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Rhabdomyosarcoma (RMS) is a rare malignancy of skeletal muscle tissue 
originating from primitive mesenchyme and can occur anywhere in the body1-3. 

RHABDOMYOSARCOMA

R
habdomyosarcoma accounts for 7% of paediatric 
malignancies and is seen in children and 
adolescents up to the age of 19, being more 
common in males than females4,5. RMS has an 
incidence of approximately six cases per one 

million population per year, with the aetiology thought 
to be associated with familial syndromes such as the 
autosomal dominant disorder Li Fraumeni syndrome6.

Classification based on clinical presentation alone 
is difficult as patients can be asymptomatic, while 
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symptoms vary depending on the origin of the 
tumour and the presence/absence of metastases5. The 
RMS International Classification has identified four 
histological types: (i) embryonal (eRMS), (ii) alveolar 
(aRMS), (iii) undifferentiated and (iv) anaplastic RMS1, 
with eRMS (head, neck and genitourinary regions7) and 
aRMS (trunk and extremities)2, being considered as the 
two-main histological subtypes6. 

It is estimated that a third of RMS cases are in the 
head and neck regions of which orbital RMS accounts 
for 25%8. Medical imaging has greatly contributed to 
the differential diagnosis and plays a crucial role in 
the staging and long-term follow-up, by allowing the 
detection of tumour size, site and potential for surgical 
intervention9,10.

The objective of this study is to review the role of 
plain imaging, ultrasound (US), computed tomography 
(CT), magnetic resonance imaging (MRI) and positron 
emission tomography-CT (PET-CT) as diagnostic and 
management tools for RMS.

PLAIN IMAGING
Plain imaging marks the beginning of the RMS patient 
pathway, providing a quick, easy and cost-effective 
method of distinguishing if soft tissue sarcomas 
(STS) such as RMS, have any bony involvement 
while providing information on fat density and 
calcifications10-12. Abnormal findings can initiate 
referral to CT, where the visualisation of cortical bone 
destruction is far superior compared to MRI13. The real 
anatomical volume of masses may be misrepresented 
in plain imaging due to its two-dimensional (2D) 
nature, whereas CT and MRI (Figure 114) can provide 
three-dimensional (3D) information15. Plain imaging 
is primarily used as a first-line investigative tool, along 
with US, due to its ready availability and non-invasive 
features11,15.

ULTRASOUND
The most notable benefit of US is that it does not use 
ionising radiation (IR), is quick, convenient and can 
be used for preliminary assessments in patients who 
have MRI contraindications12,16. As RMS is prevalent 
in paediatrics, the use of non-IR reduces the risk of 
leukaemia, a disease associated with IR exposure in 
children17. 

RMS typically appears as lobulated, solid soft 
tissue masses on US (figure 2a18) which can provide 
information on the size and internal characteristics of 
masses and guidance for biopsies to assist histopathology 
diagnosis19,20. However, diagnostically it lacks the 
sensitivity and specificity in not only differentiating 
pathologies16 but in detecting parameningeal spread 
of orbital RMS (appears as a heterogenous irregular 
mass of low echogenicity)21. Despite this, it can still be 
used to support plain radiographs to overcome its 2D 
limitation22. 

The use of doppler studies (Figure 2b18) is beneficial as 
it is able to (i) assess the vascularity11 of masses (increased 
vascularity is indicative of malignancies)23, (ii) be used for 
staging (metastatic lymph nodes (LN) present with a loss 
of hilar vascularisation) and (iii) provides cost-effective 
real-time imaging at high resolution24.

US is operator dependent and lack of expertise can 
lead to diagnosis, management and treatment errors 
which all can negatively impact the patient25. Other 
limitations include gas within the bowel causing 
artefact, inability to visualise deep lying structures in 
large patients and reduced resolution compared to other 
modalities26.

COMPUTED TOMOGRAPHY
CT can be used to identify orbital RMS which appears 
as a well confined isodense homogenous mass21, but 
is primarily used for the assessment of thoracic and 
abdominal tumours13 (figure 1b14), investigating 
suspected bony destruction, presence of calcifications 
and metastases27. 

Advancement of multi-detector CT scanners have 
decreased scan times and multi-planar reconstructions 
permit real anatomical location, visualisation of arterial 
and venous vascularity and pre-operative planning of 
RMS10,28. This allows for better interdisciplinary surgical 
planning, leading to precise tumour resection, shorter 
operating times and treatment planning29.

CT is well tolerated by patients, less operator 
dependent and may be more suitable for obese 
patients or those with MRI contraindications12, 28, 30. 
The availability of scanning protocols has enabled 
reproducibility of scans16, improving treatment 
management by comparing previous images. The use 
of contrast has allowed CT to rival MRI for the staging 
of RMS31, allowing clearer visualisation of vascular 
anatomy32 (Figure 3)33. Conversely, children are at risk of 
developing adverse reactions to contrast agents34. Despite 
MRI being unable to differentiate between benign 
and malignant processes35, CT is limited in providing 
enhanced soft tissue contrast and exposes paediatric 
patients to high IR30 potentially inducing secondary 
tumours36. This is a concern due to its frequent use in 
follow-ups thus leading to the consideration of other 
modalities like MRI where exposure to IR is negligible.

MAGNETIC RESONANCE IMAGING
RMS generally appears as a solid soft tissue mass with 
either well or poorly defined margins on MRI19 (Figure 
4)37 which is favoured for staging and diagnosing 
head and neck RMS, due to its greater sensitivity in 
detecting paranasal sinuses masses31. This is because 
inflammation of the mucosa is coupled with increased 
oedema and discharge, of which the main component 
is water, shown clearly as dark and light areas on T1 
and T2 weighted images respectively35. Orbital RMS is 
isointense when compared to the extraocular muscles 
and is hypointense to orbital fat on T1 weighted 
images21. MRI utilises specific scan parameters such as 
fat suppression series, highlighting certain tissue types 
as tumours present with high signal intensities (on 
T2 images) which are isointense compared to skeletal 
muscle on T1 images38. Orbital RMS is best visualised 
with Gadolinium and fat suppression series as it allows 
for finer delineation of surrounding structures and 
appears hyperintense to extraocular and orbital fat on 
T2 weighted images21. MRI is able to reduce beam 
hardening artefact of bone that is encountered with 
CT, despite the latter being preferred in detecting 
calcifications which produce non-specific signals 
on T1 images and T2 spin-echo images mimicking 
haemorrhages39. This insensitivity to calcifications, 
restricted availability and its high costs are amongst 
MRI’s limitations26.

MRI has replaced CT as the preferred imaging 
modality for RMS as its multi-planar ability permits 
superior soft tissue depiction40, accurate compartmental 
localisation and evaluation of neuromuscular and 
joint implications of tumours12 (Figures 5a-c41). Finer 
visualisation of the likely incursion of neighbouring 
structures (with the use of Gadolinium)42 makes 
tumour margins more visible on T1 weighted images, 
allowing for accurate staging, pre-operative and 
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radiotherapy treatment (RT) planning38,43. 
However, long scan times increase the chances of 

respiratory and bowel misregistration in addition 
to requiring sedation of the child, due to its loud, 
noisy and intimidating nature44. Sedation minimises 
movement artefact but it is associated with a number 
of risks such as cardiorespiratory failure8,26. Sedation 
can be used in CT, although the level required is 
significantly less due to shorter scan times and it 
being more patient friendly44. Furthermore, patients 
who have ferromagnetic implants, such as cardiac 
pacemakers or surgical clips, incompatible with 
MRI due to the use of strong magnets35. CT has no 
restrictions when it comes to such objects, despite the 
fact that they can cause artefact on the image, which is 
reduced due to the advancement of artefact reducing 
algorithms30.

POSITRON EMISSION TOMOGRAPHY
Both CT and MRI have their uses in the diagnosis 
and management of RMS, however, they are unable 
to provide information of the cellular biology of 
masses, unlike PET which uses radio-labelled [18F] – 
fluorodeoxyglucose (FDG). 

The main benefit of using PET is that the cellular 
biology of malignant areas show elevated proliferation 
rates compared to normal cells, thus absorbing more 
FDG8, providing positional information of masses 
(Figure 5d)41. Similarly, to MRI, claustrophobic 
patients may require sedation and while comparable 
to CT, there is exposure to high IR, risk of 
anaphylaxis from iodinated contrasts agents and 
extravasation injury during PET-CT34,45. Despite this, 
the combination of both PET and CT overcomes 
the inability of PET not being able to produce high 
resolution images, by providing high resolution data 
on lesions and on anatomical functional45. 

The use of radionuclides allows for the assessment 
of structural and metabolic allocation of glucose 
providing diagnostic specificity8,46. It has become 
increasingly used in the RMS pathway, assisting in 
the early diagnosis and eliminating undefined results 
from other imaging modalities47. It has been thought 
that many studies have underestimated the value of 
PET-CT for nodal disease and a study has implied that 
it has a higher sensitivity and precision compared to 
conventional imaging46. This is important as RMS can 
spread to non-pulmonary sites (bone, retroperitoneum 
and LN12 (Figure 5e41) and patients who have 
nodal disease have poorer outcomes meaning early 
detection can result in early treatment planning, 
improving prognosis46. However, other processes 
such as infection, recent RT and surgery can cause 
an abnormal uptake in the radiotracer, reducing the 
specificity of this modality8.

TREATMENT AND MANAGEMENT
Accurate staging is important in determining 
treatment strategy. Surgery is usually the first port of 
call for thoracic and abdominal malignancies based 
on CT and MRI images providing information on 
location and invasion of nearby structures. However, 
surgery does not improve the prognosis of orbital 
RMS with chemotherapy and RT being the preferred 
treatment option1. Despite US not being involved in 
treatment, it is very useful when it comes to evaluating 
LN24 and used in combination with CT, can help in 
staging and determining the response to treatment and 
reoccurrence of the disease. 

PET-CT is used because it assesses the functional 

Figure 1: (a) Plain radiograph of the chest showing a mass in the right thoracic cavity and 
(b) CT showing the same mass causing compression and narrowing of the right superior 
lobe (Qi et al., 2011). Reference: Figure 1: Yan Qi, Bin Chang, Lijuan Pang, Chunxia Liu, 
F. L. (2011). Solid alveolar rhabdomyosarcoma with spindle-shaped cells and epithelial 
differentiation of the mediastinum in a 68-year-old man: A case report and literature review. 
Journal of Cancer Research and Therapeutics, 7(3), 353–356.

Figure 2: (a) Sagittal ultrasound image showing the pelvis of a foetus with a large mass 
(arrows) and (b) colour doppler ultrasound of the same mass showing the prominent 
vasculature (Cho et al., 2014). Reference: Figure 2: Cho, J. Y., & Lee, Y. H. (2014). Fetal 
tumors : prenatal ultrasonographic findings and clinical characteristics. Ultrasonography, 
33(October), 240–251.

Figure 3: Images of a patient with alveolar RMS and superior vena cava (SVC) syndrome 
(a) Axial contrast enhanced CT showing stenosis of the SVC and retrograde filling of the 
azygous vein (b) venous phase showing non-enhancing SVC thrombus (c and d) coronal 
maximum intensity projection (MIP) showing azygous (yellow arrow), mediastinal 
(white arrow) and chest wall (red arrow) with (e) being the digital subtraction 
angiography image (Karande et al., 2016). Reference: Figure 3: Karande, G. Y., Hedgire, 
S. S., Sanchez, Y., Baliyan, V., Mishra, V., Ganguli, S., & Prabhakar, A. M. (2016). Advanced 
imaging in acute and chronic deep vein thrombosis. Cardiovascular Diagnosis and Therapy, 
6(6), 493–507. https://doi.org/10.21037/cdt.2016.12.06.
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and metabolic activity of the tumour area after 
surgical, chemotherapy or RT intervention48, allowing 
evaluation of future treatment options. Additionally, 
it provides information on LN and tumour volume 
which can be used to minimise exposure to healthy 
tissues48 during RT (Figure 541). In order for RT 
to be successful, planning of the target area has 
to be accurate and CT can be used to provide this 
anatomical information as data sets can be used 
to plan the delivery of therapy beams16. A recent 
development by TomoTherapy® has allowed CT to be 
used to image the size, shape and location of tumours 
while simultaneously delivering radiation treatment49. 
Instead of single beam radiation, it delivers multiple 
beams at different angles of varying doses to the 
tumour, minimising the effect on healthy tissue. 

MRI assists RT by aiding in the planning of tumour 
margins because of its superior soft tissue depiction. 
However, due to image distortion and lack of electron 
density information, it is usually reliant on the 
combination with CT data sets, as electron density 
information is necessary for dose calculations50. 
Additionally, due to the use of non-IR and RMS being 
predominantly a paediatric disease, it is the preferred 
imaging choice not only for staging but also for 
follow ups13. 

CONCLUSION
It is clear that the diagnosis, treatment and 
management of RMS is highly dependent on the 
combined use of all modalities and that increasing 
clinical and radiographic knowledge of the disease 
can lead to quicker diagnosis and improve prognosis. 
Investigations usually begin with plain radiographs 
and US, which despite being quick, convenient and 
non-invasive, lack the sensitivity and specificity to 
provide a conclusive RMS diagnosis. The value of 
PET-CT in diagnosing RMS is still controversial due 
to factors such as infection reducing its specificity 
even with its high sensitivity in illustrating nodal 
disease. Both CT and MRI provide 3D representations 
of anatomical abnormalities, however due to its far 
superior depiction of soft tissue and fat suppression 
sequences, MRI is the favoured modality in the 
detection of RMS with the added bonus of minimising 
exposure to ionising radiation.
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Figure 4: (a) Axial contrast enhanced T1 weighted MRI showing mass and (b) Sagittal T2 
weighted image showing infiltration of mass (Savastano et al., 2009). Reference: Figure 
4: Savastano, S., D’Amore, E., & Zuccarotto, D. (2009). Prostatic Rhabdomyosarcoma in an 
adult patient. A case report. Jop, 10(2), 192–195. Retrieved from http://www.joplink.net/
prev/200903/18.html.

Figure 5: A patient with sinonasal alveolar RMS with bone marrow and breast metastases (a) 
Axial non-contrast CT showing a mass in left nasal cavity and bony destruction (arrows) (b) 
Axial T1 weighted MRI image showing the hypo-intense mass containing a haemorrhage 
(arrows) (c) Axial contrast enhanced T1 weighted MRI showing the mass containing multiple 
rings of enhancement (d) Axial [18F]FDG-PET-CT displaying hypermetabolic mass (arrows) 
and (e) Coronal MIP of [18F]FDG-PET-CT showing sites of metastases (small arrows) and 
the primary mass (arrows) (Bahn et al, 2011). Figure 5: Bahn, Y. E., & Lee, S. K. (2011). The 
CT and MR Imaging Findings of Adulthood Sinonasal Alveolar Rhabdomyosarcoma with 
Disseminated Metastases on 18 F-FDG PET/CT : Report of Two Cases, 117–121.


