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Abstract: The authors offer their perspective on the application of Lean Six Sigma methodology
to surgical pathways, from referral to post-operative rehabilitation, and how it has resulted in
sustainable improvements in patient outcomes, and patient and staff satisfaction. The origin of Lean
Six Sigma is described before considering its application to improving scheduled surgical care. The
concept of ‘flow’, and its relevance to pre-, intra-, and post-operative care, is discussed as well as the
role of Lean Six Sigma in supporting innovation and in promoting an organizational culture that
promotes openness to new ideas. The elements of the methodology that render it especially suitable
for the redesign of surgical pathways include eliciting the customer voice, co-design, enabling system
awareness and inculcating a continuous improvement mindset. The necessary conditions for the
successful implementation of Lean Six Sigma initiatives include managerial support, high-quality
education and training, and alignment with organizational strategy. Future directions for practice
and research are discussed before presenting a key finding from the literature and from the authors’
collective experience: Lean Six Sigma initiatives will not lead to sustainable improvements where the
key elements of the methodology are not recognized and enacted, and where the necessary conditions
are absent.
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1. Introduction

One of the biggest healthcare challenges globally continues to be equitable and fair
access to quality services. Many countries struggle with disparities in access to healthcare
based on factors such as income, location, ethnicity, and gender, leading to inequalities
in experiences of care and health outcomes [1]. Meanwhile, healthcare costs continue
to rise worldwide, making it difficult for some individuals and communities to afford
necessary medical care, which can result in delayed or inadequate treatment, leading
to poor health outcomes [2]. Globally, countries are experiencing demographic shifts
with aging populations posing challenges to health services. An aging population often
requires increased healthcare services, including long-term care and management of chronic
conditions, which can strain healthcare systems and resources [3]. More recently, the
pandemic has underlined how infectious diseases such as COVID-19 and influenza can
overwhelm healthcare systems leading to increased demand for care and considerable
strain on resources [4]. All of these challenges are compounded by workforce shortages with
healthcare services facing challenges in recruiting and retaining enough skilled workers.
Shortages of healthcare professionals, including doctors, nurses, and allied health personnel,
can limit the capacity of health services to deliver timely and quality care [5]. Technological
advances, including precision medicine, telehealth, and artificial intelligence, present both
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opportunities and challenges for health services staff [6]. These challenges can vary widely
across different countries and regions, and require context-specific solutions and strategies
to address them effectively.

One key area of healthcare that presents an enduring challenge is scheduled (or
planned) surgery; problems include timely patient access to surgery and the availability of
surgery-designated beds [7]. The issue of long waiting times for scheduled surgeries is not
a recent phenomenon but it has been exacerbated by the COVID-19 pandemic [8]. A recent
study estimated that worldwide, 28.4 million surgeries were either postponed or cancelled
during the peak of COVID-19 disruption [9]. Lengthy surgical waiting times have been
shown to adversely affect patients, both psychologically, through increased pre-operative
anxiety, stress, frustration, and anger [10], and physically, through poorer pre-operative
quality of life and reduced physical functioning [11].

Drucker described healthcare organisations as the most complex form of human
organisation to manage [12], suggesting that the complexity derives in part from the
confluence of clinicians (e.g., doctors, nurses, and other health and social care professionals)
and other stakeholders (e.g., patients, relatives, and other health system professions and
occupations), often with seemingly incompatible perspectives and competing timelines.
A surgical patient’s journey from initial consultation and diagnosis to actual surgical
intervention and rehabilitation reflects the complexity Drucker highlighted, relying on
an intricate interplay of clinical and administrative processes that support the work of
surgeons and the wider multidisciplinary team [13]. Deming’s seminal work explored
conceptual frameworks that can be usefully brought to bear on process improvement [14].
Henrique and Filho, in a review of the empirical literature on Lean Six Sigma, found that it
is one of the most frequent continuous improvement methodologies used for process and
quality improvement in hospitals today [15].

The authors of this paper include qualified Lean Six Sigma practitioners and healthcare
professionals with over 30 years’ experience with backgrounds in nursing, physiotherapy,
biotechnology, architectural healthcare design, and healthcare research and education.
Additionally, authors 1 and 4 have extensive clinical and managerial experience in the areas
of peri-operative and post-operative care and rehabilitation. Over the last 10 years the
authors have facilitated over 250 process improvement projects within the health system
that have resulted in demonstrable improvements in patient and staff experiences of care,
and patient outcomes [16]. This paper is a perspectives paper, which draws on current
literature in the field, and the experience and personal assessment of the authors. We offer
our perspective on the value of Lean Six Sigma in designing and redesigning complex surgical
pathways, and on the future direction of improving surgical pathways in the health system.

2. Lean Six Sigma Use in Healthcare
2.1. Lean

Lean is a management system, a methodology and a philosophy that can support
employees and enable them to deliver better care to their patients [17]. Whilst Lean was de-
veloped for car manufacturing and utilised in engineering and production operations, other
industries quickly picked up on its inherent benefits and it is now used in pharmaceutical,
electronic and healthcare settings with noted improvements in process flow, impacting
factors such as patient wait times, releasing clinician time to care, error reduction and
improved patient outcomes [18,19]. In effect, the application of Lean in healthcare is about
shortening the time between the patient entering and leaving a care facility by eliminating
what is termed Non-Value Add (NVA) time and activity for patients and staff [20,21].
Antony and colleagues note that Lean has been widely adopted for healthcare process
improvement even in fundamentally different healthcare contexts [22].

2.2. Six Sigma

Lean is often used in conjunction with Six Sigma, another widely used improvement
methodology developed by Motorola to optimise its manufacturing processes by reducing their
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variability through the rigorous collection and statistical analysis of process metrics [13,23]. Six
Sigma’s data-driven process approach is designed to improve process capability and enhance
process throughput [24]. The Lean Six Sigma, Define, Measure, Analyze, Improve, Control
(DMAIC) framework provides a model for a structured approach to change [13]. Six Sigma has
a strong emphasis on eliciting and acting on the ‘Voice of the Customer’ and understanding
customers’ expectations of services [20,25]. This emphasis on customer voice aligns well with the
user expectations of healthcare services, where the primary goals are to improve patient safety,
quality of care, process efficiency, patient and staff satisfaction, and process performance [26].

2.3. Lean Six Sigma

Lean Six Sigma is a combination of both Lean and Six Sigma that is increasingly
and successfully being used in healthcare internationally as a combined improvement
methodology [22,25,27,28]. In healthcare, Lean is typically used to release time to care while
Six Sigma focuses on reducing unwanted variation in day-to-day work processes [20]. Their
combined use has been identified as having an impact on health outcomes, processes and
quality of care, finance, and patient and staff satisfaction [29]. For example, Lean Six Sigma
has been used to streamline pathways for people following hip fracture [30] and to release
time to care for nurses in hospitals, both private [31–33] and public [34–36]. The literature
demonstrates improvement at patient, staff, and organisational levels [37]. The widespread
adoption of Lean Six Sigma has led to an increase in the number of scholarly studies of
its application in healthcare, with a steady annual increase in published papers [22,25]
supporting its use in health systems internationally. Based on this publication frequency,
Lean, Six Sigma, and Lean Six Sigma are among the most frequently used continuous
improvement methodologies used for quality improvement initiatives in hospitals [15,38].
Lean Six Sigma uses a pre-and post-intervention study design that measures the occurrence
of outcomes of interest before and after a particular intervention is implemented [4]. Pre-
and post-intervention studies involve the measurement of variables of interest before and
after the intervention in the same study site, on the assumption that any difference in
measurement between ‘before’ and ‘after’ is attributable to the intervention. Although this
design has the limitation of ascribing outcomes to an intervention with certainty [4], this
study design has been widely used to implement and evaluate Lean Six Sigma interventions
in healthcare [13,21,23,30,32–35].

3. The Application of Lean Six Sigma to Surgical Pathways
3.1. The Concept of Flow

In healthcare, the term ‘flow’ refers to the progressive movement of patients through
care processes and the overall healthcare system [39,40]. Flow comprises the clinical care,
physical resources, and internal systems required to enable patients to progress from their
initial engagement with the healthcare system (e.g., General Practitioner [GP] or family
physician consultation) to their admission to the system and on to the point of discharge,
whilst constantly maintaining quality and realizing patient and staff satisfaction [39].
Management of flow is often challenged by the complexity of the care required and the
number of healthcare units or teams involved [39,40]. We now discuss the use of Lean Six
Sigma as applied specifically to improving scheduled surgical pathways.

3.2. Preparation for Surgery

Preparation for surgery can be complex [13,41,42] and involves several initial steps,
including consultation with a GP or family physician, referral to a surgery centre, and
receiving an appointment for an outpatient clinic to see the surgeon. Once this is complete,
the patient engages with the surgeon in the outpatient clinic, and undergoes evaluation,
pre-operative testing and any required diagnostics, patient education, and preparation for
the planned surgery. By applying Lean Six Sigma principles to this process, healthcare
providers can identify and eliminate delays and unwanted variation in the pre-operative
pathway, improve efficiency, and enhance patient outcomes [20–25].
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Targeted areas for the application of Lean Six Sigma in preparing patients for surgery
include:

• Reducing the wait time from GP (or family physician, or another healthcare profes-
sional) referral to initial surgical consultant engagement [42–45], enabling faster access
to expert assessment, diagnostics, and the development of a plan of care.

• Standardizing the pre-operative evaluation process. By establishing a standardized
process for evaluating patients prior to surgery, healthcare providers can reduce
unwanted variability and ensure that all patients receive the required level of care [34].

• Reducing wait times for required pre-operative testing. By identifying and eliminating
bottlenecks in the pre-operative testing process [34], healthcare providers can reduce
wait times for patients and improve the overall efficiency of the process [34,45].

• Enhancing patient education. By identifying the most effective methods for educating
patients about their surgery and post-operative care, healthcare providers can improve
patient outcomes and reduce the likelihood of complications, which include both psy-
chological problems such as stress [46,47] and physical post-operative complications
such as infection [48,49].

• Streamlining documentation. By identifying and eliminating unnecessary steps in
the documentation process, healthcare providers can eliminate overprocessing, re-
duce clinical staff time spent on paperwork, and ensure that all necessary patient
information is available and communicated clearly [4,13,49].

Overall, the use of Lean Six Sigma in preparing patients for surgery can help healthcare
providers to improve efficiency, reduce NVA, and enhance patient outcomes. By applying
these principles to the preparation process, healthcare providers can ensure that patients
receive the highest quality of preparatory care for their surgery.

3.3. Surgery

Flow, the efficient and smooth coordination of tasks and processes [39,40], is of
paramount importance in the operating room (OR). The OR is a complex and high-stakes
environment where collaborative teams of surgeons, anaesthetists, and nurses work to-
gether with other healthcare professionals and support staff to provide safe and effective
patient care [33]. Achieving optimal flow in the OR is critical for patient safety, surgical
outcomes, and team efficiency [32,33,50]. Lean Six Sigma has demonstrated its effectiveness
as an improvement methodology when applied to the following in the OR:

• Patient Safety. Flow in the OR is essential for ensuring patient safety. An organized
and streamlined workflow minimizes the risk of errors, such as wrong-site surgery [51]
or medication mistakes [52], which can have serious consequences for patients. The
use of Lean Six Sigma in designing patient safety protocols and operating procedures
has been shown to improve OR efficiency and quality of care [53] and also helps to
prevent delays in surgical start times, which can reduce the risk of peri-operative
complications and infections.

• Surgical set-up times. Where Lean Six Sigma has been used to reduce the time required
in the preparation of consumables, equipment and instrumentation for surgery, there
is a corresponding positive impact on both OR turnaround times and on the time
available for nurses to spend on direct patient care [32,33].

• Surgical Outcomes. A well-coordinated OR ensures that surgical teams have the
necessary resources, instruments, and equipment readily available, allowing them to
perform procedures efficiently and effectively [32,33]. The use of Lean Six Sigma to
identify and streamline key steps can lead to significantly improved surgical outcomes
for patients, including reduced operative times [33] that ultimately enhance patient
safety and the quality of surgical care provided [54].

• Team Efficiency. Teamwork in the OR is an important component of OR efficiency,
quality of care, and patient safety [55]. Efficient flow in the OR enhances teamwork
and collaboration among surgical team members. It helps to establish clear roles and
responsibilities, promotes effective communication, and optimizes the utilization of
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resources [53]. Lean Six Sigma facilitates the understanding of roles and responsibilities
through its promotion of cross-functional teams of healthcare staff, co-designing to
enable sustainable solutions, and focusing on staffs’ as well as patients’ experiences of
care [21,25]. A smoothly running OR that demonstrates ‘flow’ reduces unnecessary
distractions and interruptions, allowing surgical teams to focus on their tasks and
work together cohesively. This can enhance team morale, staff satisfaction [55,56], and
overall OR performance.

• Time and Cost Savings. Flow in the OR can also result in time and cost savings.
Efficient workflow reduces both delays to surgery and scheduled surgery cancellations,
which can help to optimize OR utilization and increase patient throughput [32,33]. This
can result in cost savings by minimizing overtime shifts [32], reducing peri-operative
resource wastage [32,33], and maximizing revenue generation from increased surgical
volumes [31].

• Organizational reputation and patient experience. The flow in the OR also impacts
the reputation of the healthcare facility and the overall patient experience. Patients
and their families expect timely and well-coordinated care [57], and efficient OR flow
contributes to a positive patient experience. A good reputation for efficient and safe
surgical care can enhance patient and staff satisfaction, staff retention [58], increase
patient referrals, and boost the overall reputation of the healthcare facility.

In summary, the use of Lean Six Sigma enhances OR efficiency, allowing flow that
ensures patient safety, optimizes surgical outcomes, improves team efficiency, saves time
and costs, and enhances patient and staff experiences of care.

3.4. Rehabilitation

Surgical rehabilitation, also known as post-operative rehabilitation, is a specialized
area of healthcare that focuses on the recovery and rehabilitation of patients who have
undergone surgery. Rehabilitation is a dynamic and critical component of any modern
healthcare system, associated with improved health outcomes, reduced disability, and
improved quality of life [59]. Surgery can have both physical and psychological effects
which may influence recovery and clinical outcomes; therefore, a thorough assessment
and an individualised approach in the pre-operative period [41,42] are key to effective
post-operative rehabilitation [60]. Rehabilitation involves a multidisciplinary approach
that aims to optimize patient outcomes, improve functional recovery, manage pain, and
facilitate a safe return to daily activities following surgery [61], an approach for which
Lean Six Sigma has proven highly effective [62]. Surgical rehabilitation typically involves a
large team of healthcare professionals, including surgeons, physiotherapists, occupational
therapists, nurses, and other specialized healthcare providers, who work together to
provide comprehensive care for patients recovering from surgery [63].

Post-operative rehabilitation focuses on restoring physical abilities and relearning
skills. It also involves patients learning to cope and adapt to the changes they experience af-
ter surgery [64], encouraging them to play an active role in their rehabilitation by involving
them, where appropriate, in goal setting to maximise their recovery potential and reduce
any secondary problems as a result of the surgery. The goals of surgical rehabilitation
will naturally vary depending on the type and complexity of the surgery, the patient’s
individual needs, and the specific requirements of the surgical procedure.

The application of Lean Six Sigma methodology in post-operative care and rehabilita-
tion can support the recovery process for patients regardless of the specific surgery, when
applied at the following common areas for potential improvement:

• Restoring function. Surgical rehabilitation aims to help patients regain their pre-
surgery level of function or achieve the highest level of functional recovery possible.
Lean Six Sigma has proven effective in enhancing processes for therapies including
physiotherapy [30,62], occupational therapy [65], and other modalities to improve
mobility, strength, flexibility, coordination, and other functional abilities.
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• Pain management. Pain is a common issue after surgery, and effective pain man-
agement is an important aspect of surgical rehabilitation. Lean Six Sigma has been
used to reduce nursing delays in administering medication [66] and to maximize the
availability of opioid pain management medications [35] to help patients manage pain
during their recovery process.

• Wound care. Meticulous wound care protocols are essential for preventing infections
and promoting healing after surgery [67]. Surgical rehabilitation may involve mon-
itoring and managing surgical wounds, providing education on wound care, and
coordinating with the surgical team to ensure optimal wound healing. Lean Six Sigma
has proven effective in reducing the number of patients who get hospital-acquired
infection (HAI), resulting in a significant reduction in the patient length of stay [68].

• Patient education. As with preparation for surgery, education plays a critical role
in surgical rehabilitation as patients need to understand their surgical procedure,
the recovery process, the need for early mobilisation after surgery [62,69], and how
to manage their post-operative care at home. Post-operative patient education is a
key component of Lean Six Sigma initiatives that leads to reduced post-operative
complications [34,62].

• Enhanced Recovery Programs. The Enhanced Recovery After Surgery (ERAS) concept,
sometimes referred to as ‘fast track’, ’accelerated,’ or ’rapid recovery‘ surgery, was first
introduced in 1997 [70,71]. It initially concentrated on colorectal surgeries in which
patients were treated with a multimodal approach including epidural analgesia, early
mobility, and early oral nutrition [70]. ERAS is a multidisciplinary and evidence-based
protocol that promotes fast recovery by reducing the patient’s surgical stress and
organ dysfunction, and optimizing their physiologic function [71]. The ERAS has
proven effective in reducing post-operative complications, shortening the length of
hospital stay, improving patient satisfaction, and accelerating recovery [70–72]. With
increasing interest in ERAS, the literature available on it in orthopaedic surgery is
also rapidly accumulating [70]. ERAS enables effective pain relief that facilitates early
rehabilitation in the patients involved and reduces the length of patients’ hospital stay,
with minimal post-operative complications [70–72]. Lean Six Sigma has enabled the
redesign of ERAS pathways [34,73], contributing to reduced patient length of stay and
enhanced post-operative outcomes.

We have shown how the use of Lean Six Sigma to design or augment post-operative
care programs improves patient safety [68], enhances restoration of function [30,62,65],
and ensures that patients receive consistent evidence-based care [73], leading to improved
patient outcomes and enhanced healthcare delivery [54,62,73].

3.5. Supporting Innovation in Surgical Pathways

The risks and morbidity associated with surgical procedures have been steadily de-
creasing in recent decades [74], due primarily to improvements and innovations in patient
preparation for surgery, anaesthetic, and surgical procedures during surgery. Innovation
in surgery has led to new instruments, equipment, and operative procedures, which all
contribute to reduced morbidity and mortality [75]. Examples include laparoscopic or
robotic procedures, changes in theatre practice, and novel surgical implants. One of the
most impressive changes has been the introduction of minimally invasive surgery [76].
These developments have also contributed to the increased use of ambulatory and semi-
ambulatory settings for surgical procedures. Innovations in anaesthesia and orthopaedic
surgery procedures have enabled advances in post-operative rehabilitation protocols, ear-
lier physiotherapy intervention, and the promotion of ambulation [69]. The introduction of
innovative day surgeries and day-of-surgery admissions (DOSAs) has led to the opportu-
nity for day-of-surgery physiotherapy and mobilization [34,62]. Lean Six Sigma promotes
an organizational culture that promotes openness to new ideas [25] and helps to realise an
innovation strategy that responds to customer demands and requirements, competition,
and technological capabilities [77]. An organisational culture that supports Lean Six Sigma
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deployment, which includes encouraging and welcoming the articulation of the voices of
staff and patients, provides fertile ground for the germination of innovative ideas [20,25,78].

The ways in which Lean Six Sigma methodology has been applied to all stages of the
surgical pathway are summarised in Table 1.

Table 1. An overview of the application of Lean Six Sigma to surgical pathways.

Pathway Results

Preparation for surgery

• Reduced wait time from referral to surgical consultation
• Reduced wait time for required preoperative testing
• Enhanced patient education leading to improved post-operative outcomes
• Reduced clinical staff time on administrative function

Surgery

• Efficient and smooth task coordination
• Reduced clinical risk, e.g., wrong site surgery, medication error
• Reduced surgical set up times
• Reduced theatre turnaround time (TAT)
• Enhanced quality of care in the OR
• Increased staff morale and teamwork in the OR
• Reduced resource wastage
• Minimized overtime and associated cost saving

Rehabilitation

• Restored function through enhanced therapy processes
• Improved processes for post-operative pain management
• Reduced post-operative hospital acquired infection (HAI) rates
• Reduced patient length of hospital stay
• Consistent, evidence-based care

4. Discussion

We now discuss some of the key elements of Lean Six Sigma methodology that have
led to its success in improving surgical pathways and surgical rehabilitation [79,80], as well
as the conditions necessary for its successful implementation.

4.1. Key Elements of Lean Six Sigma’s Suitability for the Redesign of Surgical Pathways
4.1.1. Customer Voice and Co-Design

The importance of interdisciplinary teamwork and communication in surgical teams
is well documented [81,82] with shared goals, knowledge, and respect for persons creating
the conditions for timely problem solving [83]. Lean Six Sigma encourages a collabo-
rative and cross-functional approach to problem solving [20,21,25], which, for surgical
pathways, engages surgeons, nurses, anaesthetists, administrative, and support staff in
identifying and resolving issues related to pathway efficiency. By bringing together diverse
perspectives and expertise, Lean Six Sigma can foster a culture of continuous improvement,
communication, and engagement among OR staff leading to sustained improvements in
efficiency [55,84].

The voice of the customer approach to understanding requirements is synergistic with
person-centredness and the principle of respect for person [20,25]. Participants in Lean Six
Sigma initiatives have found that the methodology enabled them to better engage with
colleagues and patients, actively listen to their voices, and try to meet their expectations [85].
The significance of open and clear communication, at the levels of department, unit, ward,
or practice area, was found to be a cornerstone of Lean Six Sigma practice [25] that facilitated
process change by engaging staff from all specialities and levels of seniority in co-designing
solutions [21].
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4.1.2. Enabling System Sight

The focus of Lean Six Sigma initiatives on interdisciplinary, cross-functional teams
helps to dismantle barriers between departmental ‘silos’, allowing multiple hospital clinical
departments and support services to collaborate for the benefit of patients [17,25]. Rather
than pockets of improvement being completed in isolation, Lean Six Sigma initiatives
can be linked, and their outcomes used to inform further process improvement [21] and
hospital performance [86]. The value created by Lean Six Sigma initiatives in the redesign
of particular surgical pathways is enhanced by their role in enabling staff to transcend their
traditional departmental silos [25], revealing a system-level view of surgical care as a whole
within the context of the wider organization situated in its external environment [21,37]. The
system sight afforded by Lean Six Sigma methodology, when it is properly understood and
implemented, clearly shows that Lean Six Sigma entails much more than a tick-box exercise
or decontextualised toolkit [16,25,37]. Rather, it presents a rigorous scientific improvement
methodology underpinned by an appreciation of systems and a clearly articulated set of
principles and values that are realised through the judicious selection and application of
specific tools.

4.1.3. The Lean Six Sigma Toolkit

The implementation of Lean Six Sigma methodology in surgical care is supported by a
robust and versatile set of improvement tools that enable healthcare teams to visualise and
understand the multiple, interacting processes that comprise the surgical pathway, from
patient scheduling to post-operative care and rehabilitation [34]. These tools help to identify
sources of NVA in processes, such as unnecessary waiting time, excessive movement
of equipment or personnel, redundant steps, excess inventory, and overproduction of
supplies [32,33]. By identifying and eliminating NVA, Lean Six Sigma can streamline the
entire surgical pathway, reduce delays, and improve overall efficiency [51,53].

4.1.4. Standardisation of Processes

Lean Six Sigma emphasizes the importance of standardization to reduce process
variability and ensure consistent outcomes, and to improve the value of care delivered to
patients [87]. In the OR, standardizing processes such as pre-operative assessment, patient
preparation, surgical instrument setup [32,33], and post-operative care can minimize errors,
reduce variability, and improve overall efficiency [34]. Standardization can also help with
the training and induction of new staff, and enable effective performance measurement
and monitoring [20].

4.1.5. Data-Driven Decision Making

Six Sigma emphasises the importance of data and statistical analysis to identify the
root causes of problems and to drive improvement [88]. By collecting and analysing data
on key performance metrics, such as surgical time, patient turnaround time, and equipment
utilization, Lean Six Sigma can facilitate a rapid root cause analysis [4], identifying areas
for improvement and prioritizing staff’s efforts accordingly [41]. In surgery, standardized
pathways provide a framework for data collection and analysis, which facilitates research
that can contribute to the advancement of surgical care and inform further service im-
provements [50]. Data-driven decision making can also help track progress and sustain
improvements over time [88].

4.1.6. A Continuous Improvement Mindset

Lean Six Sigma promotes a culture of continuous improvement [20,21,89,90] whereby
staff are encouraged to identify and address problems proactively on an ongoing basis.
This encouragement supports staff ownership of process improvement. In successful
Lean Six Sigma initiatives, staff have been educated, trained, nurtured, and sustained by
other internal healthcare staff who are themselves proficient in Lean Six Sigma [19,25].
A continuous improvement culture entails the regular review of performance metrics,
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frequent process audits, and continuous small-scale improvement projects. By fostering a
continuous improvement mindset, Lean Six Sigma can drive a culture of innovation and
efficiency in the OR.

The key elements of Lean Six Sigma that make it suitable for use in surgical pathways
are summarised in Figure 1. Having discussed these elements, we now discuss the key
conditions for its successful implementation.
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4.2. Key Conditions for Lean Six Sigma Implementation
4.2.1. Organisational Support and Staff Engagement

The key driver of any successful Lean Six Sigma implementation is the organisation’s
staff who must ‘buy in’ to any intervention. Without their engagement, there can be no
successful pathway redesign [25]. When healthcare organisations support their staff, Lean
Six Sigma deployment works [25,90–93]. Managers visibly and meaningfully support
staff by providing education and training in Lean Six Sigma methodologies, as well as
protected time to engage in improvement initiatives and events. Staff who are supported
by management in this way are more likely to successfully deploy Lean Six Sigma across
the entire process pathway, rather than within the silo of a single service [25]. Lean
Six Sigma becomes the way that services operate rather than being seen as ‘the latest
fad’ [19]. The explicit and tangible support of management to create and sustain an
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improvement culture [90] has been shown to encourage staff participation and engagement
in Lean Six Sigma initiatives [25,94,95], particularly where improvement was focused on
the experiences of both patients and staff [25].

4.2.2. The Competency of Lean Six Sigma Improvement Facilitators

Staff are supported and facilitated by Lean Six Sigma facilitators who have completed
training and education in the principles and theory of both Lean and Six Sigma methodolo-
gies, and who are experienced improvement practitioners [16,91,96]. There is evidence that
the competency [94] and interpersonal skills [92] of these facilitators are key determinants
of the success of Lean Six Sigma deployment. Any improvement within surgical pathways
will be dependent on the facilitators’ interpersonal skills and their ability to support staff in
implementing improvements.

4.2.3. The Quality of Lean Six Sigma Training and Education

The quality of the training and education provided for staff working on improvement
initiatives can greatly influence both patient and staff experiences of care, and patient
outcomes [25]. Training that focuses purely on a narrow toolkit approach neglects the
values and principles that underpin the methodology, resulting in staff applying Lean
Six Sigma in a rote, tool-based manner [16,25,97]. Training wrenched from the essential
foundations of the methodology in this way is partial and devoid of intrinsic meaning. It
demotivates staff, prevents the acquisition of system sight and decreases the likelihood of
sustainable, system-wide improvements. Programs that educate staff in Lean Six Sigma
methodology, its underpinning principles and values, as well as its tools or methods, will
develop their self and system awareness, enabling them to situate themselves and their
improvement work in a proper systemic context [16]. This enables staff to take account of,
and address, the power dynamics that can potentially undermine creativity and innovation,
sabotage productive team partnerships, and arrest the required improvement [14,98,99].

4.2.4. Linking Improvement to Organisational Strategy

A key goal of Lean Six Sigma in healthcare is to move from the current, suboptimal
state to a future, more productive state. In order to achieve this, healthcare organisations’
management must focus their quality initiatives in key areas that directly link to organisa-
tional goals and identify meaningful performance metrics [100]. This approach to Lean Six
Sigma deployment in healthcare organisations enables a focus on quality improvement that
is part of an overall organisational strategy that links to institutional culture and focused
leadership [101] contributing to a culture of quality [102].

5. Future Directions

Although there is much evidence in the literature on the successful deployment of
Lean Six Sigma to redesign surgical pathways [2,21–25,34,45], there is little substantive
work into the experiences of staff directly involved in the process (e.g., referring doctors,
surgeons, anaesthetists, nurses, diagnostic, and support teams), apart from feedback on
the improvement outcomes themselves. An important focus for future study, therefore, is
identifying the specific contexts and ways staff are enabled to engage with Lean Six Sigma
initiatives that lead to particular outcomes [25] in surgical pathways. This will further
inform understanding of the key enablers of organisational support and staff engagement
that are crucial to successful Lean Six Sigma initiatives.

The demonstrable value of Lean Six Sigma in enhancing innovative surgical programs,
such as ERAS [72], to improve surgical pathway processes should be examined further
with a view to discerning what other areas of surgical innovation may benefit from the ap-
plication of process improvement methodologies. Again, this can be informed by repeated
stakeholder engagement with staff working in and on all areas of the surgical pathway,
facilitated by intensive and extensive voice of the customer sessions [20,25,26].
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Data gained from the analysis of surgical pathways’ processes have been used to
inform simulation modelling of clinics, to accurately represent patient flow [103]. Lean
Six Sigma projects could be designed to identify and map problems related to patient
access and utilisation of healthcare services, more generally [104]. Industry 4.0, the fourth
industrial revolution, involves the utilisation of a range of modern technologies including
but not limited to digitisation, artificial intelligence, and augmented reality [105]. The
application and appropriate use of such modern technologies within the Lean Six Sigma
DMAIC framework [13] could greatly assist process improvement efforts in achieving
sustainable change within the healthcare system [106].

6. Conclusions

Dixon Woods [107], writing in 2019, indicated that the study of quality improvement
methodologies in healthcare contributes to developing an empirical and theoretical base to
underpin and inform specific improvement interventions. Within our own research and
clinical practice, the authors have continued to contribute to this empirical and theoretical
base [25,108]. In this paper, we offered our perspectives on the application of Lean Six
Sigma methodology to surgical pathways, from referral to post-operative rehabilitation,
and how it has elicited sustainable improvements in patient outcomes, and patient and staff
satisfaction. We discussed the key elements of the methodology that render it particularly
suitable for application to the redesign of surgical pathways and highlighted the necessary
conditions for its successful implementation.

In setting out these elements and conditions, we draw attention to a key finding from
the literature and from our collective experience: Lean Six Sigma initiatives will not lead to
sustainable improvements where the key elements of the methodology are not recognized
and enacted, and where the necessary conditions are absent. Without these fundamental
requirements, the potential of Lean Six Sigma methodology to drive and sustain improvement
will not be realized, nor will the potential of all stakeholders to co-design effective solutions to
the enduring challenges in surgical pathways and surgical rehabilitation.

Author Contributions: Conceptualization, S.P.T., M.M. (Michelle McGuirk) and M.M. (Marie Mc-
Groarty), Methodology, S.P.T., M.M. (Michelle McGuirk), M.M. (Marie McGroarty) and A.I.; formal
analysis, S.P.T. and M.M. (Martin McNamara); writing—original draft preparation, S.P.T. and M.M.
(Marie McGroarty); writing—review and editing, S.P.T. and M.M. (Martin McNamara). All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Orach, C.G. Health Equity: Challenges in Low Income Countries. Afr. Health Sci. 2009, 9 (Suppl. S2), S49–S51. [PubMed]
2. Cygańska, M.; Kludacz-Alessandri, M.; Pyke, C. Healthcare Costs and Health Status: Insights from the SHARE Survey. Int. J.

Environ. Res. Public Health 2023, 20, 1418. [CrossRef] [PubMed]
3. OECD. Fiscal Sustainability of Health Systems: Bridging Health and Finance Perspectives; OECD Publishing: Paris, France, 2015.
4. Daly, A.; Teeling, S.P.; Ward, M.; McNamara, M.; Robinson, C. The Use of Lean Six Sigma for Improving Availability of and Access

to Emergency Department Data to Facilitate Patient Flow. Int. J. Environ. Res. Public Health 2021, 18, 11030. [CrossRef] [PubMed]
5. Butler, C.R.; Webster, L.B.; Diekema, D.S. Staffing crisis capacity: A different approach to healthcare resource allocation for a

different type of scarce resource. J. Med. Ethics, 2022, ahead of print. [CrossRef]
6. Mansour, S.; Nogues, S. Advantages of and Barriers to Crafting New Technology in Healthcare Organizations: A Qualitative

Study in the COVID-19 Context. Int. J. Environ. Res. Public Health 2022, 19, 9951. [CrossRef]
7. Bhangu, A. Challenges in Recovery of Elective Surgery Systems. Surgery 2021, 170, 1650–1651. [CrossRef]
8. Rathnayake, D.; Clarke, M.; Jayasinghe, V. Patient Prioritisation Methods to Shorten Waiting Times for Elective Surgery: A

Systematic Review of How to Improve Access to Surgery. PLoS ONE 2021, 16, e0256578. [CrossRef]

https://www.ncbi.nlm.nih.gov/pubmed/20589106
https://doi.org/10.3390/ijerph20021418
https://www.ncbi.nlm.nih.gov/pubmed/36674169
https://doi.org/10.3390/ijerph182111030
https://www.ncbi.nlm.nih.gov/pubmed/34769548
https://doi.org/10.1136/jme-2022-108262
https://doi.org/10.3390/ijerph19169951
https://doi.org/10.1016/j.surg.2021.08.012
https://doi.org/10.1371/journal.pone.0256578


Appl. Sci. 2023, 13, 6920 12 of 15

9. COVIDSurg Collaborative. Elective Surgery Cancellations Due to the COVID-19 Pandemic: Global Predictive Modelling to
Inform Surgical Recovery Plans. Br. J. Surg. 2020, 107, 1440–1449. [CrossRef]

10. Oudhoff, J.P.; Timmermans, D.R.; Knol, D.L.; Bijnen, A.B.; van der Wal, G. Waiting for Elective General Surgery: Impact on Health
Related Quality of Life and Psychosocial Consequences. BMC Public Health 2007, 7, 164. [CrossRef]

11. Salci, L.; Ayeni, O.; Farrokhyar, F.; Dao, D.; Ogilvie, R.; Peterson, D. Impact of Surgical Waitlist on Quality of Life. J. Knee Surg.
2016, 29, 346–354. [CrossRef]

12. Drucker, P.F. Managing in Turbulent Times; Butterworth-Heinemann: Portsmouth, NH, USA, 1993.
13. Daly, A.; Wolfe, N.; Teeling, S.P.; Ward, M.; McNamara, M. Redesigning the Process for Scheduling Elective Orthopaedic Surgery:

A Combined Lean Six Sigma and Person-Centred Approach. Int. J. Environ. Res. Public Health 2021, 18, 11946. [CrossRef]
14. Deming, W.E. The New Economics for Industry, Government, Education, 3rd ed.; MIT Press: Cambridge, MA, USA, 2018.
15. Henrique, D.B.; Godinho Filho, M. A Systematic Literature Review of Empirical Research in Lean and Six Sigma in Healthcare.

Total Qual. Manag. Bus. Excell. 2020, 31, 429–449. [CrossRef]
16. McNamara, M.; Teeling, S.P. Developing a University-Accredited Lean Six Sigma Curriculum to Overcome System Blindness. Int.

J. Qual. Health Care 2019, 31 (Suppl. S1), 3–5. [CrossRef] [PubMed]
17. Graban, M. Lean Hospitals–Improving Quality, Patient Safety, and Employee Engagement, 2nd ed.; CRC Press: Boca Raton, FL, USA, 2012.
18. Lot, L.T.; Sarantopoulos, A.; Min, L.L.; Perales, S.R.; Boin, I.F.S.F.; Ataide, E.C. Using Lean Tools to Reduce Patient Waiting Time.

Leadersh. Health Serv. 2018, 31, 343–351. [CrossRef] [PubMed]
19. Flynn, R.; Newton, A.S.; Rotter, T.; Hartfield, D.; Walton, S.; Fiander, M.; Scott, S.D. The Sustainability of Lean in Pediatric

Healthcare: A Realist Review. Syst. Rev. 2018, 7, 137. [CrossRef]
20. Teeling, S.P.; Dewing, J.; Baldie, D. A Discussion of the Synergy and Divergence Between Lean Six Sigma and Person-Centred

Improvement Sciences. Int. J. Res. Nurs. 2020, 11, 10–23. [CrossRef]
21. Ward, M.E.; Daly, A.; McNamara, M.; Garvey, S.; Teeling, S.P. A Case Study of a Whole System Approach to Improvement in an

Acute Hospital Setting. Int. J. Environ. Res. Public Health 2022, 19, 1246. [CrossRef]
22. Antony, J.; Vijaya Sunder, M.; Sreedharan, R.; Chakraborty, A.; Gunasekaran, A. A Systematic Review of Lean in Healthcare: A

Global Prospective. Int. J. Qual. Reliab. Manag. 2019, 36, 1370–1391. [CrossRef]
23. Daly, A.; Teeling, S.P.; Garvey, S.; Ward, M.; McNamara, M. Using a Combined Lean and Person-Centred Approach to Support the

Resumption of Routine Hospital Activity Following the First Wave of COVID-19. Int. J. Environ. Res. Public Health 2022, 19, 2754.
[CrossRef]

24. Rathi, R.; Vakharia, A.; Shadab, M. Lean Six Sigma in the Healthcare Sector: A Systematic Literature Review. Mater. Today Proc.
2022, 50, 773–781. [CrossRef]

25. Teeling, S.P.; Dewing, J.; Baldie, D. A Realist Inquiry to Identify the Contribution of Lean Six Sigma to Person-Centred Care and
Cultures. Int. J. Environ. Res. Public Health 2021, 18, 10427. [CrossRef] [PubMed]

26. Vaishnavi, V.; Suresh, M. Modelling of Readiness Factors for the Implementation of Lean Six Sigma in Healthcare Organizations.
Int. J. Lean Six Sigma 2020, 11, 597–633. [CrossRef]

27. Improta, G.; Balato, G.; Ricciardi, C.; Russo, M.A.; Santalucia, I.; Triassi, M.; Cesarelli, M. Lean Six Sigma in Healthcare: Fast track
surgery for patients undergoing prosthetic hip replacement surgery. TQM J. 2019, 31, 526–540. [CrossRef]

28. Bhat, S.; Antony, J.; Gijo, E.V.; Cudney, E.A. Lean Six Sigma for the Healthcare Sector: A Multiple Case Study Analysis from the
Indian Context. Int. J. Qual. Reliab. Manag. 2020, 37, 90–111. [CrossRef]

29. Deblois, S.; Lepanto, L. Lean and Six Sigma in Acute Care: A Systematic Review of Reviews’. Int. J. Health Care Qual. Assur. 2016,
29, 192–208. [CrossRef] [PubMed]

30. Murphy, C.; Mullen, E.; Hogan, K.; O’Toole, R.; Teeling, S.P. Streamlining an Existing Hip Fracture Patient Pathway in an Acute
Tertiary Adult Irish Hospital to Improve Patient Experience and Outcomes’. Int. J. Qual. Health Care 2019, 31 (Suppl. S1), 45–51.
[CrossRef]

31. Davies, C.; Lyons, C.; Whyte, R. Optimizing Nursing Time in a Day Care Unit: Quality Improvement Using Lean Six Sigma
Methodology. Int. J. Qual. Health Care 2019, 31 (Suppl. S1), 22–28. [CrossRef]

32. O’Mahony, L.; McCarthy, K.; O’Donoghue, J.; Teeling, S.P.; Ward, M.; McNamara, M. Using Lean Six Sigma to Redesign the
Supply Chain to the Operating Room Department of a Private Hospital to Reduce Associated Costs and Release Nursing Time to
Care. Int. J. Environ. Res. Public Health 2021, 18, 11011. [CrossRef]

33. Egan, P.; Pierce, A.; Flynn, A.; Teeling, S.P.; Ward, M.; McNamara, M. Releasing Operating Room Nursing Time to Care Through
the Reduction of Surgical Case Preparation Time: A Lean Six Sigma Pilot Study. Int. J. Environ. Res. Public Health 2021, 18, 12098.
[CrossRef]

34. Brown, R.; Grehan, P.; Brennan, M.; Carter, D.; Brady, A.; Moore, E.; Teeling, S.P.; Ward, M.; Eaton, D. Using Lean Six Sigma to
Improve Rates of Day of Surgery Admission in a National Thoracic Surgery Department. Int. J. Qual. Health Care 2019, 31 (Suppl. S1),
14–21. [CrossRef]

35. Creed, M.; McGuirk, M.; Buckley, R.; Kilduff, M.; Meegan, C. DD-018 “Lock, Stock and Flow”—Improving the Supply of
Controlled Drugs in a Tertiary Referral Teaching Hospital. Eur. J. Hosp. Pharm. 2016, 23 (Suppl. S1), A112. [CrossRef]

36. Teeling, S.P.; Coetzee, H.; Phillips, M.; McKiernan, M.; Ní She, É.; Igoe, A. Reducing Risk of Development or Exacerbation of
Nutritional Deficits by Optimizing Patient Access to Mealtime Assistance. Int. J. Qual. Health Care 2019, 31 (Suppl. S1), 6–13.
[CrossRef] [PubMed]

https://doi.org/10.1002/bjs.11746
https://doi.org/10.1186/1471-2458-7-164
https://doi.org/10.1055/s-0035-1564596
https://doi.org/10.3390/ijerph182211946
https://doi.org/10.1080/14783363.2018.1429259
https://doi.org/10.1093/intqhc/mzz074
https://www.ncbi.nlm.nih.gov/pubmed/31867665
https://doi.org/10.1108/LHS-03-2018-0016
https://www.ncbi.nlm.nih.gov/pubmed/30016918
https://doi.org/10.1186/s13643-018-0800-z
https://doi.org/10.3844/ijrnsp.2020.10.23
https://doi.org/10.3390/ijerph19031246
https://doi.org/10.1108/IJQRM-12-2018-0346
https://doi.org/10.3390/ijerph19052754
https://doi.org/10.1016/j.matpr.2021.05.534
https://doi.org/10.3390/ijerph181910427
https://www.ncbi.nlm.nih.gov/pubmed/34639727
https://doi.org/10.1108/IJLSS-12-2017-0146
https://doi.org/10.1108/TQM-10-2018-0142
https://doi.org/10.1108/IJQRM-07-2018-0193
https://doi.org/10.1108/IJHCQA-05-2014-0058
https://www.ncbi.nlm.nih.gov/pubmed/26959898
https://doi.org/10.1093/intqhc/mzz093
https://doi.org/10.1093/intqhc/mzz087
https://doi.org/10.3390/ijerph182111011
https://doi.org/10.3390/ijerph182212098
https://doi.org/10.1093/intqhc/mzz083
https://doi.org/10.1136/ejhpharm-2016-000875.253
https://doi.org/10.1093/intqhc/mzz060
https://www.ncbi.nlm.nih.gov/pubmed/31867663


Appl. Sci. 2023, 13, 6920 13 of 15

37. McNamara, M.; Ward, M.; Teeling, S.P. Making a Sustainable Difference to People, Processes and Systems: Whole-Systems
Approaches to Process Improvement in Health Systems. Int. J. Environ. Res. Public Health 2023, 20, 5232. [CrossRef] [PubMed]

38. Sohal, A.; De Vass, T.; Vasquez, T. Success factors for lean six sigma projects in healthcare. J. Manag. Control 2022, 33, 215–240.
[CrossRef]

39. Nicosia, F.M.; Park, L.G.; Gray, C.P.; Yakir, M.J.; Hung, D.Y. Nurses’ Perspectives on Lean Redesigns to Patient Flow and Inpatient
Discharge Process Efficiency. Glob. Qual. Nurs. Res. 2018, 5, 1–10. [CrossRef] [PubMed]

40. De Freitas, L.; Goodacre, S.; O’Hara, R.; Thokala, P.; Hariharan, S. Interventions to improve patient flow in emergency departments:
An umbrella review. Emerg. Med. J. 2018, 35, 626–637. [CrossRef]

41. Mason, S.E.; Nicolay, C.R.; Darzi, A. The Use of Lean and Six Sigma Methodologies in Surgery: A Systematic Review. Surgeon
2015, 13, 91–100. [CrossRef]

42. Valsangkar, N.P.; Eppstein, A.C.; Lawson, R.A.; Taylor, A.N. Effect of Lean Processes on Surgical Wait Times and Efficiency in a
Tertiary Care Veterans Affairs Medical Center. JAMA Surg. 2017, 152, 42–47. [CrossRef]

43. Naidoo, L.; Mahomed, O.H. Impact of Lean on Patient Cycle and Waiting Times at a Rural District Hospital in KwaZulu-Natal.
Afr. J. Prim. Health Care Fam. Med. 2016, 8, e1–e9. [CrossRef]

44. Amati, M.; Valnegri, A.; Bressan, A.; La Regina, D.; Tassone, C.; Lo Piccolo, A.; Mongelli, F.; Saporito, A. Reducing Changeover
Time Between Surgeries Through Lean Thinking: An Action Research Project. Front. Med. 2022, 9, 822964. [CrossRef]

45. Ryan, P.; McGrath, C.; Lawrie, I.; Fitzsimons, C.; O’Shea, J.; De Brún, J. Enhancing Efficiency in a Cardiac Investigations
Department by Increasing Remote Patient Monitoring. Int. J. Qual. Health Care 2019, 31 (Suppl. S1), 29–34. [CrossRef] [PubMed]

46. Brodersen, F.; Wagner, J.; Uzunoglu, F.G.; Petersen-Ewert, C. Impact of Preoperative Patient Education on Postoperative Recovery
in Abdominal Surgery: A Systematic Review. World J. Surg. 2023, 47, 937–947. [CrossRef]

47. Grocott, M.P.W.; Plumb, J.O.M.; Edwards, M.; Fecher-Jones, I.; Levett, D.Z.H. Re-designing the Pathway to Surgery: Better Care
and Added Value. Perioper. Med. 2017, 6, 9. [CrossRef]

48. Das-Neves-Pereira, J.C.; Bagan, P.; Coimbra-Israel, A.P.; Grimaillof-Junior, A.; Cesar-Lopez, G.; Milanez-de-Campos, J.R.; Riquet, M.;
Biscegli-Jatene, F. Fast-Track Rehabilitation for Lung Cancer Lobectomy: A Five-Year Experience. Eur. J. Cardiothorac. Surg. 2009, 36,
383–392. [CrossRef] [PubMed]

49. Scarci, M.; Solli, P.; Bedetti, B. Enhanced Recovery Pathway for Thoracic Surgery in the UK. J. Thorac. Dis. 2016, 8 (Suppl. S1),
S78–S83. [CrossRef] [PubMed]

50. Wolfe, N.; Teeling, S.P.; Ward, M.; McNamara, M.; Koshy, L. Operation Note Transformation: The Application of Lean Six Sigma
to Improve the Process of Documenting the Operation Note in a Private Hospital Setting. Int. J. Environ. Res. Public Health 2021,
18, 12217. [CrossRef]

51. Nwosu, A. The Horror of Wrong-Site Surgery Continues: Report of Two Cases in a Regional Trauma Centre in Nigeria. Patient
Saf. Surg. 2015, 9, 6. [CrossRef]

52. Suzuki, R.; Imai, T.; Sakai, T.; Tanabe, K.; Ohtsu, F. Medication Errors in the Operating Room: An Analysis of Contributing
Factors and Related Drugs in Case Reports from a Japanese Medication Error Database. J. Patient Saf. March 2022, 18, e496–e502.
[CrossRef]

53. Fong, A.J.; Smith, M.; Langerman, A. Efficiency Improvement in the Operating Room. J. Surg. Res. 2016, 204, 371–383. [CrossRef]
54. Shukla, P.J.; Barreto, S.G.; Nadkarni, M.S. Application of Six Sigma Towards Improving Surgical Outcomes. Hepato-Gastroenterol.

2008, 55, 311–314.
55. Tørring, B.; Gittell, J.H.; Laursen, M.; Rasmussen, B.S.; Sørensen, E.E. Communication and Relationship Dynamics in Surgical

Teams in the Operating Room: An Ethnographic Study. BMC Health Serv. Res. 2019, 19, 528. [CrossRef] [PubMed]
56. Cima, R.R.; Brown, M.J.; Hebl, J.R.; Moore, R.; Rogers, J.C.; Kollengode, A.; Amstutz, G.J.; Weisbrod, C.A.; Narr, B.J.; Deschamps, C.

Surgical Process Improvement Team, Mayo Clinic, Rochester. Use of Lean and Six Sigma Methodology to Improve Operating Room
Efficiency in a High-Volume Tertiary-Care Academic Medical Center. J. Am. Coll. Surg. 2011, 213, 83–92, discussion 93. [CrossRef]

57. Urbach, D.R. Delivering timely surgery in Canadian hospitals. Can. Med. Assoc. J. 2017, 189, E903–E904. [CrossRef]
58. Heslin, M.J.; Doster, B.E.; Daily, S.L.; Waldrum, M.R.; Boudreaux, A.M.; Smith, A.B.; Peters, G.; Ragan, D.B.; Buchalter, S.;

Bland, K.I.; et al. Durable Improvements in Efficiency, Safety, and Satisfaction in the Operating Room. J. Am. Coll. Surg. 2008, 206,
1083–1089. [CrossRef]

59. Health Service Executive. Model of Care for the Provision of Specialist Rehabilitation Services in Ireland from the National Clinical
Programme for Rehabilitation Medicine; HSE Publications: Bootle, UK, 2017.

60. Powell, R.; Scott, N.W.; Manyande, A.; Bruce, J.; Vögele, C.; Byrne-Davis, L.M.; Unsworth, M.; Osmer, C.; Johnston, M.
Psychological Preparation and Postoperative Outcomes for Adults Undergoing Surgery Under General Anaesthesia. Cochrane
Database Syst. Rev. 2016, 2016, CD008646. [CrossRef]

61. Kehlet, H. Multimodal Approach to Control Postoperative Pathophysiology and Rehabilitation. Br. J. Anaesth. 1997, 78, 606–617.
[CrossRef]

62. Moffatt, S.; Garry, C.; McCann, H.; Teeling, S.P.; Ward, M.; McNamara, M. The Use of Lean Six Sigma Methodology in the
Reduction of Patient Length of Stay Following Anterior Cruciate Ligament Reconstruction Surgery. Int. J. Environ. Res. Public
Health 2022, 19, 1588. [CrossRef] [PubMed]

63. Weller, J.; Boyd, M. Making a Difference Through Improving Teamwork in the Operating Room: A Systematic Review of the
Evidence on What Works. Curr. Anesthesiol. Rep. 2014, 4, 77–83. [CrossRef]

https://doi.org/10.3390/ijerph20075232
https://www.ncbi.nlm.nih.gov/pubmed/37047849
https://doi.org/10.1007/s00187-022-00336-9
https://doi.org/10.1177/2333393618810658
https://www.ncbi.nlm.nih.gov/pubmed/30480041
https://doi.org/10.1136/emermed-2017-207263
https://doi.org/10.1016/j.surge.2014.08.002
https://doi.org/10.1001/jamasurg.2016.2808
https://doi.org/10.4102/phcfm.v8i1.1084
https://doi.org/10.3389/fmed.2022.822964
https://doi.org/10.1093/intqhc/mzz065
https://www.ncbi.nlm.nih.gov/pubmed/31867661
https://doi.org/10.1007/s00268-022-06884-4
https://doi.org/10.1186/s13741-017-0065-4
https://doi.org/10.1016/j.ejcts.2009.02.020
https://www.ncbi.nlm.nih.gov/pubmed/19324571
https://doi.org/10.3978/j.issn.2072-1439.2015.11.07
https://www.ncbi.nlm.nih.gov/pubmed/26941974
https://doi.org/10.3390/ijerph182212217
https://doi.org/10.1186/s13037-014-0053-2
https://doi.org/10.1097/PTS.0000000000000861
https://doi.org/10.1016/j.jss.2016.04.054
https://doi.org/10.1186/s12913-019-4362-0
https://www.ncbi.nlm.nih.gov/pubmed/31358000
https://doi.org/10.1016/j.jamcollsurg.2011.02.009
https://doi.org/10.1503/cmaj.170172
https://doi.org/10.1016/j.jamcollsurg.2008.02.006
https://doi.org/10.1002/14651858.CD008646.pub2
https://doi.org/10.1093/bja/78.5.606
https://doi.org/10.3390/ijerph19031588
https://www.ncbi.nlm.nih.gov/pubmed/35162610
https://doi.org/10.1007/s40140-014-0050-0


Appl. Sci. 2023, 13, 6920 14 of 15

64. Bardram, L.; Funch-Jensen, P.; Jensen, P.; Crawford, M.E.; Kehlet, H. Recovery After Laparoscopic Colonic Surgery with Epidural
Analgesia, and Early Oral Nutrition and Mobilisation. Lancet 1995, 345, 763–764. [CrossRef] [PubMed]

65. Connolly, K.; Teeling, S.P.; McNamara, M. Live Well After Stroke. Int. Pract. Dev. J. 2020, 10, 1–16. [CrossRef]
66. Kieran, M.; Cleary, M.; De Brún, A.; Igoe, A. Supply and Demand: Application of Lean Six Sigma Methods to Improve Drug

Round Efficiency and Release Nursing Time. Int. J. Qual. Health Care 2017, 29, 803–809. [CrossRef]
67. Cima, R.; Dankbar, E.; Lovely, J.; Pendlimari, R.; Aronhalt, K.; Nehring, S.; Hyke, R.; Tyndale, D.; Rogers, J.; Quast, L.; et al.

Colorectal Surgery Surgical Site Infection Reduction Program: A National Surgical Quality Improvement Program–Driven
Multidisciplinary Single-Institution Experience. J. Am. Coll. Surg. 2013, 216, 23–33. [CrossRef] [PubMed]

68. Montella, E.; Di Cicco, M.V.; Ferraro, A.; Centobelli, P.; Raiola, E.; Triassi, M.; Improta, G. The Application of Lean Six Sigma
Methodology to Reduce the Risk of Healthcare-Associated Infections in Surgery Departments. J. Eval. Clin. Pract. 2017, 23,
530–539. [CrossRef] [PubMed]

69. Ferris, H.; Brent, L.; Coughlan, T. Early Mobilisation Reduces the Risk of In- Hospital Mortality Following Hip Fracture. Eur.
Geriatr. Med. 2020, 11, 527–533. [CrossRef]

70. Soffin, E.M.; YaDeau, J.T. Enhanced Recovery After Surgery for Primary Hip and Knee Arthroplasty: A Review of the Evidence.
Br. J. Anaesth. 2016, 117 (Suppl. S3), iii62–iii72. [CrossRef]

71. Kaye, A.D.; Urman, R.D.; Cornett, E.M.; Hart, B.M.; Chami, A.; Gayle, J.A.; Fox, C.J. Enhanced Recovery Pathways in Orthopedic
Surgery. J. Anaesthesiol. Clin. Pharmacol. 2019, 35 (Suppl. S1), S35–S39. [CrossRef] [PubMed]

72. Choi, Y.S.; Kim, T.W.; Chang, M.J.; Kang, S.B.; Chang, C.B. Enhanced Recovery After Surgery for Major Orthopedic Surgery: A
Narrative Review. Knee Surg. Relat. Res. 2022, 34, 8. [CrossRef]

73. Fantola, G.; Agus, M.; Runfola, M.; Podda, C.; Sanna, D.; Fortunato, F.; Pintus, S.; Moroni, R. How Can Lean Thinking Improve
ERAS Program in Bariatric Surgery? Surg. Endosc. 2021, 35, 4345–4355. [CrossRef]

74. Watters, D.A.; Hollands, M.J.; Gruen, R.L.; Maoate, K.; Perndt, H.; McDougall, R.J.; Morriss, W.W.; Tangi, V.; Casey, K.M.;
McQueen, K.A. Perioperative Mortality Rate (POMR): A Global Indicator of Access to Safe Surgery and Anaesthesia. World J.
Surg. 2015, 39, 856–864. [CrossRef] [PubMed]

75. Miller, M.E.; Siegler, M.; Angelos, P. Ethical Issues in Surgical Innovation. World J. Surg. 2014, 38, 1638–1643. [CrossRef] [PubMed]
76. Wang, J. Innovations Promote the Development of Minimally Invasive Surgery. Laparosc. Endosc. Robot. Surg. 2019, 2, 74–76.

[CrossRef]
77. Damanpour, F.; Walker, R.M.; Avellaneda, C.N. Combinative Effects of Innovation Types and Organizational Performance: A

Longitudinal Study of Service Organizations. J. Manag. Stud. 2009, 46, 650–675. [CrossRef]
78. Olson, E.M.; Slater, S.F.; Hult, G.T.M. The Performance Implications of Fit Among Business Strategy, Marketing Organization

Structure and Strategic Behavior. J. Mark. 2005, 69, 49–65. [CrossRef]
79. Hallam, C.R.A.; Contreras, C. Lean Healthcare: Scale, Scope and Sustainability. Int. J. Health Care Qual. Assur. 2018, 31, 684–696.

[CrossRef] [PubMed]
80. Costa, L.B.; Filho, M.G.; Rentes, A.F.; Bertani, T.M.; Mardegan, R. Lean Healthcare in Developing Countries: Evidence from

Brazilian Hospitals. Int. J. Health Plann. Manag. 2017, 32, e99–e120. [CrossRef]
81. Kaldheim, H.K.A.; Slettebø, Å. Respecting as a Basic Teamwork Process in the Operating Theatre—A Qualitative Study of Theatre

Nurses Who Work in Interdisciplinary Surgical Teams of What They See as Important Factors in This Collaboration. Nord.
Sygeplejeforskning 2016, 6, 49–64. [CrossRef]

82. Lingard, L.; Espin, S.; Whyte, S.; Regehr, G.; Baker, G.R.; Reznick, R.; Bohnen, J.; Orser, B.; Doran, D.; Grober, E. Communication
Failures in the Operating Room: An Observational Classification of Recurrent Types and Effects. Qual. Saf. Health Care 2004, 13,
330–334. [CrossRef]

83. Rundall, T.G.; Shortell, S.M.; Blodgett, J.C.; Henke, R.M.; Foster, D. Adoption of Lean Management and Hospital Performance:
Results from a National Survey. Health Care Manag. Rev. 2021, 46, E10–E19. [CrossRef]

84. Robertson, E.; Morgan, L.; New, S.; Pickering, S.; Hadi, M.; Collins, G.; Arias, O.R.; Griffin, D.; McCulloch, P. Quality Improvement
in Surgery Combining Lean Improvement Methods with Teamwork Training: A Controlled Before-After Study. PLoS ONE 2015,
10, e0138490. [CrossRef]

85. Breckenridge, J.P.; Gray, N.; Toma, M.; Ashmore, S.; Glassborow, R.; Stark, C.; Renfrew, M.J. Motivating Change: A Grounded
Theory of How to Achieve Large-Scale, Sustained Change, Co-created with Improvement Organisations Across the UK. BMJ
Open Qual. 2019, 8, e000553. [CrossRef]

86. Honda, A.C.; Bernardo, V.Z.; Gerolamo, M.C.; Davis, M.M. How Lean Six Sigma Principles Improve Hospital Performance. Qual.
Manag. J. 2018, 25, 70–82. [CrossRef]

87. Shortell, S.M.; Blodgett, J.C.; Rundall, T.G.; Kralovec, P. Use of Lean and Related Transformational Performance Improvement
Systems in Hospitals in the United States: Results from a National Survey. Jt. Comm. J. Qual. Patient Saf. 2018, 44, 574–582.
[CrossRef] [PubMed]

88. Harry, M.J. Avoiding Analysis Paralysis. Available online: https://drmikelharry.wordpress.com/2014/01/02/avoiding-analysis-
paralysis/ (accessed on 21 February 2023).

89. Jones, D. Four Lessons on Lean Healthcare. Available online: https://www.leanuk.org/four-lessons-on-lean-healthcare/
(accessed on 3 February 2023).

https://doi.org/10.1016/S0140-6736(95)90643-6
https://www.ncbi.nlm.nih.gov/pubmed/7891489
https://doi.org/10.19043/ipdj.102.005
https://doi.org/10.1093/intqhc/mzx106
https://doi.org/10.1016/j.jamcollsurg.2012.09.009
https://www.ncbi.nlm.nih.gov/pubmed/23127793
https://doi.org/10.1111/jep.12662
https://www.ncbi.nlm.nih.gov/pubmed/27860065
https://doi.org/10.1007/s41999-020-00317-y
https://doi.org/10.1093/bja/aew362
https://doi.org/10.4103/joacp.JOACP_35_18
https://www.ncbi.nlm.nih.gov/pubmed/31142957
https://doi.org/10.1186/s43019-022-00137-3
https://doi.org/10.1007/s00464-020-07926-5
https://doi.org/10.1007/s00268-014-2638-4
https://www.ncbi.nlm.nih.gov/pubmed/24841805
https://doi.org/10.1007/s00268-014-2568-1
https://www.ncbi.nlm.nih.gov/pubmed/24728580
https://doi.org/10.1016/j.lers.2019.07.003
https://doi.org/10.1111/j.1467-6486.2008.00814.x
https://doi.org/10.1509/jmkg.69.3.49.66362
https://doi.org/10.1108/IJHCQA-02-2017-0023
https://www.ncbi.nlm.nih.gov/pubmed/30354875
https://doi.org/10.1002/hpm.2331
https://doi.org/10.18261/issn.1892-2686-2016-01-05
https://doi.org/10.1136/qshc.2003.008425
https://doi.org/10.1097/HMR.0000000000000287
https://doi.org/10.1371/journal.pone.0138490
https://doi.org/10.1136/bmjoq-2018-000553
https://doi.org/10.1080/10686967.2018.1436349
https://doi.org/10.1016/j.jcjq.2018.03.002
https://www.ncbi.nlm.nih.gov/pubmed/30243359
https://drmikelharry.wordpress.com/2014/01/02/avoiding-analysis-paralysis/
https://drmikelharry.wordpress.com/2014/01/02/avoiding-analysis-paralysis/
https://www.leanuk.org/four-lessons-on-lean-healthcare/


Appl. Sci. 2023, 13, 6920 15 of 15

90. Antony, J.; Downey-Ennis, K.; Antony, F.; Seow, C. Can Six Sigma Be the “Cure” for Our “Ailing” NHS? Leadersh. Health Serv.
2007, 20, 242–253. [CrossRef]

91. Antony, J. A SWOT Analysis on Six Sigma: Some Perspectives from Leading Academics and Practitioners. Int. J. Prod. Perf. Mgmt.
2012, 61, 691–698. [CrossRef]

92. Hilton, R.J.; Sohal, A. A Conceptual Model for the Successful Deployment of Lean Six Sigma. Int. J. Qual. Reliab. Manag. 2012, 29,
54–70. [CrossRef]

93. Antony, J.; Krishan, N.; Cullen, D.; Kumar, M. Lean Six Sigma for Higher Education Institutions (HEIs): Challenges, Barriers,
Success Factors, Tools/Techniques. Int. J. Prod. Perform. Manag. 2012, 61, 940–948. [CrossRef]

94. Abu Bakar, F.A.; Subari, K.; Mohd Daril, M.A.M. Critical Success Factors of Lean Six Sigma Deployment: A Current Review. Int. J.
Lean Six Sigma 2015, 6, 339–348. [CrossRef]

95. Andersen, H.; Røvik, K.A.; Ingebrigtsen, T. Lean Thinking in Hospitals: Is There a Cure for the Absence of Evidence? A Systematic
Review of Reviews. BMJ Open 2014, 4, e003873. [CrossRef]

96. Antony, J.; Karaminas, H. Critical Assessment on the Six Sigma Black Belt Roles/Responsibilities, Skills and Training: A Global
Empirical Study. Int. J. Qual. Reliab. Manag. 2016, 33, 558–573. [CrossRef]

97. Wackerbarth, S.B.; Bishop, S.S.; Aroh, A.C. Lean in Healthcare: Time for Evolution or Revolution? J. Healthc. Qual. 2021, 43, 32–38.
[CrossRef] [PubMed]

98. McNamara, M.; Teeling, S.P. Introducing health care professionals to systems thinking through an integrated curriculum for
leading in health systems. J. Nurs. Manag. 2021, 29, 2325–2328. [CrossRef]

99. Oshry, B. Context, Context, Context: How Our Blindness to Context Cripples Even the Smartest Organizations; Triarchy Press: Bridport,
UK, 2018.

100. Tolga Taner, M.; Sezen, B.; Antony, J. An Overview of Six Sigma Applications in Healthcare Industry. Int. J. Health Care Qual.
Assur. 2007, 20, 329–340. [CrossRef]

101. Kaplan, G.S.; Patterson, S.H.; Ching, J.M.; Blackmore, C.C. Why Lean Doesn’t Work for Everyone. BMJ Qual. Saf. 2014, 23,
970–973. [CrossRef]

102. Hochman, M.; Briggs-Malonson, M.; Wilkes, E.; Bergman, J.; Daskivich, L.P.; Moin, T.; Brook, I.; Ryan, G.W.; Brook, R.H.;
Mangione, C.M. Fostering a Commitment to Quality: Best Practices in Safety-Net Hospitals. J. Health Care Poor Underserved 2016,
27, 293–307. [CrossRef] [PubMed]

103. Flanary, J.T.; Rocco, N.; Dougherty, T.; Christman, M.S. Use of Lean Six Sigma to Improve Access to Care in a Surgical Subspecialty
Clinic. Mil. Med. 2020, 185, e887–e893. [CrossRef]

104. Tlapa, D.; Franco-Alucano, I.; Limon-Romero, J.; Baez-Lopez, Y.; Tortorella, G. Lean, Six Sigma, and Simulation: Evidence from
Healthcare Interventions. Sustainability 2022, 14, 16849. [CrossRef]

105. Popov, V.V.; Kudryavtseva, E.V.; Katiyar, N.K.; Shishkin, A.; Stepanov, S.I.; Goel, S. Industry 4.0 and Digitalisation in Healthcare.
Materials 2022, 15, 2140. [CrossRef]

106. McDermott, O.; Antony, J.; Bhat, S.; Jayaraman, R.; Rosa, A.; Marolla, G.; Parida, R. Lean Six Sigma in Healthcare: A Systematic
Literature Review on Motivations and Benefits. Processes 2022, 10, 1910. [CrossRef]

107. Dixon-Woods, M. How to Improve Healthcare Improvement—An Essay by Mary Dixon-Woods. BMJ 2019, 367, l5514. [CrossRef]
108. Teeling, S.P.; Keown, A.M.; Cunningham, U.; Keegan, D. The application of a person-centred approach to process improvement

in ophthalmology services in the North East of the Republic of Ireland. Int. Pract. Dev. J. 2023, 13, 6. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1108/17511870710829355
https://doi.org/10.1108/17410401211249229
https://doi.org/10.1108/02656711211190873
https://doi.org/10.1108/17410401211277165
https://doi.org/10.1108/IJLSS-04-2015-0011
https://doi.org/10.1136/bmjopen-2013-003873
https://doi.org/10.1108/IJQRM-08-2014-0106
https://doi.org/10.1097/JHQ.0000000000000253
https://www.ncbi.nlm.nih.gov/pubmed/32134808
https://doi.org/10.1111/jonm.13342
https://doi.org/10.1108/09526860710754398
https://doi.org/10.1136/bmjqs-2014-003248
https://doi.org/10.1353/hpu.2016.0008
https://www.ncbi.nlm.nih.gov/pubmed/27763471
https://doi.org/10.1093/milmed/usz426
https://doi.org/10.3390/su142416849
https://doi.org/10.3390/ma15062140
https://doi.org/10.3390/pr10101910
https://doi.org/10.1136/bmj.l5514
https://doi.org/10.19043/ipdj.131.006

	Introduction 
	Lean Six Sigma Use in Healthcare 
	Lean 
	Six Sigma 
	Lean Six Sigma 

	The Application of Lean Six Sigma to Surgical Pathways 
	The Concept of Flow 
	Preparation for Surgery 
	Surgery 
	Rehabilitation 
	Supporting Innovation in Surgical Pathways 

	Discussion 
	Key Elements of Lean Six Sigma’s Suitability for the Redesign of Surgical Pathways 
	Customer Voice and Co-Design 
	Enabling System Sight 
	The Lean Six Sigma Toolkit 
	Standardisation of Processes 
	Data-Driven Decision Making 
	A Continuous Improvement Mindset 

	Key Conditions for Lean Six Sigma Implementation 
	Organisational Support and Staff Engagement 
	The Competency of Lean Six Sigma Improvement Facilitators 
	The Quality of Lean Six Sigma Training and Education 
	Linking Improvement to Organisational Strategy 


	Future Directions 
	Conclusions 
	References

