Case Study: Rhabdomyolysis of the thigh muscles
HD exemplar

	1. Give a brief overview/introduction of your chosen topic (Max 100 words)

	
Rhabdomyolysis is a condition resulting from the release of intracellular components into the circulatory system due to necrosis of skeletal muscle[1,2,3].
Skeletal muscle destruction results in abnormal electrolyte levels (potentially causing cardiac arrest), renal failure and metabolic acidosis[4,5]. 
Ultrasound imaging can contribute to early diagnosis, which is vital in renal failure prevention[6].
Common causes include exercise, trauma, drug or medication use, and immobilization for prolonged periods[1].
Patients may present with muscle pain, weakness with loss of muscle function, and dark ‘tea-coloured’ urine[1,5,7]. 
Rhabdomyolysis is most common in the upper thigh and calf muscles, but can affect any muscles [1,3]. 	Comment by Angela Farley: Excellent overview here student name – well done. Including some statistics such as the percentage of patients that have upper thigh or calf muscles affected, and the percentage of other muscles affected by the condition from a scholarly resource would have also added further depth to a good introduction of your topic.


	2. What are important aspects of pathophysiology (i.e., traumatic, benign, malignant, idiopathic, infectious, inflammatory, degenerative), symptoms, epidemiology (population at risk), aetiology (cause) for your chosen topic (Max 300 words)

	
Rhabdomyolysis can result from trauma, toxins, infections, metabolic disorders, and medications [1, 8, 9]. 
The majority of cases are multifactorial, though myotoxic agents, such as illicit drugs, alcohol and medications, are most frequently associated with rhabdomyolysis[8]. Drugs associated with rhabdomyolysis include antipsychotics and antidepressants, sedative hypnotics, antilipemic agents, drugs of addiction, and antihistamines [3].	Comment by Angela Farley: Again, including some statistics and percentage etc. would have been a nice addition here.
Necrosis of skeletal muscle leads to release of intracellular components, such as electrolytes, myoglobulin, and proteins (including creatine kinase) into the circulatory system [8, 9]. As the cell membrane breaks down, sodium enters the cell, increases the intracellular fluid content, which causes swelling of the cells, decreasing plasma fluid volume, leading to vasoconstriction and renal failure [4]. 
Figure 1 demonstrates the changes at the cellular level that occur in rhabdomyolysis.	Comment by Angela Farley: This is a great image – perhaps briefly explaining it in your own words would have added further depth and relevance to your discussion.
[image: ]
Figure 1. Pathophysiological mechanisms of rhabdomyolysis[8].
Diagnosis of the condition includes CK(serum creatine kinase) levels over 5 times the normal limit (>1000 IU/L) [1, 2, 10]. 
Symptoms of rhabdomyolysis include muscle pain, weakness and reddish-brown ‘tea coloured’ urine [1,3,5,7]. The dark colour of the urine is caused by destruction of the skeletal muscle cells, which releases myoglobin. The involved muscle group will typically demonstrate a loss of function or sensitivity to palpation in less severe cases [3,5]. 
Rhabdomyolysis can occur at any age, and studies have not identified whether it is prevalent in males or females due to the diverse presentation of the condition. Several studies have indicated that individuals may be at higher risk of developing the condition if they have underlying metabolic or neuromuscular disorders, higher elevated CK levels at rest, recurrent episodes of rhabdomyolysis or family history of the condition [10]. Common causes of rhabdomyolysis are illustrated in Table 1 below.	Comment by Angela Farley: Well done – you have covered this section very well and explained the key concepts in an easy to understand way for your audience.
[image: A close-up of a document

Description automatically generated with low confidence] 	Comment by Angela Farley: Excellent inclusion of this table here and this also helps to save your word count while adding further detail.
Table 1. Aetiology of rhabdomyolysis[8]

	3. Given the information you have provided above, provide four key questions you will ask a patient who presents with a request to investigate the pathology/condition you have chosen (Max 100 words)

	
1. What are the symptoms you are experiencing and when did they start?
2. Have you been subject to trauma, bruising, ischemia, neuropathies, infection or burns prior to the onset of symptoms, and have you taken any medications or illicit drugs recently?
3. Have you noticed any change to the colour of your urine since the onset of symptoms?
4. Have you been diagnosed with rhabdomyolysis in the past or do you have a known family history of rhabdomyolysis?	Comment by Angela Farley: Excellent questions and pleasing to see you justify why you would ask these questions within your presentation. You have demonstrated a very good understanding of the clinical setting here. Including some scholarly resources would have demonstrated you have carried out some wider reading to add to your understanding and is the only thing that I would add to this section.

	4. Describe the scanning protocol that should be used to investigate this pathology/condition (i.e., image series). Include the anatomical structures and any specific techniques that would apply for this condition. Provide information on landmarks that can be used to identify structures and relevant scanning planes. In your answer, also provide any reference measurements that can be used to help assess the presence/absence of the condition/pathology (Max 500 words)

	
A high frequency 10-17MHz linear transducer should be utilized where possible, but a 5-7MHz transducer can be utilized for larger body habitus patients [11,12]. A curvilinear transducer can also be applied to visualise deeper soft tissue structures and the femoral surface if the linear array transducers cannot adequately visualise these structures [12]. 	Comment by Angela Farley: Excellent information!
The structures of interest should be assessed in both longitudinal and transverse planes from their proximal origins to distal insert points[11]. 
Extended field of view (FOV) imaging can be employed to visualise the extent of change to the muscle architecture and allow comparison with adjacent unaffected muscles [12]. 
To appreciate changes in echogenicity and muscle thickness, comparison imaging can also be a useful tool in rhabdomyolysis investigation, as it allows the extent of architectural change to be visualised compared to the unaffected asymptomatic side. [12]. 
The thigh can be divided into anterior, medial and posterior compartments [12]. Typically, a targeted scan of one of these regions will be performed in rhabdomyolysis investigation, though if patient has generalised non-specific pain then a comprehensive assessment of all thigh regions should be performed. Figure 2 illustrates the different muscles in each of the three compartments.
[image: ]	Comment by Angela Farley: Wow – this is fantastic!
Figure 2. Anatomical structures of the anterior, medial and posterior thigh. A&B: anterior thigh, C&D: medial thigh, E&F: posterior thigh [16,17].
Table 2 demonstrates the patient positioning and structures assessed for each thigh compartment.
[image: ]	Comment by Angela Farley: Fantastic! I like that you have included an image of the patient and probe position in a table format – great visual for your audience. These images sat well in your presentation too – great inclusions.
Table 2. Thigh anatomy for ultrasound assessment [12, 15]

To assess the anterior thigh, the patient should be positioned supine and the following structures should be assessed: rectus femoris (including assessment of both direct and indirect origins), sartorius, vastus lateralis, vastus intermedius and vastus medialis muscles [12]. These structures should be assessed from their origins to their distal insertions at the patella [12]. The normal ultrasound appearance of the anterior thigh structures is demonstrated in Figure 3.

[image: ]	Comment by Angela Farley: Perhaps including a comparison anatomy diagram here would have been a nice addition to help your reader translate what they are viewing on the ultrasound image. This comment applies to all the ultrasound images included below. This would have been great to include on your scanning slide in your presentation as well. You could have tied these images in with your table above and had the patient position, the probe position, an anatomy image and then the corresponding ultrasound image. This would have also translated nicely to your scanning slide.
Figure 3. Anterior thigh structures utilizing extended field of view (FOV). RF=rectus femoris, VI= vastus intermedius, VL= vastus lateralis, VM= vastus medialis, F= femur  [12]	Comment by Angela Farley: Great inclusion of a title and legend for your image here.
The medial thigh includes the adductor muscles (adductor longus, brevis and magnus) and the gracilis muscle [12]. As the adductors originate from the pubic symphysis, they are optimally visualised with the patient in a supine position with the leg externally rotated and a 45˚ flexion of the knee [12]. The normal appearance of the adductor muscles of the medial thigh are demonstrated in Figure 4.

[image: ]
Figure 4. Medial thigh structures. AL= adductor longus, AB= adductor brevis, AM= adductor magnus [15]
The posterior thigh structures are optimally assessed with the patient in a prone position [12]. The hamstring muscles of the posterior thigh are evaluated from their origin at the ischial tuberosity to their insertions at the level of the knee. The structures which should be assessed include the semimembranosus, semitendinosus, biceps femoris, and sciatic nerve [12]. The muscles of the posterior thigh are demonstrated in Figure 5.
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Description automatically generated with low confidence]
Figure 5. Posterior thigh structures. SM= semimembranosus, ST= semitendinosus, BF-l = long head of biceps femoris, BF-s= short head of biceps femoris [15]	Comment by Angela Farley: Well done, another great section where all of the required concepts were included succinctly yet thoroughly.

	5. Describe any potential difficulties/pitfalls that may arise when imaging the relevant anatomy, and how they can be overcome. Your answer may refer to anatomic variations, patient habitus, image resolution, common patient presentations with this condition etc (Max 200 words)

	There are several potential difficulties in performing ultrasound scans on patients with rhabdomyolysis. 
The patient may present with limited compliance or varying levels of consciousness if the case of rhabdomyolysis is associated with illicit drug use or trauma. The best imaging possible should be attempted and limitations documented.	Comment by Angela Farley: It may even need to be performed bedside if the patient is critically ill.
Due to the common presentation of focal muscle pain, the patient may have difficulty moving into optimal scanning positions. Scanning aids, such as foam sponges and pillows can be utilized to optimise patient comfort by providing leg support while gaining access to an optimal scanning window if possible. Scanning positions can be adapted to suit the patient’s capabilities. 
Large patient habitus can degrade ultrasound image quality. Lower frequency probes can be utilized, or a curvilinear rather than a linear probe can be used to visualise the region as best as possible [11,12].
Due to the large area of the thigh muscles, extended FOV imaging and comparison imaging with the asymptomatic side can be vital in contributing to diagnosis [11].
All limitations should be documented in the sonographer worksheet.	Comment by Angela Farley: Another well thought out and concise section that contains all required concepts. Well done, student name!

	6.  Describe the sonographic appearances of the relevant anatomical structures that would be seen if the pathology /condition was present. Use images to demonstrate (Max 200 words)

	If rhabdomyolysis is present, muscle fibres appear disorganised with thickening of the muscular fascia, which occurs due to muscle necrosis [11]. Oedema may be present around the muscles, and although muscle architecture will be disorganised, the muscle boundary will be intact unless a tear is present [6]. Hyperechoic regions may be present within the muscle due to hypercontractile muscle fibres in the acute injury phase of the condition, with decreased overall echogenicity (hypoechoic appearance) of the muscle due to inflammation and oedema [1,6]. 
As some of these ultrasound features can overlap with other pathologies, such as abscesses, muscle tears and hematomas, it is important for the sonographer to be aware of the differentiating features[12]. Rhabdomyolysis will  demonstrate diffuse changes to the muscle, whereas tears, abscesses and hematomas typically affect focal regions[12].
Figures 6, 7 and 8 demonstrate the sonographic appearances of rhabdomyolysis affected muscles compared to asymptomatic contralateral comparisons of the normal fibrillar muscle patterns in the same patients.
[image: ]	Comment by Angela Farley: Great comparison images. Perhaps using a pointer on your slide and highlighting the region of interest would have been a nice addition here.
Figure 6. (A) Rhabdomyolysis in the calf muscle demonstrating hypoechoic areas, disorganization of architecture, irregularity of muscle fibers, and some hyper echogenicity. (B) Normal calf muscle demonstrates organized muscular  fascicles [1]
[image: ]
Figure 7.  (A) Rhabdomyolysis of the rectus femoris demonstrating swelling and thickening with architectural changes, (B) rectus femoris on the asymptomatic side for comparison imaging [13].
[image: ]
Figure 8. (A) rectus femoris with normal fibrillar pattern to muscle, (B) rectus femoris demonstrating findings of rhabdomyolysis, including muscle fascial thickening, diffuse changes to muscle architecture, and varying echogenicity [11].	Comment by Angela Farley: Well done again – it was great to see the comparison images side by side so that the affected side is easy to identify.

	7. Comment on the value of using ultrasound for this condition. I.e. is it good for screening, ruling out, confirming, surveillance, or following up after treatment for the pathology/condition. Use quality resources and research evidence to support your answer (Max 200 words)

	
Ultrasound is a valuable tool in imaging rhabdomyolysis as it can contribute to early diagnosis. Fewer than 10% of patients present with the typical triad of symptoms, so rhabdomyolysis can be missed if targeted laboratory examinations are not performed[13]. In these cases, ultrasound plays an important role in rhabdomyolysis detection as it can raise suspicion of the condition through positive ultrasound appearances[13]. In one study, a point of care ultrasound scan (POCUS) performed in an emergency department identified rhabdomyolysis appearances and treatment was commenced for the condition prior to confirmation of elevated serum creatine kinase levels[6]. This demonstrates that ultrasound can facilitate faster treatment in suspected cases, making it an ideal imaging modality for initial evaluation[6].	Comment by Angela Farley: Is ultrasound typically the imaging modality of choice in the clinical setting when this pathology is suspected, especially when MRO has a higher sensitivity? 
MRI has higher sensitivity than ultrasound in rhabdomyolysis imaging, but is associated with higher costs and longer imaging times, which can be detrimental to patient care as it may delay treatment, which could potentially lead to further complications[6]. Rhabdomyolysis can develop into compartment syndrome if left untreated, which requires surgical fasciotomy, so ultrasound can help to prevent this progression[14].	Comment by Angela Farley: Including some percentages here would have been a nice addition to your discussion to add further depth and relevance.
Rhabdomyolysis cannot be diagnosed using imaging alone. Laboratory results need to be combined with clinical and imaging findings to establish the diagnosis[1]. 	Comment by Angela Farley: Excellent. When would ultrasound be included in the clinical setting, what triggers the Doctor to request an ultrasound to investigate this?


	8. Describe the possible future pathways clinical pathways that the patient may follow if the pathology is confirmed or suspected on the ultrasound examination and how that may impact on the information that needs to be presented in your images/sonographer report (Max 200 words)

	
If rhabdomyolysis is confirmed or suspected, early aggressive treatment of intravenous (IV) saline can reduce the risk of developing acute kidney injury (AKI) in rhabdomyolysis patients[5,7]. Delay in rehydration time increases the risk of renal failure developing [3]. Serial CK monitoring and urine pH tracking should be performed as saline treatment should continue until urine is clear of myoglobin and plasma CK levels return to a normal range [4, 10].
Positive ultrasound findings of rhabdomyolysis should be conveyed to the radiologist and requesting physicians as soon as possible, particularly if rhabdomyolysis was not clinically suspected as the patient will require treatment and may not have had the appropriate laboratory tests required for diagnosis[5]. Typically these tests include a complete blood count, liver function tests, renal function tests and clotting studies) [5]. Toxicology screening can be performed if myotoxic agents are suspected [5]. If abnormal renal function results are detected, the patient may require dialysis [4].
Rhabdomyolysis can progress into compartment syndrome if left untreated. If compartment syndrome is suspected based on clinical findings and ultrasound appearances, an MRI should be considered to confirm the muscles involved as fasciotomy may be required [5].	Comment by Angela Farley: Excellent summary of how this condition may be treated if detected – well done.


	9. Summarise the key points that need to be made in your sonographer report for this pathology/condition. Include important clinical observations, relevant measurements, key diagnostic ultrasound criteria and anything else you think might be relevant (Max 200 words)

	
Early diagnosis of the condition is vital to facilitate earlier treatment and improve patient outcomes. Therefore, positive ultrasound findings of rhabdomyolysis need to be communicated to the radiologist as soon as possible to ensure treatment is administered as soon as possible.

Appropriate documentation and description of the ultrasound findings are important to prevent confusion. Typical ultrasound appearances of rhabdomyolysis include  diffusely disorganisation of the muscle architecture with thickening of muscular fascia, oedema, and varying regions of echogenicity [11]. The involved muscles should be clearly identified and documented in the sonographer worksheet.

Additional relevant clinical history obtained during the scan should be included in the sonographer’s report as it can assist in diagnosis or aid in establishing a differential diagnosis.

Limitations to the study should also be documented. If deeper muscles or the region of interest were poorly visualised, differentiation from other pathologies may be difficult and rhabdomyolysis cannot be excluded. 	Comment by Angela Farley: A great summary that is relevant to the clinical setting – well done.



	10. Reference List (IEEE referencing style to be used)	Comment by Angela Farley: You have utilised a good number of scholarly references for your assignment which demonstrates that you have performed wider reading to improve your knowledge and understanding pf key concepts for this topic. You have also followed the IEEE referencing style well throughout your discussion, reference list and your presentation which is very pleasing to see and have paraphrased your work well. Excellent work student name, this discussion as well as your presentation was impressive!
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