Lean management principles have been used effectively in mass motor manufactory for over 50 years in Japan (Taylor & Taylor, 2008). The following essay will critically analyse such principles, specifically those with relation to health care, and their barriers to implementation. 

[bookmark: _GoBack]Originating in Japan, Toyota Production System (TPS), or Lean Management, as it is known today, offered a radical alternative to traditional mass motoring manufactory and assembly line production, the likes of which had become commonplace following the success of Henry Ford, and Ford Motor Company (Holweg, 2007). Shortly after the Second World War, Japanese industry, specifically motor manufactory, was forced to adapt and adopt methods to befit a changing market. A market where military vehicle production had been of the highest priority for a number of manufactories for a number of years, was no longer deemed to be as such, and a domestic vehicle market began to emerge (Cusumano, 1988). Toyota, unlike its larger rivals Nissan and Ford, lacked the capital to indulge in traditional mass motoring manufactory (Oliver, 2008), which had become commonplace across both eastern and western hemispheres (Cusumano, 1988). Traditional mass motor manufactory is a high volume, low unit cost, form of batch production, used to saturate a previously identified demand (Slack et al, 2006). Such production is often fragmented in its delivery, due in part to its nature. It is only when the entire batch has been processed, that the next step in production can transpire, the time in which this takes, is wasted. In this instance, when referring to waste, reference is made to ‘any activity that does not contribute to operations, such as waiting, accumulating semi-processed parts, reloading, passing materials from one hand to the other and the like…’ (Shingo & Dillon, 1989, p.76). Furthermore, if the batch becomes compromised through error, the entire batch must be discarded, and the process repeated, at the expense of time, capital and waste (Slack et al, 2007). Toyota, identified such wastes, and began working towards their eradication, thus ensuring high productivity, low unit cost, and most importantly to Toyota, low production cost (Cusumano, 1988). 

‘Compared to mass production it uses less of everything - half the human effort in the factory, half the manufacturing space, half the investment in tools, half the engineering hours to develop a new product in half the time. Also, it requires keeping far less than half the needed inventory on site, results in many fewer defects, and produces a greater and ever-growing variety of products’ (Womack et al, 1990, p.13). 

Such manufactory management had seldom seen before (Holweg, 2007; Womack et al 1990), Toyota, and its Toyota Production System (TPS) were to be named the most profitable company in Japans history (Leiker & Meier, 2004), and were envied by mass motor manufactories alike. Such acclamation has garnered attention from varying industries, particularly health care. 

Lean management is essentially about improving the quality of the process through eradication of waste. There are 5 wastes which have been identified within the health care industry. Firstly, waiting or idle time, time in which a patient or an employee is required to simply stand by, awaiting delivery of either a service or a product. Time doing such, is considered to be wasted, and would be best served elsewhere. Since April 2012, the government set standard for elective care, or planned care for NHS patients, is for at least 92% of patients to begin their treatment within 18 weeks of their referral, from 2012/13 to 2015/16 this standard had been met, but with each year, a steadily decreasing percentage. Until 2016/17 where significantly less than 92% of patients begun their treatment within 18 weeks of their referral (Anandaciva & Thompson, 2017). Since April 2012, the government set standard for A&E departments, is for no less than 95% of patients in need of care, to be admitted, transferred and/or discharged within 4 hours of their arrival. From 2012/13 to 2013/14 this standard had been met, again with a steadily decreasing percentage each year, until 2015, where the percentage of patients admitted, transferred and/or discharged within 4 hours fell below 95%, and has since remained (Anandaciva & Thompson, 2017). Similarly, since April 2012, the government set standard for cancer treatment, is at least 85% of patients to begin their treatment within 62 days of an urgent referral from their General Practitioner, for 2012/13 to 2013/14 this standard had been met, again, with a steadily decreasing percentage, until 2015 where the percentage of patients receiving cancer treatment fellow below 85%, and has since remained (Anandaciva & Thompson, 2017). Such statistics represent waste, and potential for improvement. By going ‘lean’ hospitals have the capability to deliver the service required by a patient with minimal time between that of its request and that of its delivery (Womack & Jones, 2003), ensuring effectivity and efficiency. 

Secondly, inventory, and its mismanagement. Storage of surplus supplies, medication and superfluous equipment are indicative of a poorly managed hospital inventory. It is estimated that most businesses, including hospitals, unnecessarily store 20-40% of their working capital within their inventory (Rosenblum, 2014). In 2013, Walmart, USA, posted a loss of $3 billion dollars, due in part, to mismanaged storage of surplus supplies (Rosenblum, 2014). In both multinational companies and hospitals, such surplus is seldom required and is representative of waste. It is estimated, on average, a hospital can reduce its yearly expenditure by around 2% following correct management of their inventory (Schneller & Smeltzer, 2006). To clarify, this is representative of a hospitals expenditure in its entirety, not merely its pharmaceutical expenditure. Lean management suggests Just In Time (JIT) or stockless inventories as a method of management, both of which discourage surplus. A study by Schneller & Smeltzer (2006) found Just In Time (JIT) or stockless inventory systems produced both psychological benefits and inventory related benefits, the former, reduced employee resistance to major change, garnering their understanding of efficiency, the latter, decreased occurrence of errors associated with management of large inventories and increased demand fluctuation responsiveness. The study also found implementation of either a Just In Time (JIT) or a stockless inventory system in a hospital that currently operates a conventional inventory management system would significantly improve the effectiveness and efficiency of their operation (Schneller & Smeltzer, 2006).

Thirdly, poor quality of care, and avoidable re-admissions are deemed to be wasteful, often the former will produce, or encourage the latter. When a patient is admitted to hospital, often there will be a need for injected medication, mostly intravenously. Often insulin for those with diabetes, sedatives, or pain relief for others. Errors when administering medication can have an adverse effect on the patient (Valentin et al, 2009). In a study, conducted in the UK, Valentin et al (2009) found 33% of patients admitted to hospital had been affected by errored intravenous medication, errored as such, in part to time of administration, and entire absence of administration. Of the 441 patients affected, 7 patients suffered permanent damage, and 5 patients had died, due in part, to their errored administration of medication. Of the 441 patients, 50% had been administered errored medication on more than one occasion. In failing to correctly administer medication, hospital staff are prolonging the stay of patients, or encouraging their readmission. In Denmark, it has been estimated that every hour, at least 10 patients will have received errored treatment, yearly this equates to around 87,600 patients, and around 300,000 bed days wasted (Zimakoff, 1993). When pressed for an explanation, medical staff cited stress and tiredness as their biggest contributing factor of errored administration of medication (Zimakoff, 1993). In this instance, waste is produced in the form of time, pain and life. By going lean, a hospital can reduce staff workload, and encourage a less intensive environment, where time, and consideration can be taken, and errored administration of medication avoided.

Fourthly, transportation waste, occurs when a service, or product is unnecessarily located, or stored in an area which requires excessive transportation to reach it (Chiarini, 2013). Lean management encourages eradication of unnecessary transportation through minor and/or major adjustments. The former, encourages proper positioning of frequently used equipment, ensuring equipment is located no further than arms-length from its user, equipment located further than this is indicative of waste (Chiarini, 2013). Additionally equipment should be positioned in reference to its user’s prominent hand, eradicating movement of equipment from one hand to another (Shingo & Dillon, 1989). Although minor, such adjustments reduce occurrence of injury, through reduction of reaching and stooping to access equipment and reduce patient waiting times, by reducing time wasted accessing such equipment (Chiarini, 2013).  The latter, encourages proper positioning of medical departments, ensuring close proximity between correlating services (Chiarini, 2013), an example would be to ensure an A&E department is in close proximity to potentially life-saving services, of which cardiology and radiology are included. By doing so, transportation waste is significantly reduced (Chiarini, 2013). Parker Nicollet Health Service, Minnesota and its newly constructed Frauenshuh Cancer Centre, are offered as an example of lean management, and transportation waste reduction (Parker Nicollet Health Service, 2010). Reverting from traditional methods of transporting patients to their required services, the Frauenshuh Cancer Centre, is designed as such, to discourage transportation of sick patients with depleted sources of energy, instead administering several services in a single room, ensuring transportation waste, in terms of, time and distance are dramatically reduced.  

Lastly, over processing and over production are indicative of waste. The former, occurs when unnecessary work, in terms of time and activity are needed to treat a patient, often in the form of needless tests or unnecessary treatments. A year-long study conducted by the Academy of Medical Royal Colleges (2014) found the NHS wastes around £2.3 billion a year, on such needless tests and unnecessary treatments. Adding, 1/5 patients who have an x-ray for either lumbar, spine or knee problems do so unnecessarily, costing £221 million a year alone (Academy of Royal Colleges, 2014). The latter, over production, occurs when too much of something is created, at what is deemed to be an inappropriate time. Examples include but are not limited to extending hospital stays beyond medical necessity and preparation of medication for a patient already discharged. An internal pharmacy, estimated that of its daily distribution, at least 250 prescriptions were returned, equating to 1 prescription per patient, per day (Graban, 2016). With an added 11 hours, per day needed to process returned and medication (Graban, 2016). In both instances, over processing and over production encourage waste, through implantation of minor and/or major lean management adjustments, as identified earlier through positioning of equipment, and positioning of medical services, waste can be reduced. 

The first step of implementation requires training, often this includes training days, were hospital staff are invited and introduced to lean management principles and methods. Through training, hospital staff can successfully facilitate lean use throughout a hospital. The target group can, and will often differ, depending on organisation preference. For most, leaders, or lean facilitators are chosen, and are responsible for training peers. It is important to note this approach assumes those trained, will train peers, and gradually disseminate training across a hospital in entirety (Jimmerson et al, 2005). The second step of implementation is to initiate pilot projects, to test disseminated training. Pilot projects encourage hospital staff to identify areas of waste and encourage involvement in seeking a method for improvement (Ben-Tovin at al, 2007). The third, and final step of implementation, is to initiate methods of improvement, with full involvement of hospital staff (Dickson et al, 2008). However, the implementation of lean management is often littered with barriers, for successful implementation such barriers must be overcome. 

The first barrier to overcome is convincing hospital staff of the need for lean management implementation (Kim et al, 2007). Hospital staff are often dubious to lean management, due in part to its history. Originating in Japan, Toyota Production System (TPS), or lean management as it is known as today, is indicative of mass motor manufactory history (Holweg, 2007), and not of health care providence. Hospital staff will often take offence at patients being referred to as vehicles, themselves, as a somewhat production line of services, and their workplace, a factory (Kim at al, 2007). 

The second barrier to implementing lean management is the training itself, and lack thereof. With a handful of professionals possessing the experience, and expertise required to successfully train hospital staff in lean management, training is often difficult to source (Dickson et al, 2008). The handful of professionals available are often hired from the mass motor manufactory sector, one of which varies greatly from that of the health care sector, specifically in relation to language used, often, misinterpretation and unacceptance of language elongates the assimilation period (Dickson et al, 2008) and poses as a barrier to lean management implementation.

The third barrier to implementing lean management is misunderstanding the concept of ‘customer’, and who is indicative of such status (Endsley, 2006). From an economic perspective, the government, as funder of the NHS, is a ‘customer’ and as such, lean management should prioritise governmental needs, of which are often financially dependent. However, as a recipient of care, patients, are in fact ‘customers’ and as such their needs should be considered, such needs are often service dependent, as opposed to financially dependent needs of government. Such an ambiguous notion, of who is a ‘customer’ threatens lean management implementation (Endsley, 2006). 

The fourth barrier, the organisational structure of health care itself. Often hierarchal, a hospitals organisational power is held by those of professional power, usually General Practitioners and/or surgeons (Ballé, 2007). Both professionals, and professionals alike, presume a dominant and decision-making position, due in part to their highly skilled nature, a nature of autonomy and courage of conviction (Ballé, 2007). This presents a potential barrier to lean management implementation, and its focus on team work, collaboration, communication.

Lastly, failure to encourage initiation across all departments within a hospital is a potential barrier to lean management implementation (Ballé, 2007). The health care system is complex, comprising of varying departments, with varying specialities, of which radiology and cardiology, were given as an earlier example. Each department with varying wastes, and scopes for improvement. Often, this will cause intermittent implementation within departments (Ballê, 2007) and optimisation of certain departments, and added pressures to another as a result of optimisation of the previous. For lean management implementation to succeed, it must be adapted by a hospital in its entirety. 

To conclude, lean management improves a process through eradication of waste, a system which has yielded positive results both historically, in mass motor manufactory (Cusumano, 1988; Holweg, 2007), and currently in health care providence.  However, the easily misinterpreted nature of lean management makes widespread implementation difficult. There is a distinct lack of research surrounding specific and successful lean management implementation within the health care sector. Whilst research exists on lean management implementation, it is important to note that each hospital, and each health care setting, has specific wastes, which may vary to that of a comparable setting. As such lean management implementation should be adapted, rather than adopted. Adaption, as opposed to adoption, because of the stark differences between traditional mass motor manufactory, and health care providence. 

Additionally, hospital staff must own their approach to lean management implementation, as it is they, that are the driving force behind it. The implementation steps, including lean training, initiating pilot projects and implementing improvements based on the two previous steps often exclude large sections of staff, focusing on small groups to become facilitators. The success of lean management implementation relies on all members of hospital staff, in every department, this can be difficult to facilitate due to lean management reservations mentioned previously, due in part to its history. Managers, must motivate and engage employees and provide necessary support to ensure successful lean management implementation.

Lean Healthcare remains a widely debated subject, however, the available articles in this particular area present only a limited view of the potential advantages and disadvantages lean management implementation encourages. In fact, no single article could be found criticising the implementation of lean management in health care. Many articles, books and other sources of information, are speculative in character, and exclude vital empirical evidence. More rigorous research is required to critically analyse lean health care implementation, and its impact on waste. 
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