, benign vertebral body haem-
angiomas are a common cause of such lesions (Fig. 25).
However, the bone is a common location for metastatic
disease and bony metastases are an important differen-
tial to consider (Fig. 13c and e).

Other bony abnormalities may be demonstrated de-
pending on the clinical indication of the CMR. For ex-
ample, broken ribs are frequently encountered in subjects
undergoing CMR following successful cardiopulmonary
resuscitation.
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Depending on the age of the subject undergoing CMR,
degenerative spinal changes may be very frequently en-
countered. Prominent osteophytes should not be confused
with sinister pathology. Degenerative vertebral body disc
protrusions, also known as Schmorl’s nodes, are also com-
mon. They frequently have a calcific low T1 and T2 signal
rim but are contiguous with vertebral body endplates.

Important imaging findings

The key question when faced with a vertebral body lesion
is: can benign disease be differentiated from malignant dis-
ease on the images available? Haemangiomas are vascular,
fatty benign lesions. They appear bright on both T1 and
T2 weighted images (Fig. 25a and b). Metastastic disease
can be broadly divided into osteoblastic and lytic disease.

discovered at the time of CMR

Locati | | Normal variant v] [ ¢ pathology | |  Importantsigns | | Further investig |
Neck = Pyramidal lobe |+ Thyroid goitre *  Mass effect on trachea +  Review previous investigations
* Retrosternal extent +  Seek expert Radiology input
* Consider suggesting ultrasound
+ Thyroid nodule(s) .
= Local invasion
. Size
Mediastinum *  Thymus +  Lymphadenopathy *  Size & contour *  Review previous investigations
(residual or reactivated) *  Loss of fatty hilum +  Seek expert Radiology input
*  Look for cause +  Consider suggesting CT
Lung *  Azygous lobe fissure *  Lung nodules (<3cm) *  Look for 17 tumour * Review previous investigations
*+  Lung masses (>3cm) *  Lymphadenopathy + Seek expert Radiology input
+  Look for metastases *+ Consider suggesting CT
* Fleischner guidelines or British
+  Pleural effusion *  Look for septations Thoracic Society guidelines for
+ & pleural thickening pulmonary nodules
Breast +  Asymmetric fibrofatty +  Breast lesion *  Look for metastases * Seek expert Radiology input
change
+  Mastectomy *  Look for recurrence
* Breast prosthesis *  Look for rupture
Liver * Riedel's lobe *  Liver cysts * Review previous investigations
= Seek expert Radiology input
*  Liver metastases *  Look for 1¥ tumour = Consider suggesting ultrasound
in first instance
= Gallstones +  Look for cholecystitis
and biliary dilatation
Kidney * Foetal lobulation * Renal cysts *  Look for complexity * Review previous investigations
* L>Rissize = Seek expert Radiology input
*  Pelvic kidney |+ Hydronephrosis *  Ureteric dilatation * Consider suggesting ultrasound
*  Duplex kidney +  Calyceal blunting in first instance
* Horseshoe kidney * Cortical atrophy * Bosniak classification for cysts
Spleen [+ Splenunculi *  Splenomegaly *  Look for cause = Review previous investigations
* Seek expert Radiology input
* Splenic lesion * Consider suggesting ultrasound
in first instance
Adrenals [+ Invert 'V of ¥" = Adrenal nodule * Look for evidence of fat * Review previous investigations
= Benign * Look for occult primary = Seek expert Radiclogy input
*  Malignant malignancy = Staging CT for occult
malignancy or adrenal
characterisation MRI/CT may
be appropriate
* Biochemical correlation
Bones = Pectus carinatum * Haemangioma * High T1and T2 signal * Review previous investigations
*  Pectus excavatum * Seek expert Radiology input
* Vertebral anomalies + Bony metastases +  Often low T1 signal + Staging CT for occult
+  Assess for collapse malignancy may be appropriate
+  Assess for cord
compromise
*  Look for occult primary

Fig. 27 Normal variant anatomy, common pathology, important imaging signs and potential further investigations for extra-cardiac findings
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The former usually return low T2 weighted signal but lytic
lesions may return high T2 weighted signal. Importantly,
both osteoblastic and lytic metastases usually return
low T1 weighted signal, which helps distinguish from
haemangiomas. Multiple lesions, abnormal surround-
ing soft tissue, prior malignancy, increasing age and/
or smoking history are factors that would increase the
index of suspicion for metastatic disease. If a potential
metastatic lesion is identified, it is important to assess for
associated vertebral body destruction or collapse and ret-
ropulsion of bony fragments towards the spinal canal.
Benign lesions rarely extend into the posterior elements
(vertebral pedicles, lamina or spinous processes). Posterior
element involvement suggests the lesion may be unstable.
Whenever a potential complication of metastatic spinal
disease is noted, urgent oncological opinion is advised as
urgent radiotherapy may be required.

Degenerative intervertebral disc disease often manifests
as loss of intervertebral disc height. A degenerative disc
should be low signal on T1 and T2 weight imaging. If
there is high intra-disc signal on T2 weighted imaging,
discitis needs to be considered. However, discitis usually
does not present incidentally and constitutional symptoms
are often present and there may be other imaging findings
such as a local inflammatory soft tissue reaction.

Finally, it is good practice to review the spinal canal
and cord as occasionally incidental central neuroaxis le-
sions will be identified (Fig. 26).

Further investigations

Previous comparative CT imaging can be very useful to
reassure the interpreter that the suspected lesion is in fact
a benign, incidental haemangioma. These lesions are
characteristically well-defined, low-attenuation areas with
central ‘polka dot’ appearance due to prominent bony tra-
beculations that can only be visualized with the higher
spatial resolution that CT affords (Fig. 25c). Previous CT
scans may also identify a putative primary lesion in the
case of suspected metastatic disease.

Conclusion

A significant amount of the neck, thorax and upper ab-
domen is imaged at the time of routine clinical CMR.
Extra-cardiac findings are common and an important
proportion of these findings are clinically relevant. Indi-
viduals who report CMR have a professional and ethical
duty to be adequately trained in the interpretation of
extra-cardiac findings or seek the opinion of radiology
colleagues who are so. We have reviewed normal ana-
tomical variants that may mimic pathology, common
extra-cardiac findings and important imaging signs not
to miss when reporting extra-cardiac findings at the time
of CMR (Fig. 27). Correctly interpreting extra-cardiac
findings is beneficial to the patient and can prevent
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unnecessary over-investigation whilst ensuring indeter-
minate or potentially important lesions are investigated
appropriately. The diseases affecting the heart also often
have systemic effects and identification of certain extra-
cardiac findings can help with the interpretation of the
primary cardiac question. Our review only touches upon
the imaging findings of a variety of important diseases in
many different organ systems and should not be used as
a replacement to seeking expert Radiological input
where there is uncertainty. It is beyond the scope of this
review to discuss and determine the clinical significance
of extracardiac findings at CMR. Our parting piece of
advice is that the next best investigation is usually
reviewing the last imaging investigation the patient
underwent.

Abbreviations
CMR: cardiovascular magnetic resonance; MRI: magnetic resonance imaging;
FNA: fine needle aspiration; CT: computed tomography; LGE: late gadolinium
enhancement.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

JCLR was involved with the conception of the project, drafted the manuscript,
critically reviewed the manuscript, edited the manuscript, prepared the figures,
approved the final version of the manuscript. SML drafted the manuscript,
critically reviewed the manuscript and approved the final version of the
manuscript. WL drafted the manuscript, critically reviewed the manuscript and
approved the final version of the manuscript. AMA drafted the manuscript,
critically reviewed the manuscript and approved the final version of the
manuscript. AB prepared the figures, critically reviewed the manuscript and
approved the final version of the manuscript. AGD prepared the figures,
critically reviewed the manuscript and approved the final version of the
manuscript. NEM drafted the manuscript, critically reviewed the manuscript and
approved the final version of the manuscript. CBD was involved with the
conception of the project, critically reviewed the manuscript, approved the final
version of the manuscript and is guarantor for the entire piece of work.

Authors’ information

Jonathan C. L. Rodrigues BSc(Hons), MBChB(Hons), MRCP, FRCR - Clinical
Research Fellow in Cardiac Imaging and Specialist Trainee in Clinical
Radiology.

Stephen M. Lyen BSc, MBBS, FRCR - Consultant Cardiothoracic Radiologist.
William Loughborough BSc(Hons), MBChB(Hons) — Specialist Trainee in
Clinical Radiology.

Antonio Matteo Amadu MD - Specialist Trainee in Clinical Radiology

Anna Baritussio MD — Clinical Research Fellow in Cardiac Imaging
Amardeep Ghosh Dastidar MBBS, MRCP — Clinical Research Fellow in Cardiac
Imaging and Specialist Trainee in Cardiology

Nathan E. Manghat MBChB, MRCP, FRCR, MD, FSCCT - Consultant
Cardiovascular Radiologist

Chiara Bucciarelli-Ducci MD, PhD, FESC, FRCP — Consultant Cardiologist and
Senior Lecturer in Cardiology / Non-invasive imaging

Acknowledgements

This project was funded by the National Institute for Health Research (NIHR)
Biomedical Research Unit in Cardiovascular Disease at the University
Hospitals Bristol NHS Foundation Trust and the University of Bristol. The
review is independent work funded by the NIHR. The views expressed are
those of the authors and not necessarily those of the National Health
Service, the NIHR or the Department of Health. All the CMR images in this
review were acquired on the CMR scanner in the NIHR Bristol Cardiovascular
Biomedical Research Unit. Patients provided written consent for their
anonymised clinical CMR images to be used for post-hoc research and
teaching. The consent form is held by the authors’ institution and is available



Rodrigues et al. Journal of Cardiovascular Magnetic Resonance (2016) 18:26

for review by the Editor-in-Chief. All details of individual patient’s age and/or
sex have been removed from the figure legends to prevent jeopardizing the
anonymity of the patients. We thank Dr Alexandra Valencia, Consultant Breast
Radiologist at North Bristol Trust, for her expert review and feedback of the

Breast section.

Author details
!Cardiovascular Magnetic Resonance Unit, NIHR Bristol Cardiovascular

Biomedical Research Unit, Bristol Heart Institute, University of Bristol, Bristol,

UK. “Department of Clinical Radiology, Bristol Royal Infirmary, University
Hospitals Bristol NHS Foundation Trust, Upper Maudlin Street, Bristol BS2

8HW, UK. *School of Physiology, Pharmacology and Neurosciences, Faculty of

Biomedical Sciences, University of Bristol, Medical Sciences Building,
University Walk, Bristol BS8 17D, UK. “Department of Surgical, Microsurgical

and Medical Sciences, Institute of Radiological Sciences, University of Sassari,

Sassari, Italy. “Department of Cardiology, Bristol Royal Infirmary, University
Hospitals Bristol NHS Foundation Trust, Upper Maudlin Street, Bristol BS2
8HW, UK.

Received: 19 January 2016 Accepted: 21 April 2016
Published online: 09 May 2016

References
1. Bruder O, Wagner A, Lombardi M, Schwitter J, van Rossum A, Pilz G, et al.

European Cardiovascular Magnetic Resonance (EuroCMR) registry-multi national

results from 57 centers in 15 countries. J Cardiovasc Magn Reson. 2013;159.

2. Hundley WG, Bluemke DA, Finn JP, Flamm SD, Fogel MA, Friedrich MG, et

al. ACCF/ACR/AHA/NASCI/SCMR 2010 expert consensus document on
cardiovascular magnetic resonance: a report of the American College of

Cardiology Foundation Task Force on Expert Consensus Documents. J Am

Coll Cardiol Elsevier Inc. 2010;,55(23):2614-62.

3. McMurray JJV, Adamopoulos S, Anker SD, Auricchio A, Bhm M, Dickstein K,
et al. ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure 2012: The Task Force for the Diagnosis and Treatment of Acute

and Chronic Heart Failure 2012 of the European Society of Cardiology.

Developed in collaboration with the Heart. Eur Heart J. 2012,33(14):1787-847.

4. Kilner PJ, Geva T, Kaemmerer H, Trindade PT, Schwitter J, Webb GD.
Recommendations for cardiovascular magnetic resonance in adults with
congenital heart disease from the respective working groups of the
European Society of Cardiology. Eur Heart J. 2010;31(7):794-805.

5. Dunet V, Schwitter J, Meuli R, Beigelman-Aubry C. Incidental extracardiac

findings on cardiac MR: Systematic review and meta-analysis. J Magn Reson

Imaging. 2015;23.

6. Maizlin 2V, Barnard SA, Gourlay WA, Brown JA. Economic and ethical impact

of extrarenal findings on potential living kidney donor assessment with
computed tomography angiography. Transpl Int. 2007;20(4):338-42.
7. Liu W, Mortelé KJ, Silverman SG. Incidental extraurinary findings at MDCT

urography in patients with hematuria: prevalence and impact on imaging

costs. AJR Am J Roentgenol. 2005;185(4):1051-6.

8. Ginnerup Pedersen B, Rosenkilde M, Christiansen TEM, Laurberg S.
Extracolonic findings at computed tomography colonography are a
challenge. Gut. 2003;52(12):1744-7.

9. eacvi-cmr-certification-core-syllabus-2014.pdf [Internet]. [cited 2016 Jan 4].
Available from: http://www.escardio.org/The-ESC/Communities/European-
Association-of-Cardiovascular-Imaging-EACVI/Education/CMR-Core-Syllabus-

for-Certification. Accessed 4 Jan 2016.
10. Petersen SE, Almeida AG, Alpendurada F, Boubertakh R, Bucciarelli-Ducci C,

Cosyns B, et al. Update of the European Association of Cardiovascular Imaging

(EACVI) Core Syllabus for the European Cardiovascular Magnetic Resonance
Certification Exam. Eur Heart J Cardiovasc Imaging. 2014;15(7):728-9.

11, Ryu JH, Kim DW, Kang T. Pre-operative detection of thyroid pyramidal lobes by
ultrasound and computed tomography. Ultrasound Med Biol. 2014;40(7):1442-6.

12. Tunbridge WM, Evered DC, Hall R, Appleton D, Brewis M, Clark F, et al.
The spectrum of thyroid disease in a community: the Whickham survey.
Clin Endocrinol (Oxf). 1977,7(6):481-93.

13. Vander JB, Gaston EA, Dawber TR. The significance of nontoxic thyroid
nodules. Final report of a 15-year study of the incidence of thyroid
malignancy. Ann Intern Med. 1968;69(3):537-40.

14.  Atalay MK, Prince EA, Pearson CA, Chang KJ. The prevalence and clinical
significance of noncardiac findings on cardiac MRI. AJR Am J Roentgenol.
2011;196(4):W387-93.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

32.

33.

34,

35.

36.

37.

38.

39.

Page 20 of 21

Greulich S, Backes M, Schumm J, Griin S, Steubing H, Sechtem U, et al. Extra
cardiac findings in cardiovascular MR: why cardiologists and radiologists
should read together. Int J Cardiovasc Imaging. 2014;30(3):609-17.

Sohns JM, Schwarz A, Menke J, Staab W, Spiro JE, Lotz J, et al. Prevalence
and clinical relevance of extracardiac findings at cardiac MRI. J Magn Reson
Imaging. 2014;39(1):68-76.

Hoang JK, Langer JE, Middleton WD, Wu CC, Hammers LW, Cronan JJ, et al.
Managing incidental thyroid nodules detected on imaging: white paper of
the ACR Incidental Thyroid Findings Committee. J Am Coll Radiol Elsevier.
2015;12(2):143-50.

Miyakoshi A, Dalley RW, Anzai Y. Magnetic resonance imaging of thyroid
cancer. Top Magn Reson Imaging. 2007;18(4):293-302.

Nguyen XV, Choudhury KR, Eastwood JD, Lyman GH, Esclamado RM, Werner JD,
et al. Incidental thyroid nodules on CT: evaluation of 2 risk-categorization
methods for work-up of nodules. AINR Am J Neuroradiol. 2013;34(9):1812-7.
Hoang JK, Choudhury KR, Eastwood JD, Esclamado RM, Lyman GH, Shattuck
TM, et al. An exponential growth in incidence of thyroid cancer: trends and
impact of CT imaging. AJNR Am J Neuroradiol. 2014;35(4):778-83.

Shetty SK, Maher MM, Hahn PF, Halpern EF, Aquino SL. Significance of
incidental thyroid lesions detected on CT: correlation among CT,
sonography, and pathology. AJR Am J Roentgenol. 2006;187(5):1349-56.
Glazer GM, Gross BH, Quint LE, Francis IR, Bookstein FL, Orringer MB. Normal
mediastinal lymph nodes: number and size according to American Thoracic
Society mapping. AJR Am J Roentgenol. 1985;144(2):261-5.

Genereux GP, Howie JL. Normal mediastinal lymph node size and number:
CT and anatomic study. AJR Am J Roentgenol. 1984;142(6):1095-100.
Schnyder PA, Gamsu G. CT of the pretracheal retrocaval space. AJR Am J
Roentgenol. 1981;136(2):303-8.

Ingram CE, Belli AM, Lewars MD, Reznek RH, Husband JE. Normal lymph
node size in the mediastinum: a retrospective study in two patient groups.
Clin Radiol. 1989;40(1):35-9.

Kiyono K, Sone S, Sakai F, Imai Y, Watanabe T, Izuno |, et al. The number and
size of normal mediastinal lymph nodes: a postmortem study. AJR Am J
Roentgenol. 1988;150(4):771-6.

Callen PW, Korobkin M, Isherwood I. Computed tomographic evaluation of
the retrocrural prevertebral space. AJR Am J Roentgenol. 1977;129(5):907-10.
Aronberg DJ, Peterson RR, Glazer HS, Sagel SS. Superior diaphragmatic
lymph nodes: CT assessment. J Comput Assist Tomogr. 1986;10(6):937-41.
Ackman JB, Wu CC. MRI of the thymus. AJR Am J Roentgenol. 2011;197(1):
W15-20.

Francis IR, Glazer GM, Bookstein FL, Gross BH. The thymus: reexamination of
age-related changes in size and shape. AJR Am J Roentgenol. 1985;145(2):
249-54.

Shroff GS, Boonsirikamchai P, Viswanathan C, Godoy MCB, Marom EM,
Truong MT. Differentiating pericardial recesses from mediastinal
adenopathy: potential pitfalls in oncological imaging. Clin Radiol. 2014;69(3):
307-14.

Chabbert V, Canevet G, Baixas C, Galinier M, Deken V, Duhamel A, et al.
Mediastinal lymphadenopathy in congestive heart failure: a sequential CT
evaluation with clinical and echocardiographic correlations. Eur Radiol. 2004;
14(5):881-9.

Jung JI, Kim HH, Jung YJ, Park SH, Lee JM, Hahn ST. Mediastinal
lymphadenopathy in pulmonary fibrosis: correlation with disease severity.

J Comput Assist Tomogr. 2000;24(5):706—10.

Baldwin DR, Lambert L, Pantin CF, Prowse K, Cole RB. Silicosis presenting as
bilateral hilar lymphadenopathy. Thorax. 1996;51(11):1165-7.

Carter BW, Wu CC, Khorashadi L, Godoy MCB, de Groot PM, Abbott GF, et al.
Multimodality imaging of cardiothoracic lymphoma. Eur J Radiol. 2014;83(8):
1470-82.

McLoud TG, Kalisher L, Stark P, Greene R. Intrathoracic lymph node metastases
from extrathoracic neoplasms. AJR Am J Roentgenol. 1978;131(3):403-7.
Strollo DC, Rosado-de-Christenson ML, Jett JR. Primary mediastinal tumors:
part IIl. Tumors of the middle and posterior mediastinum. Chest. 1997;112(5):
1344-57.

Toloza EM, Harpole L, McCrory DC. Noninvasive staging of non-small cell
lung cancer: a review of the current evidence. Chest. 2003;123(1 Suppl):
1375-46S.

Arita T, Matsumoto T, Kuramitsu T, Kawamura M, Matsunaga N, Sugi K, et al.
Is it possible to differentiate malignant mediastinal nodes from benign
nodes by size? Reevaluation by CT, transesophageal echocardiography, and
nodal specimen. Chest. 1996;110(4):1004-8.


http://www.escardio.org/The-ESC/Communities/European-Association-of-Cardiovascular-Imaging-EACVI/Education/CMR-Core-Syllabus-for-Certification
http://www.escardio.org/The-ESC/Communities/European-Association-of-Cardiovascular-Imaging-EACVI/Education/CMR-Core-Syllabus-for-Certification
http://www.escardio.org/The-ESC/Communities/European-Association-of-Cardiovascular-Imaging-EACVI/Education/CMR-Core-Syllabus-for-Certification

Rodrigues et al. Journal of Cardiovascular Magnetic Resonance (2016) 18:26

40.

41,

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

Boiselle PM, Patz EF, Vining DJ, Weissleder R, Shepard JA, McLoud TC.
Imaging of mediastinal lymph nodes: CT, MR, and FDG PET. Radiographics.
1998;18(5):1061-9.

Puderbach M, Hintze C, Ley S, Eichinger M, Kauczor H-U, Biederer J. MR
imaging of the chest: a practical approach at 1.5 T. Eur J Radiol. 2007;64(3):
345-55.

Shannon EH. THE AZYGOS LOBE OF THE LUNG. Can Med Assoc J. 1931;
24(4):498-500.

Hansell DM, Bankier AA, MacMahon H, McLoud TC, Mller NL, Remy J.
Fleischner Society: glossary of terms for thoracic imaging. Radiology. 2008;
246(3):697-722.

Stein PD, Chenevert TL, Fowler SE, Goodman LR, Gottschalk A, Hales CA, et
al. Gadolinium-enhanced magnetic resonance angiography for pulmonary
embolism: a multicenter prospective study (PIOPED Ill). Ann Intern Med.
2010;152(7):434-43. W142-3.

Vogt FM, Herborn CU, Hunold P, Lauenstein TC, Schroder T, Debatin JF, et
al. HASTE MRI versus chest radiography in the detection of pulmonary
nodules: comparison with MDCT. AJR Am J Roentgenol. 2004;183(1):71-8.
Heye T, Ley S, Heussel CP, Dienemann H, Kauczor H-U, Hosch W, et al.
Detection and size of pulmonary lesions: how accurate is MRI? A
prospective comparison of CT and MRI. Acta Radiol. 2012;53(2):153-60.
Church TR, Black WC, Aberle DR, Berg CD, Clingan KL, Duan F, et al.
Results of initial low-dose computed tomographic screening for lung
cancer. N Engl J Med. 2013;368(21):1980-91.

McWilliams A, Tammemagi MC, Mayo JR, Roberts H, Liu G, Soghrati K, et al.
Probability of cancer in pulmonary nodules detected on first screening CT.
N Engl J Med. 2013;369(10):910-9.

Arenas-Jiménez J, Alonso-Charterina S, Sdnchez-Payd J, Fernandez-Latorre F,
Gil-Sénchez S, Lloret-Llorens M. Evaluation of CT findings for diagnosis of
pleural effusions. Eur Radiol. 2000;10(4):681-90.

MacMahon H, Austin JHM, Gamsu G, Herold CJ, Jett JR, Naidich DP, et al.
Guidelines for management of small pulmonary nodules detected on CT
scans: a statement from the Fleischner Society. Radiology. 2005;237(2):395-400.
Baldwin DR, Callister MEJ. The British Thoracic Society guidelines on the
investigation and management of pulmonary nodules. Thorax. 2015;70(8):
794-8.

Wyttenbach R, Médioni N, Santini P, Vock P, Szucs-Farkas Z. Extracardiac
findings detected by cardiac magnetic resonance imaging. Eur Radiol.
2012;22(6):1295-302.

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer
statistics, 2012. CA Cancer J Clin. 2015;65(2):87-108.

Juanpere S, Perez E, Huc O, Motos N, Pont J, Pedraza S. Imaging of breast
implants-a pictorial review. Insights Imaging. 2011;2(6):653-70.

Abe H, Schmidt RA, Kulkarni K, Sennett CA, Mueller JS, Newstead GM.
Axillary lymph nodes suspicious for breast cancer metastasis: sampling with
US-guided 14-gauge core-needle biopsy—clinical experience in 100 patients.
Radiology. 2009;250(1):41-9.

de Felice C, Cipolla V, Stagnitti A, Porfiri LM, Guerrieri D, Musella A, et al.
Diagnostic accuracy of 1.5 Tesla breast magnetic resonance imaging in the
pre-operative assessment of axillary lymph nodes. Eur J Gynaecol Oncol.
2015;36(4):447-51.

Gillard JH, Patel MC, Abrahams PH, Dixon AK. Riedel's lobe of the liver: fact
or fiction? Clin Anat. 1998;11(1):47-9.

Stinton LM, Shaffer EA. Epidemiology of gallbladder disease: cholelithiasis
and cancer. Gut Liver. 2012;6(2):172-87.

Israel GM, Bosniak MA. How | do it: evaluating renal masses. Radiology
Radiological Society of North America. 2005;236(2):441-50.

Israel GM, Hindman N, Bosniak MA. Evaluation of cystic renal masses:
comparison of CT and MR imaging by using the Bosniak classification
system. Radiology. 2004;231(2):365-71.

Manisty C, Ripley DP, Herrey AS, Captur G, Wong TC, Petersen SE, et al.
Splenic Switch-off: A Tool to Assess Stress Adequacy in Adenosine Perfusion
Cardiac MR Imaging. Radiology. 2015,276(3):732-40.

Elsayes KM, Mukundan G, Narra VR, Lewis JS, Shirkhoda A, Farooki A, et al.
Adrenal masses: mr imaging features with pathologic correlation.
Radiographics Radiological Society of North America. 2004;24(1):S73-86.

Page 21 of 21

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Background
	Neck
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Mediastinum
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Lungs and pleura
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Breast
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Liver, biliary tree and pancreas
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Kidneys
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Spleen
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Adrenal glands
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Bones
	Normal variant anatomy
	Common pathology
	Important imaging findings
	Further investigations

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References

