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1 

 

Abstract 

 

Whether ultrasound should be incorporated into a medical undergraduate curriculum remains 

a matter of debate within the medical education arena. There are clear potential benefits to its 

early introduction particularly with respect to the study of living anatomy and physiology in 

addition to the learning of clinical skills and procedures required for the graduate clinical 

practice. However, this needs to be balanced against what is perceived as added value in 

addition to financial and time constraints which may potentially lead to the sacrifice of other 

aspects of the curriculum. Several medical schools have already reported their experiences of 

teaching ultrasound either as a standalone course or as a fully integrated vertical curriculum. 

This article describes and discusses the initial experience of a UK medical school that has 

taken the steps to develop its own pragmatic vertical ultrasound curriculum based on clinical 

endpoints with the intent of using ultrasound to enhance the learning experience of students 

and equipping them with the skills required for the safe practice as a junior doctor.  

 

Key words: Integrated, Curriculum, Undergraduate 

 

Strapline: Ultrasound Curriculum Development 
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Ultrasound (US) is an imaging technique now used in the management of patients in most 

medical and surgical specialties. In recent years, there has been a shift towards clinicians 

performing scans themselves in an attempt to optimise efficiency of patient care and improve 

safety which has been enabled by falling costs of equipment and the improved usability of 

machines.  The traditional focus of this type of ‘point of care’ US often referred to as POCUS 

has been largely directed towards emergency medicine and cardiology (Moore and Copel, 

2011), (Lane 2015) but increasingly it has also been applied to non4acute specialities such as 

rheumatology (Sudoł4Szopińska I, 2017).  It is now common place to see machines in or in 

close proximity to most hospital out4patient and ward facilities to enable these applications.  

 

In recent years there has been a growing interest in the concept of incorporating US into the 

medical undergraduate curriculum with a number of editorials in high profile medical 

journals (Solomon and Saldana, 2014) (Wittenberg, 2014). Despite the many potential 

advantages of US (Chiem, 2016) and enthusiasm for US (Stone4McLean, 2017), some have 

expressed caution until there is further evidence (Feilchenfeld, 2017). To date, most of the 

published literature on the use of US in medical education comes from North America and 

Canada; there, many medical schools have started to use it in some aspect of their courses 

with a smaller proportion opting for full integration throughout the whole course (Bahner, 

2014), (Dinh, 2016), (Steinmetz, 2016), (Tarique, 2018).  Indeed, some of these have already 

reported a decade of experience (Hoppmann, 2015). In contrast, Europe has less well 

developed undergraduate programmes; this is particularly true of the UK where its use is 

sporadic with no medical school to our knowledge developing a fully integrated curriculum 

into all its years.  
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In 2014, in light of this growing interest, the School of Medicine at Leeds, began to 

investigate the question: how and where could this developing and increasingly versatile 

diagnostic tool be incorporated into our medical programme in order that our graduating 

doctors develop the appropriate skills to support and enhance patient care?   This paper 

presents/outlines the iterative process that was undertaken to develop a fully integrated 

ultrasound curriculum spanning a traditional 5 year UK undergraduate medical school course 

with the intention of informing colleagues who might have similar intentions. 

 

���������	
�����
�
���������
����

In 201242013, the emergency medicine department at a local hospital began to teach US as 

part of a final year (Year 5) medical undergraduate clinical placement. The objectives were to 

use US to identify superficial blood vessels in order to improve peripheral vascular access for 

venesection, cannulation and arterial blood gas sampling.  The perception had been that 

newly qualified doctors were often lacking in confidence and ability to take blood samples 

from more complex patients. It was postulated, therefore, that utilising US would support the 

future junior doctors in being able to locate relevant vasculature and improve the success rate 

of both blood sampling and cannulation. It was anticipated that this would reduce the number 

of attempts and thereby decrease the need to call senior colleagues which is not uncommon 

across the healthcare profession (Kumar, 2009).  The teaching session involved half4day 

focused training on the underlying and relevant physics, ‘knobology', machine functionality 

and clinical governance, a demonstration by experienced faculty and hands4on practice using 

phantoms to visualise needle insertion and how to direct it towards a vessel. The feedback 

received from the students was universally positive and previously reported (Weerasinghe, 

2017).  In particular, students felt that this was highly relevant to their training.   
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Given the above positive evaluation, in early 2014, a multi4disciplinary working group of 

educators, clinicians and academics from the School of Medicine was created to explore the 

feasibility of utilizing US more widely in the medical curriculum. Many of the group had 

some involvement with US and this experience, alongside a scoping literature review, 

highlighted clinical competencies thought to have the most potential value to future 

graduates. Subsequently, we contacted clinicians working in a range of medical and surgical 

specialties across the region, to complete an online ‘needs assessment’ to determine if there 

was agreement with the working group suggestions. From this list, each clinician was asked 

to rank each competency (e.g., 1. Should be observed only; 2. Performed under supervision 

or 3. Performed independently’). The respondents were also invited to provide a qualitative 

commentary and any additional competencies not otherwise mentioned. 

 

The main clinical competencies highlighted by the respondents as ‘perform independently’ 

included peripheral vascular assessment, evaluation of bladder size, achieving a 4 chamber 

cardiac view and identification of a joint effusion.  Those under supervision included FAST 

9, eFAST, identification of pleural effusion and ascites, Basic ECHO, assessment of IVC 

volume assessment. Other competencies such as enlarged thyroid, central venous 

cannulation, chest drain insertion, nerve blocks were for observation only. It was noted that 

the questions being asked for very specific indications in order to answer narrow clinical 

questions in line with the concept of POCUS. Given that we now had clinical competencies 

to work towards, we considered the possible stages of learning that would have to take place. 
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We considered that a spiral curriculum starting from Year 1 would be the most effective 

means of embedding all the required knowledge, skills and attitudes required before 

graduation.    

 

����
�����
����������� ��

It was decided to introduce the vascular course to the entire year, resulting in the programme 

being escalated from an initial number of 60 students to 275/ year. This increased provision 

meant the course needed to be delivered on the university campus as a more central location. 

Simultaneously, a second pilot was launched in anatomy in Year 1 to provide US teaching 

sessions on the heart, thorax and abdomen in line with our clinical end4points.  A suitable 

place in the anatomy curriculum alongside existing teaching sessions on surface anatomy was 

identified by the curriculum team members of the group. 

 

In order to teach the whole year, it was necessary to recruit enough ultrasound teaching 

faculty and locate a sufficient number of machines to deliver the sessions effectively. 

Theoretically this should have been a relatively simple exercise given the number of clinical 

colleagues who perform ultrasound and the abundance of machines located in the clinical 

areas. However, finding appropriate teachers took some time which led the need to train 

some non4clinicians from the anatomy and clinical skills department during half day training 

sessions. As it was not deemed not feasible to use the hospital machines due to their location, 

we needed to consider loaning/ buying our own machine. We therefore entered into an 

educational partnership with an US company which agreed to loan machines to us on the 

days that were needed for the study.  
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Finally, as most students would not have experienced any US training before, the TEL team 

with medical physics and radiology helped create VLE materials introducing the students to 

the principles of ultrasound including relevant physics, machine controls (‘knobology’) and 

how to hold a transducer.  Clinical colleagues also created instructional videos demonstrating 

basic scanning anatomy of the heart, chest and abdomen, alongside the production of an 

electronic workbook and self4assessment questions to be used formatively alongside the 

sessions.  The teaching was conducted in groups with 5410 students/ group. We also 

considered it important to highlight at this early stage of training, the importance of good 

ergonomics and clinical governance.   

 

In January 2016, we held a launch day at the university for all potential stakeholders with 

invitations given to the Dean of the Medical School, CEOs/ medical directors of the local 

hospitals, clinicians from around the region, educators and potential funders.  This allowed us 

to present our rationale for the project and in particular, highlight the need for future 

involvement of clinicians, both as faculty and delivering teaching in clinical areas.  There 

was overwhelming support for the project in principle although some clinicians expressed 

concern about the potential deskilling of future doctors through the increased use of 

technology.  

 

Formal evaluation of the anatomy sessions was undertaken by two 4
th

 year students as part of 

a research placement. Feedback was completed by Y1 students immediately after the sessions 

and later from focus groups.  This helped provide a number of important insights such as the 

importance of receiving the US teaching after the gross anatomy/ cadaveric dissection 

teaching (some had done the ultrasound first), using young normal volunteers rather than 
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patients who often had pathologies), the need for small groups and that there was variability 

in teaching content between facilitators (Owen and Sharpe, 2017, unpublished, UoL).  

 

����
�����
������ ����!"�

��#���������$� This year saw the refinement of teaching in Year 1 anatomy following the 

previous evaluations.  In Year 2, US was used to evaluate different aspects of the anatomy 

the upper and lower limbs in small groups.  The students had previously completed Y1 with 

US and so had some familiarity with the machines. They were however advised to revisit the 

VLE resources from the previous year. The aim was to identify the vasculature of the upper 

limb, appreciate the US differences between arteries and veins and understand the basics of 

Doppler.  The lower limb session introduced the US appearance of musculoskeletal tissues. 

Videos and self4guided workbooks were prepared for each session and the sessions were 

guided by facilitated by practitioners. Patient volunteers were recruited for the sessions but 

again it was noted that many had abnormalities such as sarcopaenia making muscle 

assessment around the knee problematic in the lower limb session.  

 

�
���%������������&����� �
�����'" These students, having not done ultrasound in the previous 

years, were provided with a short introduction at the start of the session.  All students had 

been taught physical examination skills beforehand in a separate session. In small group, 

tutor led rotations, students were asked to clinically examine the heart, lungs, peripheral, 

central pulses and thyroid and to compare these with the US findings.  Electronic workbooks 

helped provide instruction for this process.  

 

�
���(������
�����������������
������
" As in year 3, these students had not previously been 

exposed to ultrasound and so required new basic ultrasound and machine knowledge.  The 
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students were taught about the potential role of US in critical care with respect to venous 

access, in managing the shocked patient and in abdominal and cardiac evaluation.   

 

����
�����
������!����)�

This has involved further refinement of the previous years in addition to expansion of the 

course.  In Year 1 and 2, student teaching sessions had needed to be repeated on 4 days in 

order to accommodate the whole year.  Changes in the time tabling allowed teaching all the 

students to be taught on the same day with back to back sessions.  This made the process 

more efficient and less onerous for team with no repetition required for setting up and 

significantly less faculty time who were previously attending on 4 separate days. The 

anatomy team also ensured that ultrasound scheduling occurred after that topic had been 

covered by all the students beforehand.  

 

In year 3, we included the abdomen examination into the clinical skills teaching.  We also 

supported a student nephrology society meeting taking students from all years, where we ran 

a session on basic kidney and bladder scanning, bladder volume assessment, ultrasound 

guided venepuncture, basic echocardiography and IVC volume status (Figure 1). In year 5, 

rheumatology we have also incorporated ultrasound into placement teaching for the 

assessment of a swollen joint.   

 

The current curriculum framework is presented in Table 1. This will evolve over time as 

clinical placements using ultrasound are initiated.  

 

Discussion: 
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Although still ongoing, our programme of work has demonstrated that it is feasible to 

incorporate a vertical ultrasound curriculum into a traditional UK undergraduate medical 

course within a relatively short time frame and is very well received by students. We have 

aimed to follow a pragmatic approach by defining our clinical end4points for graduation and 

working backwards to embed the required knowledge, skills and attitudes from Year 1. Our 

experiences are consistent with the experience of other medical schools who have developed 

an integrated curriculum (Rao, 2008), (Hoppmann, 2011), (Bahner, 2013), (Hoppmann, 

2015), (Rempell, 2016).  In agreement with other schools, teaching was well received by 

students who consider that learning how to use and apply this technology is highly relevant to 

their clinical careers.  

 

In an acute medical situation, when a clinical history may not be available or the patient is in 

too much pain or unable to communicate the site of pain, bedside ultrasound is able provide 

rapid diagnostic information.  Additionally, in non4acute patients, it is our experience that 

rather than breaking down the doctor4patient relationship, a clinician who is able to perform a 

scan as part of their assessment, instils a feeling of trust between the doctor and patient and a 

better patient understanding of the disease process.  In a study of patients with arthritis, being 

able to show real time images to patients of their joint inflammation increased drug 

compliance (Joplin, 2015).  It is only relatively recently that technological advances have 

made US available to non4radiology specialists; it is these individuals that have been in a 

position of exploring new ways of applying US in a way radiologists were unable to.  In a 

similar way, it is likely that new graduates will innovate medical practice in their own way 

with new applications.  This will be facilitated by further miniaturisation of machines and 

transducers now able to connect to electronic notepads and smart phones.  
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There has been much previously written about the use of US in medical undergraduate 

education. Uptake by medical schools has been variable ranging from a blended introduction 

in anatomy teaching (Tshibwabwa, 2005), (Brown, 2012), (Finn, 2012), (Swamy,2012), 

(Sweetman, 2013), (Griksaitis, 2014), (Jurjus, 2014), (Patten, 2015), (So, 2017), (Patel, 

2017), to its use in learning clinical examination skills (Mouratev, 2013), (Blacksock, 2015), 

(Turner, 2015), (Kim, 2017), (Patel, 2017), (Walrod, 2018). What a school decides to deliver 

is often dependant on who initiates the teaching. An educational programme initiated and led 

by an anatomist is likely to focus on anatomy and physiology whilst a clinician based 

programme will focus on clinical skills and procedures. In our case, the early development of 

a multi4disciplinary group greatly assisted the creation of a common vision and the 

development of strategies to thread or ‘spiral’ this through the whole curriculum.   

 

An ability to demonstrate the added value of incorporating ultrasound into an undergraduate 

curriculum is important especially when trying to convince sceptical colleagues and future 

funders.  However, this can be difficult to measure, especially early on in a new teaching 

programme.  Although there are many research articles stating a benefit of ultrasound to 

students, criticism has recently been raised about the design of these studies and outcomes 

used with the suggestion that they have inherent bias as they are conducted by groups 

potentially wanting to demonstrate a benefit (Feilchenfeld et al, 2017). It is important to 

reflect on this and not assume that US is able to answer all questions. We have reinforced 

throughout the course that it cannot not replace good history and examination techniques, 

especially as these provide the context for the scans being done.  We have moved cautiously 

by focussing on areas that clinicians felt that there would be most added value. Student 

evaluation forms and focus groups in Y1 welcomed the opportunity to use new technology 

and considered it an advantage to be prepared for future clinical practice before graduation. 
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This is in line with a study by Stone4Mclean (2017) where the same level interest continued 

throughout the clinical years. Encouragingly, in a small follow up study of previous students 

who had previously been taught vascular access skills in year 5 and were now working as 

junior doctors, many had continued to use their skills and had felt they had been able to work 

more autonomously. Some had stated that having the skill from the first day provided them 

with confidence and helped bridge the gap between normal cannulation attempts and the 

escalation for the requirement for senior support (Barnard, 20174unpublished, UoL).   

 

It is clear that as with any technology, the users need to understand the appropriate uses and 

limitations of the technology and that they need to be appropriately trained. Of particular note 

is the importance of clinical governance which is highlighted in the online resources and 

further discussed in the practical sessions throughout the course. Currently, assessment via 

the online resources and electronic workbooks is largely formative but in anatomy, we have 

introduced images and questions as part of the summative assessment. It is likely this will 

follow in the later years.  

 

The future success of the programme requires significant central administrative support 

especially for the recruitment and coordination of teaching faculty. This will be even more 

important as the course develops.  The delivery of teaching in blocks on the same day helped 

minimize the setting up of rooms and travel of staff.  As the project has gained momentum, 

an increasing number of clinical colleagues have expressed an interest to be involved.  This 

increase in faculty will enable us to further optimise the use of the machines and minimise 

the number of students/ tutor/ machine as well as provide new ward based opportunities for 

students to learn whilst on placements. However, with increasing work pressure on clinicians, 
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we intend to explore other teaching methods such as using peer students to provide training 

opportunities (Siegel4Richman, 2017).  

 

There is undoubtedly a financial cost to running an ultrasound programme including purchase 

of machines and training equipment (phantoms and simulators) and the training and 

utilization of staff. We decided to purchase our own equipment to allow us some flexibility in 

providing training opportunities especially across sites. The initial vascular pilot study in 

Year 5 utilised machines loaned on the day from companies but there is a certain degree of 

risk as companies may not always be able to provide machines on the required days. In 

addition, we wanted to provide extended learning opportunities by placing machines in the 

clinical skills laboratory.   It was decided therefore that as the project expanded to involve the 

whole year, that we would look to purchase our own machines or at least some of them for 

which we were able to secure local funding.  It is likely that the need for more machines will 

increase in the future, and we will continue to investigate other funding opportunities.  An 

ideal would be to have a dedicated ultrasound teaching laboratory and we are considering 

‘models’ which could assist in making this sustainable such as running fee paying courses for 

postgraduates.  The use of simulators has been a point of discussion, as whilst there are 

advantages to their use such as the demonstration of pathologies and the standardisation of 

assessments, the costs are substantial and increase with the level of sophistication such as 

those with haptic capabilities.  

 

The timing of the delivery of the ultrasound sessions was considered important.  Our anatomy 

student evaluation in our first year of delivery reported that some students, due to their 

rotations had not covered all the relevant anatomy previously with cadaveric dissection or 

had not done the surface anatomy teaching before the ultrasound session. Those students who 
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had not covered the material beforehand felt at a disadvantage to those that had and as a 

result of not having had a prior ground, found concept of ultrasound images difficult to 

understand. Furthermore not all students in the first year of our programme had read the VLE 

teaching materials prior to the sessions which meant valuable time was lost during the 

practical sessions in revisiting this. Interestingly, our students perceived that ultrasound might 

be best used as one for reinforcement and consolidation of prior knowledge and as a tool for 

bridging the gap between in vitro and in vivo, rather than a primary teaching tool (Owen and 

Sharpe –unpublished, 20174UoL).  The student evaluation also highlighted the need for clear 

and attainable learning objectives for each session with a focus that is shared by curriculum 

developers, facilitators and students in order for the most effective learning to be achieved. 

For example, having a list of organs and landmarks to visualise within the session with 

accompanying ultrasound stills of ideal images for students to compare to, originally 

suggested by Swamy and Searle (2012). 

 

The next phase of our work will aim to expand the course horizontally in each year. We are 

seeking further opportunities to incorporate ultrasound into further teaching sessions in both 

the preclinical and clinical years.  We are engaging with clinicians to develop ultrasound 

teaching opportunities within their specialties as part of their placements in order to provide 

opportunities to consolidate what has been learnt and to develop skills as well as observing 

situations where ultrasound might be useful.  For example, a chest physician might 

demonstrate the clinical findings suggestive of a pleural effusion; an ultrasound is then 

applied to confirm/ refute this and then the US might be used to direct a needle for aspiration. 

This latter activity might be an observation only competency but the student should be more 

aware of how and when ultrasound is applied in this situation.  
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In conclusion, we report the experience of the first UK medical school in developing a 

vertical ultrasound curriculum for medical undergraduates. Over a 3 year period we have 

created a successful and secure platform from which the course can now develop horizontally 

throughout each year. We have found that building the course on clinical outcomes has 

provided a useful focus for development. Although the benefit of applying ultrasound to a 

medical undergraduate course remains controversial, we have found that students throughout 

all the years are enthusiastic and engaged, particularly as they consider it relevant to their 

future careers.  
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�� Defining clinical end4points can act as a focus for developing the strands through 

the curriculum.   

�� Choosing a relatively small ultrasound topic to start with which is relevant to 

clinical practice and potentially less controversial e.g. venous access,, can assist in 
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introducing the concept to colleagues and improve acceptance of the project 

�� From the start, develop a multi4disciplinary team of educators and curriculum 

developers, administrators, academics and clinicians from both the university and 

clinical arena. 

�� Continuously evaluate the course in order to improve  

�� Create partnerships with the ultrasound companies in order to receive on4going 

support.  
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