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Introduction 

The NHS in the UK is an extremely important service. Offering free at the point of 

consumption health care to all UK citizens, the NHS treats over 1 million patients every 36 

hours1 and performs over 4.7 million surgical procedures per year2, over 40 percent more 

than only a decade earlier3. 

Despite this, the NHS faces extreme amounts of cost pressure; in 2016/17, the NHS’s total 

expenditure was reported at £124.212 billion, yet for the same year the NHS had a budget 

of £120.512 billion4. The net deficit of the NHS is projected to continue to persist, at over 

£3.5 billion per year by 2019/205. 

For the NHS to continue to provide high-quality free healthcare services in the UK, it needs 

to look for ways to increase efficiency in the services it offers. A potential solution to this 

problem is advanced robotics, which if implemented effectively could help support and 

carry out surgical procedures better than human surgeons and with significant time and cost 

reductions. 

 

(Refer to Appendix A for an in-depth breakdown of the business model of the NHS) 

 

 

 

 

 

 

 

 

1Department of Health, 2015 

2Royal College of Surgeons, 2016 

3NHS Digital, 2016 

4HM Treasury, 2017 

5Ibid. 
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What is Advanced Robotics? 

The Oxford dictionary defines advanced robots as machines capable of carrying out a 

complex series of actions automatically. McKinsey defines advanced robots as increasingly 

capable robots with enhanced senses, dexterity, and intelligence used to automate tasks or 

augment humans. 

 

There is a growing market for advanced robots within healthcare. Markets and Markets 

estimate that the market for advanced robotics in healthcare will grow to $11.4bn by 2020. 

Surgical robots comprise the largest component of the medical robotics market1, with the 

use of robots to facilitate minimally invasive surgery being the main application currently. 

 

Advanced robots are gaining enhanced senses, dexterity, and intelligence due to 

advancements in machine learning, artificial intelligence, actuators and sensors2. These 

advances will allow for new types of advanced surgical robots, which will be able to work 

safely alongside clinicians such as surgeons, and even enable them to interact 

independently with patients.  

 

Utilising Quid, a leading strategic news and intelligence aggregation platform, it appears that 

25% of robotic healthcare companies specialise in surgical procedures, with the largest 

CAGR in the market (22.1% between 2014-2017). (Appendix C1). Regarding patents in the 

robotic healthcare industry, surgically related applications took the largest proportion of the 

patents (31%). (Appendix C2).  

 

 

 

 

 
1IndustryArc 
2Please refer to Appendix B 
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Potential Criticisms of Advanced Robotics in Surgery 

The main objections to implementing advanced robotics into surgical procedures within the 
NHS are:  

• Will individuals even be willing to receive robotic surgery? 

• Won’t it be very costly to implement? 

• What will happen to all the human surgeons? 

 

Will individuals even be willing to receive robotic surgery? 

In a 2017 survey by PwC, the UK was the least willing (36%) out of the respondents for robots to 

perform minor, minimally-invasive surgery. This may seem considerably high – if people are not 

willing to receive robotic surgery, then there is no point even implementing such technology.  

However, out of the 12,000 UK respondents, over a third are still willing. Also, as there were only 

12,000 people in the survey, there needs to be some consideration of how well this represents the 

entire population. This statistic only really tells the degree of today’s acceptance of robots in 

different societies, as the technology develops and the benefit and quality of the technology 

becomes clear then acceptance will improve, with the current rate still millions of operations per 

year. 

Won’t it be very costly to implement? 

Studies show that costs associated with current robot-assisted surgery are higher because of longer 

operating times and expense of equipment (Surj, 2012). A new da Vinci Si® (a robot-assisted surgical 

system) costs around €1.7 million, plus the yearly maintenance cost of about 10 % of the initial 

purchase. Cost analysis has been performed (Bolenz et al., 2017) and indicates that current robot-

assisted surgery is more costly (1.5 times more) than conventional open surgery.  

However, it should be noted that this analysis is based on current costs, and there is a trend of 

falling setup costs for advanced robots (Appendix B). Additionally, current robots such as the da Vinci 

robotic system have proven they can result in significantly lower blood loss, a lower percentage of 

postoperative complications, and shorter hospital stays (Surj, 2012), all of which help to reduce 

overall hospital costs.  

What will happen to all the human surgeons? 

With the development of advanced robotics, it will become necessary for healthcare professionals to 

answer the question of what is the unique role of the human? Robots will soon surpass human 

performance in physical and some decision-making tasks (Appendix B), yet there will still be roles 

where clinicians are needed. Be it to operate using more advanced robot-assisted devices or to make 

more obscure case-by-case based decisions, with the robotic systems being directed on the physical 

tasks they perform.  
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Applications of Advanced Robotics in Surgery 

There are around 2,200 different types of surgical procedures and treatments offered 

through the NHS, costing an estimated £58 billion in 2016/17 (HM Treasury 2017).  

The application areas with the greatest potential benefit from advanced robotics are: 

 

• Minimally invasive procedures, such as: 

o Cataract operations 

o Urological operations  

(for further explanation why these are the application areas with the greatest potential, see Appendix D) 

Cataract Operations 

Current Issues: 
Cataract operations cost the NHS £763 to £1,164 per eye per person (Department of 
Health). There are approximately 330,000 procedures performed each year (Royal College of 
Ophthalmologists), totalling a cost of £384 million on average for the NHS per year. 
Cataracts surgery is a relatively simple procedure that usually takes 30 to 45 minutes to 
perform. Unfortunately, due to minor imprecision by human surgeons, 1 in 1,000 
procedures results in permanent sight loss in the treated eyes.  

The risk of developing cataracts increases with age. The number of people aged 60 and over 
is projected to increase from 14.9m in 2014 to 21.9m by 2039 (ONS, 2015). This will put 
increased strain on the NHS to meet the demand - it is estimated in ten years we will need 
double the number of surgeons globally carrying out the procedure due to the ageing 
population.  

 

Solution: 
Progress has been made recently in advanced robotics for performing cataracts operations. 
Axsis is a surgical robot device developed by Cambridge Consultants. It is small and compact 
and can operate on the eye with greater accuracy than a human. Axsis aims to prevent the 
risk of human error in cataracts operations, with the robot being equipped with software 
that ensures certain boundaries are not breached when operational. Chris Wagner, the lead 
roboticist on the project, claims “It won’t let you make the mistake of punching through the 
back of the lens,”. 
 
We have already seen the use robot-assisted devices, such as the Da Vinci system, for some 
eye-related operations. The difference here is that Axsis is extremely compact and with the 
continued improvement of AI and machine vision, such surgical robots could help support 
and reduce the pressure of cataracts operation demand on surgeons.  

Current prototype assistive robots for this procedure cost approximately £710,000 (MIT 
Technology Review, 2017), yet with the predicted trend of falling setup costs (Appendix B), 
this cost could fall by as much as 60% in the next seven years. Additionally, with AI advances 
and the automation of surgical procedures, robotic procedures could be done precisely in a 
fraction of the time. Therefore, this technology could result in more operations, that are 
cheaper and more successful, performed by the NHS.  

http://robotfantastic.org/static/cv/CV_ChristopherWagner.pdf
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Urological Operations 

Current Issues: 

There are 1,475 Urology specialist surgeons in the UK, performing 736,500 procedures per 

year (Royal College of Surgeons, 2016). The average cost of urology operations is £1,975 

(Baddow Hospital, 2017). This results in an average total cost for the NHS each year of 

£1.454 billion. 

 

Solution: 

An extensive 2012 study by Rocco et al. concluded that the introduction of robotic 

assistance in urological surgery would result in shorter hospital stay (3 vs 6 days). Based on 

analysis conducted by the BBC, it costs on average £400 a day for a bed within the NHS. 

Based on this analysis*, it follows that implementing advanced robotics to assist procedures 

could save an average of £800 million per year for the NHS. 

 

Additionally, it is reported (Giri et al., 2015) that, based the current state and predicted 

development of advanced healthcare robotics1, urology procedures undertaken by 

advanced robots would result in less blood loss (200 vs 800 ml) and the mean time of 

continence postop is projected to be a third of the time (25 vs 75 days). Furthermore, at the 

12-month follow-up, the success rate of recovering erectile function from nerve-sparing 

operations performed by advanced robotics is projected to be 81% compared to the current 

49%.  

Therefore, certain urology operations (operations not requiring bespoke specialised invasive 

treatment) could be more time and cost-efficient, as well as more successful, due to the 

implementation of advanced robotics.  

*Even though the study is from 2012 and can be argued to be outdated, it was a very scientific calculated 

estimate of the efficiency gains from robot assistance which helps illustrate the benefits of advanced robotics in 

urology. 

1Refer to Appendix B 
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Timeline of expected technological development 

Technological advances are hard to predict. Nevertheless, a timeline outlining the general 

trend of predicted development, based on recent trends (evidenced in Appendix B) is 

illustrated below.  

The key takeaways from this model are: 

• In the next two years, assistive surgical robots will become more commonplace and 

continue to have lower setup costs and be used for a wider range of applications. 

• In the next five years, advances will allow for the development of more autonomous 

surgical robots – which after a decade or more, have the potential to become more 

commonplace in health systems such as the NHS. 

 

 

 

According to this model, applications such cataract and urological operations have the 

potential to be implemented into the NHS by 2020 and have the continued potential to 

improve and meet the benefits discussed.  
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Conclusion 

Surgical procedures cost the NHS an estimated £58 billion in 2016/17 (HM Treasury 2017). 

With the growing and increasingly ageing population, there is growing strain on the NHS to 

find new ways to increase efficiencies and reduce the costs and time associated with 

surgical procedures. Advanced robotics can provide part of the solution to this problem. This 

report has illustrated that the implementation of advanced robotics into surgical procedures 

could result in: 

• More efficient, precise and lower costing cataracts operations 

• Safer urological operations that result in shorter hospital visits and lower costs 

Out of the 2,200 different operations offered on the NHS, there will be many other 

application areas that could expect similar benefits, including many other minimally invasive 

procedures that have many parallels to the examples analysed, such as gastrointestinal 

operations and colonoscopy operations. These two application areas analysed simply show 

what could be achievable by using advanced robotic technologies to assist, and potentially 

perform the role of, the surgeon. 

As costs of implementing advanced robotics fall and the technologies continue to develop 

(Appendix B), we will see more wide-scale implementation of advanced robotics in 

healthcare. Advanced robotics will not replace surgeons entirely, but augment their 

performance and potentially replace them in minor operations that have significant 

potential for efficiency gains, such as the illustrated examples. This will free surgeons to 

perform more complex and intricate tasks, and help alleviate the pressure of increased 

demand for surgical procedures on the NHS. Furthermore, as the technology continues to 

develop and become more mainstream, public willingness and acceptance will be expected 

to go up (PwC, 2017), yet as of now it still means millions of potential operations could be 

supported and improved using advanced robotics.  
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Appendix A - The NHS’s Business Model 

Source: www.nhs.uk (2016)  

The NHS is a large and intricate organisation. To provide some context and overview into how it 
functions, here is a description of the NHS broken into the nine blocks of the Business Model Canvas. 

NHS England, NHS Wales (GIG Cymru), and NHS Scotland provide the health care services and form 
the NHS in Great Britain. During this report, “the NHS” will be referring collectively to all three of 
these institutions. This is because they can all be classified together regarding funding, performance 
and the services they offer and are simply broken up due to geographical borders.  

Customer Segments 

Anyone who is a UK citizen has the right to receive the health care services the NHS offers. The 
services provided differ on an individual basis and are not segmented based on any set of the UK 
demographics.  In that sense, the NHS has a customer base as large and diverse as the UK 
population. In 2016, UK had a population of 65.6 million; 18.9% 0 to 15 years, 63.1% 16 to 64 years, 
18.0% 65 and over. (ONS, 2017) 

Value Proposition 

The NHS is based on the core principle that “Good healthcare should be available to all, regardless of 
wealth”. Leading to the fundamental value proposition that, except for some charges such as 
prescriptions, the NHS is a free at the point of consumption health service for UK residents. 

Channels 

The NHS has numerous outlets through which it can reach UK citizens and provide the services it 
offers, these are: 

• Pharmacies 

• Clinics 

• GP Offices 

• A&E  

• Ambulance/Paramedic services 

• Care services 

Customer Relationships 

The NHS has numerous outlets through which it engages with UK citizens. These include primary 
care services such as GP check-ups and consultations, which can lead to referrals that may result in 
individuals interacting with other services and bodies within the NHS. There is an extensive list of 
services and bodies that act within the NHS, each directly engaging with citizens on an individual 
basis to ensure all health needs and problems are dealt with. 

Key Resources 

The NHS is such a large and resource intensive organisation. In 2016/17 the budget for the NHS was 
£123.202bn. This budget is required to fund the all of the services the NHS runs, from financing the 
state of the art medical equipment to employing the 1.5 million employees. Other resources the NHS 
requires include human capital; the technical skills that the employees of the NHS have that ensure 
high-quality health services are provided. 
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Key Activities 

The NHS an extensive number of services. These can be classified into the key activities of; medical 
consultations and referrals, prescribing medication and medical plans, performing medical 
procedures, responding to emergencies, and check-up and long-term care services.   

Key Partnerships 

Source: www.england.nhs.uk (2016) 

The NHS is an independently acting body of UK Government which has following key partnerships: 

Clinical commissioning groups (CCGs): 
CCGs are clinically led statutory NHS bodies responsible for the planning and commissioning of 
healthcare services for their local area. CCG members include GPs and other clinicians, such as 
nurses and consultants. 
 
Health and wellbeing boards: 
Health and wellbeing boards were established by local authorities to act as a forum for local 
commissioners across the NHS, social care, public health and other services.  
 
Public Health England (PHE): 
PHE provides national leadership and expert services to support public health, and also works with 
local government and the NHS to respond to emergencies.  
 
Vanguards: 
Vanguards were introduced in 2015 as part of the NHS Five Year Forward View. The 50 chosen 
vanguards are tasked to develop new care models and potentially redesign the health and care 
system.  

The NHS is also regulated by external bodies, the primary ones are: 

• General medical council 

• NHS Improvement 

• Health and Care Professions Council 

• Care Quality Commission  
 
Revenue Streams 

The NHS revenue is the result of public spending, funded primarily from taxation. When the NHS was 
launched in 1948, it had a budget of £437 million (roughly £15 billion at today’s value). For 2016/17, 
the NHS has a budget of £120.512 billion (HM Treasury, 2017).  

Cost Structure 

The NHS’s expenditure was £124.212 billion in 2016/17 (HM Treasury, 2017). The NHS spends an 
estimated £45.3 billion on its pay bill of 1.5 million employees. An estimated £17.8 billion a year is 
spent on medicines while about £58 billion is spent on 2,200 different hospital procedures and 
treatments, including such common surgery as cataract operations and hip replacements and rarer 
but expensive treatments such as heart transplants. Additionally, the NHS constantly needs to focus 
on future growth and development, which leads to expenditure in R&D Innovation and 
infrastructure development. The overall, revised, deficit (expenditure minus budget) was reported to 
be £3.7bn for the 2016/17 financial year. (Nuffield Trust, 2017) 
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Appendix B – Technological advancements in advanced robotics 

Advancements in machine learning 

Advancements in machine learning include the ability for machines to know undertake what is called 

“validated learning” – a process which is best illustrated through Google DeepMind’s Alpha Go 

Machine Learning robot. Which beat a top-ranked professional in 2016 and the world’s number one 

in 2017 (MIT Review, 2017). This advancement in machine learning capability in the last two years 

has opened the potential for more intelligent robotics in the healthcare industry. The world leading 

machine learning companies, Alphabet Inc. and IBM’s Watson division both have dedicated 

healthcare teams to help continue to advance the machine learning applications for healthcare 

forward. 

 

Advancements in AI 

Advancements in AI include residual neural networks, which allows robotic machine vision to 

surpass the human-level of performance for image processing. Additionally, natural language 

processing is allowing machines to read hundreds of pages per second (PwC, 2017), and memory 

augmented Neural Networks can store facts for later use and surpass the performance of any human 

in simple knowledge tasks. Here are just a few of the many examples illustrating the current state of 

AI. All of which were not applicable or even available in any form five years ago, and continue to 

develop and improve yearly (PwC, 2017).  

 

Advancements in actuators 

Advancements in actuators have seen the development of a smart actuator which was 

incorporated into the design of intelligent autonomous robotics (Seok-Jo, 2015). In the last two 

years, the technology of smart actuators has continued to improve, allowing for smart robotics to 

be applied to more complex tasks, such as in healthcare. 

 

Advancements in sensors 

Advancements in sensors are best illustrated through the increased improvement in IoT (sensor) 

technology. It is reported that the number of intelligent sensors increased 31% from 2016 to 8.4 

billion in 2017. Experts estimate that the IoT will consist of about 30 billion objects by 2020, with an 

estimated global value of $7.1 trillion by 2020 (Hsu et al. 2016). With increased growth in this area, 

further improvements and developments will result in the performance of sensors and their 

applications, such as in healthcare. 

 

Falling setup costs 

The setup costs for advanced assistive robots (such as the current da Vinci device) will drop, on 

average, by approximately 65%, by 2025 (ARK Invest, 2017). Predicted due to continued advances in 

technologies that allow for miniaturisation, and lower costs of mass-scale production and resourcing 

for advanced robotics.  
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Appendix C– Quid Analysis 

C1: Companies in the robotic healthcare industry 

The search conducted: ( "robotics" OR "robot" * ) AND ( "health" OR "health care" OR "medical" ) 

The search was conducted February 13th, 2018; there were no restrictive search filters applied. 

 

 

Notice that 25% of robotic healthcare companies specialise in surgical procedures 

 

Notice that surgical procedures constitute the largest CAGR in the market and the second highest 

total investment amount 
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C2: Patents in the robotic healthcare industry  

The search conducted: (robot*) AND (health OR healthcare) 

The search was conducted 28th March 2018, restricted to a 5-year period from the search date.  

 

Notice that surgically related applications took the largest proportion of the patents (the sum 

of the automated robotic surgical devices and the robot-assisted surgical systems clusters). 
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C3: Articles related to both robotics and healthcare 

The search conducted: robot * AND ( health * OR healthcare ) 
The search was conducted 28th March 2018, restricted to a 2-year period from the search date. 

 

Notice that surgical procedures were the second most talked about topic. 

Notice that the topic surgical procedures have a 12% negative and 33% neutral sentiment. 
This can be associated with the unwillingness of the public in undergoing surgical 
procedures from robots – which is 36% in the UK according to a 2017 PwC survey. 
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Appendix D – Application areas of advanced robotics in surgery 

Utilising the research and Quid searches undertaken helped derive insights into where to direct the 

analysis.  

The above Quid searches highlight that advanced robotics in surgical procedures is of significant 

potential - 25% of robotic healthcare companies specialise in surgical procedures, with the largest 

CAGR in the market (22.1% between 2014-2017). As well as 31% of patents in the robotic healthcare 

industry being related to surgical applications. 

Additional Quid analysis helped direct the focus within the space of surgical applications.  For 

example, when analysing the news and articles database, the most popular name mentioned within 

the articles was Dr B. Samadi. Dr Samadi is head of urology and chief of robotic surgery at Lennox Hill 

Hospital, this directed me into researching applications into urology for advanced robotics and 

uncovering numerous research papers that highlighted to potential benefits of implementing such 

technology.  

 

Collating all the background research together allowed for the collection and classification of all of 

the application areas and examples, to understand where the best application area was for the NHS 

to focus.  

List of current companies developing advanced robotics for the healthcare industry: 

From the above quid analysis and extensive research, we can define the categories of applications as 

follows. This report focuses on the application of Surgical Assistants and the potential use of 

Autonomous Surgeons, due to the research conducted illustrating promising advances 

(technological advances and increasing business activity) in this application area. 

The classification areas are defined below, ranked by the number of independent examples found:  

 

1. Surgical Assistants 
These robots assist surgeons with performing operations, typically minimally invasive procedures. 
The surgeon can view and guide the robot in procedures, controlling the mechanical arms of the 
robot in a very precise and efficient manner. More advanced 3DHD technology gives surgeons the 
spatial visualisation and analysis needed for highly complex surgery, making this the most rapidly 
growing area of smart robotics in healthcare.  
2. Autonomous Surgeons (potential use*) 

With further advances in the technologies required for advanced robotics to perform complex tasks 

independently, a new category may arise in healthcare applications. One where the robot does not 

assist the surgeon, but carries out the task independently and not directly guided, freeing the 

surgeons to perform other tasks or relieving the stress of increased demand for procedures. 
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3. Rehabilitation Robotics 
These robots can help augment and support the recovery period for patients, allowing for improved 
mobility, strength, coordination, and quality of life. These robots can be programmed to adapt to the 
condition of each patient as they recover from strokes, traumatic brain or spinal cord injuries etc.  
4. Telepresence 
This is where the robots would act as the eyes and hands of the doctors, operating via remote access 
from a different location. “Specialists can be on call, via the robot, to answer questions and guide 
therapy from remote locations,” (Keefe, 2017).  
5. Care Support Robotics 
These are robots whose role is to aid and comfort to people suffering from not only physical 
impairments but mental disabilities and loneliness. They can interact with the individuals and help 
augment their abilities to allow them to have a high quality of life and provide reassurance  
6. Medical Transportation Robotics 
Supplies, medications, and meals and other resources can be delivered efficiently to patients and 
staff by these robots. This ensures that needs of where resources are required can be met more 
effectively, and the internal resource allocation can be optimised through the transportation 
resources based on robotic systems.  
7. Hygiene Robotics 
Healthcare facilities can now use robots to clean and disinfect surfaces. These are robots that can 
navigate and clean and precisely disinfect a room of Hospital Acquired Infections (HAI) and other 
dangerous infections such as MRSA.  
 
Below is a tabulated list of the 98 companies researched that are currently operating in the 

advanced robotics healthcare industry, defined by the classification group: 
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This research of companies and application areas lead to the understanding that the most promising 

application area is Minimally Invasive Surgical Procedures. Due to the number of companies and 

amount of investment they have received in developing advanced robotics in this area, and the 

technological advancements of recent years in this application area which allow for the prospect of 

effective and low-cost solutions.  

Within the application of minimally invasive surgical procedures, the areas where sufficient 

successful progress has already been made include cataracts surgery and urological operations. 

Therefore, the analysis included in this report is focused on these two application areas to illustrate 

the benefits and impacts the NHS can realistically expect from advanced robotics in the shortest 

time span possible. 
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