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Abstract
Rationale, aims, and objectives: Lean and Six Sigma methodologies are set of principles aimed at improving organizations through restructuring processes, and via identification and elimination of steps that do not add value for the consumer and result in wasted time, resources and expenses. Owing to its multifaceted nature and high impact on patient health and recovery, as well as its significant financial impact, the operating room (OR) environment is an obvious substrate for Lean and Six Sigma implementation. In this review, we aim to prioritize the most effective and reproducible optimization Lean and Six Sigma tool and to raise awareness among healthcare professionals about the current experience of Lean and Six Sigma utilization in the daily work routine in the OR.
Methods: A computerized search from inception up to June 2019 of the online electronic databases PubMed and Google Scholar was performed. Studies investigating Lean or Six Sigma interventions considering various OR aspects were examined.
Results: Most of the studies originated in the USA and demonstrated Value Stream Mapping (VSM) as the most common practiced optimization technique followed by the Define, Measure, Analyze, Improve, Control (DMAIC) tool. These methods provided the most effective sole tools for promoting positive changes in the work environment. 
Conclusions: Lean and Six Sigma implementation in the OR was found to be associated with improved safety and quality of care, reduced waiting times, increased patient satisfaction and cost reduction. We suggest that the implementation of a synergized approach, combining VSM and DMAIC tools, in the routine workflow may lead to a positive impact on productivity and efficiency, regardless of the scale or type of surgical procedures performed.
Keywords: Lean; Six Sigma; operating room; patient flow; optimization 
Introduction
Lean management is a set of principles and guidelines that constitute a mindset and framework geared towards constantly improving processes by identifying and eliminating steps that waste time, slow employees, increase customer dissatisfaction, and incur unnecessary expenses, which can be carried out with little or no organizational change. "Lean" management relies on the Toyota management philosophy and principles, originally developed by Taiichi Ohno, Shigeo Shingo and Eiji Toyoda during 1948-75.

Another process optimization approach is the "Six Sigma" technique, developed by Motorola in the mid-late 80s of the 20th century. Although Lean approach and Six Sigma technique both aim to create efficient processes through inefficiencies reduction; Six Sigma slightly differs from Lean in that it aims to reduce variation and errors in production. The Six Sigma technique follows five basic steps abbreviated "DMAIC":

1) Define: customer's requirements classification and clarification of the required resources. 

2) Measure: outlining key performance indicators (KPIs) and determining data collection methods.

3) Analyze: identifying wasteful steps in the selected process and underlying causes for inefficiencies. A common designated tool for analysis is a cause and effect (C&E) diagram/matrix, which aids in visually demonstrating the various causes of a specific event.

4) Improve: implementing solutions and interventions to eliminate the above-mentioned inefficiencies.  

5) Control: continuously monitoring the processes to ensure sustainability.

Well-functioning operating rooms (ORs) are central to the overall patient care provided, as well as to the health organization's financial stability; they are critical for training junior physicians and nurses, maintaining safety and quality of care, and are pivotal for the creation and stability of well-balanced work culture. The OR environment is high-risk, complex, and extremely dynamic; operated with a small margin of error by a multi-disciplinary staff. Patient flow in and out of the OR is complex; including procedure scheduling, pre-admission testing, patient registration, patient preparation and transportation, the operation itself, and finally the post-operative recovery period. Optimizing this intricate activity is a great challenge, demanding perfect synchronization of multiple staff members, roles, preferences, schedules, and accountabilities. Any optimization approach should aim at providing a consistent patient flow and sustain patient safety, while increasing procedure volumes, preventing delays, eliminating potential bottlenecks, cutting unnecessary expenses, enhancing patient and staff satisfaction, and minimizing the required resources. 
Over recent years, various management techniques and optimization practices, including Lean, have been implemented in healthcare in general, and in the OR in particular1. In the ever-changing healthcare environment, hospitals and other health care providers need to constantly focus on improving efficiency to meet the ever-increasing demand for high-quality, low-cost healthcare services. The medical literature highlights numerous examples of Lean and Six Sigma techniques that have been successfully implemented in medical practice, associated with reduced postoperative complications, improved patient outcome, increased satisfaction, improved safety, and cost reduction2–5. Other studies were mildly conclusive regarding the positive impacts of Lean interventions in healthcare6–8, while a few failed to identify a clear positive association between quality improvements in healthcare and Lean interventions9. In this review, we discuss how Lean-oriented thinking may strengthen multiple aspects of the OR environment, highlighting the potential of this unorthodox approach to improve patient flow, increase OR utilization, and improve outcomes as well as patient and staff satisfaction. We aim to raise awareness among healthcare professionals about the current experience of Lean and Six Sigma utilization in the daily work routine in the OR and to prioritize the most effective and common optimization technique. 
Methods
We reviewed publications inspecting the implementation of Lean methods in the operating room environment. A computerized search from inception up to June 2019 of the online electronic databases PubMed and Google Scholar, was performed, using the following search strings: "Lean", "Six Sigma", and "operating room". The eligibility of the studies was initially verified by excluding non-relevant studies after manually examining the titles and abstracts. No limitation was applied regarding the year of publication. Articles in non-English languages were excluded if no English translation was available. The reference list in each relevant article was analyzed for additional relevant publications. We have analyzed publicly available data and did not involve any human subjects. 

Results

A total of 45 articles were initially identified. After exclusion of non-relevant, and non-English studies and after removing duplicates, 34 studies were found eligible as depicted in Figure 1. Most of the studies originated in the USA, and the most common optimization tool practiced by research teams was the VSM, followed by the DMAIC technique. 

Discussion
Lean Principles Aimed at Improving Patient Flow in the OR 

The benefit of optimizing the function of the OR through Value Stream Mapping (VSM) and Kaizen techniques was demonstrated by Delisle10 at the Thomas Jefferson University Hospitals, Philadelphia. The VSM conducted after observations and customer interviews with representatives from management and frontline staff, coupled with patient information from the hospital database, highlighted a visual representation of activities and actions, from which those that were deemed ineffective could be more easily identified. The following are the main issues that they identified: constant changes to the OR schedule the day before as well as on the actual day of surgery; poor communications between perioperative units, excessive patient motion due to sub-optimal facility layout, inadequate monitoring, and lack of uniformity of workflows across specialists. Two key performance indicators (KPIs) surfaced as important, (1) the precise starting time of the first case of the day, and (2) turnover time. They prioritized changes to select steps based on overall impact and expected ease of implementation. Over four years, a designated "Lean team" systematically addressed issues and inefficiencies that surfaced, and actively identified and implemented changes leading to incremental improvements. The Lean philosophy is based on repetitive cycles of improvement; each proceeded by a learning period, data collection both pre- and post-change, and a concluding analysis phase leading to the next cycle. Among the major outcomes successfully implemented, the following were quantifiably proven: better patient flow from arrival and from the short procedure unit (SPU) to the holding area, improvements at the patient testing center, and a significant improvement in OR turnover interval. Examples demonstrating how these changes were achieved include moving patient registration to the bedside, standardizing the patient monitoring process, coordinating and streamlining SPUs with the registration process, installing whiteboards in all three holding areas as a visual cue to missing patient information, permitting nurse practitioners to perform ECGs and lab tests, improving bedside registration availability, and preparing admission and turnover chart availability at least 24 hours before the patient’s scheduled visit. As a result, a reduction in overall processing time (patient arrival to ready for transport), waiting time, travel time, and patient check-in time decreased by 32% (from 57 to 39 minutes), 36% (from 25 to 15 minutes), 64% (from 5 to 1.5 minute), and 64% (from 5 to 1.5 minutes), respectively. Patient satisfaction surveys about waiting times similarly improved. Reduction in the average overall length of stay (from 110 to 92 minutes) in the testing area was achieved. Turnover time was improved from a pre-intervention time of 48 minutes to 44 minutes post-intervention. Before Lean implementation, on-time first case was achieved in 56% of the time. After implementation, this value increased to 67%. Hassanain et al.11 assessed whether Lean intervention may lead to improved OR utilization in a group of 12 hospitals selected across regions in Saudi Arabia. They found that by implementing interventions (e.g. creating visual cues that assist starting the first case on time, using a computerized surgical list, optimizing time utilization, developing an operating model with policies and procedures for the pre-anesthesia clinic and day surgeries) they managed to significantly improve the first case on-time start by up to 55%, and OR utilization from 39 to 49%. Nevertheless, no significant change was observed in median room turnover time, which remained constant at 9 minutes even after the intervention. Only two out of twelve hospitals demonstrated a significant increase in procedure volume (from 13 to 22 per week, on average. In a 2017 prospective study consisting of 612 cases at the Loma Linda University Children's Hospital in California, Tagge et al.12 demonstrated an improvement in two KPIs following the intervention: (1) a significant decrease in turnover time (the interval between patient OR departure and the arrival of the subsequent patient) from a median of 41 to 32 minutes, and (2) a significant decrease in turnaround time (defined as the interval between surgical dressing application and subsequent surgical incision) from a median of 81.5 to 71 minutes. The intervention did not include incorporating new personnel or technology nor removing surgical residents but simply utilizing a Define, Measure, Analyze, Improve and Control (DMAIC) Lean technique coupled with a meticulous mapping of the perioperative process. Cerfolio et al.13 described how the elimination of non-value-adding steps safely decreased pre-incision time in patients undergoing pulmonary lobectomy; after designing a VSM value stream map and eliminating wasteful steps along the operative process, such as the use of arm boards, axillary rolls, and redundant catheters. After a Lean intervention, the time interval between OR entry and first incision decreased from a mean of 64 to 37 minutes with a dramatic decrease in mortality and major morbidity from 3.2 to 0.26% and from 15.2 to 5.3%, respectively. Bertolaccini et al.14 presented an example of Lean Six Sigma intervention as a quality improvement method, as reflected in the reduced complication rate during and after lobectomies. Lean techniques were also shown to improve gastrointestinal (GI) biopsy handling at a tertiary care pediatric hospital in Dallas, Texas. During the study period, 90 GI biopsy cases were processed and evaluated, while value stream mapping identified numerous non-value-added steps along the handling process. Lean intervention resulted in a more than two-fold increase in value-added time along the process15. Warner et al.16 described optimization of the perioperative process and punctual on-time vascular surgery start when they incorporated the "DMAIC" methodology to identify wasteful steps that resulted in delays in vascular surgery first-case starts. The research team utilized computer simulations and live settings before the intervention, realizing that late resident arrival in the preoperative framework was a major cause of delay in first case starts. After resident morning rounding process standardization and elimination of non-value-added activity, they managed to achieve a significant increase in first case starting on time (39 versus 86% at one year after implementation) with reduced resident rounding time of 33% (70 versus 47 minutes) and estimated savings of 12,582USD in the 9 weeks following Lean implementation. Utilizing Lean methods for improving punctual on-time surgery start was also reported by Stoutzenberger et al.17 at the Lancaster General Hospital in Lancaster, Pennsylvania. Before Lean implementation, on-time first case was achieved in 35% of the time. After eight months, this value increased to 72%. Moreover, turnover time from the surgeon's point of view ("close-to-incision" time) was reduced from 73 to 68 minutes. Examples demonstrating how these changes were achieved included: marking preoperative rooms with colored flags to notify staff if a patient is waiting for preparation, unwrapping operative packs and prompting OR staff scrubbing 15 minutes before the scheduled case starts, and the use of hand-held, portable radio transceivers to improve communication. Lean Six Sigma method was also shown to increase operational efficiency in various elective and urgent cardiac catheterization procedures performed in the Cleveland Clinic Cath Lab in Ohio, USA. After Lean implementation between 2009 and 2012, a significant increase was demonstrated in the percentage of cases with: on-time start (41.7 to 62.8%); on-time physician arrival (55.9 to 76.3%) and on-time patient arrival (76.1 to 81.9%); ≤ 20 minutes turnover time (43.6 to 56.6%) and achieving ≤ 35 minutes between hemostasis and the arrival of the next patient (50.9 to 60.4%). A decrease in the percentage of manual sheath-pulls performed in the Cath lab was also noted (60.7 to 22.7%)18. Franco et al.19 utilized Lean technique to standardize preoperative management of patients undergoing elective surgery to decrease hyperglycemic events on presentation to the OR, a well-known risk factor for adverse outcomes in surgical patients20. Applying Lean principals was shown to improve the flow of patients with fractured neck of femur admitted to the University Hospital Limerick in Dooradoyle, Limerick, Ireland. Lean intervention increased the percentage of patients admitted to the trauma ward within four hours of arrival at the hospital (37 versus 27%); earlier mean OR start time; and a 38-minute increase in daily operating time. In post-intervention, an additional 12% of patients underwent surgery within 24 hours of admission, resulting in one-night stay reduction21. A three-year program of Lean intervention aimed at improving OR utilization at Oklahoma University Medical Center was performed by Bender et al. in 2015. Main achievements included: an increase of 9% of total cases performed and an over 10% increase in annual revenues, OR utilization improvement with outpatient readiness on time for surgery increase from 59 to 95%, first case on-time starts increased from 32  to 73%, staff worktime optimization with overtime decreased from 7  to 4%, and a personnel total cost decreased by 14% despite having 26% more full-time employees, as a result of a decrease in the number of temporary staff and less overtime22. Lean processes were also found to shorten wait times for elective surgical procedures at the Veterans Affairs tertiary care medical facilities. After the implementation of Lean processes over three fiscal years, Valsangkar et al.23 demonstrated a mean[SD] of 21-days decrease in wait time for elective surgical procedure (33[8.3] versus 12[2.1] days). Furthermore, operative volume increased from 931 to 1,072 patients per fiscal year, clinical encounters increased from 3,131 to 3,517, and the number of no-shows decreased from 366 into 227. Specific improvements included: standardizing anesthesia referrals, surgical procedure scheduling, collaboration between surgical subspecialties, and consultation methods; improving interdepartmental and patient communication, and facilitating transportation and lodging solutions for distant patients. A 2015 randomized controlled trial examined OR time savings at the Department of Orthopedic Surgery in Brigham and Women’s Hospital, Harvard Medical School in Boston, USA. Fifty adult patients for whom post-operative short-leg splint immobilization was indicated underwent the procedure using either a designated prepared splint pack or a bulk supply splint. The use of the prepared splint packs resulted in a significant reduction in retrieval and preparation time and shortened the total splinting time by three minutes, making it a cost-effective and time-saving technique for high volume ORs24. Lindholm et al.25, utilized Lean techniques to improve the efficiency of a treatment protocol for Nd:YAG laser posterior capsulotomy, a minor ophthalmic procedure. The treatment protocol was continuously analyzed using a value stream map, resulting in a significant reduction in lead times (the time interval from the moment the task was ordered until its completion), and significantly shortening of the total reception time per patient. A dramatic improvement was found with respect to the number of patients and eyes treated per hour. Furthermore, overall patient satisfaction scores improved significantly. In 2006, Van Vliet et al.26 conducted an international retrospective comparative benchmark study on 22,049 patients who underwent cataract surgery in three ophthalmology hospitals in the UK, USA, and the Netherlands. He analyzed six operational aspects in the context of Lean thinking and the hospitals were compared according to basic Lean concepts, including facilitating automation and coordination while maximizing proximity between relevant staff, workstations and equipment, and efficient delegation of activities. Not surprisingly, actions aimed at reducing redundant and unneeded steps were found to correlate with procedural efficiency, as reflected in a reduced number of hospital visits per patient, reduced costs and shorter lead times. 
On top of the above-mentioned examples of Lean utilization, several reviews were conducted, investigating the topic. A systematic review of 23 studies conducted by Mason et al.1 examined the utilization of Lean and Six Sigma methodologies in surgery. They showed a significant improvement in specified outcomes (e.g. improved OR efficiency, decreased operative complications and mortality, and reduced unnecessary costs and length of stay) in 88% of the studies that included a statistical analysis (14 out of 16 studies). Nevertheless, systematic bias and statistical imprecision were noted, including lack of randomization in allocating the interventions, lack of proper and standardized comparison between the pre- and post-intervention groups, and lack of reporting of confidence intervals. Similarly, Robinson and Kirsch27 concluded that Lean management strategies can be successfully applied to the OR environment and should be encouraged. They discuss basic concepts of Lean management and Lean healthcare principles and highlight methods for inefficiencies identification and elimination complemented by theoretical examples and models. A systematic review of various managerial approaches, including Lean methodology, aimed at improving intraoperative efficiency was conducted by Fong et al.28 in 2016. They demonstrated that time and money were among the most common KPIs for efficiency, although other indicators such as tool reduction, case number, number of delays, and number of steps were also noted. Most studies focused on the OR environment or on the surgical staff and did not examine issues related to the operative procedure itself. Small- as well as large-scale interventions were observed, including standardization of tasks, improvement in staff communication, and improved data collection. They emphasized the importance of workflow standardization and effective staff communication and concluded that interventions hold the potential for benefiting the organization regardless of their implementation scale. Rothstein and Raval29 reviewed the characteristics and challenges of Lean interventions in the OR in general, and in the pediatric surgery setting in particular, examining common indictors used to measure OR efficiency in the pre-, intra-, and post-operative periods. They suggested OR efficiency can be improved thorough the application of the following recommendations: streamlining the admission process through automated demographics and insurance data confirmation; making phone-call confirmations of case time and hospital arrival time, dietary restrictions, and other relevant scheduling issues on the day prior to the operation; standardizing OR cart equipment to match the surgery needs, rather than relying on individual surgeon preferences; simplifying storage schemes and minimizing travel distances within the OR environment; using case checklists; minimizing nursing staff turnover times and breaks during cases; standardizing instrument trays; conducting adequate staff preparation and briefing in the OR; automating communications to cleaning staff as the surgery comes to an end; and appointing a designated person to control the flow of delayed, prolonged, and add-on cases. Recommendations for surgeon engagement were also proposed: regular reassurance of project goals, transparent share of data, expressing gratitude daily to OR staff and colleagues, and promoting high-achieving employees. Another analysis by Cameron and Rangel30 found Lean to be a successful method for improving clinic efficiency as well as patient and staff experience in high-volume pediatric surgery clinics. The lean intervention resulted in improved patient perspective on surgical care at a hospital-based otolaryngology clinic, as demonstrated by Jiang and Malkin31 in a 2016 prospective study. A list of factors responsible for the successful implementation of a Lean intervention in hospitals was proposed by Noori32 in 2015. In Tehran, Iran, observational questionnaires delivered to physicians and managers in leading hospitals to assess the state of previous and ongoing Lean implementation status were analyzed. The most cardinal factors contributing to a successful implementation of Lean interventions were found to be: management system compliance, coherent performance evaluations, a suitable communication system, active management involvement, and adequate responsibility and commitment towards the interventions32.
Lean Interventions Aimed at Improving Auxiliary Processes in the OR Environment and the Outpatient Setting
D’Angelo and Mejabi33 described Lean methods for optimizing specimen collection, labeling, and transportation within the perioperative environment. Using direct observations and value stream mapping they identified and eliminated steps that caused employees to stop, redo, or slow down their work - steps that caused specimens to be returned to the sender and steps that caused dissatisfaction among costumers. Examples of defective steps included lack of quality control checks in pathology, improper communications between OR and pathology, mistakes on the accompanying form (e.g. inaccurate spelling, information or specimen type labeling), non-transparent transportation bags holding specimens, and no rotation in staff duties to reduce fatigue. They managed to reduce the surgical specimen collection steps from nine to three steps and achieved an 89% reduction in global defect rate to 0.25% (2.5 defects per 1,000 cases) post-intervention by eliminating problematic steps and standardizing the collection, labeling, and delivery processes. Qualitative improvements were also noted, such as the creation of color-coded labels streaming specimen handling, and the formation of a designated obstetrics/gynecology specimen handling procedure protocol. Improvements in the patient transfer process from the OR to the pediatric intensive care unit (PICU) utilizing Lean and Six Sigma methods were described by Gleich et al.34 at the Mayo Clinic Children’s Center, Peoria, Illinois. Initially, VSM was conducted, thereafter, an improved and standardized direct transfer process from the OR to the PICU was conceived and implemented, leading to a 58-minute decrease in the time spent while waiting for the transfer and acceptance of a patient (handoff) (90 versus 32 minutes), and a nine-minute reduction in patient transfer time (25.5 versus 16.5 minutes). Before the Lean intervention, all patients at the OR-Post-anesthesia care unit (PACU)-PICU handoff process experienced at least one error in the first time. Post-intervention, the process was completed accurately the first-time 67% of the time. Concomitantly, the handoff error rate substantially improved from 1.9 to 0.3 errors per case and satisfaction rates also increased. The utilization of Lean methodology for improved quality and efficiency in OR instrument availability was demonstrated in several studies. Farrokhi et al.35 showed how a Lean 5S approach reduced the number of unnecessary instruments delivered to the OR for minimally invasive spine (MIS) surgery by 70% (197 to 58 instruments). Similar results were demonstrated when applying this type of approach to other surgical settings: deep brain stimulation (DBS) electrode placement (from 134 to 30 instruments) and DBS generator placement or revision (from 90 to 18 instruments). A 37% decrease in setup time was noted for MIS on a limited number of cases (13.1 versus 8.2 minutes), and savings of over 60,000USD in needless processing of surgical instruments were achieved. Nevertheless, no effect on surgical procedure times related to the actual intervention was noted. Utilizing Lean thinking was also shown to reduce the number of non–value-added instruments in adenotonsillectomy sets (52 to 24 instruments). Mean operative times were, likewise, not significantly affected36. 
Optimizing OR cleanliness and improving the prevention of healthcare-associated infections were demonstrated by Vassell37 at the Crestwood Medical Center, Huntsville, Alabama. A VSM analysis was conducted outlining the steps for between-cases cleaning and room turnover process. They found that procedure lights and OR table controls were not cleaned consistently between cases, and environmental hygiene equipment was not conveniently accessible to the staff. Subsequently, improved cleaning kits were assembled, and a designated cleaning practice was developed; resulting in a five-minute decrease in turnover time and a three-fold improvement in frequently touched object cleanliness. The study demonstrated sustained outcomes six months post-intervention. Six Sigma methodology was also demonstrated to improve adherence for antibiotic prophylaxis in patients undergoing noncardiac surgery38. The use of Lean methodology to redesign the airway management cart in the OR was described by Weigel39 at the Virginia Mason Medical Center, Seattle, USA. A 5S process was utilized to select necessary equipment and plan a more logical and intuitive placement of the equipment in the airway cart. Lean intervention minimized airway equipment location from four different locations to one. The number of equipment pieces was consequently reduced by 89% to the optimal minimum, and the cost of the disposable equipment inventory was reduced by 81%. Simulations examining the setup of equipment during a difficult airway scenario revealed a significant reduction of 39% in equipment setup time (mean±SD of 7.9±1.8 versus 4.8±0.7 minutes), and a significant reduction of 74% in the distance walked (722 versus 202 feet). A university medical center in the Netherlands demonstrated Lean techniques for reducing door opening-closing during surgery, as an indicator for preventing surgical site infections. The mean number of opening-closing per hour during orthopedic surgery at one OR stood at four, post-intervention. This represented a 78% decrease compared to pre-intervention data collected for 8,009 surgical procedures over eight months, across 26 specialties40. Utilization of Lean Six Sigma approach to facilitate recycling in the OR managed to reduce the weight and number of bags of solid and medical waste per OR per day by 12% and 6%, and by 59% and 61%, respectively, thus minimizing institutional disposal costs41.
Conclusions 
Healthcare organizations should constantly improve OR performance to improve outcomes, patient satisfaction, staff burnout, and maintain a stable economic environment. Often, it is not the surgical procedure itself that needs to be amended, but rather the pre- and post-surgical environment, process flow, services, subjective satisfaction, and overall efficiency that should be addressed. In this respect, the Lean approach and philosophy can improve and perhaps perfect the OR workflow, regardless of the scale or type of surgical procedures performed. Numerous studies have demonstrated that implementing Lean and Six Sigma techniques in the routine workflow is a powerful approach for improving productivity, efficiency, and satisfaction. Examples of KPIs affected by Lean and Six Sigma interventions and key optimization methods are presented in the supplementary information. Most of the studies originated in the USA, marking its key position in leading the Lean management culture in the industrialized world. The most common optimization tool practiced by research teams was the value stream mapping (VSM), which has been used to visualize and analyze steps prior- and post- Lean interventions. While performing VSM, a visual flowchart listing chronologically all stages of each medical process is depicted from beginning to end, depicting key events in the process by arrows highlighting the direction of flow. VSM is an effective approach combining the perspective of the entire medical staff involved in the process. Creating a visual representation facilitates identifying and improved definitions of processes that might have been taken for granted, thus raising awareness, and ultimately assisting in the subsequent steps. Following was the "DMAIC" technique that focuses on eliminating processes contributing to poor reproducibility/high variability. Not surprisingly, the two main tools for data-driven optimization rounds were Lean's VSM and Six Sigma's DMAIC, as these two methods are the core techniques in the above-mentioned improvement philosophies. These methods provided the most effective sole tools for promoting positive changes in the work environment. VSM is mainly utilized to analyze the current state of a process and to plan a desired future state. It is constructed as the foundation for further Lean optimization principles such as the "5S model" that is commonly used for eliminating wasteful steps and reorganizing the remaining steps within the process. DMAIC exhibits a more overall approach and offer a general tool for a complete improvement cycle. A synergized approach, combining VSM and DMAIC tools could be utilized as an effective, reproducible optimization method. Should hospitals wish to preserve their financial cornerstone and simultaneously cope with the move of healthcare toward value-based reimbursement, the Lean and Six Sigma approaches and their derivatives should be combined and considered as a viable tool for progress. We hope this review will encourage more physicians to implement these techniques and approaches in their daily work routine. 
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