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ABSTRAK

Kesesakan Jabatan Kecemasan (Emergency Department, ED) merupakan cabaran
berterusan yang menyumbang kepada tempoh menunggu yang panjang, peningkatan
kos operasi, serta menjejaskan keyakinan awam terhadap sistem penjagaan kesihatan.
Walaupun pendekatan Lean telah dilaksanakan secara meluas dalam persekitaran ED,
kebanyakan penilaian bergantung kepada penggunaan alat Lean secara terasing serta
perbandingan pra dan pasca pelaksanaan yang ringkas, dengan integrasi penilaian
ekonomi yang terhad. Oleh itu, bukti berkaitan dengan model Lean yang direka bentuk
dan disahkan secara sistematik serta dinilai menggunakan pendekatan kuasi-
eksperimen dan analisis kecekapan kos masih terhad. Kajian ini bertujuan untuk mereka
bentuk dan membangunkan model berasaskan Lean serta menilai kesannya terhadap
prestasi operasi dan kecekapan kos di Jabatan Kecemasan sebuah hospital pe,ngaj/ar
universiti awam di Malaysia. Berpandukan kerangka Penyelidikan Reka Bentuk dan
Pembangunan (DDR), kajian ini dilaksanakan dalam tiga fasa: analisis keperluan, reka
bentuk dan pembangunan-medel;-serta-penilaian.-Analisis keperluén berstruktur yang
menggabungkan data prestasi, pemetaan aliran kerja, pagdangﬁn pihak berkepentingan
dan pemerhatian mengenal pasti kekangan Xkritikal di~Zon Hijau. Model Lean
dibangunkan melalui pemetaan aliran nilai dal;}péhgesa/lhan pakar. Reka bentuk kuasi-
eksperimen Interrupted Time Series (ITS)ﬁenganalisis median harian masa triaj-ke-
pendaftaran (TTR), masa ketibaan-ke- konsulftasi (ATC), dan tempoh berada di Jabatan
Kecemasan (LOS) merentas;dua/ tempoh pemerhatian enam bulan (n=363 titik masa)
menggunakan regresi bersegmen dengan struktur ralat autoregressive integrated
moving average (AKIM‘A) Pelaksanaan intervensi menunjukkan pengurangan serta-
merta yang s}gmﬁkan dalam TTR sebanyak 0.95 minit (95% CI —1.36 hingga —0.53;

p<0.001), manakala ATC dan LOS menurun tetapi tidak signifikan (ATC (-25.37
minit; 95% "CI -90.05 hingga 39.32; p=0.44) dan LOS (-7.72 minit; 95% CI —19.50
" hingga 4.07; p=0.20)). Jumlah kos operasi menurun sebanyak 2.63% walaupun jumlah
“lawatan pesakit meningkat sebanyak 19.5%. Kos per pesakit menurun daripada
RMS855.10 kepada RM696.56 (—18.5%; p=0.19), manakala kos per jam pesakit
menurun daripada RM283.16 kepada RM233.80 (-17.4%; p=0.14). Dapatan ini
membuktikan bahawa intervensi Lean yang direka secara sistematik mampu
menambahbaik aliran pesakit dan meningkatkan kecekapan kos dalam keadaan
permintaan perkhidmatan yang tinggi. Kajian ini turut menyediakan kerangka yang
boleh diguna pakai untuk penambahbaikan sistem dalam persekitaran ED yang terhad
sumber.

Kata kunci: Pengurusan Lean; Jabatan Kecemasan; Kuasi-eksperimen; Interrupted
Time Series; Penilaian ekonomi
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ABSTRACT

Emergency Department (ED) overcrowding remains a persistent challenge,
contributing to prolonged waiting times, rising operational costs, and undermining
public confidence in healthcare systems. Although Lean has been widely implemented
in ED settings, many evaluations rely on isolated tool applications and simple pre—post
comparisons, with limited integration of economic evaluation. Evidence on
systematically designed, validated Lean models evaluated using quasi-experimental and
cost-efficiency approaches remains limited. This study aimed to design and develop a
Lean-based model for the emergency department of a public university hospital in
Malaysia, and evaluate its impact on operational performance and cost efficiency.
Guided by a Design and Development Research (DDR) framework, the study was
conducted in three phases: needs analysis, model design and development, and ‘model
evaluation. A structured needs analysis combining performance data,- WOrlgﬂow
mapping, stakeholder input, and observation identified critical bottlenecks within the
Green Zone. A Lean-based-model-was-developed-through-value stream imapping and
underwent expert validation. A quasi-experimental Interrupted Time Series (ITS)
design analysed daily median triage-to- reglstratlon time (TTR), arrival-to-consultation
time (ATC), and length of stay (LOS) across two s sixsmonth periods (n=363 time points)
using segmented regression with autoregre/ §sive integrated moving average (ARIMA)
error structures. Implementation awas “associated with a statistically significant
immediate reduction in TTR- O/tl\(')i% minutes (95% CI —1.36 to —0.53; p<0.001).
Reductions in ATC (-25. 37 mﬁydtés 95% CI—-90.05 to 39.32; p=0.44) and LOS (-7.72
minutes; 95% CL < 19. QO to 4.07; p=0.20) were not statistically significant. Total
operating costs ‘decreased by 2.63% despite a 19.5% increase in patient volume. Cost
per pa‘uenvdechned from RM855.10 to RM696.56 (—18.5%; p=0.19), and cost per

patient- ~hour from RM283.16 to RM233.80 (=17.4%; p=0.14). These findings provide
" empirical evidence that a systematically designed Lean intervention can produce
“measurable front-end flow improvements while enhancing cost efficiency under
increased service demand. This study provides a reproducible framework for system-
level redesign in resource-constrained ED settings.

Keywords: Lean healthcare; Emergency Department; Quasi-experimental; Interrupted
Time Series; Economic evaluation
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CHAPTER I

INTRODUCTION

1.1 INTRODUCTION

This chapter introduces the concept of Lean management and its applica‘gion"‘i)vithih
healthcare settings, with.particular emphasis on its relevance to eme?rgenc;//depaft//rnent
(ED) operations. Emetgency departments face persistent oper,ationéi challenges,
including increasing patient demand, overcrowding, p’m/longed waiting times, and
inefficiencies in patient flow. These challenges place significant strain on healthcare
resources and compromise service /qua‘ﬂz, i;Satient experience, and operational

sustainability. P
LAy
r o v
SN
Lean offers /a/stru[ctured approach to addressing such challenges by focusing on
process optifmisation, waste reduction, and improvement of workflow efficiency. Its
Ry
growing adeption in healthcare reflects the need for systematic management approaches
" capable of enhancing performance in complex, high-demand environments such as the

“ED.

In this chapter, the background and context for applying Lean in emergency
departments are presented, followed by a detailed discussion of the problem statement
that motivates the study. The chapter then outlines the research questions, research
objectives, and research hypotheses that guide the design, development, and evaluation

of the Lean-based intervention examined in this thesis.



1.2 RESEARCH BACKGROUND

Healthcare systems worldwide are facing increasing pressure to deliver high-quality,
safe, and efficient care in the context of evolving epidemiological trends, demographic
shifts, and constrained resources. Ageing populations, rising prevalence of chronic
disease, and growing expectations for timely and patient-centred care have contributed
to escalating demand for healthcare services (Khan et al. 2024; Oskvarek et al. 2026;
Santos et al. 2026). These pressures are particularly visible within emergency
departments (EDs), with recent evidence suggesting that between 30% and 90% of
emergency departments worldwide are experiencing persistent overcrowding (Alshiakh
et al. 2025; Barrera 2025). In response, healthcare organisations are increa.sing/ly
required to optimise the use of limited-resourees;-including workforce, phyéical Space,
equipment, and diagnostic services, while maintaining timely accesé tQ«c/are, patient
safety, service quality, and the broader goals of universalfhealfh covefage (Kheng Khor

et al. 2024; Rosa et al. 2021; Yanful et al. 2023).

/vA >
NN,
The burden of ED overcrowdinig gencrates consequences that extend beyond

v

immediate operational pre/ssu;é;,'\;p‘raducing ripple effects across patient outcomes,
healthcare worker yvpllbeing, and broader health system performance (Sartini et al.
2022). Ove/r/crow/ding has been associated with delays in triage, consultation,
diagnos«ticjsr,/ and time-sensitive interventions, alongside prolonged waiting times,
) inéréased efnergency department length of stay (LOS), reduced patient satisfaction,
_staff burnout, and higher healthcare resource utilisation (Ahmed et al. 2025; Alshiakh
et al. 2025; Gross et al. 2023; Pearce et al. 2023; Sartini et al. 2022). The literature
increasingly conceptualises ED overcrowding as a systems-level phenomenon arising
from complex interactions between patient demand, workflow inefficiencies, resource
constraints, and downstream access block across the broader healthcare system (Altun
& Kudu 2025; Haas & Brundisini 2023; Mohd Nasir et al. 2025; Pearce et al. 2024).
Consequently, improving patient flow and operational efficiency has become a major

priority within emergency care systems globally.

Within this context, healthcare organisations have adopted continuous quality

improvement (CQI) approaches to strengthen healthcare delivery, optimise resource



utilisation, and improve patient outcomes. Such approaches emphasise systematic, data-
driven, and iterative improvement of healthcare processes through multidisciplinary
engagement, workflow redesign, and performance monitoring to support long-term
operational performance, patient flow efficiency, quality of care, and organisational
resilience within high-demand healthcare settings (Endalamaw et al. 2024; Mitreska et

al. 2025; Pozzan et al. 2025).

Among the various CQI methodologies, Lean management has emerged as one
of the most widely implemented approaches for improving operational efficiency,
reducing waste, and redesigning patient flow processes across diverse healthcare
environments (Codognotto et al. 2025; Nawanir & Fauzi 2025). Lean origipated froth
the Toyota Production System (TPS) that was developed within the Japénese
automotive industry asia systematic approach to improving qualriﬁty, efficiency, and
organisational performance through the elimination of waste and optimisation of
workflow processes (Womack & Jones 1997). Qerﬂ:l;al to Lean thinking is the reduction
of inefficiencies conceptualised throug/h th¢ intereonnected principles of muda (waste),
mura (workflow variability), angtmitri (syste;rjl overburden), all of which contribute to
process delays, operatlonaf m%tabﬂlty, and reduced value creation. Although initially
applied within manufaf:tufmg, Lean has evolved into a broader organisational
philosophy adopted across multiple sectors, including healthcare (Alogla 2025; Lima et
al. 2021: Ramori et al. 2021).

The Lean approach finds popular appeal in healthcare as it seeks to redesign
clinical practices and resources around simplified, efficient, and value-added care.
Within healthcare settings, Lean extends beyond isolated process-improvement tools
and emphasises multidisciplinary engagement, frontline problem-solving, workflow
redesign, and organisational learning to support sustainable operational improvement
(Hammoudeh et al. 2021; Reponen et al. 2021; Rosa et al. 2021). Consequently, Lean
has been positioned not only as a technical process-improvement methodology, but also
as a systems-oriented approach capable of supporting organisational transformation

within complex healthcare environments.



The complexity of ED operations, characterised by multiple parallel workflows,
interdependent services, and variability in demand and capacity, represents a
particularly relevant context for the application of Lean principles. EDs function as the
frontline of hospital care, managing patients with varying levels of acuity under
conditions of uncertainty, time pressure, and fluctuating demand, and are often
considered as the safety net of the healthcare system (Mostafa & El-Atawi 2024).
However, perpetual reports of overcrowding, delayed treatment times, and poor patient
satisfaction have strained this safety net to the breaking point, affecting quality and
access to care (Souza et al. 2021). Moreover, inefficiencies within the ED can propagate
upstream and downstream effects throughout the hospital system, contributing to
congestion in inpatient wards, diagnostic services, and ancillary departments; (Tfso et
al. 2020). In settings where overcrowding fesults in prolonged waiting. tim/es, increased
length of stay, and higher rates of patients leaving without being séén, Lean principles
have been identified as a potentially effective approach for \ifnproving flow and reducing
waste related to waiting, transportation, and un;tec/é§sar’y movement (Breen et al. 2020;
Holden 2011; Kenny et al. 2024; Than/garajg?;ZElS).

A growing body of hterature has examined the application of Lean as a strategy
for improving patlent ﬂ10w reducmg non-value-adding activities, and strengthening
throughput efficiency within emergency care settings (Bucci et al. 2016; Dickson et al.
2009; Holden 2011; Sanchez et al. 2018; Souza et al. 2021; Tiso et al. 2020; White et
\ al. 2014). Multiple studies have demonstrated improvements in operational indicators
/following Lean implementation, particularly in relation to waiting time (Mazzocato et

al. 2012), time to physician assessment (Murrell 2011), emergency department length
of stay (LOS) (Allaudeen et al. 2017; Dickson et al. 2009; Murrell 2011; Naik et al.
2012; White et al. 2014), patient throughput (Zocchi et al. 2015), and rates of patients
leaving without being seen (LWBS) (Murrell 2011). However, in one of the earliest
critical reviews of Lean implementation within emergency departments, Holden (2011)
highlighted substantial variability in Lean implementation, including differences in the
Lean tools applied, organisational engagement, and assessment of its impact. These
observations remain important within Lean healthcare literature, particularly as many
studies report favourable operational outcomes despite substantial methodological and

implementation heterogeneity.



In Malaysia, increasing utilisation of public hospital emergency departments,
particularly within tertiary referral and academic medical centres, has intensified
concerns regarding overcrowding (Abdul Hamid et al. 2025; Wan Mohd Aminuddin &
Ismail 2021). Recent local studies have highlighted prolonged waiting times, staffing
pressures, workflow disruption, and increasing operational burden within emergency
care settings, particularly in high-volume non-critical care zones managing large
numbers of semi-urgent and non-urgent patients (Abdul Hamid et al. 2025; Chau et al.
2024; Krisnan et al. 2025). In parallel with broader healthcare transformation efforts,
Lean Healthcare initiatives have been introduced within Malaysian healthcare
organisations, particularly through the Ministry of Health (MOH) as part of a national
Public Service Delivery Transformation programme aimed at reducing wa/iting/,t/ime/s
and managing chronic overcrowding in public hospitals (Anis Shazura et al. 2/6)19).
Nevertheless, much of'the existing Malaysian Lean Healt/hcare’ﬁ literature remains
centred on fragmented or isolated process—improv/emeﬁt initiatives, with limited
evidence regarding comprehensive end-to—;nd/ ‘emérgency department redesign,

/

structured implementation approaches; fand “robust longitudinal evaluation of

operational and financial outcomes within academic tertiary care settings.
- 9 a0
- [ // 7
Hence, d@spité fhf: in(;reasing adoption of Lean within healthcare and emergency
care settings, important questions remain regarding how Lean interventions can be
effeetivély/iimplemented and evaluated. Furthermore, although many studies report
\ fmprovements in operational performance following Lean implementation,
/comparatively fewer evaluations have employed robust longitudinal approaches
capable of accounting for temporal trends, organisational variation, and sustainability
of change over time. In addition, financial outcomes remain less consistently evaluated
within emergency department Lean studies despite increasing pressure on healthcare
systems to optimise resource utilisation alongside operational performance. These
limitations create ongoing challenges in understanding the broader organisational and
operational impact of Lean implementation within public tertiary emergency care

systems.

Accordingly, there is a need to examine Lean implementation within emergency

department settings using context-sensitive implementation approaches capable of



integrating the needs of an organisation, operational redesign, and longitudinal outcome
evaluation from both operational and financial perspectives. Within the Malaysian
context, further evidence is particularly needed regarding the implementation and
evaluation of Lean interventions within public university hospital settings, particularly
approaches that move beyond isolated process-improvement initiatives towards more
integrated end-to-end redesign. The present study, therefore, seeks to develop,
implement, and evaluate a Lean-based intervention model within a public university
hospital emergency department and evaluate its impact on operational throughput

indicators and financial outcomes.

1.3 PROBLEM STATEMENT C /

-

Despite growing evidence supporting Lean interventions in emergency cz;re; significant
uncertainties remain regarding where Lean interventions/ should be férgeted, how they
should be designed, and how their effectiveness should be \évaluated. These unresolved
issues are particularly relevant within M/algyifz% public university hospitals and form

<€ -

the basis of the present study. P

Emergency ) depz{rtmerffs do not function as homogeneous operational
environments. Different]ED acuity zones operate through distinct clinical workflows,
staffing, aﬁqﬁgerﬁents, and patient-care processes, resulting in variations in how
) opéf/ationallstrain and overcrowding manifest across emergency care systems. While
_high-acuity zones prioritise rapid stabilisation of critically ill patients, non-critical care

areas managing large volumes of semi-urgent and non-urgent patients have been shown
to experience greater congestion, prolonged waiting times, throughput delays, and

workflow bottlenecks (Krisnan et al. 2025).

Consistent with Lean philosophy, effective process redesign should be preceded
by systematic identification of operational bottlenecks and workflow inefficiencies
within the local care environment (Thangarajoo 2015; Yahata et al. 2025). Despite this
principle, Lean healthcare literature frequently reports operational improvements
following intervention implementation without clearly describing how priority
intervention areas were identified and selected within complex ED workflows (Holden

2011; Kenny et al. 2024; Souza et al. 2021; Tiso et al. 2020). Consequently, uncertainty



remains regarding which areas of emergency department operations experience the
greatest operational strain and therefore warrant prioritised process improvement

efforts.

A second challenge concerns how Lean principles can be systematically
translated into effective interventions within complex emergency department
environments. Emergency departments represent particularly challenging settings for
process redesign because patient flow is characterised by variable acuity, fluctuating
demand, shared resources, multidisciplinary care processes, and interdependencies with
diagnostic, inpatient, and support services (Samadbeik et al. 2024; Tiso et al. 2020).
Consequently, operational inefficiencies rarely arise from a single bottleneck and often

reflect interactions across multiple stages of the patient pathway.

-

In response to this complexity, Lean healthc/are\jiterature has progressively
evolved beyond the isolated application of/indiyidlial process-improvement tools
towards broader “Lean Thinking”/ apﬁea&es that emphasise organisational
transformation, multidisciplinary. ér;gagem;t, and end-to-end workflow redesign
(Talero-Sarmiento et al. 2/0247./§,(/)r\1temporary Lean interventions increasingly combine
multiple complemenfafyl tools and redesign strategies to analyse workflows, identify
waste, prioritiSe improvement opportunities, and redesign interconnected care pathways

(Breen ét eii./'2020; Frank & Rader 2023; Hayes et al. 2014; Shortell et al. 2021).

Despite this evolution, the implementation logic underpinning Lean
interventions remains insufficiently articulated (Holden 2011; Lima et al. 2021;
Mazzocato et al. 2012; Tiso et al. 2021). Existing studies frequently report the use of
multiple Lean tools but provide limited explanation regarding how specific tools were
selected, adapted, integrated, and sequenced in response to local operational challenges.
As a result, while integrated Lean interventions are increasingly reported, limited
guidance is available regarding how Lean principles should be systematically translated
into context-sensitive intervention models capable of addressing the operational

realities of complex emergency department environments.



Within Malaysia, Lean implementation has expanded over the past decade as
part of broader healthcare transformation initiatives aimed at improving operational
efficiency and service delivery (Lum et al. 2023). However, published studies remain
predominantly concentrated within Ministry of Health hospitals and selected private
healthcare organisations (Anis Shazura et al. 2019; Lum et al. 2023; Zailani et al. 2020;
Noris et al. 2022; Ong et al. 2023; Lum et al. 2024). Furthermore, many local initiatives
continue to focus on discrete operational improvements or individual service
components rather than integrated end-to-end redesign of patient-care pathways (Abdul
Aziz et al. 2022; Abdul Hanif et al. 2023; Beh et al. 2025; Choudhury & Lee 2024; Lee
et al. 2025). In particular, evidence regarding Lean implementation within Malaysian
public university hospital emergency departments remains comparatively. liin/ited.
Consequently, uncertainty temains regarding how Lean-based redesién initiatives
should be systematically developed and implemented within these éemp]éx healthcare

-

settings. ™

PPN

Following the development ar/ld/ ilgplg?n;{entation of a Lean intervention, an
equally important consideration /Qoﬁcerns h(;v its effectiveness should be evaluated.
Existing Lean healthcare. lItemturf’ consistently reports improvements in operational
outcomes followmg mt?rventlon implementation, particularly in relation to waiting
time, throughput measures, length of stay, and patient satisfaction (Amorim et al. 2019;
Breen th al/i/2020; Freitas et al. 2023; Hammer et al. 2022; Haq et al. 2018; Kenny et al.
\ 2024; Stahley et al. 2020; Zocchi et al. 2015). These findings suggest that Lean

“interventions may contribute positively to patient flow and service efficiency within

emergency care environments.

However, methodological limitations remain evident within the existing
evidence base. Many studies continue to rely on simple pre-post comparisons, limiting
the ability to distinguish intervention effects from underlying temporal trends, seasonal
variation, fluctuations in patient demand, or concurrent organisational changes
(Mazzocato et al. 2012; Murrell 2011; Naik et al. 2012; White et al. 2014).
Consequently, there is limited evidence regarding the magnitude, attribution, and
sustainability of reported improvements following Lean implementation. This

limitation is particularly important within emergency department settings, where



operational performance indicators are inherently influenced by dynamic and
interdependent factors, including patient volume, case mix, staffing availability, bed
capacity, and hospital-wide patient flow. Robust longitudinal evaluation approaches are
therefore required to better understand whether observed changes represent true

intervention effects rather than natural variation within complex healthcare systems.

Beyond operational performance, an additional consideration concerns whether
improvements achieved through Lean implementation translate into measurable
economic benefits. As Lean is fundamentally concerned with eliminating waste and
maximising value (D’Andreamatteo et al. 2015; Rosa et al. 2021; Womack & Jones
1997), improvements in patient flow and operational efficiency should theo;eticéiliy be
accompanied by more efficient utilisation“of resources and reduced Qperétional costs.
However, economic evaluation hashistorically “been much - less developed than
operational evaluation in the Lean healthcare literature. Meraros et al. (2016) found that
none of the methodologically accepted studies /in their review directly evaluated actual
financial costs, while a more recent sygzeng review by Wang et al. (2025) identified
cost outcomes in only 17 of QQiﬂc}luded studies. Where economic outcomes were
reported, the measures ,Vari/ef} /e:'onsiderably, including operating costs, inpatient
expenditure per/adniis/sion \and broader organisational financial indicators, limiting
comparability and the ability to determine whether operational improvements translate
intO«/unii-lé;el resource efficiency (Costa & Godinho Filho 2016; Henrique et al. 2016;
\ Moraros et al. 2016; Wang et al. 2025). Consequently, uncertainty remains regarding
“the economic implications of Lean implementation, particularly when operational and

cost-efficiency outcomes are evaluated together.Furthermore, economic outcomes,
when reported, are often inconsistently measured, limiting understanding of the
relationship between operational improvement and resource efficiency within

healthcare settings (Moraros et al. 2016; Wang et al. 2025).

This limitation is particularly relevant within publicly funded healthcare
systems operating under increasing resource constraints, where quality improvement
initiatives are expected to demonstrate not only operational benefits but also efficient
utilisation of available resources. Within Malaysian healthcare settings, Lean

evaluations have largely focused on service delivery and operational performance
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indicators, with comparatively limited evidence regarding resource utilisation and
operational cost efficiency outcomes (Anis Shazura et al. 2019; Lum et al. 2023; Noris
et al. 2022). Consequently, uncertainty remains regarding whether improvements
achieved through Lean-based redesign initiatives are accompanied by measurable gains
in operational cost efficiency within Malaysian public university hospital emergency

departments.

Hence, despite wide application of Lean within healthcare and emergency
department settings, several important gaps remain within the existing evidence base.
First, there is limited guidance regarding how intervention priorities should be
systematically identified within complex and heterogeneous emergency Eiepaftr/neﬁt
workflows before redesign efforts are undertaken. Second, existing studies prévide
insufficient direction onthow Lean principles can be translated into ’iqntegfated, context-
sensitive intervention models capable of addressiggftﬁe operational realities of
emergency care environments. Third, despit;, generally favourable findings, many
evaluations continue to rely on relati/vel}/ %m?le before-and-after designs, limiting
confidence in the magnitude, geriBgtion, and sustainability of reported operational
improvements. Finally, whﬂe/{/e;\ﬁ 1s frequently justified as a strategy for improving
efficiency and geduéiilg wa;ste, evidence regarding its impact on operational cost
efficiency remains comparatively limited. These unresolved issues are particularly
evidentwwiZh’in Malaysian public university hospital emergency departments, where
“ evidence on systematic Lean implementation, rigorous evaluation, and cost efficiency

“remains scarce. Addressing these gaps forms the central focus of the present study.

14 RESEARCH JUSTIFICATION

Despite growing interest in Lean management as a strategy for improving emergency
department performance, translating Lean principles into effective and sustainable
operational improvements remains challenging. There is limited guidance regarding
how Lean principles can be systematically translated into context-specific intervention
models that address end-to-end emergency department workflows and remain feasible
within real-world operational constraints. Methodologically, this study addresses this

limitation within the existing Lean healthcare literature by adopting a Design and
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Development Research (DDR) approach that documents the complete pathway from
needs analysis and problem localisation through intervention design, validation,
implementation, and evaluation. By integrating these stages within a single research
framework, this study provides a transparent and systematic process for translating Lean

principles into a context-sensitive intervention model.

In addition, methodological limitations remain evident in the evaluation of Lean
interventions. Although many studies report improvements in waiting time, throughput
measures, and length of stay, evaluations frequently rely on simple pre—post
comparisons that are unable to adequately account for underlying temporal trends,
seasonal variation, or concurrent organisational changes. The present stud/y thé,réforé
employs interrupted time€ series analysis to assess both immediate and sustained
changes in operational performance, providing a more robust eyaluaﬁon of intervention
effects within a complex healthcare environment. Such methodological transparency is
important for understanding why interventiops Succeed or fail and for supporting

replication across healthcare settings. - Ca

<€ -

-

P T

In addition to the meﬁa}iélggical gaps identified in the literature, the relevance
of this study is fgrth‘ér /surppo\rted by broader national and international priorities aimed
at streng/therﬁngfhealthcare system performance, service efficiency, and sustainable
resourcé ufilisation. The Health Research Priorities for the 12th Malaysia Plan (12MP-
\ HRP) 2021-2025 emphasise the evaluation of healthcare programmes, service delivery
“processes, and quality improvement initiatives to optimise healthcare performance and

resource utilisation. Similarly, the study aligns with Sustainable Development Goal 3
(SDG 3), particularly Target 3.8 on achieving Universal Health Coverage (UHC), which
highlights the importance of ensuring access to quality healthcare services through
efficient and sustainable health systems. These priorities are further reflected in ongoing
efforts by the Ministry of Health Malaysia and the World Health Organization to
strengthen service delivery, improve healthcare efficiency, and enhance the
responsiveness of health systems in the face of increasing demand and resource

constraints.
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This study addresses these priorities by evaluating Lean implementation within
a public university hospital setting. In addition to evaluating operational performance,
the study incorporates an assessment of operational cost efficiency to examine whether
Lean interventions are accompanied by more efficient utilisation of healthcare
resources. This is particularly relevant within publicly funded healthcare systems,
where quality improvement initiatives are expected to demonstrate not only service
improvements but also responsible stewardship of limited resources. By evaluating
changes in cost per patient and cost per patient-hour alongside operational outcomes,
the study contributes evidence regarding the relationship between workflow redesign,
resource utilisation, and operational efficiency. Such evidence supports ongoing efforts
to strengthen healthcare sustainability and aligns with national and in/terné,tionzil

priorities aimed at improving value in healthcare delivery.

-

Beyond its relevance to healthcare policy and /res*oﬁrce management, the study
provides a practical framework for emer/gerii:/y department improvement. By
systematically analysing operational cba]hﬁ\g/es;developing a context-sensitive Lean-
based model, and evaluating ﬂlts/ _implementation within a real-world clinical
environment, the study ,offe/Ps/;:’ structured approach for redesigning patient-flow
processes across the/e/mf:rge\ncy department pathway. The practical relevance of this
framework 1S strengthened by its application within a Malaysian public university
ho/spitaf ef;rergency department, a setting that has received comparatively limited
\ éttention within the local Lean healthcare literature and operates within a distinct
“academic-service environment compared with Ministry of Health hospitals and private
healthcare institutions. Although public university hospitals share core public-sector
funding and staffing mechanisms with Ministry of Health hospitals, they also carry a
dual clinical and educational mandate, serving as training grounds for undergraduate
and postgraduate medicine, nursing and allied health programmes. Their workforce
includes permanent staff alongside rotating postgraduate trainees, which may influence
workflow continuity, team cohesion and the sustainability of service-improvement
initiatives. By examining the development, implementation, and evaluation of the
model within this academic healthcare environment, the study generates context-

specific evidence regarding the application of Lean principles while providing a
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transferable framework that may support future emergency department improvement

initiatives in similar healthcare settings.

1.5 RESEARCH QUESTIONS

1. Which area(s) within the emergency department experience the greatest

operational strain and therefore warrant targeted process improvement?

ii.  How can Lean principles be translated into a context-specific Lean-based model

for the identified emergency department focus area?

iii.  To what extent does the implementation of the Lean-based model affect

emergency department operational performance?

-

iv.  What is the impact of the Lean-based model on emergency department

operational cost efficiency?

1.6 RESEARCH OBJECTIVES .\7

-

1.6.1 General objective

P e\

r T v
To design and develop a Ledh-based model for improving emergency department
operations, ipfoi;rhed b}ll a systematic needs analysis, and evaluate its impact on

operationa}perfoﬁnance and cost efficiency outcomes.

1.6.2 Specific objectives

i.  To identify the most appropriate focus area for intervention based on operational

performance indicators, patient feedback, and stakeholder input.

ii. To design and develop a Lean-based model tailored to the emergency

department Green Zone, informed by findings from the needs analysis.

iii. To evaluate changes in emergency department operational performance
following implementation of the Lean-based model, as measured by triage-to-
registration time (TTR), arrival-to-consultation time (ATC), and length of stay

(LOS).
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iv.  To estimate changes in cost per patient and cost per patient-hour before and after

implementation of the Lean-based model.

1.7 RESEARCH HYPOTHESES

1.  Implementation of the Lean-based model is associated with changes in triage-

to-registration time.

ii.  Implementation of the Lean-based model is associated with changes in arrival-

to-consultation time.

iii.  Implementation of the Lean-based model is associated with changes in length

of stay.

-

iv.  Implementationof the Lean-based model is associated with an operational cost

change in the emergency department.

1.8 RESEARCH GAP ANALYSIS .\
N,

Existing emergency department Leaﬁ studies Have predominantly focused on evaluating
operational outcomes follpwig&f 1mp1ementat10n with relatively limited attention given
to the systematic demgn ﬁmd development of context-specific Lean intervention models.
Furthermore;” economic outcomes remain under-reported compared with traditional
operatie’na/l/‘indicators such as waiting time and length of stay. These gaps highlight the
< ﬁeed for research that integrates needs assessment, intervention development,

“implementation, operational evaluation, and economic assessment within a single

methodological framework.

The research gaps identified in the problem statement were mapped to the
corresponding research questions, research objectives, and research hypotheses in
accordance with the Design and Development Research (DDR) framework. This
mapping demonstrates how each phase of the study, from problem identification and
localisation, through model design and development, to empirical evaluation, arises
from the underlying research problems. The alignment between problem gaps, research
questions, objectives, and hypotheses is presented in Table 1.1. This alignment

informed the sequential organisation of the study into needs analysis (Phase 1), model
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design and development (Phase 2), and model evaluation (Phase 3), as detailed in

Chapter 3.



Table 1.1

-

Alignment of identified problem gaps with research questions, research objectives, and research hypotheses ~ P

Va

Problem Statement

Research Question

Research Objective

Research Hypothesés/

Uncertainty regarding which areas of
emergency department operations
experience the greatest operational
strain and therefore warrant prioritised
process improvement efforts.

Limited evidence regarding how Lean
principles should be systematically
translated into contextually appropriate
intervention models within complex
emergency department environments.

Limited rigorous evaluation of Lean’s
impact on emergency department
operational performance.

Insufficient evidence on the econemic

implications of Lean interventions~in
emergency department settings. P

Which area(s) within the emergency
department experience the greatest

operational  strain..and. . therefore
warrant targeted process
improvement?

How can Lean principles be translated
into a context-specific Lean-based
model for the identified emergency
department focus area?

To  what extent does the
implementation ' of the Lean-bastd
model affect emergency department
operational performance? A
-~ ) v
e

»

What/is the impact of the Lean-based
model on emergency department
operational cost efficiency?

-

To identify the most appropriate focus

arca for intervention based on
operational . performance.. indicators,
patient feedback, and stakeholder
input. P

™

To design and develop a Leanbased
model tailored to the __emergency
department Green| Zone,| informed by
findings froﬁ the ‘n€eds ‘analysis and
cur/ren}s/ta/m @. \

<To evaluate changes in emergency
department operational performance
following implementation of the Lean-
based model, as measured by triage-to-
registration time (TTR), arrival-to-
consultation time (ATC), and length of
stay (LOS).

To estimate changes in cost per patient
and cost per patient-hour before and
after implementation of the Lean-based
model.

No hypothesis (needs analysis)

P

No hypothesis (model design and
development)

H1: Implementation of the Lean-based
model is associated with changes in
triage-to-registration time.
H2: Implementation of the Lean-based
model is associated with changes in
arrival-to-consultation time.
H3: Implementation of the Lean-based
model is associated with changes in
length of stay.

H4: Implementation of the Lean-based
model is associated with operational
cost change in the emergency
department.

91
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1.9 CONCLUSION

This chapter has established the foundation for the study by situating the research within
the broader context of healthcare system pressures, emergency department
overcrowding, and the growing application of Lean management in complex clinical
environments. The research background highlighted the relevance of Lean as a process
improvement approach in healthcare, while also identifying persistent gaps in the
systematic design, implementation, and evaluation of Lean interventions within

emergency departments, particularly in public university hospital settings.

The problem statement subsequently identified four interrelated reseatch gaps
concerning the prioritisation of intervention areas within emergency -department
operations, the translation of Lean principles into context-se/nsitive infervention models,
the rigorous evaluation of operational performance outcomes, and the assessment of
operational cost efficiency. Collectively, these/g’a}}:/)ﬂsf hiéhlight the need for a structured
approach that integrates operational assessment, intervention development,
implementation, and evaluati}n/xyij:}/lm a single research framework. Accordingly, this
study seeks to generate evia@n/oe 1‘égarding how Lean principles can be systematically
applied to imprové‘ émergency department performance within a Malaysian public

university hdspital.

In alignment with this focus, the chapter presented the research questions,
objectives, and hypotheses to address the identified gaps. Having established the
rationale, scope, and direction of the research, the next chapter reviews the relevant
literature on emergency department operations, Lean management, and methodological
approaches to evaluating system-level interventions. This review provides the
theoretical and empirical grounding necessary to inform the design and development of

the Lean-based model and to position the study within the existing body of knowledge.



CHAPTER 11

LITERATURE REVIEW

2.1 INTRODUCTION

The increasing demand for timely and high-quality emergency care, coupled with
resource constraints, has intensified pressure on emergency departmenté, ’/ where
overcrowding remains & persistent challenge. These inefficiencies, often c:/Qﬁ'ceptualised
through the input—throughput—output model, have significant irﬁpliéations for patient
outcomes, operational performance, and healthcare’ c;s\ts. In response, healthcare
organisations have adopted Continuous Qu/htylmprovement (CQI) approaches, with

-
Lean management emerging as a key strategy-to enhance efficiency and value delivery.

P
Pap 2L
P v 3 )

The literature review, is/or/ganised into three thematic pillars that establish the
foundation o£ the /étﬁdy. The first pillar examines the phenomenon of ED overcrowding,
including é)irfent/patient flow processes, contributing factors, and the consequences of
) oveféfowdiﬁg across patient, healthcare worker, and organisational levels. The second
~pillar reviews Continuous Quality Improvement (CQI) approaches and the Lean

concept, with particular emphasis on the application of Lean within healthcare settings
globally and in Malaysia, including commonly utilised Lean tools and evaluation
indicators. The third pillar explores relevant theoretical perspectives underpinning
organisational and process change, particularly change management theories relevant

to healthcare improvement initiatives.

The synthesis of operational challenges, Lean methodologies, and change
management theory culminates in the study’s conceptual framework. This model

illustrates the critical relationships between Lean interventions, the change process, and
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the resulting operational and financial outcomes, serving as the architectural guide for

this research.

2.2 EMERGENCY DEPARTMENT OVERCROWDING
2.2.1 Burden of care in emergency departments

Emergency department (ED) overcrowding is one of the most pressing global
healthcare challenges, with estimates suggesting that between 30% and 90% of EDs
worldwide experience persistent overcrowding (Alshiakh et al. 2025). Rising patient
demand, workforce constraints, hospital access block, and prolonged waiting tjmes
compromise timely access to care, strain healthcare resources, and affect the abi/lity of
healthcare workers to deliver efficient and safe emergency care. \ ’

-

ED overcrowding occurs when the demand for ém/ergency healthcare services
exceeds available resources, including physicalfspz{cp, staffing, and diagnostic capacity,
resulting in a critical issue that advegsdy(gp;cts both patient care quality and the
overall efficiency of the healthgafel/system (Ahmed et al. 2025; Altun & Kudu 2025;
Barrera 2025; Pearce et al. \Eﬁ}:ﬂ\ This issue has become particularly important in
contemporary hea«lfh/carq: systems where EDs function not only as acute care entry
points, but ja’fso as/safety nets for broader healthcare access limitations.

In Malaysia, ED overcrowding has emerged as an increasingly visible public

“healthcare concern. Public hospitals and academic medical centres continue to
experience rising ED utilisation, particularly in densely populated urban centres and
tertiary referral hospitals (Abdul Hamid et al. 2025; Chau et al. 2024; Krisnan et al.
2025). Recent national data analysing workload across 137 Ministry of Health (MOH)
hospital emergency departments demonstrated substantial disparities in ED strain, with
26% of hospitals exceeding internationally recognised overcrowding thresholds based

on patient-to-physician ratios per hour.

In another study, Krisnan et al. (2025) explored healthcare workers’ experiences
within the green zone of a large public hospital in the Klang Valley and highlighted the

operational vulnerability of non-critical care zones managing high volumes of semi-
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urgent and non-urgent patients. The study described overcrowding within the green
zone as being associated with prolonged waiting times, staffing constraints,
inappropriate ED utilisation, workflow disruption, increasing workload pressure, and

delays across multiple stages of patient care (Krisnan et al. 2025).

These findings highlight ED overcrowding as a multifaceted healthcare
challenge affecting emergency care systems globally and within Malaysia. The
persistence of overcrowding despite ongoing efforts to expand capacity and improve
access suggests that the phenomenon cannot be attributed to a single cause, but arises
from the interaction of multiple operational and system-level factors. Understanding
these underlying drivers is essential for identifying appropriate improvemen/t stréi,tégieé
and informing interventions aimed at enhancing patient flow, service efﬁciency: and
overall emergency department performance. The factors ’cdhtribﬁting to ED

overcrowding are discussed in the following subsection. <.

= 17
2.2.2  Factors contributing to emergency. d(partjnent overcrowding
@ -

-

The burden of care associatfad/k/xfi?ltED overcrowding stems from a complex interaction
between patient dgman(i, opéfational processes, resource availability, and patient
disposition ygithifn/ emeréency care systems. This perspective is reflected in Asplin et
al.’s ,yframé\’/yérk “(Asplin et al. 2003), which provides a structured approach to
) undérstandiﬁg the underlying drivers of ED overcrowding through three interconnected

_components: input, throughput, and output. This framework is depicted in Figure 2.1.
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Input Throughput Output

Emergency care

» Seriously ill and injured

patients from the community Pati ; D Lack of access to follow-up care

* Referral of patients with Ambulance atient arrives at

emergency conditions diversion > L it Ambul
eaves without mbulatory

Triage and room treatment care
placement complete system

Unscheduled urgent care

.‘
* Lack of capacity for I’ Transfer to other
unscheduled care inthe | | Demandfor | | Diagnaestic evaluation Patient facility (eg, skilled
ambulatory care system ED care and ED treatment disposition nursing, referral
« Desire for immediate care hospital)
(eg, convenience, conflicts I
with job, family duties) -
ED boarding of inpatients ]» ﬁ:;“'.‘lgl’
Lack of available o

Safety net care staffed inpatient beds
+Vulnerable populations
(eg, Medicaid beneficiaries,
the uninsured)

+ Access barriers (eg,
financial, transportation,
insurance, lack of usual -
source of care)

ACUTE CARE SYSTEM ~f

Figure 2.1 The input-throughput-output conceptual model of em/ergencydepa/rtment
crowding P

2 T,
Source: Asplin et al. (2023/)-  .

<

/

Input factors refer to determinants “¢ “of“demand for emergency department
services and influence the VOlum%flﬁd characteristics of patients entering the ED. These
factors include health/care‘/ §§/s}en{ characteristics, such as access to primary care,
specialist servic/es,/gnd|mental health support, as well as broader population and
commul}itgi influences. Environmental conditions, temporal variations, socioeconomic

circumstances, and local population health needs may further affect patterns of ED

" utilisation and contribute to fluctuations in patient demands.

A

Throughput factors refer to processes occurring within the emergency
department that influence the movement of patients from arrival to disposition. These
factors encompass workflow efficiency, staffing capacity, clinical decision-making,
diagnostic and treatment processes, and the availability of supporting services.
Inefficiencies within any of these processes may create bottlenecks that delay patient
progression through the ED. In addition, boarding of admitted patients awaiting
inpatient beds can further constrain throughput by reducing the capacity and resources

available for ongoing patient care.
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Output factors relate to the ability of patients to exit the emergency department
and transition to appropriate downstream care settings. These factors are largely
influenced by the capacity and responsiveness of the wider healthcare system, including
the availability of inpatient beds, transfer facilities, ambulatory services, and
community-based care. Constraints within these downstream services may delay patient
disposition, contribute to access block and boarding, and generate cascading effects on

patient flow throughout the hospital system (Ahmed et al. 2025).

The literature identifies a range of factors contributing to emergency department

overcrowding across the input, throughput, and output domains of Asplin's conceptual

model. These factors are summarised in Table 2.1.

-
- oy

Table 2.1  Factors contributing to emergency department overcfowdirrg’

Component Factors identified in the literature . Author(s) (Year)
Input Increasing ED attendance / rising demand) < Chrusciel et al. (2026);
Haas & Brundisini (2023);
> £ . / Herzog et al. (2025)
@ -
Ageing population and complex comorbidities Chrusciel et al. (2026);
) ///;\ v Herzog et al. (2025)
Limited accessto primary care Altun & Kudu (2025);
. ¢ Haas & Brundisini (2023);
3 ' Pearce et al. (2023)
A - Non-urgent ED utilisation / patient behaviour Altun & Kudu (2025);
~”
_ Pearce et al. (2023)
Socioeconomic disparities and access inequalities ~ Altun & Kudu (2025);
Haas & Brundisini (2023)
Environmental and temporal factors (weather, Ahmed et al. (2025);
events, holidays) Chrusciel et al. (2026)
Throughput Delays in triage and patient assessment Kienbacher et al. (2022);

Delays in diagnostics and treatment processes

Staffing constraints and workforce limitations

Inefficient workflow and care coordination

Patient acuity and case complexity affect
processing time

Pearce et al. (2023)

Altun & Kudu (2025);
Herzog et al. (2025);
Pearce et al. (2023)

Herzog et al. (2025);
Altun & Kudu (2025)

Altun & Kudu (2025);
Haas & Brundisini (2023)

Chrusciel et al. (2026);
Herzog et al. (2025)

to be continued...
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...continuation
Output Access block/inpatient bed shortages Haas & Brundisini (2023);
Pearce et al. (2023);
Sartini et al. (2022)
Boarding of admitted patients in the ED Herzog et al. (2025);
Pearce et al. (2023);
Sartini et al. (2022)
Delays in discharge processes Altun & Kudu (2025);
Haas & Brundisini (2023)
Hospital-wide capacity constraints Haas & Brundisini (2023);
Sartini et al. (2022)
2.2.3 Measurement of emergency department overcrowding C

Although ED overcrowding arises from theinteraction-ofinput, throughplit/,fand output
factors, it is most commonly assessed-using throughput-related/inai/cators that reflect
the efficiency of patient movement through the emergency /department (Grant et al.
2020; Haq et al. 2018; Kenny et al. 2024; Youssef et al./ 2024). Measures such as waiting
time, time to physician assessment, length of" §t/ay, a/nd rates of patients leaving without

being seen provide observable and quantifiable manifestations of congestion within the

/Y\ Lo
ED and are therefore frequently uséd as operational indicators of overcrowding. These
L <

measures are part/iculérlly rélevant for quality improvement initiatives because they
reflect processé?that can be monitored and influenced through organisational and

workflow r/e)désign (Stahley et al. 2020; Youssef et al. 2024).

Table 2.2 summarises the commonly used measures of ED overcrowding

1dentified in the literature.

Table 2.2 Operational indicators and composite scoring systems used in the
literature to quantify emergency department overcrowding

Indicator Definition
ED occupancy rate The proportion of occupied ED beds, which is the number of occupied
beds divided by the total number of ED beds; is usually expressed as a
percentage.
ED Length of Stay The time patients spend in the ED.
(LOS)
ED volume The total number of patients in the ED during a defined time.

to be continued...



24

...continuation

ED boarding time The time admitted patients spend in the ED waiting for transport to their
assigned hospital bed.

Number of boarders The number of patients waiting in the ED for a hospital bed.

Waiting room number ~ The number of patients in the waiting room of an ED.

Emergency Department Based on a formula that aims to measure the ratio of workload to work
Work Index (EDWIN)  capacity - Y niti/Na(Bt- Ba), where:

e n;is the number of patients in the ED in the triage category

e i, t;is triage category

e N, is the number of attending physicians on duty

e  Bris the number of treatment bays

e B, is the number of admitted patients in the ED

The triage category is defined by the Emergency Severity Index (ESI). _

National Emergency A score based on a formula that requires the following variables: _ /~
Department e the number of ED-patients, a
Overcrowding Scale e the number of ED beds, '
(NEDOCS) o the number of hospital beds, o N

e the number of ventilators in use in the ED,
e the waiting time for the longest admission, the waiting room time
of the last patient called.to a bed, and
e the number of admits in the ED.
N
'S -
These indicators provide/mé/egsurable representations of the operational burden

& : .
experienced within overcrowded emergency departments and are widely used to

evaluate patient flow performance, throughput efficiency, and service accessibility
(Badr et al. 2022 : Mohd Nasir et al. 2025). However, evidence from a systematic review
by Badr et erl (2022) suggests that while individual indicators provide useful snapshots
" of ED conditions, no single measure is sufficient to fully represent the complexity of
‘/overcrowding. Instead, commonly used indicators tend to reflect specific aspects of ED
functioning, such as occupancy and patient volume as proxies for demand, length of
stay and waiting time as markers of process efficiency, and boarding-related measures
as indicators of downstream capacity limitations (Badr et al. 2022). This observation is
particularly important given the multidimensional nature of ED overcrowding, where
delays and inefficiencies occurring across different stages of patient flow are often
interconnected and cumulative. Thus, comprehensive evaluation of ED operational
performance frequently requires the use of multiple complementary indicators capable
of capturing different dimensions of patient flow and throughput burden across the

emergency care pathway.
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Within high-volume public tertiary referral and academic medical centres, these
operational pressures are often further amplified by sustained patient demand,
workforce limitations, referral complexity, and the competing demands of service
delivery and clinical training. As such, the burden of ED overcrowding extends beyond
operational inefficiency alone and reflects broader challenges involving healthcare
quality, patient safety, workforce wellbeing, and organisational performance. The
consequences associated with sustained ED overcrowding are discussed further in the

following subsection.

2.2.4 The consequences of emergency department overcrowding

Emergency department overcrowding-has imptications that extend beyond delays in
patient flow and operational performance. A growing body of ¢Videﬁce/ demonstrates
that sustained overcrowding may adversely affect patienEs,heélthcaré workers, and the
wider healthcare system through its impact on care qh/alﬁy, patient safety, workforce
wellbeing, and organisational performar}cg/(/z(%hiékh et al. 2025; Chau et al. 2024;
Pearce et al. 2023; Sartini et al. 2022)7 Withii Malaysia, overcrowded conditions in a
tertiary academic hospital qm&zr/g/e’\r}éf department were associated with an increase in-
hospital mortality ‘among patfents with sepsis, highlighting the potential clinical
consequences of pfolong]ed congestion even in settings striving to maintain timely care
delivery ((/Z)ga{i etal. 2024). These findings suggest that ED overcrowding is not merely
_an (;peratioﬁal concern but a broader healthcare quality and patient safety issue with

mplications across multiple levels of the healthcare system.

The consequences of ED overcrowding are multifaceted and can be understood
across three levels: patient, healthcare worker, and at the institutional/systems level.
The specific consequences identified in the literature are synthesised in Table 2.3,

organised according to these levels.



Table 2.3
literature synthesis

Summary of consequences of emergency department overcrowding across patient, healthcare worker, and institutional levels based on, < P

Authof (Year)

Level Main Consequence(s) Key Findings
Patient Care processes and Delays in triage (eg. During crowding, target times to triage elapsed Ahmed et. al./(2026); ) Amin & Haswita
patient safety more often.(49.7%.vs.24.9%,.p<0.001), and more patients. were not..... (2023); Kienbacher€t al. (2022); Van der
triaged (2.2% vs 1.6%, p<0.001). Linden et al.(2016)
Delays in time-sensitive interventions (ie. analgesia, antibiotic . T Ahmed et al. (2026); Gross et al. (2023);
administration, stroke evaluation, trauma care, sepsis management,». Kienbacher et al. (2022); Sartini et al.
and diagnostic delays). ) > (2022)
Higher hospital-acquired complications. r 2 p Ahmed et al. (2026)
Longer time to treatment. b / o j Alshiakh et al. (2025); Haas & Brundisini
P » (2023); Pearce et al. (2023); Sartini et al.
P (2022)
Patient outcome Prolonged emergency-départment (ED) and inpatient length of stay ~ Ahmed et al. (2026); Amin & Haswita
(LOYS). Ay (2023); Pearce et al. (2023); Van der Linden
AN % etal. (2016)
, A«
Increased left without being seen (LWBS). Alshiakh et al. (2025); Kienbacher et al.
' (2022); Sartini et al. (2022)
. Reduced patient satisfaction. Alshiakh et al. (2025); Sartini et al. (2022)
o Higher morbidity and mortality. Alshiakh et al. (2025); Amin & Haswita
4 (2023); Gross et al. (2023); Pearce et al.
(2023); Sartini et al. (2022)
Healthcare ° Reduced adherence to evidence-based care. Ahmed et al. (2026); Amin & Haswita
worker (2023)

Increased workload.

Amin & Haswita (2023)

to be continued...
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Institutional /
Systems

Impacts on.employee-turnover and well-being; staff burnout.

Higher resource utilisation.

Reduced surge/disaster response capacity.

Varied access to care.

-

Gross et al. (2023);"Haas & Brfundisini
(2023); Abdul Hamid et-al. (2025)

Ahmed etal. (2026);Pearce et al. (2023)
Gross et al. (2023)
Abdul Hamid et al. (2025)

5
A >

LT
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At the patient level, overcrowding disrupts care processes, compromises patient
safety, and leads to poorer clinical outcomes. Care processes refer to the sequence of
clinical and operational activities involved in the delivery of healthcare, including
triage, diagnosis, treatment, and patient disposition. In the context of ED overcrowding,
disruptions to care processes can be linked directly to patient safety concerns. Long wait
times for initial evaluation and treatment can worsen outcomes for time-sensitive
conditions such as strokes, myocardial infarction, and sepsis (Chau et al. 2024; Sartini
et al. 2022). Furthermore, high patient volume within a high-pressure emergency
department setting may lead to medication errors, including errors in dosage, wrong
medication administration, and missed dosages (Ahmed et al. 2025; Alslliakh/,e/t al.
2025). Delays in triage,”assessment, and”diagnostic tests are also widély repérted,
contributing to prolonged waiting times and reduced adheren/ce‘toyﬂrecorﬁmended care
pathways (Kienbacher et al. 2022; Van der Linden <t al. 2016). These process
inefficiencies compromise patient safety by ir}cre”a/sing the risk of delayed diagnosis,

missed clinical deterioration, and preventab(exco%plications.

-

These disruptions alga/‘frf:mslate into adverse patient outcomes, including
prolonged ED and in/pz/lt%ent iength of stay, increased admission rates, and higher rates
of patients 4€aving without being seen (Ahmed et al. 2025; Sartini et al. 2022).
Oyercrdywd/ing has also been associated with increased morbidity and mortality,
\ élthough findings on mortality remain inconsistent across studies (Ahmed et al. 2025).
“Reduced patient satisfaction and poorer care experiences further reflect the cumulative

impact of delays and compromised care processes on patients (Sartini et al. 2022).

At the healthcare worker level, ED overcrowding imposes substantial physical,
cognitive, and emotional demands on clinical staff, with implications not only for staff
well-being but also for the quality and safety of care delivered. Increased patient
volumes, prolonged boarding, and persistent time pressure contribute to excessive
workload and cognitive burden, particularly in high-acuity environments where rapid
decision-making is required (Amin & Haswita 2023). Under overcrowded conditions,
healthcare workers are frequently required to manage multiple competing priorities

simultaneously, often while caring for patients beyond the intended capacity of the
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department. Such conditions can reduce adherence to evidence-based practices and
clinical guidelines, as clinicians may adopt abbreviated approaches to care in an effort

to manage patient flow (Ahmed et al. 2025; Amin & Haswita 2023).

Sustained exposure to overcrowded and resource-constrained working
environments has also been associated with adverse psychological outcomes among
healthcare workers. Studies have reported increased levels of occupational stress,
emotional exhaustion, fatigue, and burnout among ED staff working in overcrowded
departments (Gross et al. 2023; Haas & Brundisini 2023). Burnout, characterised by
emotional exhaustion, depersonalisation, and reduced professional accomplishment,
may subsequently affect staff morale, job satisfaction, and organisational co/mmiin/lenf:.
In turn, these factors centribute to absenteeism, reduced productiyity:/and Higher
employee turnover, further exacerbating existing work/forceﬁ shortages within

emergency care settings (Abdul Hamid et al. 2025; Gross et al. 2023).

At the institutional and health s/ysteﬁyie;el, ED overcrowding reflects broader
inefficiencies in healthcare deli\///e[yfa/nd gen;ates significant operational and financial
consequences. Overcrowdin/g/i/&" associated with increased healthcare resource
utilisation, inclufimg/ g/re[ater\ demand for inpatient beds, diagnostic services, staffing,
and ancillary support services (Ahmed et al. 2025; Gross et al. 2023). Prolonged ED
length of ézay and access block contribute to inefficiencies in bed management and
“ reduce overall hospital throughput, thereby limiting the institution’s capacity to respond
“effectively to surges in patient demand or disaster situations (Gross et al. 2023). In

addition, persistent overcrowding may disrupt organisational performance indicators,
including waiting time targets, patient flow benchmarks, and quality-of-care metrics,
potentially affecting institutional reputation and undermining public confidence in the

healthcare system.

Beyond operational inefficiencies, ED overcrowding also has important
implications for equity and access to care at the system level. Variability in waiting
times and access to timely emergency care may disproportionately affect vulnerable and
disadvantaged populations, including older adults, lower socioeconomic groups, and

patients with complex healthcare needs (Abdul Hamid et al. 2025; Pearce et al. 2023).
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These inequities may arise because overcrowded systems often prioritise immediate
clinical urgency over continuity and comprehensiveness of care, creating barriers for
patients who already experience structural disadvantages in accessing healthcare
services. Furthermore, prolonged overcrowding may contribute to increased healthcare
expenditure through avoidable admissions, prolonged hospitalisation, repeated ED

visits, and inefficient resource allocation.

These findings demonstrate that the burden of ED overcrowding extends beyond
patient-level delays alone and increasingly affects healthcare workers, operational
efficiency, and broader healthcare system performance. Importantly, many of these
consequences do not occur in isolation but emerge through disruptions occur/ring 'é(;rosé
multiple sequential emergency care processes. Delays in registraiion, t;iage,
consultation, diagnostics; treatment, disposition, and patient tr;lnsfef may progressively
accumulate within the emergency care pathway, /ampl/ifying workload pressure,
resource strain, communication challenges, and/ downstream congestion. Consequently,
understanding the operational workﬂoyv of er\n;eféency departments becomes important
not only in examining how oyﬁrcfgwding develops, but also in identifying where
inefficiencies arise and how ﬁfi/e;h‘?-ﬂow interventions may be targeted within complex
emergency care §ystérﬁs1 <

o~ e

2.2.5- Current basic processes in the emergency department

_Patients move through the ED in a series of sequential yet interdependent stages, from
initial presentation to final disposition. This patient flow typically encompasses triage,
clinical assessment, diagnostic evaluation, treatment, and eventual discharge,
admission, or transfer. Conceptually, this reflects the throughput component of
emergency care, while remaining closely influenced by upstream demand (input) and

downstream system capacity (output) (Asplin et al. 2003).

Patients entering the ED are first registered and assessed at the triage counter,
where their clinical condition is evaluated to determine the urgency of care. Triage,
therefore, functions as a critical gateway into the ED process, shaping patient
prioritisation and influencing subsequent waiting times. Following triage, patients

undergo clinical evaluation, which includes history taking, physical examination, and
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initiation of medical management. Depending on clinical needs, patients may then
proceed to diagnostic investigations, including laboratory testing and imaging, which

support clinical decision-making.

Subsequently, patients receive definitive treatment and are referred to respective
primary teams, depending on their diagnosis, or are placed under observation, often
requiring ongoing monitoring and reassessment. A disposition decision is then made,
where a patient may be discharged home, admitted for inpatient care, or transferred to
another facility. Here, a phenomenon known as “boarding”, where delays occur in

securing inpatient beds, can result in prolonged length of stay in the ED, despite a

-

decision to admit (Sartini et al. 2022). C\NY
T ——, -~ J
r—/ - - -~
The overall patient—flow—within—theED;incorporating thesé stages and
transitions, is illustrated in Figure 2.2. /\/
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Figure 2.2 Patient flow through the emergency department
Source: Rovati et al. (2025)

As shown in Figure 2.2, patient flow in the ED involves multiple feedback loops.
Patients may cycle between assessment, investigation, and treatment before a definitive

disposition is reached. In addition, transitions between stages, such as from diagnostic
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evaluation to treatment or from disposition decision to physical transfer, represent
critical points where delays may occur. These interruptions can lead to prolonged
patient stays within the ED and exacerbate overcrowding by constraining throughput
and limiting the availability of resources for incoming patients. Consequently,
understanding this process is essential for identifying areas of inefficiency and potential

targets for process improvement.

2.3 CONTINUOUS QUALITY IMPROVEMENT INITIATIVES

The complexity of emergency department overcrowding and its underlying patient flow
challenges has led to the implementation of a wide range of interventions aimed ‘at
improving efficiency and quality-of-eare. These-interventions span multiple levels of
the healthcare system, targeting factors related to demand, internal prdcesses, and

patient disposition. P

Continuous quality improvemen{ (pg‘fé;hafs emerged as a key paradigm for
addressing healthcare system challeng€s-throtigh structured, data-driven, and iterative
approaches to process optirpjsgﬁ/a‘\l}.\ This section reviews the principles and models of
CQI in healthcare, /lelovs//ed~b}7/a synthesis of CQI initiatives aimed at improving ED
patient flow. / !

-~

~2.3.1  Overview of continuous quality improvement initiatives in healthcare

Deficiencies in care quality are rarely attributable to individual performance, but instead
to the design and functioning of healthcare systems. As such, Continuous Quality
Improvement (CQI) has emerged as a central paradigm in healthcare for analysing and
improving care processes. CQI is defined as a systematic, data-driven approach aimed
at enhancing healthcare processes, patient safety, and outcomes through ongoing,
iterative cycles of evaluation and change (Endalamaw et al. 2024; O’Donnell & Gupta
2023). Unlike traditional quality assurance approaches, which focus on identifying and
correcting deviations from predefined standards, CQI adopts a dynamic and proactive
orientation that emphasises continuous monitoring and optimisation of processes by
embedding improvement within routine practice. This is achieved through iterative

cycles that involve identifying performance gaps, implementing targeted interventions,
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measuring outcomes using defined indicators, and refining processes based on feedback

(O’Donnell & Gupta 2023).

CQI initiatives primarily target processes as the most modifiable component of
care delivery and rely on the systematic use of performance indicators to monitor
change and guide decision-making. The use of both primary metrics, such as waiting
time and ED length of stay, and secondary metrics, such as left without being seen
(LWBS) rates, patient satisfaction, and resource utilisation, allows organisations to
evaluate intended effects while identifying unintended consequences, thereby reducing
the risk of shifting inefficiencies from one part of the system to another (O’Donnell &
Gupta 2023). In practice, CQI has been applied across a wide range of/heal/tlicaré
settings, such as reducing readmission ‘tates, standardising care /thro/ugh clinical
pathways, and improving medication adherence in chronic pa},tients’,’{ (Endalamaw et al.

-

2024). o~

PPN
v

>

A range of CQI models have be/en ap/eri/eE in healthcare, each offering a distinct
framework for guiding impr(/)ygrﬁe/nt act{\jities. However, the applicability and
effectiveness of a given mode/l/r/ngq; vary depending on the nature of the problem being
addressed, as well as the[ org;anisational and clinical context (Endalamaw et al. 2024).
Some CQI models emphasise process optimisation, aiming to improve the efficiency,
flow, and i:z/liability of care delivery, while others are more oriented towards outcome
“ measurement and impact, focusing on achieving measurable improvements in patient
“safety, satisfaction, or clinical results. These perspectives are interrelated, as

improvements in outcomes are often contingent upon effective redesign of underlying
care processes. This highlights the need for approaches that not only optimise care

processes but also demonstrate measurable improvements in outcomes.

To operationalise such approaches in practice, a range of CQI models and
frameworks has been developed to guide the design, implementation, and evaluation of
improvement initiatives. These models provide structured pathways for translating CQI
principles into actionable strategies within complex healthcare systems. While the
literature describes these models individually (Endalamaw et al. 2024), it does not

categorise them according to their primary focus or level of application. Therefore, this
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review synthesises the models thematically: iterative cyclical models, process-focused
methodologies, and organisation-wide frameworks. A summary of the key CQI models

and their characteristics is presented in Table 2.4.



Table 2.4 Continuous Quality Improvement (CQI) models

Theme

Model / Framework

Key Components

Application

Iterative Cyclical
Models

Process-Focused
Methodologies

Organisation-Wide
Frameworks

PDSA (Plan-Do—-Study—Act)

FOCUS-PDCA

FADE Cycle
5C Cyclical Model

Lean

Lean Six Sigma (DMAIC) - *

58S Framewogk,_ ( _

- ) y
- A >

Kaizén Priﬁciples

Total Quality Management (TQM)

An iterative cycle involving problem
identification, root cause analysis, solution
implementation, evaluation, and standardisation

Find, Organise, Clarify, Understand, Select +
PDCA cycle

o -

Focus, Analyse, Develop, Exefrfte -

. o A d/ .
Consultation, Collection, CEBSI cration,
Collaboration, Celebration

WasteClimination. (c.g., waiting, defects), flow
_epiimisdtion, value-based care, supported by
Kaﬁ}l pri}nciples

Deﬁne, Measure, Analyse, Improve, Control
Sort, Set in order, Shine, Standardise, Sustain

Continuous, incremental improvement; staff
engagement; data-driven change; waste and
variability reduction

Organisation-wide quality focus, leadership
engagement, continuous improvement culture

Incremental,  continuous. improvement
through repeated testing and refinement

Structured process improvement, root cause
-

continuous

identification, and quality

».improvement through team-based problem

solving

Structured problem-solving using data-driven
analysis and implementation

Community-based, participatory
improvement with cyclical evaluation

Process efficiency, workflow optimisation,
and reduction of non-value-added activities

Combines process efficiency with variation
reduction and quality control

Workplace organisation and standardisation
to improve efficiency and reliability

Culture  of  continuous  improvement
embedded in daily processes
System-level transformation through

organisational alignment and culture change

to be continued...
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Iterative cyclical models, such as the Plan—Do—Study—Act (PDSA) cycle,
emphasise incremental testing and continuous refinement through repeated cycles of
change. These approaches are particularly suited to localised improvements, where
rapid feedback and adaptation are required. In contrast, process-focused methodologies,
including Lean and Six Sigma, adopt a more structured approach to improvement.
These models focus on enhancing efficiency, reducing variation, and improving flow
across interconnected processes, making them especially relevant for complex, high-
demand environments. Organisation-wide frameworks, such as Total Quality
Management and collaborative improvement models, extend beyond individual
processes to address system-level factors, including leadership, organisatiopal cﬁl/turé,

and cross-functional coordination.

-

In the context of emergency departments, where patient flow is dynamic and
highly sensitive to system constraints, CQI has/ beél/l utilised to “fast-track™ low acuity
patients, decrease wait times, and e/nhange p;tient satisfaction. Nevertheless, the
application of CQI in this settir&gﬁhe{s/taken (ii/verse forms, with the literature reporting
a wide range of interventio/ns/t/a;geting different components of the patient flow
pathway. This h/etero/g/er}eity\ reflects the absence of a unified approach to addressing
ED overcrowding and highlights the need to examine how such interventions have been

concepfuaﬁsed and implemented in practice.

“2.3.2 Interventions to improve emergency department patient flow

Interventions to improve emergency department patient flow have been widely reported
in the literature, reflecting the complexity of overcrowding as a multifactorial systems
problem. Existing reviews commonly categorise these interventions according to the
stage of the patient journey they target, using the input—throughput—output framework
(Haas & Brundisini 2023; Pearce et al. 2024). Others have classified interventions based
on their underlying mechanisms, such as human factors, organisational processes, and
infrastructure (Samadbeik et al. 2024). While both approaches provide valuable
insights, they are rarely integrated within the literature. Therefore, this subsection will

synthesise interventions using a combined framework that maps intervention types and
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mechanisms onto the input, throughput, and output components of ED patient flow.
This approach enables a more comprehensive understanding of how different strategies
target specific system constraints, while also highlighting gaps in the current evidence

base.

While CQI models can provide a structured approach to improvement, their
application in emergency departments may be better understood when situated within
the broader system of patient flow. The input—throughput—output framework, therefore,
provides a useful lens for examining how CQI-driven interventions are applied in the

ED.

a. Input interventions
Interventions addressing input challenges are designeq to r/nanage; demand for ED
services by influencing patient inflow and redirecting éa}re\\to more appropriate settings.
Common strategies include strengthen/ing/ /a{ciess/ to primary healthcare services,
implementing triage diversion pathways;and+mitroducing prehospital interventions such
as tele-triaging and non—ggnyé/y\%ﬁc/e protocols. These approaches aim to reduce
unnecessary ED attg;danées and improve the alignment between patient needs and care
settings (Chua efjil. 202}5; Santos et al. 2026).

Inteiiventions at this stage are predominantly system-and policy-oriented, often
_extending beyond the ED to involve community and primary care services. For
example, Chan et al. (2015) described the integration of primary care units within or
adjacent to EDs, while Jeyaraman et al. (2021), Maninchedda et al. (2023), and Pearce
et al. (2024) described enhancing primary care access through the extension of primary
care operating hours. Despite their potential to reduce demand pressures, the
implementation of input interventions is inherently dependent on system-level factors,
including the availability of accessible primary care services, effective integration
across care settings, and well-established prehospital triage and referral mechanisms.
Consequently, while such strategies address upstream contributors to overcrowding,

they are less frequently studied and reported in the literature compared to interventions

focused on throughput within the ED (Samadbeik et al. 2024).
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b. Throughput interventions

Throughput interventions focus on improving the efficiency of processes within the ED
and represent the most extensively studied category of patient flow strategies. These
interventions primarily target triage processes, workflow redesign, staffing

configurations, and the optimisation of diagnostic and treatment processes.

A major focus of throughput interventions involves optimising triage processes,
which function as the initial point of patient contact in the ED. Reported strategies
include physician-, nurse-, and team-based triage models, Rapid Assessment Zones,
fast-track systems, and advanced triage protocols (Bittencourt et al. 2020; Freitas et al.
2023; Grant et al. 2020; Soster_et-al:-2022).-In-physician-led and team-b”aséd triage
approaches, senior clinicians are positioned at the front end of the ED tgihitiate early
assessment, diagnostic testing, and treatment, thereby/ reducing Aelays in clinical
decision-making and downstream care processes./Quér/ltitétive evidence indicates that
physician-led triage interventions have b?eg/a/s/séeiefted with reductions in ED length of
stay (LOS) ranging from 82 minutes to-modest increases of 18 minutes (—20.7% to
+7.2%), while nurse practit/io@/rj?r‘ f)hysician assistant-led triage models demonstrate
similarly variable eiffects,/with feported LOS reductions of up to 106 minutes (—22% to
+7.3%) (Grant et al. 20j0). Team-based triage approaches have shown comparatively
more coﬁs/is/téht fmprovements, with LOS reductions ranging from 4 to 34 minutes
. (8%—1 6%).‘Several physician-at-triage interventions have also demonstrated reductions
Jn rates of patients leaving without being seen (LWBS), although findings remain

inconsistent across studies (Grant et al. 2020).

Triage-based streaming and fast-track models further seek to improve
throughput by directing patients into differentiated care pathways according to acuity
or clinical need. These approaches aim to reduce congestion within standard ED
workflows by aligning patient complexity with appropriate resources early in the care
process. Advanced triage protocols and nurse-initiated investigations facilitate earlier
initiation of diagnostic and therapeutic interventions prior to physician review, thereby
streamlining workflow processes and accelerating downstream clinical decision-

making. Evidence suggests that patient streaming, fast-track systems, and rapid
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assessment models are among the more consistently effective throughput interventions,
with reported LOS reductions ranging from 9 to 114 minutes (4.0%—47.5%) across
studies (Grant et al. 2020; Santos et al. 2026). Similarly, split-flow models and rapid
evaluation units have demonstrated LOS reductions ranging from nine to 60 minutes
(4.0%—41.6%), highlighting the benefits of aligning patient pathways with resource

availability and clinical complexity.

More recently, technology-supported interventions, including electronic triage
systems, predictive analytics, and real-time operational dashboards, have been explored
to support patient prioritisation, resource allocation, and proactive flow management
(Saifullah et al. 2025). Interventions targeting diagnostic workflows, such as po'i,ﬁt—of-
care testing and expedited laboratory processes, have also been implemenfed to reduce
delays associated with —investigations —and treatment in/itiatién. However, the
effectiveness of these approaches remains variable. For example, point-of-care testing
interventions have been associated with LOS ;edfigtioﬁs ranging from 114 minutes to
slight increases of 8 minutes (—26.8% to +3 .@é);avith benefits often confined to specific
patient subgroups requiring tqggetég investigations (Grant et al. 2020). Similarly,

. ANy : { : .
workforce-related interventions, including the introduction of nurse practitioners,
physician assist;ants,/ s?ribes, and modified staffing configurations, demonstrate
inconsistent-¢ffects across settings, reflecting variability in organisational context and

implementation strategies.

More comprehensive interventions integrating multiple throughput strategies,
such as patient streaming, early senior clinician assessment, and workflow redesign,
have demonstrated comparatively larger improvements in patient flow outcomes, with
reported LOS reductions of up to 114 minutes (1%41%) (Grant et al. 2020).
Nevertheless, these interventions are frequently more resource-intensive and
operationally complex, often requiring organisational restructuring, interdepartmental
coordination, and additional capacity. Notably, several integrated approaches
incorporate elements of process standardisation, workflow optimisation, and waste
reduction, reflecting increasing recognition of ED overcrowding as a process and

systems management issue rather than solely a capacity problem.
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Overall, the literature suggests that throughput interventions can contribute to
improvements in ED operational performance, particularly when interventions facilitate
earlier clinical assessment, streamlined workflows, and more efficient patient
streaming. However, the magnitude and sustainability of these improvements remain
highly context-dependent. A recurring finding across studies is that throughput
interventions are frequently implemented as discrete operational strategies targeting
specific bottlenecks rather than as components of an integrated system-wide redesign.
Consequently, improvements in one aspect of patient flow may not be sustained and
may inadvertently shift bottlenecks elsewhere within the care pathway. These findings
highlight the importance of structured, process-oriented approaches capable of

systematically analysing and redesigning interconnected ED workflows.

-

c. Output interventions

-

o

Output interventions address the movement of patiefits out of the ED and focus on
improving discharge processes, inpatieflt /bgéjavéilability, and coordination across
hospital services. Key strategies ‘include enhanced discharge planning, the
establishment of short-stay/oyg@ﬁ:_ﬁzétion units, full-capacity protocols, and initiatives
aimed at reducing /inpatiént‘boﬁrding and facilitating the timely transfer of admitted
patients. Unlike ﬂirough’put interventions, which primarily target processes occurring
within the /E/D/itsé/lf, output interventions typically require coordination across multiple
_hospital deﬁartments and are more closely linked to hospital-wide capacity management

/and organisational processes.

A major focus of output interventions involves reducing access block and
inpatient boarding, which are recognised contributors to prolonged ED crowding and
delays in patient flow. Observation and short-stay units have been implemented to
facilitate the management of patients requiring brief monitoring or treatment, thereby
reducing unnecessary inpatient admissions and alleviating pressure on ED bed capacity
(Pearce et al. 2024). Similarly, enhanced discharge planning initiatives seek to improve
inpatient throughput through earlier identification of patients suitable for discharge,
multidisciplinary discharge coordination, and improved communication between

inpatient and ED teams (Haas & Brundisini 2023). These interventions aim to increase
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bed availability and reduce delays in transferring admitted patients from the ED to
inpatient wards. System-level interventions such as full-capacity protocols and
centralised bed management systems have also been introduced to optimise hospital-
wide patient flow and minimise delays associated with inpatient bed allocation (Santos

et al. 2026).

While evidence suggests that output-focused interventions can contribute to
reductions in ED length of stay, boarding duration, and access block, their
implementation is often operationally complex and highly dependent on organisational
readiness, leadership support, and cross-departmental coordination (Haas & Brundisini
2023; Pearce et al. 2024). Unlike many throughput-focused initiatives, inl:ervéhi:ioné
targeting output processes ftypically require system-wide organisatiénal cﬁange
extending beyond the direct control of the ED and are thprefofef frequently more
resource-intensive and politically challenging to irr/lp}err/lent. Consequently, output
interventions are less commonly impleme/nte”d/ arid- evaluated compared with
throughput-focused strategies. Neverth/eles(, ihejliterature increasingly recognises that
sustainable improvements in ED/QVb;crowding cannot be achieved through ED-based
process optimisation alone; fﬂ} /irzstead require coordinated approaches that address
constraints across the Brgade} hospital system.

o~ e

d .- Syﬁ/thesis of interventions to improve ED patient flow

_Given the diversity of interventions reported in the literature, synthesising strategies
according to the stage of patient flow they target provides a useful framework for
understanding how overcrowding has been addressed in practice. Existing studies
describe interventions targeting patient inflow (input), internal ED processes
(throughput), and patient disposition or hospital exit processes (output). However, these
interventions differ not only in their operational focus but also in the extent to which
they are guided by formal Continuous Quality Improvement (CQI) methodologies.
Table 2.5 summarises key interventions reported in the literature according to the input—
throughput—output framework, alongside the CQI principles or models underpinning

their implementation where specified.



Table 2.5

Interventions to improve emergency department patient flow using the input-throughput-output framework

-

,/‘/

Patient Flow Intervention Description of intervention CQI Main Outcome Reported ) -‘Author(s)‘ (Year)
Doman Principle
Input Extended primary Expansion of primary care operating hours Not specified  Reduced low-acuity ED _. \ / Jeyaraman et al.
care access to reduce non-urgent ED attendances presentations (2021); Pearce et
al. (2024)
Co-located primary  Integration of primary care clinics within or ~ Not specified ~ Improyved Uiversion of non- Chan et al. (2015)
care services adjacent to EDs emergency cases
Tele-triage / Remote assessment and referral prior to ED  Not specified~». Reéduced unnecessary ED utilisation ~ Santos et al.
prehospital triage attendance p (2026)
Non-conveyance Ambulance services manage selected ]yo(s,pec@d Reduced ED demand Chua et al. (2025)
protocols patients without ED transport »
Throughput Physician-led triage ~ Senior physicians positioned at triagé to Lean Reduced ED LOS and LWBS Bittencourt et al.
initiate assessment and investigations = (2020); Grant et
“9 al. (2020)
-~ v v
Team triage Multidisciplinary tfiage invelving physicians Not specified ~ Improved patient flow and reduced ~ Grant et al. (2020)
and nurses_- r waiting times
Fast-track systems Separate care patﬂways for low-acuity Lean Reduced LOS and overcrowding Freitas et al.
_padtients (2023); Jeyaraman
P P et al. (2021)
Rapid a§ses§fnent/ _ Dedicated areas for early assessment and Not specified  Reduced waiting time Grant et al. (2020)
zones” “~ treatment initiation
“Advanced triage Triage staff initiate investigations/treatment ~ PDSA Earlier intervention and shorter Soster et al.

protocol

before physician review

LOS

(2022)

to be continued...
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Output

Nurse-initiated
investigations

Point-of-care
testing

Patient streaming
and split-flow
models

Predictive analytics
and real-time
dashboards

Workforce
reconfiguration

Observation / short-
stay unit

Enhanced discharge
planning

Full capacity <
protocols [

-

‘Bed management

initiatives

Nurses authorised to order seleeted
diagnostic tests

Diagnostic testing conducted within ED for
rapid results

Segregation of patients according to acuity
or care needs with parallel processing for
different patient categories

Digital systems supporting patient flow
decisions and resource allocation

Additional physicians, nurse practitio/nersj
scribes, or altered staffing patterns

Dedicated units for short;tefrﬁ meémitoring
and treatment N p.
/

Early ﬂag“gﬂlg for' patients to be discharged
P

“Redistribution of admitted patients across
inpatient wards during crowding

Centralised coordination of inpatient bed
allocation and patient transfer

Neot specified
Lean Six
Sigma
Lean

-

Not spe?iﬁed >
NP
Notspecified

Not specified
Not specified
Not specified

Lean Six
Sigma

,//

Faster diagnostic turnaround time " Grant etal. (2020)

Reduced diagnostic/fgurnground
time, LOS

Improzgd throughput efficiency,
reduced BOS

v
Improved resource allocation,
patient flow monitoring, operational
efficiency

LOS, waiting time, provider
productivity, throughput efficiency

Reduced ED LOS, reduced
inpatient admissions, reduced
boarding time

Reduced discharge delays, reduced
inpatient LOS, improved patient
throughput

Reduced access block, reduced ED
boarding, improved surge capacity

Reduced boarding time, improved
inpatient bed utilisation, reduced
ED congestion

Grant et al. (2020)

Grant et al.
(2020); Santos et
al. (2026)

Alvee et al. (2024)

Grant et al. (2020)

Pearce et al.
(2024)

Haas & Brundisini
(2023)

Santos et al.
(2026)

Santos et al.
(2026)

144
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Overall, the literature demonstrates that interventions to improve ED patient
flow are highly heterogeneous and predominantly concentrated within the throughput
phase of care. While many interventions have reported improvements in operational
indicators such as waiting time, length of stay, boarding duration, and rates of patients
leaving without being seen, findings across studies remain variable and strongly
influenced by organisational context, implementation strategies, and broader system
constraints. Importantly, many interventions are implemented as discrete operational
initiatives targeting specific bottlenecks rather than as components of an integrated
system-wide redesign. Consequently, improvements achieved in one aspect of patient
flow may not be sustained and may inadvertently shift inefficiencies elsewl/lere ‘izv/ithih

the care pathway.

-

Furthermore, although several interventions r/eﬂec/t principles consistent with
Continuous Quality Improvement (CQI), relatiycly few/studies explicitly report the use
of formal CQI methodologies to gu/ide Antervention design, implementation, and
evaluation. This highlights the need for struct:red, process-oriented approaches capable
of systematically analysing/inﬁe;(;onnected workflows, reducing inefficiencies, and
supporting contipuelis /ir{lpro\vement across the ED patient journey.

Ani/ong the various CQI methodologies, Lean has emerged as one of the most
\ Widely applied process-focused approaches in healthcare. The following section
“introduces the Lean concept, then delves into the tools and applications of Lean within

healthcare and emergency care settings.

2.4 THE LEAN CONCEPT

Lean is a management philosophy originating from the Toyota Production System
(TPS), which was developed within the Japanese automotive industry following the
Second World War. Initially conceptualised by Taiichi Ohno and colleagues at Toyota,
Lean emerged as a systematic approach to improving productivity, quality, and
organisational efficiency through the elimination of waste and the optimisation of

process flow (Womack & Jones 1997). Although first applied within manufacturing,
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Lean has since evolved into a broader organisational philosophy that has been adopted
across multiple industries, including construction, finance, insurance, public

administration, and healthcare (Lima et al. 2021).

A central component of Lean philosophy is the systematic identification and
reduction of inefficiencies within organisational processes. Within the Toyota
Production System, inefficiencies are commonly conceptualised through three
interrelated concepts: muda (waste), mura (unevenness or variability), and muri
(overburden). Muda refers to activities that consume resources without adding value
from the customer’s perspective, mura describes inconsistencies or fluctuations in
workflow, while muri refers to excessive strain placed on workers, equ/ipmén/t, or
systems. Collectively, these conditions contribute to process inefﬁciéncy, délays,

reduced quality, and operational instability:

e
.
-

The elimination of muda has become th;,m/o/st widely recognised aspect of Lean
thinking. Ohno originally identiﬁed/sevé/ forms of waste within organisational
processes: transportation, invep/thj?,/ unnec;sary motion, waiting, over-processing,
overproduction, and defecg,//v:/i‘th subsequent adaptations also recognising the
underutilisation of hﬁrﬁa]n p(;tential as an additional form of waste (Womack & Jones
1997). In_setvice environments, these forms of waste may manifest as delays,
duplicafiofli/"of work, excessive movement, process variation, errors, inefficient
\ éommunication, and underutilisation of staff capabilities. However, Lean extends
“beyond waste elimination alone, as reducing variability (mura) and preventing

overburden (muri) are equally important for achieving stable, efficient, and sustainable

processes.

Womack and Jones (1997) conceptualised an operational framework of Lean
thinking through five principles: specifying value, identifying the value stream, creating
continuous flow, establishing pull, and pursuing perfection. Value refers to activities or
outcomes that directly meet customer needs, whereas the value stream encompasses all
processes required to deliver a product or service. Continuous flow seeks to minimise
interruptions, delays, and bottlenecks within processes, while pull systems aim to align

production or service delivery with actual demand rather than forecasted demand. The
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pursuit of perfection reflects Lean’s emphasis on continuous improvement and the
ongoing elimination of inefficiencies. These principles support the systematic redesign

of workflows to improve efficiency, quality, responsiveness, and value creation.

Unlike approaches that rely primarily on episodic quality control or top-down
managerial directives, Lean emphasises continuous improvement embedded within
everyday work practices. Over time, Lean has evolved beyond a set of operational tools
into a broader systems-oriented approach to organisational management. Contemporary
literature increasingly describes Lean as an integrated philosophy encompassing
organisational culture, leadership, teamwork, continuous learning, and customer-
centred process improvement rather than merely a collection of technica}l m‘étilod/s
(Nawanir & Fauzi 2025). Nevertheless, the conceptualisation of Lean remains
heterogeneous within the literature, with some authors viewing it prifnariiy as a process
improvement methodology, while others regard it as a broader organisational
philosophy or umbrella concept encompas/sing/mﬁltiple theories and practices

(Ahlstrém et al. 2021). A

<€ -

-

P T

The adaptability Qf/]éa/n/a?cross different sectors is largely attributable to its
process-oriented focﬁé ﬁmd \emphasis on value creation, efficiency, and continuous
improvement. I complex service systems characterised by high demand variability,
multiplé i/r/lfferdependent processes, and constrained resources, Lean provides a
 structured approach for analysing workflows, reducing inefficiencies, and improving
“operational performance. These characteristics have contributed to increasing interest
in the application of Lean within healthcare settings, particularly in environments such
as emergency departments where patient flow, timeliness, and coordination of care are
critical determinants of service quality and organisational performance. The following

section examines the emergence and application of Lean within healthcare systems.

2.5 LEAN IN HEALTHCARE

The transfer of Lean from manufacturing into healthcare emerged during the late 1990s
and early 2000s, driven by increasing pressures on healthcare systems to improve
efficiency, quality, patient safety, and cost-effectiveness (Cohen 2018; D’ Andreamatteo

et al. 2015). Early applications of Lean in healthcare were first reported in the United
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Kingdom and the United States, where healthcare institutions and policy bodies began
adapting industrial process-improvement methodologies to clinical and administrative
settings (Antony et al. 2019). Organisations such as the Institute for Healthcare
Improvement (IHI) in the United States and the National Health Service (NHS)
Modernisation Agency in the United Kingdom promoted Lean as a means of improving
patient flow, reducing inefficiencies, and supporting continuous quality improvement
within increasingly resource-constrained health systems (D’ Andreamatteo et al. 2015).
Early healthcare applications primarily focused on operational and administrative
processes, including appointment scheduling, patient discharge, inventory
management, and laboratory workflows, before gradually expanding into more complex
clinical environments such as surgical services, intensive care units, and pmefgéncy

departments (Daultani etal. 2015).

-

2.5.1 Lean applications o

PPN

v

Following its introduction into healthcare/ S};s{f/rﬁj, Lean has been applied across a wide
range of clinical and operational settings to imiprove efficiency, patient flow, quality of
care, and resource utilisatign.//EQ/st‘iflg studies report Lean applications in outpatient
services, inpatient care, (;peratiﬁg theatres, pharmacy services, diagnostic workflows,
and emergency ;ciepartr{lents. However, substantial variation exists in the scope,
implemehfa;ién aibproaches, and evaluation of Lean interventions across healthcare
) sefﬁngs. Tlﬁs subsection reviews Lean applications within healthcare at both the global
~and Malaysian levels, with particular attention to emergency department patient flow,

implementation approaches, and gaps within the current evidence base.

a. Global

Globally, Lean has been increasingly adopted within healthcare systems as a strategy
for improving organisational processes and patient flow. The growing body of Lean
healthcare literature demonstrates substantial expansion in Lean applications since the
early 2000s, particularly within hospital-based settings (Antony et al. 2019;
D’Andreamatteo et al. 2015; Lima et al. 2021; Nawanir & Fauzi 2025; Souza et al.
2021; Tlapa et al. 2020). Across the literature, Lean interventions have predominantly

focused on reducing delays, eliminating non-value-added activities, streamlining



49

workflows, and improving operational efficiency within clinical and administrative
processes. Reported applications frequently target patient flow challenges, including
prolonged waiting times, delays in care processes, overcrowding, and inefficient

resource utilisation (Tlapa et al. 2020).

One of the most widely cited examples is the organisation-wide Lean
transformation implemented at Virginia Mason Medical Center in the United States.
The hospital created the Virginia Mason Production System, a holistic management
model that had a strong impact on the quality of the services provided and led to
reductions in lead time and decreases in operating costs (Kenny 2010). Similarly, Lean
initiatives within the United Kingdom National Health Service (NHS) focusfe&l on
improving patient flow, reducing waiting times, and redesigning care delivéry prodésses
across outpatient, inpatient, and discharge services (Radnor et 'él. 2012). Beyond
organisation-wide transformation efforts, Lean has also- been applied within specific
healthcare service areas, including perioperati\;e s€rviccs, outpatient clinics, pharmacy
systems, and laboratory workflows (Pim( 31 al. 2021). For example, studies have
reported Lean applications in oggpat{qg theatres to improve theatre turnaround time and
scheduling efficiency (Fletcfe‘r//et\' al. 2017), while outpatient and ambulatory care
studies frequently. /f6c£u§ed }educing wait times and improving patient throughput
(Breen et al-2020; Kenny et al. 2024; Mazzocato et al. 2012).

These examples illustrate the diversity of Lean applications within healthcare,

“encompassing both organisation-wide transformation initiatives and targeted service-
level improvements across multiple clinical and operational settings. Selected examples
of Lean implementation and reported impacts in healthcare organisations are

summarised in Table 2.6.

Table 2.6 Examples of Lean implementations in healthcare

Organisation Methodology Impact
Scotland Cancer Lean Customer waiting times for first appointment
Treatment from an average of 23 days to 12 days, and

improvements of customer flow time for
patients of 48%.

to be continued...
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...continuation
Royal Bolton Bolton Improving Care Direct savings of £3.1m. Death rate for
Hospital Systems (Lean) patients fell by a third. The time taken to

process important categories of blood fell from
2 days to 2 hours. Average turnaround time in
pathology from 24 hours to 2-3 hours.

Nebraska Medical Lean principles to redesign  Reduced staff walking by 167 miles a year.

Centre the work area in the sterile  Reduced lab space by 825 sq ft and specimen
processing centre and in processing turnaround time by 20%. Reduced
the clinical laboratories manpower by 11 Full-Time Equivalents

(FTEs), who were redirected to other critical
work. Average length of stay decreased from
6.29 days to 5.27 days.

The Pittsburgh Lean techniques Change to the procedure for intravenous line

General Hospital insertion, giving a 90% drop in the number 6f
infections after just 90 days. Savings of‘almost’
$500,000 a year in intensive care unit costs.

Flinders Medical Leéan thinking 20% more work, fewer safety incidents, same
Centre budget,—same ,infrastmcturé; staff and
technology.

e
-

Within the diversity of healthcare settings in which Lean has been implemented,
emergency departments have emerged a/sjorfe of the most extensively studied
environments for Lean appligtie}l‘g;lobally (Bittencourt et al. 2020; Bucci et al. 2016;
Lima et al. 2021; Maninch/egid/a/et/al. 2023; Souza et al. 2021; Tiso et al. 2020). This
reflects the operatiaf/lal complexity of EDs, where overcrowding, prolonged waiting
times, apcef'é/blogk, and increasing patient demand create persistent pressures on patient
flow “and service delivery. Consequently, Lean has been widely adopted within
x lemergency care as a process-oriented improvement approach aimed at identifying

inefficiencies, reducing non-value-adding activities, and optimising patient movement

across different stages of care.

Across the literature, Lean interventions within EDs have targeted multiple
components of the patient journey, including triage processes, patient streaming, rapid
assessment pathways, diagnostic workflows, discharge coordination, and transitions
between care areas. Implementation strategies frequently involved process mapping,
workflow redesign, standardisation of work processes, and multidisciplinary
collaboration to improve throughput efficiency and reduce delays in care delivery.
While some studies focused on specific operational bottlenecks, others adopted broader

department-wide redesign approaches involving multiple stages of patient flow and
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coordination across clinical teams. Selected examples of Lean implementation within

emergency departments globally are summarised in Table 2.7.



Table 2.7 Examples of Lean implementation in emergency departments

,/‘/

Author(s) Country Study Design Study Objective Improvement Process Outcome
(Year) p
Dickson et USA Before-and-after To evaluate whether the Six-step process of Lean Patient visits increased by 9.23% in
al. (2009) analysis adoption._of Lean principles... education, ED observation, patient 2006, Despite” this increase, LOS
by an Emergency flow analysis, process redesign; decreased = slightly and patient
Department (ED) improves new process testing, and full satisfaction increased significantly
the value of emergency care implementation. T without raising the inflation adjusted
delivered. * cost per patient.
Naik et al. USA Before and after study  To outline a systematic way Rapid Improv/ement EVents (RIEs) Median login to disposition time (time
(2012) that Lean principles can be o from first registration to time of

applied across the entire ED
patient experience _to
transform a high-volume ED
in a safety net h\ospi‘tal, and
review the ch@.@ ifl ED
performa‘i{}metrlys prior to
and- after ™ Lean

- implementation.

N,

—r

disposition order placement) declined
from 4.6 hr (IQR 25%,75%, 4.5-4.9)
in period 1 to 4.0 hr (3.7—4.1) in period
2. Median login to triage time (time
from first registration to time of triage
data entry completion) decrease over
the two time periods from 0.6 hr (0.5—
0.7) to 0.3 hr (0.2-0.3). Median login
to provider time (time from first
registration to provider assignment)
decreased from 2.1 hr (1.5-2.1) in
period 1 to 1.6hr (1.5-1.8) in period 2.
Provider productivity (patients per
hour) improved by 18.8%.

to be continued...
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...continuation

Prospective, controlled,
before-and-after

To examine.the effects of a

Lean-based reorganization of

Fast Track process flow on
length of stay (LOS), percent
of patients discharged within
one hour, and room use,
without added expense.

-~

e U P

5
A >

Quantitative, pre-and  To (1) % ate, the current
post-Lean design study  patient flow _in" emergency

- 7 department, (2) identify and
eliminate  the  non-value
added process, and (3)
modify the existing process.

Reorganization—of__patient flow
through existing rooms, based_in
systems engineering science and
modeling, including  queuing
theory, demand-capacity
matching, and <Lean
methodologies. .

P -

' & >

——

-

€

—

Series of Lean management work,
including a structured re-design
process, priority admission triage
(PAT) program, enhanced
communication with medical
department, and use of new high
sensitivity — troponin-T  (hsTnT)
blood test.

Median LOS “among diScharged
patients was redueed by 15 minutes
(158 t0. 143 min, 95%CI 12 to 19 min,
p<0.0001). The number of patients
discharged in <1 hr increased by 2.8%
(from 6.9% to 9.7%, 95%CI 2.1% to
3.5%, p<0.0001), and median exam
room time decreased by 34 minutes
(90 to 56 min, 95%CI 31 to 38 min,
p<0.0001). In comparison, the control
group had no change in LOS (265 to
267 min) or proportion of patients
discharged in <1 hr (2.9% to 2.9%),
and an increase in exam room time (28
to 36 min, p<0.0001).

The most time-consuming processes
were to wait for an admission bed
(38.24 minutes; SD 66.35) and blood
testing result (mean 52.73 minutes, SD
24.03). The admission waiting time of
emergency medical ward (EMW) was
significantly decreased from 54.76
minutes to 24.45 minutes after
implementation of PAT program
(P<0.05).

to be continued...
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...continuation

Tejedor- Spain
Panchon et

al. (2014)
Vermeulen Canada

et al. (2014)

Quasi-experimental
pre-post study

Retrospective cohort
study with time series.
analyses of outcomies
before and after the
program-and
_~difference-in-
« diffetences analyses

“process ©

To identify factors that cause
delays and to implement
Lean methods to reduce
overall wait times, including

interdepartmental
consultations, in a complex
tertiary level  hospital

emergency department.

- - ¥
- ]
A >
& o v
To<determing the effects of a
improvement
program on ED wait times
and quality of care.

VSM

Lean improvement opportunities
in patient flow from arrival in the
ED to discharge from inpatient
units.

,//

Mean (95% CI) time¢ spent in the
examining areas by patients with the
simplest emergencies was reduced
from 80.4 (75:3-85.6) minutes to 61.6
(57.7-65.5) minutes (P<.001). Trauma
case times were reduced from 137.8
(130.9-137.6) minutes to 123.8
(119.7-127.8) minutes (P=0.108).
Mean (SD) delays until first contact
with a physician were also reduced
significantly (P<0.001) from 58.0
(6.3) minutes to 49.1 (3.7 minutes).
The percentage of patients leaving
before seeing a physician also
decreased, from 2.8% (0.5%) to 2.0%
(0.9%) (P<.001).

Decreases were observed in time to
physician assessment, left-without-
being-seen rates, and 72-hour ED
revisit rates

to be continued...
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...continuation

Beck et al. USA
(2016)
Allaudeen et USA
al. (2017)

To ,determine~if a Lean
intervention improved
emergency department (ED)
throughput and reduced ED
boarding by improving
patient discharge efficiency
from a tertiary care
children’s hospital.

Retrospective before-
and after study

-
P e
|
A
. . [ ‘/ /
Prospective quality To< evaluate_a "Lean-based
improvement initiative- 7 initiativéto reduce ED LOS

f(f medicine admissions.

Team  staffing--reconfiguration
permitted all discharge work to be
done at the patient’s bedside using
a new discharge checklist,
afternoon interdisciplinary huddle
to work on the following<day’s

discharges .
> ~
s
Lean-based multidisciplinary

initiative beginning with a rapid
process improvement workshop to

evaluate  current  processes,
identify root causes of delays, and
develop countermeasures.

Frontline staff developed standard
work for each phase of the ED
stay. Units developed a daily
management system to reinforce,
evaluate, and refine standard work.

For the general paediatries” service
line, the median discharge order entry
time ~decreased| from 1:43pm to
$1:28am (p <0.0001) and the median
time 'of discharge decreased from
3:25pm to 2:25pm (p <0.0001). The
percent of patients discharged before
noon increased from 14.0% to 26.0%
(p <0.0001). The discharge metrics
remained unchanged for the paediatric
subspecialty services group. Median
ED boarding time decreased by
49 minutes (p <0.0001). As a result,
the median time of day admitted
patients were discharged from the ED
was advanced from 5 PM to 4 PM.

ED LOS for medicine admissions
reduced 26.4%, from 8.7 to 6.4 hours.
Difference-in-differences analysis
showed that ED LOS for combined
medicine and surgical admissions
decreased from 6.7 to 6.0 hours (—0.7
hours, P= .003) at the intervention
site compared with no change (5.6
hours, P = .2) at the control sites.

to be continued...
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...continuation

Hitti et al.
(2017)

Elamir
(2018)

Lebanon

Kuwait

-~

Before and after study

-

- ) y
- A >

"Quamitative analytical
applied research

,//

To assess_the~impact of “a~. V.SM, Kaizen, Kanban (the use of Statistically significant decredse in the

Lean-driven intervention on
transportation  turnaround
time for plain radiography in
an ED at a tertiary care
center.

/ -

To propose  Lean-based
interventions that address the
main causes of emergency
department overcrowding.

informatics to develop pull
systems)

Patient flow improvement project
consisting of effective triage using
the Canadian Triage and Acuity
Scale, fast track services and
management of cold cases at
primary healthcare centres, and
acquisition of a new electronic
Health Information System

mean . transpertation TAT
(meam+ SD: 9.87 min = 15.05 versus
22.89 min + 22705,  respectively, p-
value | <0.0001). In addition, it was
found that 71.6% of patients in the
post-intervention had transportation
TAT < 10 min, as compared to 32.3%
in the pre-intervention period, p-value
<0.0001, with narrower interquartile
ranges in the post-intervention period.
Similarly, the “study processing to
preliminary report time” and the
length of stay were lower in the post-
intervention as compared to the pre-
intervention, (52.50 min + 35.43
versus 54.04 min + 34.72, p-
value = 0.02 and 3.65 h+5.17 versus
4.57h +10.43, p <0.0001,
respectively), in spite of an increase in
the time it took to release a preliminary
report in the post-intervention period.

12% of patients with LOS >6 hours
consumed 32.6% of ED design
capacity; 56.2% of LOS represented
waiting waste, with inpatient bed
delays accounting for 52% of wasted
time. Findings informed Lean-based
interventions targeting patient flow
and overcrowding.

to be continued...
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...continuation

Sanchez et
al. (2018)

Improta et
al. (2018)

Spain

Italy

Prospective
interventional study

Qualitative analysis to
understand process
flow; quantitative
analysis of waiting

time indicators -

To apply Lean~thinking in

triage acuity level-3 patients

in order to improve
emergency department (ED)
throughput and waiting time.

i ad

-

P

To apply Lean thinking to.the
ED witha the) saim  of
increasing _patient ' flow,
improving', processes  that
contribute~ to  facilitating
patient flow through various
stages, and eliminating all
bottlenecks and activities that
generate waste.

Leafi techniques-such as. value
stream  mapping,  workplace
organization, reduction of wastes
and  standardization by  the
frontline staff

' & >

——

—

Value stream mapping

Significant reductions in precess time
of discharged (182 vs 160 min, P <
0.001).and transferred to observation
(186 'vs 176 niin, P < 0.001) patients,
in length of stay (389 vs 329 min, P <
0.001), and in waiting time (71 vs 48
min, P < 0.001) were achieved after
Lean implementation. No significant
differences were registered in left
without being seen rate (5.23% vs
4.95%), 72-h revisit rate (3.41% vs
3.93%), and mortality rate (0.23% vs
0.15%).

Positive increase in the performance
of the ED, quantified as percentages of
hospitalized patients according to
triage codes and waiting times.

to be continued...
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Vashi et al.
(2019)

Leetal.
(2022)

USA

Vietnam

Quasi-experimental
pre-post study

Quantitative study with
pre- post=-Lean-design

-

-

Vo

o

To (1) describethe extent and
depth to which Lean
methodologies are used of
the use of Lean
methodologies to rapidly
redesign  ED  front-end
operations that aimed at
reducing waiting times to be
seen by a provider and (2)
evaluate if the intervention
achieved its stated aim using
quasi-experimental controls-

and a difference<in-
differences approach:”
ANy
\ e

>

Tl) evaluate the current
patient flow in EDs, identify
and eliminate non-value-
added components, and
modify the existing process
in order to improve waiting
times.

VSM, VSM analysis _event,.“Door

to  Door”  Rapid  Process
Improvement Workshop
/\\
P
- -

VSM, re-design process focusing
on prioritising blood tests and
ultrasound procedures,
streamlining communication with
medical departments, using QR
codes for healthcare insurance
payments, and efficient
management of X-ray and CT scan
online results

-
/£

“Door to Doctor” time at VAPAHCS
decreased- 12.6 minutes after the
interyention, compared to 3.7 minutes
in the control  sites. Regression-
adjusted difference-in-differences
estimates for “Door to Doctor” time
and “Door to Triage” time showed a
significant reduction at VAPAHCS
compared with control sites (8.9
minutes and 5.0 minutes,
respectively), during the same time
period (standard error = 3.5 min; p =
0.01 and standard error = 1.7 min; p =
0.004, respectively). Regression-
adjusted difference-in-differences
estimates for LWBS rates showed that
LWBS did not significantly change at
VAPAHCS compared with control
sites (0.1% vs. 0.3%, p = 0.8).

Pre-operative test results (for patients
requiring medical
procedures/operations) reduced by
33.3% (from 134.4 minutes to 89.4
minutes), vascular interventions by
10.4% (from 54.6 minutes to 48.9
minutes), and admission to other
hospital departments by 49.5% (from
118.3 minutes to 59.8 minutes).
Satisfaction with ED services rose
from 22.9% to 76.5%.

to be continued...
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...continuation

Kenny et al.
(2024)

USA

Retrospective before-
and-after analysis

-

/ -~

« —

To increase.throtighput in a-. Lean-based throughput _model; Decline in the patient's overall length

fast-track care area without VSM

changing staffing in a busy,
urban emergency
department.

of stay (:9%, p=0-08), arrival to the
room~(-10%, /p:0.4418), and ED
attending to” disposition  (-9%,
p=0.003). Additionally, all aspects of
patients leaving prior to treatment
completion (against medical advice (-
29.4%, p=0.006), elopement (-20.4%,
p=0.049), and left without being seen
(-5.3%, p=0.11)) declined.

6S
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Collectively, the literature demonstrates substantial heterogeneity in how Lean
has been operationalised within emergency care settings. While several studies adopted
broad department-wide redesign approaches involving multiple stages of the patient
journey, others focused on specific operational bottlenecks such as triage flow,
radiology turnaround time, fast-track services, or discharge processes. Similarly,
implementation strategies varied considerably across settings, ranging from rapid
improvement events and workflow restructuring to more comprehensive
multidisciplinary transformation initiatives. Despite these differences, a recurring focus
across studies was the optimisation of patient flow processes through reduction of

delays, streamlining of workflows, and improved coordination of care activi/ties./,
However, despite increasing sophisticationin-Lean impleméhtatidn approaches,
many studies appeared to conceptualise the emerge/ncyfdepartment as a relatively
unified operational environment. Comparativel/y li”n}ited attention was directed towards
the variability of patient flow proce/sses/azrasrs different functional zones, acuity
categories, and clinical pathways s within the EB itself. Consequently, interventions were
frequently implemented /at//}h/e:' broader departmental level without detailed
differentiation of - /w/oFkﬂo\w patterns, operational bottlenecks, and resource
requirements across specific patient streams. Given that patient flow processes within
emergeﬁcy/departments are heterogeneous, interventions that do not adequately account

“ for these differences may have variable effectiveness across operational areas.

These limitations may be particularly relevant within complex public university
hospital settings, where emergency department operations are influenced by multiple
interacting clinical, educational, organisational, and resource-related demands. In such
settings, patient flow processes may differ substantially across functional areas and
levels of patient acuity, requiring more context-sensitive approaches to process
improvement. These observations highlight the need for Lean implementation
approaches that are informed by detailed process analysis and a clearer understanding
of workflow variability across different operational areas within the emergency

department.
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b. Malaysian scenario

In Malaysia, Lean healthcare has gained increasing prominence over the past decade,
particularly following Ministry of Health (MOH) initiatives aimed at strengthening
healthcare efficiency, reducing waiting times, and improving service delivery within
resource-constrained public health systems. Institutional programmes such as MyLean
introduced Lean principles into healthcare organisations and facilitated broader
awareness of continuous quality improvement methodologies across Malaysian public
hospitals and healthcare services. Concurrently, the Malaysian Lean healthcare
literature has expanded to encompass studies examining organisational performance,
implementation challenges, sustainability, staff perceptions, operational efficiency; and
service-level process improvement-(Anuar et-al:--2018; Lum et al. 2023; No’ris'et al.
2022; Ong et al. 2023), A\ WA

-

o

However, compared with the broader inte/mat/i(/)na\i literature, Malaysian Lean
healthcare research appears relatively fragn;@ajed and remains at a comparatively
earlier stage of implementation maturity.. Whiile global studies increasingly describe
multidisciplinary, end-to—e/nd// fg;,i/céfgrl of patient flow processes across complex
healthcare systems and emergency care environments, Malaysian studies more
commonly rgport,i/solate(]i operational improvement initiatives targeting discrete service
bottlenecké./ 2l

To better understand the current landscape of Lean implementation within
Malaysia, a thematic mapping of the identified literature was conducted. The thematic
distribution of studies (Abdul Hamid et al. 2016; Ahmed et al. 2019; Anuar et al. 2017,
2018; Beh et al. 2025; Choudhury & Lee 2024; Lee et al. 2025; Mohamad Jamil et al.
2024; Naufal Adnan et al. 2023; Pan et al. 2023; Saad et al. 2019; Selim Ahmed et al.
2023, 2024; Lum et al. 2024, 2026) according to healthcare setting and implementation
depth is illustrated in Figure 2.3.
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Mapping of Malaysian Lean healthcare literature
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Figure 2.3 Mapping of Malaysian Lean Healtheare literature

The thematic mapping demonstrates that Malaglsian Lean healthcare literature
is concentrated predominantly within MOH Qf)er/ational settings, particularly pharmacy
and support services. There yas/;a‘lggya substantial proportion of broader organisation-
focused studies examining ipe{wsﬁ'stainability (Anuar et al. 2017, 2018; Naufal Adnan
etal. 2023; Lumet E/If2024, 2026), implementation readiness (Selim Ahmed et al. 2023,
2024), and /st/aff [:erceptions (Mohamad Jamil et al. 2024) rather than actual operational
gedésign pr&:esses. Many of these studies were conducted within MOH hospitals (Beh

\ //et al. 2025; Choudhury & Lee 2024; Lee et al. 2025; Mohamad Jamil et al. 2024; Pan
et al. 2023) or in private hospital settings (Abdul Hamid et al. 2016; Ahmed et al. 2019;
Anuar et al. 2017, 2018; Saad et al. 2019; Selim Ahmed et al. 2023). Although these
studies provide valuable insights into organisational factors influencing Lean
implementation, they offer comparatively limited operational detail regarding how
Lean interventions are systematically designed, implemented, and evaluated within

complex clinical workflows.

To further examine how Lean principles have been operationalised within
Malaysian healthcare settings, the identified studies were reviewed according to
healthcare setting, implementation objectives, Lean focus, tools employed,

implementation depth, reported outcomes, and relevance to emergency care and
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university hospital environments. This synthesis also highlights the extent to which
existing studies address end-to-end process redesign and identifies persisting evidence

gaps relevant to the present research. The findings are summarised in Table 2.8.



Table 2.8  Characteristics and evidence gaps of Lean Healthcare implementation studies in Malaysia

Reseaich Gap

Author Literature Healthcare Objective Lean Tools Implementation Outcome (if available)
(Year) Type Setting Depth 3
Abdul Case study Emergency To analyse the.. Not. mentioned Isolated process Duration of -review time<” Focused on
Aziz et al. department /  timeliness of step-up intervention (RTR) .-accounted for interhospital transfer
(2022) interhospital ~ care interhospital 59.5% of workflow time; workflow rather than
transfer patient transfer thwultidisciplinary referrals comprehensive ED
workflow workflow within . and ED procedures redesign; limited to one
Hospital Kluster > -~ increased patient length of workflow segment; no
Perak Utara. o - stay and staff length of detailed pre-
/ — stay; suggested bypassing implementation needs
> o _/ ED for selected stable analysis; no  zone-
- patients. specific ED workflow
differentiation.
“49 to be continued. ..
r st B/
\ e
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...continuation - P

Abdul Empirical Pharmacy To improve~waiting~ Lean Isolated process Identified 19 value-added "Focused o7 a single
Hanifetal. implementation service time and  HPIA Healthcare; intervention and 29 non-value-added |operational service
(2023) study (ambulatory  performance in the Value Stream activities pre-intefvention; . area; intervention
pharmacy) ambulatory pharmacy Mapping implemented” 22 kaizen targeted waiting-time
of Hospital Sultan (VSM); Kaizen bursts involving | process bottlenecks within
Abdul Halim. bursts; Fishbone ;Qstfucturing, workforce pharmacy  workflow
Diagram; e- _ ‘emipowerment and rather than integrated
VSM equipment enhancement; hospital-wide patient
¢ “ HPIA improved from flow; limited
/ ~ 57.12% (August 2022) to discussion of broader
/ P — 72.26% (December 2022), organisational
< - reaching 80.80% by June integration or pre-
P < » el 2023; lead times for implementation
prescription workflows contextual assessment.
<P T reduced substantially
L oavly
-~ ) v
< ey to be continued...
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Abu Bakar
et al.
(2019)

Case study

Hospital
support
service /
healthcare
1T
application

To develop a.—Agile, PDSA; Isolated process
Specimen_Labelling Gemba, analysis  intervention
System to reduce time of existing
taken by medical staff—workflow
to  write  patient
information on sticker
label and to reduce
time taken by medical
personnel  to write ¢
specimen details on / >
the specimen / =,
delivery. P A
- s
-
/‘”r‘ L P
A >
PL*'se
\ e

//‘
System helps reduce time rFocused on
taken to complete patients |implementation
details from 45 minutesto 5 support rather than
minutes; timetaken to write” comprehensive  Lean
and print“specimen details redesign; limited
in specimen delivery report operational workflow

are.. reduced from 20
minutes to 3.5 minutes; in
Specimen Labelling, task
completion time is reduced
by 88.9% and in Specimen
Dispatch  Report, task
completion is decreased by
82.5%.

analysis.

to be continued...
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Ahmad et
al. (2021)

Case study

Outpatient
department

To implement Lean Kaizen

techniques.” towards
reducing waiting time
at an -outpatient
department in one of
the public healthcare
centres in Kedah.

5
A >

Simulation only
using arena
simulation
software to
simulate the

modelled process.

/

N

—

——

-

o

Total average processing Limited

time _for each patient
through all the processes
reduced by 7.21 rpinutes'/
(15.20%); can lead to
incréase in - number of
Patients in and out in daily
operations at the outpatient

~ department.

= workflow
differentiation;
simulation-focused
operational
optimisation within a
single service process;
no broader
organisational or
multidisciplinary ED
flow redesign; limited
contextual needs
analysis  prior  to
intervention design.

to be continued...
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Muhamma
detal.
(2024)

Case study

Outpatient
pharmacy

To outline the Lean
management
approach employed to
decrease waiting
times at the hospital's
outpatient = pharmacy
and illustrate its effect
on patient and
employee
satisfaction.

o ¥

VSM,
DOWNTIME
waste
identification, 5
whys, Root
Cause Analysis
(RCA), Kaizen
burst
(continuous
improvement
activities), and

prioritization «
-

-~

o
A

A

Unit redesign

/___\/
(a2

-~
-

standardize the medication *No detailéd needs

dispensing progess,
streamlined the 4nitial 7

stages-identified in VSM to™

3 stages after implementing
Kaizen bursts. the total
fimber of processes from
13 steps were reduced to 6
steps. Kaizen bursts also

optimized workforce
allocation, reducing the
number of  personnel

needed from 6 to 1.
Significant improvements
in medication dispensing
process total process times
reduced from 7.05 minutes
to 4.0 minutes, non-value-
added wait times shortened
from 69.05 minutes to just
0.9 minutes, and waste
effectively eliminated from
30 wastes to just 4. 97% of
patients rating the waiting
time quality as excellent.

analysis; limited
workflow

differentiation; focused
on operational

improvement within a
single service area;
non-ED setting.

to be continued...
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...continuation

Jaafar et al. Empirical

(2024) implementation
study / case
study

Wan Muhd Conference
Riduan et abstract
al. (2024)

Hospital
support
service
(document
management

)

Primary care
/ fever clinic

VSM, "as-is"
diagram

To analyze the current
process _of patient
document

management in
healthcare; to develop
a model for an
improved | document
management process,
and to conceptualize a
system model for
enhancing healthcare
document

management. <

P ean”

<N
To reduce patient@/ Kaizen
time at fever tent -
service.” r

l

Not implemented;
only projected
results from
proposed
improvements

Isolated process
intervention

Reduces time clinicians
spend_waiting for patient
records; enables real-time,

simultaneous~ access. to”

patient info | by ‘multiple
HCP, expected that 90-
95% will use the system to

retrieve  patient history
information (projected
increase in efficiency);

potential reduction in LOS
(and cost of care) and
improved patient
satisfaction; improved
patient flow.

14 out of 35 (40%) waste
identified and eliminated
from patient's arrival at
fever counter until
pharmacy counter;
reductions in lead time,
distance, steps, waiting
time from 150min to 75min
(50%), from 320m to 180m
(43%), from 680 steps to
270 steps (60%) and from
90min to 38min (57%).

“Focused w©oh narrow

administrative

_workflow; no patient

flow redesign; no
implementation of
intervention.

Localised service-level
intervention;  limited
implementation detail.

to be continued...
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...continuation

Lau et al.
(2021)

Lum et al.
(2024)

Quasi-
experimental
study

Qualitative
study

Outpatient
oncology/rad
iotherapy
clinic

MOH
hospitals

to  determine _ the
impact _of Lean
initiatives on reducing
patient waiting-times
at the | oncology
outpatient clinic.

To explore factors
affecting
sustainability of Lean
within  Ministry of
Health hospitals.

VSM, Kaizen
Fishbone
diagram

Lean
sustainability
framework

]
A >

b Departmental

redesign

Evaluation/percep
tion only _

/

i 4

—r

——

-

-

,//

Pre-intervention, 48.13% rFocused on”outpatient

of patients waited >45 mins
for consultations. Post-

intervention, ~waiting time”

significantly lower

(z=2:865; p=0.004).
/‘\\‘
Ten »primary themes: 1)

fostering Lean expertise
through capacity building,
2) Lean implementation
approaches and processes,
3) monitoring and
evaluation of Lean with
performance indicators, 4)
encouraging positive
behavioural change among

HCPs in Lean, 5)
disseminating Lean
findings, 6) establishing
policy for Lean, 7)
incentivising Lean

practices, 8) leadership in
Lean practices, 9) building
and strengthening
organisational capacity and
10) Lean values

~broader

flow; no
system
limited
process

operational

integration;
contextual
differentiation.

Sustainability-focused
rather than
implementation-
focused; no operational
redesign or patient flow
analysis.

to be continued...
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...continuation

Pan et al. Case study Pharmacy

(2023) service /
inpatient
discharge
medication
workflow

To reduce . waiting.—VSM, Kaizen
time for /receiving burst analysis

discharge
medications-and--to
reduce the number of
patients waiting at the
discharge counter.

Isolated process
intervention

Pre-Lean data shows the ¢Narrow setvice-level

mean patient waiting time
was 16.65 + 9.40-minutes.

The-ward pharmacist took™”

5.25 + <6.59 minutes to
complete an  intervention,
48 eompared to 9.61 + 8.71
minutes at the discharge
counter. Post-Lean analysis
revealed significant waste
elimination with a mean of
629 + 7.15 minutes,
approximately 10.36
minutes shorter patient
waiting time. To ensure the
sustainability ~ of  the
improvements, regular
monitoring of the bedside
dispensing  targets and
continuous monitoring of
patient waiting time to
ensure seamless
intervention, hence
reducing patient waiting
time.

intervention; focused
on single discharge
workflow rather than
integrated patient flow
redesign.

to be continued...
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...continuation

Lee et al.
(2025)

Beh et al.
(2025)

Quality Outpatient
improvement pharmacy
project
Quality Outpatient
improvement pharmacy
project

To reduce . patient
waiting _time and
achieve HPIA target
at outpatient
pharmacy.

To improve
dispensing | efficiency
and achieve MOH
waiting-time target/

Eean
management;
Value Stream
Mapping
(VSM);
Spaghetti
diagram;
Ishikawa
diagram; Kaizen ¢

bursts /
A )

Departinental
redesign

Departmental
redesign

Lean P

management,
Value, Sﬁream

Mapping

<<~ (YSM); Gemba

- >

_~Walk; Kaizen

strategics

-

o

Mean
dispensed  within - 30
minutes  increased  to

90:2%; lead time r_gduced"/
from 75:5. to 45 'minutes
(without counselling) and
from 111.5 to 80 minutes
(with counselling);
sustained achievement of
95% KPI from March—May
2024.

Prescriptions dispensed
within 30 minutes
exceeded 95%; waiting

time reduced from 29m55s
to  18mO05s; efficiency
improved from 34.24% to
35.80%.

prescriptions Focused on” pharmacy

workflow redesign
within a single service

area; limited broader
organisational
integration; no
differentiation of
patient-flow
complexity beyond

dispensing workflow.

Focused on outpatient
pharmacy dispensing
process;  operational
redesign limited to
departmental

workflow; limited
discussion of broader
healthcare system
integration.

to be continued...
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Choudhury  Quality
& Lee improvement
(2024) project

Outpatient
pharmacy

To increase
the percentage of
prescriptions
dispensed~within—30
minutes to 95%, in
line with the Ministry
of Health
(MOH) Core
Customer Charter.

T %

- >

eycle 1
introduced a
SMART counter
and additional
dispensing
counter with
streamlined
workflow;

Cycle 2 @
optimised task

distribution,

Departmental
redesign

G\
queue categories / A A
-

and colour®

coded”
_baskets;and

G{@le 3

© 4" tfeorganised the
« workspace,

rationalised
quota item
management
and promoted
Value-Added
Services (VAS).

The percentage
prescriptions dispensed
within 30  ~minutes

inereased from 62.88% at”
baselineto. 71.16% (Cycle
1), 76.30% (Cycle 2) and
93:87% (Cycle 3),
achieving the 95% target in
April (96.67%) and May
2023 (95.45%). Average
waiting time for 400
prescriptions fell from 140

to 27 minutes, while
achievable benefit not
achieved (ABNA)
decreased

from 32.12% to 1.13%.
Patient and staff
satisfaction for waiting

time improved by 59.8%
and 66.8%,
respectively.

of ¢Focused on”outpatient

pharmacy dispensing
process;  operational
redesign limited to
departmental

workflow; limited
discussion of broader
healthcare system
integration.

to be continued...
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...continuation

,//

“Evaluated otitcomes of

Tiong et al. Retrospective Public To assess the NA Modelling only, A_total of 13 out of 20
(2020) observational hospital Eds  efficiency among no actual public _ EDs  exhibited | existing Lean
study Lean public intervention improvement in arrival to initiatives rather than
emergency eonsultant and length of " describing detailed
departments (ED) stay < upon Lean implementation
through Slack-Based implementation. However, processes; limited
Measure Data Only 9 out of the 13 public description of actual
Envelopment EDs  have had an workflow redesign or
Analysis (SBM- ¢ improvement in efficiency needs assessment.
DEA) and evaluate / > score.
the impact of Lean on / =,
the efficiency in P A
public emergency —rt
departments.
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Among studies reporting actual Lean implementation, the literature appears
heavily concentrated within outpatient and pharmacy service settings. Multiple studies
described initiatives aimed at reducing outpatient pharmacy waiting time, improving
dispensing efficiency, streamlining workflow processes, and eliminating non-value-
adding activities through approaches such as value stream mapping, Kaizen activities,
process restructuring, and workforce reorganisation (Abdul Hanif et al. 2023; Beh et al.
2025; Choudhury & Lee 2024; Lee et al. 2025). Other implementation studies focused
on highly specific operational workflows, including specimen handling activities (Abu
Bakar et al. 2017), discharge medication systems, radiotherapy clinic waiting time (Lau
et al. 2021), fever clinic lead time (Wan Muhd Riduan et al. 2024), and documerit
management processes (Jaafar et al. 2024). While many of these studies reﬁbrted
improvements in waiting time; turnaround time; and workflow e”fqﬁcieﬁcy following
Lean implementation, the interventions generally remginecf localised within individual
service areas rather than involving broader mul}idi”égipl'fnary redesign across the patient

/

care continuum. 1 A A
'S -

-

This pattern contrasts/v@;fl;[he broader international Lean healthcare literature,
where Lean imp/le,mén/ta{[ion\has progressively evolved towards multidisciplinary and
end-to-end redesign of patient flow across complex acute care systems, particularly
within ém/érgency departments. Comparatively limited attention has been directed
* towards understanding how workflow variation, patient complexity, multidisciplinary
“coordination, and local organisational context influence Lean implementation within

emergency care environments.

An additional observation emerging from the thematic mapping is the increasing
emphasis on Lean sustainability and organisational performance within the Malaysian
literature despite comparatively limited evidence describing rigorous implementation
and evaluation of comprehensive Lean interventions themselves. Several studies
examined sustainability frameworks, organisational readiness, implementation factors,
and staff perceptions of Lean adoption (Adnan et al. 2023; Anuar et al. 2017, 2018;
Krishnan et al. 2024; Lum et al. 2024). However, sustainability within Lean systems is

inherently dependent on robust implementation processes, context-sensitive redesign,
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continuous evaluation, and integration within organisational workflows. The relative
scarcity of detailed implementation studies within complex clinical environments
therefore raises important questions regarding how Lean interventions are

operationalised, embedded, and sustained within Malaysian healthcare settings.

Furthermore, emergency department-related Lean literature within Malaysia
remains sparse and fragmented. Existing ED studies were primarily limited to efficiency
evaluations (Ahmad et al. 2021), staff perceptions of Lean adoption (Mohamad Jamil
et al. 2024), or isolated workflow components such as interhospital transfer processes,
rather than comprehensive redesign of ED patient flow systems. Although some studies
reported improvements in operational performance indicators follovying Lean
implementation, detailed“descriptions of implementation processes, confextual needs
assessment, multidisciplinary workflow analysis, and differen;jated’ﬁredes”lgn across ED
care zones were often limited. In addition, many /implémentation studies utilised
relatively small-scale pre—post evaluations or/obs/e/rvafional approaches, with limited
longitudinal assessment of sustainabi/liw a/njl E’rganisational impact. More rigorous
evaluation designs, including /i):;te/rgupted time-series analysis and comprehensive

Eres o . . .
system-level assessment, ,Were/l/arg’ely absent within the identified literature.

-
P

- I

This~gap is particularly notable within university hospital settings, where
healthcéire /aelivery is further shaped by academic, teaching, and training responsibilities
“ in addition to clinical service demands. Among the identified studies, only one study
“involving a university hospital environment was identified, and this focused primarily
on organisational and leadership aspects of Lean rather than describing specific
operational Lean implementation within the clinical setting (Ong et al. 2023).
Consequently, there remains very limited evidence describing how Lean can be
operationalised and evaluated within public university hospital emergency departments

characterised by complex multidisciplinary workflows, high patient volumes, and

overlapping service and educational functions.

One notable contribution within the Malaysian literature is the Lean Healthcare
implementation framework proposed by Noris (2022), which outlined a staged

implementation approach involving Lean awareness training, value stream mapping,
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Kaizen activities, onsite consultation, implementation monitoring, and performance
reporting. The framework, illustrated in Figure 2.4, reflects institutional efforts to
operationalise Lean implementation systematically within Malaysian public hospitals
and highlights the growing emphasis on organisational readiness and structured Lean

deployment.

0 o © © oy o
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Figure 2.4 Lean Healthcare framework implementation in Ministry of Health
PN (MOH) hospitals
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~ Source: Noris et al. (2022)

-

o ~

) However, the framework primarily emphasises general Lean implementation
processes and organisational training activities, with limited attention directed towards
detailed contextual needs assessment, differentiated workflow analysis, and adaptation
to varying operational demands across specific clinical environments such as
emergency departments. This observation is particularly relevant within complex
healthcare settings where patient flow dynamics, service variability, and
multidisciplinary interactions differ substantially across care zones and patient

categories.

Nevertheless, the framework provides a useful foundational structure for
understanding staged Lean implementation within Malaysian healthcare settings and

offers important contextual insights that inform the development of the present study’s
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conceptual framework. The current study, therefore, seeks to extend these existing
approaches by incorporating more detailed process analysis and context-sensitive

assessment within the emergency department environment.

Overall, the Malaysian literature suggests that while Lean healthcare has gained
increasing institutional and academic attention, existing applications remain
predominantly operationally localised and fragmented across service areas. There
remains limited evidence describing comprehensive, context-sensitive Lean
implementation informed by detailed process analysis and rigorous operational
evaluation within complex emergency department environments. These gaps highlight
the need for more integrated approaches to Lean implementation within/Mal‘é};siah
public university hospital' EDs, particularly approaches that incorporate detailed needs
assessment, differentiated workflow analysis, multidiscipl/inaryyﬁ engagement, and

-

evaluation of both operational and financial outcomes. <.

2.5.2 Lean tools _ s - j

Lean implementation with/in/ilé/a‘\l/’e_héare is supported by a wide range of tools and
techniques intendec/l{ to- aﬁalyse/processes, identify inefficiencies, redesign workflows,
and sustain /con/j[jhuous ]improvement. Across the literature, these tools have been
appli¢d~f'withih diverse healthcare environments, including emergency departments,
) oui:r;atient élinics, pharmacy services, perioperative settings, inpatient wards, and
_administrative systems (Costa & Godinho Filho 2016; D’ Andreamatteo et al. 2015;

Rotter et al. 2017).

However, there has been substantial variation in how Lean tools are selected,
combined, and operationalised across healthcare settings. Increasingly, Lean is
understood not as the application of isolated technical instruments, but as a broader
implementation system involving process redesign, multidisciplinary collaboration,
organisational learning, and continuous improvement activities (Lima et al. 2021;
Shortell et al. 2021; Talero-Sarmiento et al. 2024; Tiso et al. 2021). This broader
conceptualisation is also reflected within the Malaysian Ministry of Health (MOH)

Lean Healthcare programme, which emphasises Lean as both a management philosophy
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and organisational improvement system rather than merely a collection of operational

tools (Zaiton et al. 2018).

At the same time, the literature suggests that no fixed or universally accepted
Lean toolkit exists within healthcare (Hirveld et al. 2024). Different organisations
employ different combinations of tools according to local operational priorities,
workflow complexity, organisational readiness, implementation maturity, and service-
specific demands. Furthermore, considerable overlap exists between many Lean tools,
with several techniques serving complementary or interconnected functions across
process assessment, root cause identification, workflow redesign, implementation, and
monitoring activities (Costa & Godinho Filho 2016; de Barros et al. 2022;/Isfaﬁe{ni et
al. 2018; Lima et al. 2021). As a result, Lean implementation within healthcare 'r/:arely
follows a single standardised sequence, with tools frequently intégrated' and adapted

-

according to project requirements. o

-

For the purpose of conceptual /clar@/gﬂhin healthcare implementation, Lean
tools discussed across the litera/turé ‘may b: functionally grouped according to their
primary role within the impIe/m/e;lt\'ation process, adapted from existing classifications
described by Li{na/e'f :'/,111 (2621), de Barros et al. (2021), and related healthcare Lean

literature. The fumnctional grouping used in the present review is shown in Table 2.9.

-
P

Table 2.9 Proposed grouping of Lean tools described in the literature

Functional role

Purpose

Lean tools

Process assessment
and workflow
visualisation

Root cause
identification and
operational analysis

Understand current-state

processes, visualise
patient and information
flow, identify
inefficiencies and
bottlenecks

Identify contributors to
delays, variation, waste,
defects, and operational
inefficiencies

Go to Gemba, Process mapping, Process
redesign, SIPOC (Suppliers—Inputs—Process—
Outputs—Customer), Spaghetti diagram, VSM
(Value Stream Mapping), Statistical process
control, Wastes analysis, ABC analysis, OEE
(Overall Equipment Effectiveness),
Simulation/systems approach

Five Whys, Ishikawa diagram
(fishbone/cause-and-effect diagram), Risk
analysis (Failure Mode and Effect Analysis),
Kobetsu, Wastes analysis, Statistical process
control, ABC analysis

to be continued. ..
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...continuation
Workflow redesign Redesign workflows, Continuous flow, Heijunka (levelling), Just-in-
and implementation improve operational flow, Time, Kanban, One-piece-flow/Pull system,
reduce waste, standardise Quick changeovers (SMED), Takt time, Work
work, and support cells, Workload balancing, Kaizen/Rapid
multidisciplinary Improvement Events, 5S, Jidoka, Poka-yoke
improvement activities (mistake-proofing), Physical work setting
redesign, Standardised work, Teamwork,
Multidisciplinary ~ task  training, Visual
management, Daily meetings/rounds,
Continuous improvement teams
Prioritisation and Support prioritisation of Hoshin Kanri, Voice of Business (VOB),
decision support interventions,  strategic Voice of Customer (VOC), Critical to Quality
alignment, and (CTQ), Project management, Theory of
improvement planning Constraints, Lean Six Sigma, SCRUM
Monitoring, Monitor implementation PDCA/PDSA, KPI monitoring, A3 réports,”
evaluation, and progress, evaluate -Benchmarking, Total Productive Maintenance,
sustainability outcomes, sustain  Total Quality Management, Lean Six Sigma,

improvement, and support Continuous improvement teams.
continuous organisational < y
learning <

P

a

While functional grouping help/s  /pr/0/\2j/_de/ co;lceptual clarity regarding the
primary operational role of the multitude-ef Lean tools, the boundaries between
categories are not rigid. Many- f&SLS‘ perform overlapping functions and are frequently
used across multiplg/stages/ of{’fmi)lementation. For example, Value Stream Mapping
may simultageogélgl suﬂport workflow visualisation, operational diagnosis, redesign
planning; }a}ﬁd multidisciplinary engagement, and therefore be used in “isolation”
) (Alégia 202/5; Gill 20125 Ingole & Sethia 2015; Jing et al. 2021; Marin-Garcia et al.
2021; Moraes et al. 2023), while monitoring approaches such as key performance
indicator (KPI) dashboards and PDCA cycles may function both as evaluation
mechanisms and as drivers of continuous improvement (Fonseca & de Medeiros 2026).
Consequently, Lean implementation within healthcare often involves flexible

integration of complementary tools rather than application of isolated techniques.

One of the clearest patterns emerging from the literature is the central role of
process visualisation and workflow analysis within Lean healthcare implementation.
Tools such as Value Stream Mapping (VSM), process mapping, SIPOC analysis,
spaghetti diagrams, and Gemba walks are repeatedly used to make patient movement,
delays, duplication, and non-value-adding activities visible within complex healthcare

systems (Henrique et al. 2016; Nowak et al. 2017; Zd¢ba-Mozota et al. 2023). Within
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emergency departments, these tools have been applied to examine triage systems,
patient streaming pathways, diagnostic processes, admission delays, discharge
workflows, and transitions between care areas (Bal et al. 2017; Dickson et al. 2009;
Holden 2011). Cohen (2018) further emphasised that Gemba observations and current-
state value stream mapping enable improvement teams to “learn to see” operational
waste directly within real-world clinical environments, supporting the development of
future-state redesign strategies grounded in frontline workflow realities (Cohen 2018).
The literature also demonstrates that workflow analysis is frequently accompanied by
tools intended to identify the underlying causes of inefficiency and process variation.
Fishbone diagrams, Pareto analysis, and the 5 Whys method are commonly used to
examine organisational, environmental, staffing, communication, and /proCé&urél
contributors to delays within healthcare processes (Costa & Godinho Filho 2016; Lima
et al. 2021), a Dy

e
.
-

Beyond process analysis, many studie/s, describe Lean implementation as an
ongoing cycle of workflow redesign/and/?pieational adaptation (Flug et al. 2022;
Yuliati & Andriani 2021). With/i)ﬁﬁi/S process, Kaizen represents a central mechanism
for continuous improvenwntgy/ejn\abling frontline staff and multidisciplinary teams to
translate identified wakﬂo‘,\; problems into practical, incremental changes. Rather than
functioningas aiisolated tool, Kaizen is commonly embedded within broader Lean
activi’tiéé sﬁch as process mapping, Rapid Improvement Events (RIEs), standardisation
\ 6f work, visual management, workload balancing and 58S, thereby linking problem
“identification with collaborative redesign and implementation (Abuzied 2022;
Mazzocato et al. 2016; Harry et al. 2025). Its emphasis on staff participation is
particularly relevant in healthcare, where operational problems are often context-
specific and require experiential knowledge from those directly involved in care
delivery. However, evidence also suggests that Kaizen activities may be more readily
applied to relatively simple operational problems than to complex clinical processes,
and that implementation and sustainability can be limited when improvement ideas are
not supported by systematic testing, monitoring and objective process data (Mazzocato
et al. 2016; Samara & Harry 2025). Within emergency department settings, such

redesign initiatives may involve modification of patient streaming pathways, rapid

assessment processes, queue management systems, communication structures, and
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coordination between different stages of emergency care delivery (Bucci et al. 2016;

Holden 2011; Kenny et al. 2024; White et al. 2014).

Recent literature further suggests that Lean redesign efforts increasingly involve
broader implementation structures incorporating organisational engagement,
implementation facilitation, monitoring systems, and sustainability planning (Hirvela et
al. 2024; Krishnan et al. 2024). Approaches such as Plan-Do—Check—Act (PDCA) or
Plan—-Do—-Study—Act (PDSA) cycles, key performance indicators (KPIs), visual
dashboards, audit systems, and implementation monitoring frameworks are frequently
used to evaluate implementation progress and sustain operational improvements over
time. In Malaysia, the importance of organisational capacity building, Lean gham/pions/,
leadership engagement, impleémentation monitoring, and performance évaluatian in
supporting Lean sustainability is frequently highlighted within MOHhos]jitals (Lum et
al. 2024). The MOH Lean Healthcare Operational /Suste/linability Guideline further
positions Lean tools within a broader PDCA;ba”Se/d implementation cycle involving
project initiation, process understgmdil(gi ;edesign, piloting, implementation,
monitoring, and sustainability a/c}ivfti/es (Medical Development Division 2023).

A B
) N

Having estabfish?d that Lean implementation within healthcare depends less on
the isolated-application jof individual tools and more on complementary approaches
in‘gegratéd /e/lccording to operational needs, the rationale underlying tool selection and
\ implementation often remains insufficiently articulated. Many studies provide limited
“explanation regarding how particular tools were chosen, how interventions were

adapted to workflow complexity, or how implementation strategies responded to
contextual variation within clinical environments. This lack of implementation
transparency represents an important limitation within the Lean healthcare literature.
As a result, successful outcomes are often reported without a clear understanding of the
intervention logic linking identified workflow challenges to the chosen Lean strategies,
thereby limiting the reproducibility, transferability, and practical applicability of
findings across healthcare settings. Consequently, despite increasing use of integrated

Lean approaches, the implementation process itself frequently remains insufficiently

theorised and operationally fragmented (Tiso et al. 2021).
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This limitation is particularly relevant within emergency departments, where
patient flow is dynamic, multidisciplinary, and operationally heterogeneous across
different care zones, acuity levels, staffing arrangements, and interdepartmental
dependencies. In such environments, the effectiveness of Lean interventions is likely to
depend on a detailed understanding of local workflow conditions and the systematic
alignment of improvement tools with identified operational needs (Morello et al. 2013;
Tiso et al. 2021). However, relatively little guidance exists within the current literature
regarding how this alignment should be achieved, highlighting the need for more
structured and context-sensitive approaches to Lean intervention design and

development.

2.6 INDICATORS FOR ELEAN IN HEALTHCARE SETTINGS

Evaluation of Lean implementation within healthcare has/evol{}ed coﬁsiderably over the
past two decades. Early Lean healthcare studies pfi;na&ily focused on operational
performance outcomes such as reductions 1y/\ﬁ/a+ﬁmg time, turnaround time, and patient
length of stay, particularly within hi,gth(;lumé clinical environments where delays and
inefficiencies were most Vigib%/e/@A/ndreamatteo et al. 2015; Souza et al. 2021). Over
time, however, the §c/ope/of Lcdn evaluation has broadened substantially to encompass
indicators refl/atiﬁ#g/ to prolductivity, quality and safety, organisational culture, staff and

patient exiaeriéncé, and financial performance (Akmal et al. 2020; Lima et al. 2021;

_Reponen et al. 2021).

Lean evaluation indicators may be broadly grouped into several domains,
including indicators of time and patient flow, efficiency and productivity, quality and
safety, satisfaction and organisational culture, and financial or resource utilisation.
Time and flow-related measures remain among the most frequently reported outcomes
and commonly include waiting time, turnaround time, consultation delays, cycle time,
and length of stay (Akmal et al. 2020; Souza et al. 2021). These measures primarily
evaluate delays and patient movement across different stages of care delivery. In
contrast, operational efficiency indicators focus more broadly on system performance
and resource utilisation, including service capacity, workload balancing, process

standardisation, and bottleneck management, while quality and safety indicators
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evaluate outcomes such as reduction in errors, complaints, and operational defects
(Reponen et al. 2021). In parallel, increasing attention has also been directed towards
organisational culture, teamwork, staff satisfaction, communication, and patient
experience, reflecting the growing recognition that Lean implementation involves both
technical and behavioural dimensions of organisational change (Hammoudeh et al.

2021; Tlapa et al. 2020; Tlapa, Franco-Alucano, et al. 2022; Zepeda-Lugo et al. 2020).

More recently, financial and resource-related indicators have emerged with
greater prominence within Lean healthcare literature, including assessments of
operational costs, resource utilisation, inventory reduction, and organisational
efficiency (Narayanan et al. 2022; Sales Coll et al. 2024; Wang et /alf.*2625)/.
Nevertheless, compared with operational flow indicators, financial evaluation remains
comparatively inconsistent and less systematically reported acro’és healthcare Lean

-

studies. P

-

v

>

Lima et al. (2021) conductesi an’ 2 ag/éfegated analysis of Lean healthcare
outcomes and demonstrated theg‘[/Lmj)/roveme;l/ts reported across the literature could be
synthesised into several ,recﬁr}n/g\ domains involving operational efficiency, quality
improvement, or/gani‘/sé/tiPnal\performance, and patient-centred outcomes. The common
indicators/u§jcd “to evaluate Lean implementation within healthcare settings are

summafiseain Table 2.10.

Table 2.10  Common indicators used to evaluate Lean implementation in the
healthcare setting

Improvement Indicators

Time gains Reduction in lead time
Reduction of patient waiting time
Improvement of cycle time
Improvement of hospitalisation time
Reduction of waiting lists

Reductions Reduction of errors
Identification and reduction of waste
Reduction of stocks
Reorganisation of physical space
Reduction of costs

to be continued...
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...continuation

Organizational culture Improved organisational culture
Increased team spirit and communication
Employee and supplier satisfaction
Improved workload for nurses
Reduced overtime

Efficiency & productivity Efficiency and productivity gains
Bottleneck identification
Improved patient flow
Improved information flow
Capacity levelling

Quality & safety Positive impact on quality and safety indicators
Reduced number of complaints
Increased customer (patient) satisfaction

-

Despite the increasing breadth of Lean evaluation domains. rep/orted v;ithin
healthcare literature, operational and patient flow indicators ’coﬁtinuéto dominate
outcome measurement within emergency department setfings, where overcrowding,
delays in care, and throughput inefﬁciencie/s, rémaii major operational concerns.
Consequently, Lean emergency departgnen@\t/u&;es have largely focused on evaluating
indicators directly related to patient flow performance, particularly waiting time, access

' :
to clinical assessment, and emergenicy department length of stay.

e
-

l

2.6.1 Operational indicators in Lean emergency department studies
e Q.

. Within emérgency department settings, Lean evaluation has been dominated by
~operational indicators that measure delays, throughput, and patient movement across
the care pathway. This emphasis is unsurprising, as ED overcrowding is experienced
operationally through prolonged waiting, delayed clinical assessment, diagnostic
bottlenecks, access block, and extended length of stay. Consequently, Lean ED studies
commonly assess time-based indicators such as arrival-to- time to consultation,
turnaround time, discharge time, and total ED length of stay. Although these indicators
are labelled differently across studies, they generally reflect distinct stages of patient

flow: front-end intake, access to clinical assessment, internal throughput, and exit from

the ED.
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However, the literature also demonstrates considerable heterogeneity in both
indicator selection and evaluation methodology. Many studies use simple pre—post
comparisons (Mazzocato et al. 2012; Murrell 2011; Naik et al. 2012), while fewer
employ stronger quasi-experimental approaches capable of accounting for baseline
trends, temporal variation, and secular changes (Sun et al. 2017; Tejedor-Panchon et al.
2014; Van Der Linden et al. 2023; Vashi et al. 2019). This methodological variation is
important because reported improvements in waiting time or LOS may reflect the Lean
intervention, but may also be influenced by staffing, demand, seasonal variation, policy
changes, or concurrent hospital initiatives. Therefore, synthesising operational
indicators alongside study methodology is necessary to understand not only what
outcomes were measured, but also how robustly Lean effects were ev/aluafe&l. A
summary of the operational indicators and methodologies used to e\;aluate'/Lean

P

interventions in emergency departments is presented in Table 2.11. -

-

-

-

Table 2.11  Summary of operational indicators ard.methodologies used for
outcome evaluation in Lean ?ne(gency department studies
Author(s) Methodology _ " Operdtional Results
(Year) 3 '« indicator(s)
760 measured
L MRSV § V.
Dickson et Before-ﬂ@nd-after/eroﬁ- ED LOS, patient LOS reduced across multiple EDs
al. (2009) sectiorial evaluation volume despite increasing patient volume;
iy - total LOS  decreased by
o W approximately 3% overall, while
C, patient visits increased by 9.23%.
- “Neimeier et ~ Before-and-after study Length of stay Trauma patient LOS reduced
al. (2010)
Ng et al. Before-and-after study
(2010)
Murrell et Before-and-after study
al. (2011)

Registration-to-
physician time, ED
LOS, patients leaving
without being seen
(LWBS), patient
satisfaction

ED LOS, arrival-to-
physician start time,
LWBS

from 10.4 to 8.5 days following
Lean implementation.

Registration-to-physician  time
decreased from 111 to 78
minutes; LOS for discharged
patients reduced from 3.6 to 2.8
hours; LWBS reduced from 7.1%
to 4.3%; patient satisfaction
improved.

Mean arrival-to-physician start
time reduced from 62.2 to 41.9
minutes; LWBS reduced from
4.5% to 1.5%; ED LOS improved
after Rapid Triage and Treatment
implementation.

to be continued. ..
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Naik et al. Before-and-after study
(2012)

Mazzocato Before-and-after study

etal. (2012)

Controlled before-and-
after study

Vermeulen
etal. (2014)

White etal.  Controlled before-and- ~ Percentage
(2014) after study discharged withinone

hour, exam room

time, LOS
Breen et al. Before-and-after quality ~ Waiting time, (EOS;
(2015) improvement study patient t/hroﬁghpuf

N .
- -
El Sayed et  Before-and-after study  “Door-to-doctor time,
i
al. (2015) PR ED LOS
r "3 V.
< <

- »
-~
-

1 |
Kane et al. < Before-and-after study
(2015) ¢ 7~ = 7

Zocchi et al.  Multicentre

) (2015) collaborative quality
improvement study
Beck et al. Before-and-after study
(2016)

Allaudeen et
al. (2017)

Before-and-after study

Hitti et al.
(2017)

Before-and-after study

Falconer et
al. (2018)

Quality improvement
intervention

Median ED patient

visits, login-to-triage
time, login-to-
disposition time,

provider productivity

Waiting time, lead

time
Median ED LOS,
90th percentile ED

LOS, time to
physician assessment
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ED patient visits increased by
7.3%; median login-to-
disposition time decreased from
4.6 to 4.0 hours; login-to-triage
time decreased from 0.6 to 0.3
hours; provider productivity
improved by 18.8%.

Waiting and lead times improved
by 19-24%.

Both median and 90th percentile
ED LOS and time to physician
assessment  improved  after
intervention, although effects
varied across sites. (

Patients discharged within—one
hour increased by 2.8%; médian
exam room tinie decteased by 34
minutes;” median  LOS  for
discharged patients reduced by 15

<minutes.
,

Waiting time, LOS,
patient  throughput,
patient satisfaction

Throughput
measures, ED LOS

Patient discharge
time, ED throughput,
congestion indicators

ED LOS for medicine
admissions

Radiology transport
turnaround time

Time to triage, timely
vital sign assessment

Lean implementation improved
patient flow and reduced ED
congestion.

Significant reduction in door-to-
doctor time; LOS for discharged
patients reduced from 2.6 to 2.0
hours and for admitted patients
from 9.0 to 5.5 hours.

Reduced waiting time and LOS
with improvements in throughput
and patient satisfaction.

Improvements in ED throughput

were observed across
participating hospitals.
Lean intervention improved

discharge times and reduced ED
congestion.

Reduced ED LOS among
admitted  medicine  patients
following Lean intervention.

Significant reduction in radiology
transportation and  diagnostic
delays.

Improved timeliness of triage
vital sign completion in lower-
acuity patients.

to be continued...
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Elamir etal. ~ Before-and-after study Patient flow Lean concepts improved patient
(2018) indicators,  waiting flow processes in the ED.
time
Vashietal.  Before-and-after study ~ Wait time, LOS Lean principles reduced waiting
(2018) times within a Veterans Affairs
ED.
Kumar etal.  Before-and-after quality =~ Waiting time to triage  Reduced triage waiting time in a
(2019) improvement study tertiary ED following process
redesign.
Shen et al. Quality improvement/  Waiting time to triage  Significant improvement in triage
(2020) before-and-after study waiting time following
intervention.
Stahley et Before-and-after Throughput Bed traffic control and ﬂO\;V/
al. (2020) operational intervention  measures, boarding, redesign improved throughput

ED-flow. metries

performance.

e A

Williams et Quality improvement Fast-track patient Nurse standard W()fk reduced
al. (2022) study LOS LOS within ED fast-track area.
Hammer et ~ Hospital-wide flow ED crowding, -Enhanced hospital-wide patient
al. (2022) improvement initiative = boarding, throughpuf. flow reduced ED crowding and
" . |7 boarding.
Ravi et al. Before-and-after ED _ ms, jpatient Integrated consult order reduced
(2023) implementation study  satisfaction LOS and improved user
P satisfaction.
Payne etal.  Time-in-motion. <" Factors contributing Identified operational
(2023) observational study " to ED LOS contributors to prolonged LOS
Ko ' across ED processes.
Van der //In/terrupted time-series ED = crowding and Process changes demonstrated
Linden etal. -analysis throughput measures  measurable temporal effects on
(2023) ~ ED crowding and flow.
< " Squires et Simulation/modelling ED LOS Reduction in low-acuity
) al. (2023) study attendance projected to reduce
ED LOS.
Husseinet ~ Before-and-after Lean Waiting time, patient Lean nursing workflow redesign
al. (2025) intervention study satisfaction, staff reduced waiting time and
satisfaction improved satisfaction outcomes.

Lean ED studies consistently prioritise time-based operational indicators,
particularly measures related to waiting time, access to clinical assessment, throughput,
and emergency department length of stay (LOS). These indicators correspond directly
to the core mechanisms through which Lean is expected to improve ED performance,
namely reducing non-value-adding delays, streamlining patient movement, improving
access to decision-making, and alleviating overcrowding. Across the literature,

indicators such as door-to-doctor time, arrival-to-provider time, arrival-to-consultation
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time, consultation delay, turnaround time, and LOS are frequently used as proxies for
different stages of patient flow within the emergency care pathway. However, despite
their conceptual similarities, considerable variation exists in how these indicators are
operationally defined and measured across studies, limiting direct comparison between

Lean interventions implemented in different settings.

Beyond variation in indicators, substantial methodological heterogeneity also
exists within Lean ED evaluation studies. Most studies employ relatively simple before-
and-after or retrospective observational designs, with comparatively fewer studies
utilising controlled or longitudinal quasi-experimental approaches. Although many
studies report improvements following Lean implementation, these des/igns/, often
inadequately account for uinderlying tempotal trends, seasonal variation, ﬂﬁctuati&ns in
patient volume, staffing changes; organisational restructuring, or coﬁcurrérit operational
initiatives occurring within the ED  environment. €o/nsequently, improvements
observed following Lean implementation may/nofl}ecéssarily be attributable solely to
the intervention itself, but may also ref/'lect ﬁfa&r operational changes occurring over

time.

Importan/tly;‘édrqpara;tively few Lean ED studies have utilised interrupted time
series (ITS)analysis despite increasing recognition of ITS as one of the strongest quasi-
experirrienfal approaches for evaluating healthcare interventions when randomised
\ designs are not feasible. Unlike simple pre—post comparisons, ITS analysis enables
“assessment of both immediate and sustained intervention effects while accounting for
pre-existing trends and temporal variation within routinely collected operational data

(Turner et al. 2020). Given the dynamic and complex nature of emergency department
operations, such approaches may provide stronger evidence regarding the true effects

of Lean implementation on ED performance.

Collectively, the literature suggests that while operational indicators are central
to evaluating Lean within emergency care settings, methodological limitations continue
to affect the strength of causal inference across many studies. Furthermore, although
waiting time and LOS indicators are commonly reported, fewer studies evaluate

operational performance across multiple interconnected stages of ED patient flow. This
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is important because delays occurring during early throughput processes may propagate
downstream and contribute cumulatively to prolonged LOS and overcrowding.
Accordingly, the present study evaluates Lean implementation using operational
indicators reflecting distinct but interconnected stages of ED throughput, namely triage-
to-registration time (TTR), arrival-to-consultation time (ATC), and emergency
department length of stay (LOS). Furthermore, interrupted time series analysis was
employed to strengthen causal inference regarding the temporal effects of Lean

implementation on ED operational performance.

2.6.2 Economic evaluation of Lean healthcare interventions

Although Lean implementation is-frequently-associated with improved efﬁ”ciéncy and
cost reduction within healthcare organisations, financial evaiua/tidn remains
comparatively underdeveloped relative to operational olltcorfle mea;surement. Across
the literature, Lean interventions are commonly /r/epgrted to improve resource
utilisation, reduce waste, optimise stflff}n/g/ ﬁjro/cesses, and enhance operational
efficiency. However, detailed economic “€valuation methods are inconsistently
described, and financial opj;eg/n/a%s‘ are frequently reported as broad organisational
savings rather than structuréd analyses linked to specific workflow redesign
intervention;. '1 l

Early attempts to evaluate the economic impact of Lean healthcare interventions
_included the use of activity-based costing and cost—benefit analysis approaches. Dyas
et al. (2015), for example, utilised Lean Thinking, Six Sigma, and statistical approaches
to develop a simplified activity-based costing model capable of supporting process
improvement evaluation within emergency department environments. The study
demonstrated the potential utility of operational costing approaches for selecting,

prioritising, and validating process improvement initiatives involving multiple clinical

workflows and diagnostic pathways.

To further illustrate the diversity of financial evaluation approaches reported
within the Lean healthcare literature, Table 2.12 summarises selected studies that have

examined economic and financial outcomes associated with Lean implementation.
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Table 2.12  Summary of studies reporting financial and economic outcomes
associated with Lean implementation in healthcare settings
Author (Year)  Study setting Methodology Financial Key findings
indicator(s)
Dickson et al. Emergency Before-and-after Patient volume,  Patient volume increased
(2009) department study direct expense by 9.23%; 9% reduction
per patient, in direct expense per
patient

Dyas et al. Emergency Activity-based Process cost Simplified activity-based

(2015) department costing / cost— analysis costing model supported

benefit analysis prioritisation and
validation = of Lean
projects

Sari et al. Provincial Economic Lean Estimated

(2017) healthcare analysis implementation  implementation cost
system cost between CAD 44-49.6

million -

Dobrzykowski Healtheate Review Financial Financial |~ evaluation

& McFadden organisations performance ,incbr;sistently reported

(2019) indicators <. across Lean healthcare

o studies
Narayanan et al.  Hospital Quantitative Hospital- Lean  implementation
(2020) organisations  financial ¢ financial was associated  with
performance /- “performance improved hospital
anal)//sig -~ 1indicators financial ~ performance
P N and . operational
) // /: efficiency outcomes.
Hammoudeh et Healthcare |-, “«Systematic Cost reduction,  Financial outcomes
al. (2021) settings review resource variably defined and
/ r ' utilisation measured
Ayaad etal.. ~ “Hospital Organisational Cost Lean management
(2022) ~ services implementation  containment, improved  operational
study time efficiency and supported
management, cost containment
service quality initiatives within
healthcare services.

Sales Coll et al.  Surgical Economic Surgical process Lean implementation

(2024) process / impact costs, efficiency ~ demonstrated  positive
perioperative evaluation outcomes economic impact
services through improved

surgical process
efficiency and resource
utilisation.

Kotte (2025) Manufacturing Financial Cost reduction Lean implementation
/ performance strategies, associated with
organisational  study financial improved cost reduction
performance performance and financial
context performance strategies,

though not healthcare-
specific.

to be continued...
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...continuation
Wang et al. Hospitals Systematic Efficiency, Review reported that
(2025) (systematic review quality, cost, Lean implementation
review) satisfaction was commonly
outcomes associated with
efficiency gains and cost
reduction, although
costing methodologies
varied substantially

across studies.

These studies demonstrate growing interest in the economic implications of
Lean implementation while also revealing the absence of consistent approaches for
measuring and reporting financial outcomes. While many studies report improvenieﬂts
in efficiency, cost containment,-or résource-utilisation following Lean implémenfation
(Ayaad et al. 2022; Narayanan et al. 2022). Detailed ,ecéq(;nuc/ evaluation
methodologies are inconsistently described and often poorly: in/fegrated with operational
performance outcomes. Furthermore, financial indicators vary considerably across
studies, ranging from broad organisational )}Iﬂ})/fgne/ntation costs and hospital financial
performance measures to more localised indicators such as expense per patient or
process-specific costing dee‘I/s/./T'\/his/heterogeneity limits comparability across studies
and complicates thgiﬂterpre’tatﬂm of the true economic impact of Lean interventions
within healthcafe setings.

< // | / =i

An important observation emerging from the literature is that financial
“evaluation of Lean implementation has largely been conducted at aggregated
organisational or programme levels rather than within specific clinical operational
environments. Many studies evaluate hospital-wide efficiency gains, organisational
cost reduction strategies, or implementation expenditures without directly linking
financial outcomes to patient-flow redesign or operational workflow changes occurring
within frontline clinical services. Even within studies conducted in emergency
department settings, financial analysis remains relatively limited and typically focuses

on broad indicators such as overall implementation cost rather than detailed operational

costing linked to specific throughput processes.
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In addition, methodological approaches used for financial evaluation remain
comparatively heterogeneous and underdeveloped relative to operational outcome
analysis. Several studies rely on descriptive organisational reporting or broad economic
estimates, while relatively few utilise structured costing frameworks capable of
evaluating temporal changes in operational resource utilisation following Lean
implementation. Although approaches such as activity-based costing have been
proposed to support Lean evaluation within emergency department environments (Dyas
et al. 2015), no standardised framework for evaluating pre—post operational costs
associated with Lean ED implementation was identified within the literature. This
limitation is particularly relevant within emergency departments, where resource
utilisation is dynamic, multidisciplinary, and operationally interconnected 'éérosé

multiple patient care zones.

Accordingly, the present study incorporates a-partial economic evaluation
alongside operational outcome assessment to e>/<p16r/e the financial implications of Lean
implementation within the emergency de}ﬁitm;nt setting. Given the complexity of
shared resource utilisation acro§§£D/W0rkﬂows, costing was evaluated at the broader
departmental level using Qper/atiog:al cost-per-hour and cost-per-patient-hour measures
rather than being isoidtefi ex\clusively to individual patient care zones. This approach
allows assessment of whether operational improvements following Lean
impleménfétion are associated with measurable changes in ED resource utilisation
\ While acknowledging the practical limitations of attributing costs to specific

“components of patient flow within a complex emergency care environment.

2.7 GAPS IN THE LITERATURE

The preceding review demonstrates that Lean has become a prominent CQI approach
in healthcare, particularly because of its ability to address delays, waste, inefficient
flow, and resource constraints. The literature demonstrates that Lean has evolved into
one of the most widely utilised continuous quality improvement approaches within
healthcare, particularly in emergency department settings where operational
inefficiencies, prolonged waiting times, overcrowding, and fragmented patient flow

remain persistent challenges. Internationally, Lean implementation has increasingly
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progressed beyond isolated process improvement activities towards broader
multidisciplinary workflow redesign involving integrated use of multiple Lean tools
and organisational engagement strategies. Nevertheless, the maturity and depth of this

literature remain uneven across settings and contexts.

Within the Malaysian healthcare context, Lean implementation literature
remains comparatively limited and concentrated predominantly within Ministry of
Health (MOH) hospitals, with many local studies focusing on pharmacy services,
outpatient settings, or isolated departmental workflows. Furthermore, several local
initiatives remain centred on relatively bounded process modifications or discrete
quality improvement activities rather than broader end-to-end organisation/al re‘de/sigh
involving integrated patienit-flow transformation across interconnected em/ergenq; care
processes. Importantly, Lean implementation within Mal@ysiariﬁ public university
hospital settings remains particularly underrepresen/ted.\/Existing studies involving
university hospitals have focused on organisatiQnal/ perceptions, leadership dimensions,
or conceptual discussions of Lean §ust2(13a;bﬁity rather than detailed operational
implementation and evaluation \thhig emergency department environments.

A B
) N

A second gap/coqcems the implementation logic underlying Lean interventions.
While contemporary Lean studies increasingly report the integrated use of multiple
Lean- tc;olé/,/'studies rarely provide an explicit conceptual or operational rationale
\ éxplaining how specific tools were selected, sequenced, integrated, or adapted to local
“workflow complexity. This is particularly relevant within emergency departments,
where patient flow involves dynamic interaction between triage systems, consultation
processes, diagnostics, admissions, discharge pathways, staffing arrangements, and
multidisciplinary coordination. Consequently, although Lean tools are often applied in

combination, the implementation process itself frequently remains insufficiently

theorised and operationally fragmented.

Methodological limitations also remain prominent within Lean healthcare
evaluation studies. Most Lean emergency department studies rely on relatively simple
pre—post or retrospective observational designs, with comparatively limited use of

robust longitudinal quasi-experimental approaches capable of accounting for temporal
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variation, secular trends, seasonal fluctuations, patient volume changes, and concurrent
organisational interventions. The limited application of interrupted time-series analysis

represents an important methodological gap within the current literature.

Similarly, financial evaluation remains comparatively underdeveloped within
Lean emergency department research. While Lean implementation is frequently
associated with improved efficiency, cost containment, and resource optimisation,
financial outcomes are commonly reported at broad organisational levels or as
generalised cost-saving claims rather than detailed operational costing linked directly
to patient-flow redesign processes. Few studies integrate operational throughput
outcomes with structured economic evaluation, and no consistent /emefgéncy
department-specific costing framework for Lean implementation was identified within

the literature.

Finally, while several studies ad(}r,es“s/ selected dimensions of Lean
implementation, organisational chang@, Qp@ati};nal redesign, or outcome evaluation,
relatively few integrate these )goﬁlponent: within a single coherent framework.
Furthermore, existing literat/ure/ bas focused predominantly on determining whether
Lean improves p,erfo/mPanc\e, with comparatively less attention directed towards
understanding, how Lean interventions should be systematically designed,
impleménféd, and evaluated within complex healthcare systems, or why improvements
“ are observed in some operational outcomes but not others. Collectively, these gaps
“suggest the need for a more integrated and systematically developed Lean
implementation model capable of combining organisational change principles, context-
sensitive intervention design, multidisciplinary workflow redesign, robust longitudinal
evaluation, and operational as well as financial outcome assessment within a university
hospital emergency department setting. Such an approach may contribute not only to

evaluating Lean effectiveness, but also to advancing understanding of the organisational

conditions under which Lean interventions are most likely to succeed.

A summary of selected literature gaps addressed by the present study is

presented in Table 2.13.



Table 2.13 Comparative assessment of selected Lean healthcare studies against the dimensions addressed by the present study

-

-

Study ED-focused Malaysian Organisational Explicit tool Change Robust Financial- University
implementation context redesign integration/ management longitudinal evaluation hospital
rationale framework evaluation - p setting
Dickson et v X N4 X X X Partial X
al. (2009)
Naik et al. v X Y4 Partial X e+ X X X
(2012)
P
Vermeulen et v X « i X Partial X X
al. (2014) I
Dyas et al. Vv X X X / == X X v X
(2015) P A
. 9 —
Chan et al. v X Partial - X » P X X X
(2014) y "
Tiong et al. N4 v X Y L X X Partial X X
(2020) A . X Y%
. v
Harrison et X X Xe X v X X X
al. (2021) '
Noris et al. X v v Partial N X X X
(2022)
Iy
Lum et al. X v X X Partial X X X
(2023) -~
Present v v v 4 v v v v
study

96
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Overall, the literature demonstrates that while Lean has become an established
CQI approach within healthcare, important conceptual, contextual, and methodological
gaps remain within the current evidence base. Existing studies frequently evaluate
isolated dimensions of Lean implementation without adequately integrating
organisational change processes, context-sensitive tool selection, multidisciplinary
workflow redesign, robust longitudinal evaluation, and financial assessment within a
single implementation framework. These limitations are particularly evident within
Malaysian emergency department literature, where implementation studies remain
sparse, and university hospital settings are substantially underrepresented.

The present study addresses these gaps through the systematic de/sign,
development and evaluationof a Lean-based intervention moqelfofﬁa public university
hospital emergency department. In addition, the study incCorporates context-sensitive
selection and integration of Lean tools, lon/gitliqma’f operational evaluation using
interrupted time-series analysis, and p/aﬂiafl/ economic evaluation through operational
cost analysis. Ultimately, thg/\stilgly seeEs to provide a more comprehensive
understanding of how Lcan/mlpjle;mentation may be operationalised, evaluated, and

sustained within a,,co/mp](ex emergency department environment

o~ e

2.8 - THEORIES RELATED TO LEAN IMPLEMENTATION

The increasing emphasis on healthcare quality, operational efficiency, patient-
centredness, safety, and timely access to care has intensified the need for healthcare
organisations to continuously adapt and transform their service delivery systems. When
successfully implemented, Lean in healthcare has been associated with improvements
in patient flow, waiting time, operational efficiency, resource utilisation, quality of care,
patient satisfaction, and organisational productivity. Various frameworks have been
developed to help organisations implement Lean (AlManei et al. 2018). However, many
of these frameworks function primarily as operational roadmaps, prescribing sequences
of Lean tools and improvement activities without adequately addressing the complexity
of human factors necessary for implementation success. Importantly, the literature

increasingly demonstrates that successful Lean implementation extends beyond the
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technical application of improvement tools alone and is often accompanied by broader
changes in organisational culture, leadership practices, staff engagement,
communication, and the way organisations perceive and value work processes. As such,
change management, broadly defined as the structured process of facilitating the
transition of individuals, teams, or organisations from a current state towards a desired
future-state while managing resistance and behavioural challenges associated with
change, represents a central foundation underpinning successful Lean implementation

within healthcare settings.

The application of change management theories to support implementation and
improvement methodologies with healthcare settings has been increasingl}/l exﬁléred.
Harrison et al. identified twelve formal change management methodolc;gies api)lied
within healthcare contexts, with Kotter’s Eight-Step Model and I;ewin”s Three-Step
Model representing the most commonly utilised framgworks (Harrison et al. 2021). In
this systematic review of the applications of ch;mgé/maﬁagement models in healthcare,
it was concluded that change management @e@are often valued because they provide
flexible guiding principles capa‘pjf; of supporting organisational change within complex
healthcare environments.. T(e//ré\/\iew further highlighted that successful healthcare
change initiatives. fré(iu?ntlgl mvolve strong clinician engagement, multidisciplinary
participation;” collaborative communication, supportive leadership, and enabling
organisétiégial culture. AlManei et al. (2018) emphasised that organisational change
* frameworks differ substantially in their focus, with some models addressing
“behavioural adaptation at the individual level while others emphasise broader

organisational transformation, systems alignment, leadership processes, and
institutional culture. Within Lean healthcare implementation, such distinctions are
important because Lean interventions frequently extend beyond isolated changes in
individual practice and require wider organisational coordination and engagement to

sustain improvement efforts.

Given the complexity of Lean implementation within healthcare settings,
several change management theories and implementation frameworks are relevant to
understanding organisational transformation processes. These theories differ in their

conceptualisation of change, primary level of focus, implementation orientation, and
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applicability to healthcare improvement initiatives. A comparative overview of change

management theories is presented in Table 2.14.



Table 2.14 Change Management Theories

Theory/ Primary level of Focus/steps Strengths Limitations
framework change (
Lewin’s Three-  Organisational Unfreezing, changing, Foundational and conceptually simple; useful Linear and rélatively 4static, “refreezing” is
Step Model change refreezing for understanding organisational transition less compatible with continuously evolving
healthcare Systems
Kotter’s Eight- Organisational Urgency, coalition building, Strong emphasis on leade}spﬂ), Sequential orientation may oversimplify
Step Model and behavioural vision, communication, communication, multidisciplinary =~ dynamic healthcare environments; resource-
change empowerment, short-term wins,  engagement, sustainapility, > and intensive
institutionalisation organisational culture
-~
ADKAR Model Individual Awareness, desire, knowledge, Strong focus on ff(cadiness, behavioural Less emphasis on organisational redesign and
behavioural ability, reinforcement adaptation, and feinforcement systems-level operational complexity
change - —
. \
McKinsey 7S Organisational Alignment of strategy, structure, _Recognises organisational interdependence Broad and less operationally prescriptive;
Framework and systems systems, shared values, stylﬁ/ <, and systems alignment limited implementation guidance
change staff, and skills )
Normalisation Practice Embedding new practices-into =8 Strong emphasis on sustainability and Less explicit focus on leadership mobilisation
Process Theory  integration and routine work~" integration into clinical practice and early implementation processes
(NPT) sustainability |
Consolidated Organisational _Antervention characteristics, Comprehensive contextual framework for Complex and primarily diagnostic rather than
Framework for ~ and _~~ inner setting, outer setting, implementation analysis operational
Implementation  implementation " process, and individuals
Research context -
(CFIR)
Theoretical Individual Behavioural influences on Useful for identifying behavioural barriers Limited organisational and systems-level
Domains behavioural implementation and enablers orientation
Framework determinants
(TDF)

001
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Among the theories reviewed, Kotter’s 8-Step Process for Leading Change was
considered the most appropriate framework for the present study because it provides a
more comprehensive organisational approach to managing complex change within
healthcare environments. While Lewin’s Three-Step Model remains foundational in
organisational change theory, Kotter’s framework may be viewed as an extension and
operational enhancement of Lewin’s broader concepts of unfreezing, change, and
refreezing (Kotter 2012). Kotter expanded these broad stages into a more detailed and
actionable organisational process involving the creation of urgency, formation of
guiding coalitions, development and communication of a shared vision, empowerment
of action, generation of short-term wins, consolidation of gains, and an/choﬁn/g of
change within organisatienal culture (Kotter 2012). In doing so, the framework moves
beyond conceptual transition alone and provides clearer guidaﬁce régarding how

organisational transformation may be operationalised within complex systems.

Importantly, Kotter’s model ple/lces gro/n@ emphasis on leadership engagement,
multidisciplinary collaboration,/c;lnﬁyunicat{(;n, staff empowerment, and sustainability
of change, all of which are /co/ns/is/téntly identified within the Lean healthcare literature
as critical detenpinaﬁté ?f in}plementation success (Harrison et al. 2021; Kabirinaeini
et al. 2023;-Tiso et al. 2021). Unlike models focusing predominantly on individual
behavidﬁraﬁ/adaptation, Kotter’s framework conceptualises change primarily at the
\ 6rganisational level, recognising that successful transformation requires alignment
“between leadership structures, organisational culture, operational processes, and

frontline engagement. This orientation is particularly relevant within Lean healthcare
implementation, where improvements frequently require coordinated change across
multiple professional groups, workflows, and operational systems rather than isolated

modification of individual behaviours alone.

The strengths of Kotter’s model within healthcare settings have been widely
discussed in the literature. Harrison et al. (2021) noted that Kotter’s framework was
among the most frequently utilised change management models in healthcare and was
commonly associated with initiatives involving large-scale organisational

transformation, multidisciplinary engagement, and implementation of new models of
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care. The model’s emphasis on creating short-term wins is especially relevant within
Lean implementation, where early operational improvements may strengthen staff
motivation, reduce resistance to change, and build organisational momentum for
sustained improvement efforts. Similarly, the emphasis on anchoring change within
organisational culture aligns closely with Lean philosophy, which views continuous
improvement not as a one-time intervention, but as an ongoing organisational practice

embedded within daily work processes.

Nevertheless, Kotter’s framework has also been criticised for presenting change
as relatively sequential and linear despite the iterative and dynamic nature of healthcare
systems (AlManei et al. 2018). Healthcare organisations, particularly /emefgéncy
departments, operate within environments characterised by ﬂuctuatfng derﬁand,
operational uncertainty, —and continuously —evolving pgioritiés. Consequently,
implementation processes may not always progress acgordfng to clearly defined stages.
However, contemporary applications of Kotter’/s modelincreasingly recognise the need
for flexible adaptation of the frameyvorl(i@tl;er than rigid adherence to stepwise
implementation sequences. Haljiso/n et al. (2021) similarly concluded that change
management theories are mos?t Valuable when used as flexible guiding frameworks
capable of supportmg 1q1plpmentatlon within complex healthcare systems rather than

as prescriptive formulas for organisational change.

This flexibility is particularly important within the context of the present study.
“Lean implementation within the study setting involved a complex public university
hospital emergency department characterised by multidisciplinary interaction,
operational variability, workforce constraints, and longstanding workflow
inefficiencies. The implementation process required organisational engagement
through Lean Healthcare training, formation of a multidisciplinary Lean team,
collaborative workflow mapping and Gemba observation, prioritisation of feasible
interventions, implementation of operational redesign strategies, and continuous
monitoring of outcome indicators. These processes align strongly with Kotter’s
emphasis on coalition building, communication, empowerment, short-term operational

gains, and institutionalisation of change within organisational practice.
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Accordingly, Kotter’s 8-Step Process for Leading Change was selected as the
primary theoretical framework guiding the present study. The framework provides a
suitable organisational lens for understanding how Lean implementation may be
introduced, operationalised, sustained, and embedded within a complex emergency
department environment. Furthermore, its emphasis on leadership engagement,
multidisciplinary collaboration, organisational culture, and sustainability aligns closely
with both the philosophy of Lean healthcare and the operational realities of

implementing change within public hospital systems.

2.9 CONCEPTUAL FRAMEWORK

The present study is guided by-a-ecenceptual-framework integrating org”ahisational
change theory, structured Lean implementation processes, and evaluatibn/of operational
and financial outcomes within the emergency departmellt setfing. Tl;e framework was
developed to reflect the multidimensional nature of Léan iihplementation in healthcare,
recognising that successful Lean transfczrrpaﬁi&;r réquires not only the application of
technical improvement | tools but alSo- orgéanisational readiness, multidisciplinary
engagement, implementatign/ifr/u\(/:tﬁ?e, and continuous evaluation of outcomes. The
conceptual framewgrk/thérefore/synthesises three major components underpinning the
study: (i) K(/);ter’fs/&Ste;]) Process for Leading Change as the theoretical foundation for
organisafién/gl/ cflange, (11) the Ministry of Health (MOH) Lean Healthcare
) iiﬁpiementétion framework as the structured implementation process guiding Lean
_activities, and (ii1) the Design and Development Research (DDR) approach framing the

overall study phases of needs analysis, design and development, and evaluation.

The theoretical foundation of the framework is based on Kotter’s 8-Step Process
for Leading Change, which conceptualises organisational change through the creation
of urgency, engagement of stakeholders, empowerment of action, generation of short-
term wins, and institutionalisation of change within organisational culture (Kotter
1996). As discussed in the preceding section, Kotter’s model was selected because it
provides a comprehensive organisational framework capable of supporting both
behavioural adaptation and operational redesign within complex healthcare

environments. The emphasis on leadership engagement, multidisciplinary
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collaboration, communication, staff empowerment, and sustainability aligns closely
with the operational realities of Lean implementation within emergency departments.
Importantly, the model also provides a broader organisational lens through which Lean
implementation can be understood not merely as a technical intervention, but as a
process of organisational transformation involving multiple professional groups and

interconnected workflows.

The second component of the conceptual framework involves the structured
Lean Healthcare implementation framework developed for MOH hospitals. The
framework operationalises Lean implementation through staged activities involving
Lean awareness training, workflow visualisation through value stream mappi/ng (VSM),
Kaizen activities, consultation and monitofing processes, implementation/of workflow
redesign interventions, rand project closure activities. While theﬁ MOH framework
provides practical implementation structure and (/)pera/tional guidance for Lean
activities, the present study conceptualises the/s,e impleimentation processes within the
broader organisational change principles de/SErfEed by Kotter’s model. In this regard,
Lean awareness activities corr@poﬁgl to creating readiness and urgency for change,
multidisciplinary engagemeﬁ/ /d;yf"ing VSM and Kaizen phases reflects coalition-
building and commuhica}tioﬂ processes, while implementation monitoring and project
consolidation align with Kotter’s emphasis on sustaining and institutionalising

organisational change.

The framework is further situated within the Design and Development Research
(DDR) approach guiding the methodological structure of the study. The DDR process
involved three broad phases: needs analysis, design and development, and evaluation.
The needs analysis phase involved identification of operational inefficiencies,
workflow bottlenecks, and contextual factors affecting emergency department
performance. This phase informed the subsequent design and development stage, where
Lean interventions were collaboratively developed through multidisciplinary
engagement, workflow mapping, Gemba observation, Kaizen activities, and
prioritisation of feasible interventions. Finally, the evaluation phase assessed the effects
of the Lean-based intervention model using selected operational and financial outcome

indicators.
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Within the conceptual framework, the Lean-based intervention model represents
the independent variable of the study, while the operational and financial outcomes
represent the dependent variables evaluated following implementation. Operational
outcomes selected for evaluation included triage-to-registration time (TTR), arrival-to-
consultation time (ATC), and emergency department length of stay (LOS), as these
indicators reflect distinct but interconnected stages of emergency department patient
flow. These indicators were selected based on the preceding literature synthesis
demonstrating that time-based operational indicators remain the dominant measures
used to evaluate Lean implementation within emergency department settings. In
addition, the framework also acknowledges broader Lean outcome domains frequently
reported within the literature, including patient safety, patient satisfaction, le/ft-wftliouf-

being-seen rates, and opefational efficiency measures.

-

Financial evaluation was incorporated throygh\/partial economic analysis
involving operational cost-per-patient and 9osflper-i)atient-hour indicators at the
broader emergency department level. "l:his &me;nent reflects the growing recognition
within Lean healthcare literature {hat operational improvements should ideally be
examined alongside resource//(}ti/li\'sation and financial implications, although formal
economic evaluation Witbin I:ean emergency department studies remains comparatively
underdeveloped.”

Figure 2.5 illustrates the conceptual framework of the present study,
“demonstrating the integration of Kotter’s organisational change principles, the MOH
Lean Healthcare implementation framework, DDR methodological phases, and
evaluation of operational and financial outcomes. Collectively, the framework
conceptualises Lean implementation as a structured organisational change process
involving iterative interaction between organisational readiness, multidisciplinary
engagement, workflow redesign, implementation activities, and outcome evaluation

within the emergency department environment.
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2.10 CONCLUSION

This chapter critically reviewed the evolution of Lean implementation within healthcare
and examined its application within emergency department settings. The review
demonstrated that Lean has progressed from a manufacturing-derived improvement
philosophy to one of the most widely adopted continuous quality improvement
approaches in healthcare, with substantial evidence supporting its potential to improve
patient flow, reduce operational inefficiencies, minimise waste, and enhance service
delivery. Within emergency departments, Lean interventions have increasingly evolved
from isolated process-improvement activities towards more integrated approaches
involving multidisciplinary engagement, workflow redesign, and the  combined

application of multiple Lean tools and techniques.

s

-

However, the review also revealed importanf limitations within the existing
evidence base. Although many studieﬂs /re/ﬁeit favourable operational outcomes,
considerable variation exists in impleinentation approaches, outcome measures, and
evaluation methods. The raii/(iﬁzjtl‘e/ underpinning the selection, integration, and
adaptation of Lean tools is ofteffinsufficiently described, limiting understanding of how
Lean interventions sho&ld be systematically developed within complex healthcare
environments. Furthermore, methodological weaknesses remain common, with many
studies relying on simple before—after designs that provide limited evidence regarding
attribution and sustainability of observed improvements. Financial evaluation is

similarly underdeveloped, with relatively few studies examining whether operational

gains translate into measurable improvements in resource utilisation or cost efficiency.

Within the Malaysian context, Lean implementation literature remains
comparatively limited, particularly within emergency department settings and public
university hospitals. These gaps highlight the need for a more systematic approach to
Lean intervention development, implementation, and evaluation that integrates context-
sensitive workflow analysis, multidisciplinary stakeholder engagement, robust
longitudinal assessment, and consideration of operational cost efficiency. These
considerations informed the development of the research framework presented in the

next chapter and underpin the methodological approach adopted in the present study.
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MATERIALS AND METHODS

3.1 INTRODUCTION

This chapter describes the methodological framework employed in the developmeﬁt,
implementation, and evaluation of a Lean-based model for improving operational
performance in the emergency department. The study adopted ‘[he/ ‘Design and
Development Research (DDR) approach, with the methodolt')gy organised into three
sequential phases: (i) Phase 1 — Needs Analysis, whiclfidéﬁtiﬁed performance gaps and
stakeholder requirements; (ii) Phase 2 —/Mé%el /Demgn and Development, which
involved the design of the Lean-based model; and (i11) Phase 3 — Model Evaluation,
which assessed the effects o /f f'A iritervention using Interrupted Time Series (ITS)

o
analysis and a prov1der-perspeeﬁve cost analysis.

l

32 STUDY LOCATION

* This study was conducted at a 300-bedded public university hospital located in
“Kuantan, the capital city of Pahang, on the east coast of Peninsular Malaysia (Figure
3.1). Established in 2016 as the nation’s fourth public university hospital, the centre
occupies a 27.8-acre site and functions as a tertiary academic medical institution. It
provides a comprehensive range of healthcare services encompassing more than 15
clinical specialties and 70 subspecialties, supported by advanced facilities including 20
operating theatres, an intensive care unit, a coronary care unit, paediatric and neonatal

intensive care units (PICU and NICU), and an invasive cardiovascular laboratory (ICL).

The hospital is staffed by more than 1,800 employees and approximately 190
clinical specialists across multiple disciplines. As a university teaching hospital, it

serves the dual mandate of providing clinical education for undergraduate and
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postgraduate medical trainees while functioning as a major referral centre for the East
Coast region. Its emergency department is one of the busiest service units, attending to
more than 40,000 patients yearly. The combination of high patient throughput, complex
case mix, academic training responsibilities, and a rapidly expanding operational

environment provided an appropriate and robust context for the present study.
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Figure 3.1  Location of Sultan Ahmad Shah Medical Centre IIUM
Source: Google Maps

3.3 STUDY DESIGN AND DURATION

This study employs a design and development research (DDR) framework, a branch of
intervention research that focuses on the creation, refinement, and evaluation of models,
processes, and tools intended to improve real-world practice. Within the broader field
of intervention research, three complementary domains are recognised: Knowledge
Development (KD), which generates conceptual or theoretical understanding;

Knowledge Utilisation (KU), which focuses on translating existing knowledge into
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practice; and Design and Development Research (DDR), which aims to produce new or
improved human service technologies through systematic processes of problem
analysis, intervention design, development, implementation, and evaluation (Rothman

& Thomas 2009).

According to Richey & Klein (2009), DDR is defined as “the systematic study
of design, development, and evaluation processes with the aim of establishing an
empirical basis for the creation of instructional and non-instructional products and tools
and new or enhanced models that govern their development”. DDR is characterised by
several core features: (i) an initial analysis phase to determine the problem and
performance requirements; (ii) the deliberate selection of strategies or desigl} prir'i,ciplés
aligned with these requirements; (iii) iterative development, refinement, and validation
of the resulting model; and (iv) empirical “evaluation of outébrnesf "to establish

effectiveness (Ellis & Levy 2010; Richey & Klein 2OQ9;fRE)thman & Thomas 2009).

y 7 >
Consistent with the DDR frameworl{fche,present study was organised into three

sequential phases that were carried out over an 18-month period from January 2024 to
June 2025: | AR
N

-
P

. l
1) _Phasel: Needs analysis (January—June 2024)

s

- ii) Phase 2: Model design and development (July—December 2024)

i) Phase 3: Model evaluation (January to June 2025)

In Phase 1, a comprehensive needs analysis of the emergency department was
conducted to determine the operational gaps requiring intervention. This diagnostic
assessment examined multiple data sources, such as daily waiting time records,
overcrowding indicators, compliance with set key performance indicators, outpatient
feedback, and stakeholder input to characterise the extent and nature of performance
problems. This triangulation of evidence provided a clear justification for intervention

and identified the Green Zone as the most appropriate site for redesign efforts.

Phase 2 was conducted over a six-month period from July 2024 — December

2024 and consisted of the design, development, and implementation of a Lean-based
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model for the Green Zone of the ED. A multidisciplinary Lean team was established,
and a two-day Lean Healthcare Workshop was conducted to guide process mapping,
bottleneck 1identification, and workflow redesign. This was followed by an
implementation period to allow for full operationalisation of all intervention
components. Expert validation using a Content Validity Index (CVI) ensured that the

implemented workflow aligned with the intended future-state model prior to evaluation.

In Phase 3, the implemented model was evaluated through two components.
First, an Interrupted Time Series (ITS) analysis was applied to assess changes in three
operational performance indicators — triage-to-registration time (TTR), arrival-to-
consultation time (ATC), and length of stay (LOS) in the ED. The analytical windows
for evaluation were defined as January—June 2024 (pre-intervention) and J/anuary:J une
2025 (post-intervention), ensuring comparisons were made be@weeh ﬁtwo ¢quivalent six-
month periods that reflected stable pre-intervention operat/ions and fully implemented
post-intervention workflows. Secondly, a cos/t, analysis' was undertaken to estimate
changes in the operational cost of deliyerir@fn@en Zone services before and after the
intervention, using a top-down gggtihg approach. The research framework is illustrated
in Figure 3.2. al

Ve
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34 PHASE 1: NEEDS ANALYSIS

3.4.1 Purpose of needs analysis

The needs analysis constitutes the diagnostic component of the DDR framework.
Within DDR, problem identification is recognised as a necessary first step that guides
the subsequent stages of model design, development, and evaluation. This is achieved
through a systematic analysis aimed at clarifying the nature of the problem, the
performance gaps within the existing system, and the contextual requirements that an
intervention must address (Richey & Klein 2009). In this regard, needs assessments are
problem-driven inquiries conducted to determine the gap between “what is” and “what

should be” in a given system (Thyer 2010).

Two central methodological questions underlie. aﬁy~/1leeds analysis: who defines
the need, and ow information about these needs is obtained. Hence, the present needs
analysis incorporated the perspectives of 65(/sejfnost directly affected by ED system
inefficiencies — patients and fl‘Ol}ﬂji{léIlS, while drawing on multiple complementary data
sources, including performél}c/e ¢ indicators, patient feedback forms, stakeholder input,
and direct obs@rvﬁtibn., The primary purpose of this phase was to develop a
comprehcn/sﬁe understanding of the operational context of the emergency department,

identify existing performance gaps, and determine the functional and structural

” requirements for developing a Lean-based model.

3.4.2 Study setting

The needs analysis was carried out in the ED of SASMEC IIUM. The ED is organised
into three major functional zones that correspond to patient acuity: the Red Zone for
critical emergencies requiring immediate resuscitation, the Yellow Zone for semi-
critical patients, and the Green Zone for ambulatory, non-critical presentations. The ED
workforce comprises emergency physicians, medical officers, assistant medical
officers, staff nurses across various grades, medical healthcare assistants, and ancillary

support personnel. The floor plan of the ED is depicted in Figure 3.3.
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Data sources

The needs analysis drew upon multiple data sources to establish a comprehensive

understanding of the operational context, workflow characteristics, performance

pressures, and challenges within the emergency department. The following categories

of data were used:

11.

iil.

Administrative and performance monitoring data

This included annual and monthly ED statistics, triage category distributions,
patient timestamp records, KPI summaries, and patient feedback reports
obtained from the ED medical officer in charge and the IT Department;These
datasets provided-objective information on service volumes, aét}/lal process

durations, and performance relative-to-preset-benchmarks: PN\

-

O

Patient satisfaction survey data .

v

Patient-reported experience data V}GI‘C/ J)bt“amed from the hospital’s routine
patient satisfaction survey adrrnnlstered by the Public Relations Unit as part of
ongoing service quah)l inomt’ormg The survey uses a structured questionnaire

4

with ten items rated on a/ﬁve—pomt Likert scale (1 = very poor to 5 = very good),
coverflngiglo/mamk such as staff behaviour, communication, waiting time, and
en\/;ifohméntal conditions. Survey responses from patients attending the
emeigency department Green Zone during the pre-intervention period were
extracted for descriptive analysis. As this instrument was part of the hospital’s
existing service evaluation system, the questionnaire was not developed or
validated specifically for this study. Instead, the data were used to provide
contextual insight into patient perceptions of service performance and to
complement the operational and administrative data used in the needs analysis

phase.
Stakeholder input

Perspectives from ED staff were gathered through informal consultations,
routine meetings, and field engagement. These inputs provided experiential
evidence of workflow challenges, interruptions, resource constraints, and pain

points observed during daily operations. Insights from ED staff were reviewed
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and grouped into broad operational themes to summarise commonly observed

workflow challenges during the needs analysis phase.
iv.  Direct observations and contextual documentation

Non-participatory observations of patient flow, patterns of crowding, staff
movement, and workspace organisation were conducted during different shifts.
Relevant departmental policies and workflow protocols were also reviewed to
contextualise operational issues and triangulate findings from quantitative and

qualitative sources.

3.4.4 Data collection P

-
- V,

Data collection was conducted prospectively between January and June 2024 using an
integrated approach combining quantitative data extraction, document review,

-

observational assessment, and stakeholder engagement. “
- // 1

Administrative and KPI data were fo/@al’ly requested and obtained in the form
of monthly performance reportsﬂ'ind/ the monthly census of patient attendance records.
Timestamp data were obta/i?cﬁ/ff'om the hospital’s IT Department, comprising raw
datasets in spreadshéét format, covering all patient encounters recorded in the iPesakit®
system. ’Di/r’&:t observations were carried out on-site across multiple weekdays and
Week'ends /fo capture typical operational patterns. During these sessions, patient
\ movement, staff allocation, environmental layout, and cross-zone interactions were
“recorded using field notes. Observations were descriptive rather than evaluative,
ensuring minimal disruption to clinical activity. Stakeholder engagement occurred
informally through routine discussions, brief interviews, and interactions with various
members of the ED staff. Staff were encouraged to describe workflow difficulties,

sources of delay, and patient-related challenges they encountered.

3.4.5 Data analysis

Data analysis for Phase 1 utilised an integrative approach combining descriptive
quantitative analysis, document review, and structured interpretation of observational

and stakeholder-derived information. Administrative datasets and timestamp records
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were first examined using descriptive statistics to identify trends in patient volume,
waiting times, and performance relative to departmental KPIs. Annual attendance data
were analysed to determine longitudinal patterns, while monthly KPI reports were

reviewed to evaluate consistency in meeting established benchmarks.

Timestamp data extracted from the iPesakit® system were screened for
completeness and cleaned to remove incomplete or implausible values. The data were
arranged chronologically to allow examination of typical process durations and
variability within the clinical workflow. These quantitative analyses were
complemented by findings from observational field notes, which provided insight into
movement pathways, spatial constraints, cross-zone staff deployment,/ and task

interruptions not visible in administrative data alone.

-

Stakeholder input was synthesised narrat/ively/ and used primarily to
contextualise quantitative patterns rather than/,as”a/ separate qualitative dataset. Staff
accounts of workflow fragmentation, d/elay(, ana;operational pressures were compared
against trends observed in ti/mgsfa/mp da; and administrative reports, enabling

. . - &
triangulation across data souiges, /

»
-
P

The c@mﬁjned arlalysis allowed for the systematic identification of operational
ingfﬁciéﬁc/i/es across the emergency department and supported that the Green Zone
\ éxperienced the highest concentration of workflow bottlenecks and performance
“challenges. These findings formed the empirical foundation for Phase 2 — model design

and development — under the DDR framework.

3.5 PHASE 2: MODEL DESIGN AND DEVELOPMENT
3.5.1 Opverview and rationale

Phase 2 of the DDR framework focused on the systematic design and development of a
Lean-based Green Zone improvement model. Consistent with DDR principles, model
design and development were grounded in: (i) empirical findings generated in Phase 1,
(i) lean healthcare expertise, and (iii) iterative refinement through observation,

structured problem analysis, and validation loops. This phase was operationalised
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through a two-day Lean Healthcare Workshop, follow-on implementation activities
undertaken by a multidisciplinary Lean Improvement Team, and a validation exercise

by Lean healthcare experts.

3.5.2 Study participants

A multidisciplinary Lean improvement team was established, consisting of 29
healthcare professionals drawn from both clinical and administrative divisions of the
hospital. The team included emergency physicians, medical officers, registered nurses,
medical healthcare assistants, pharmacists, radiographers, and medical laboratory
technicians, as well as representatives from the Human Resources and Genefél
Administration (HRGA) Department;-Department_of Finance, and Department of
Information Technology. Team members were given a mandate by/ the Hospital
Director and provided ' with a two-day hands-on wgrkshbp on/ Lean healthcare

methodology and processes by Lean healthcare experfs in the country.

%
fad
3.5.3 Data collection and study instruinents—
gy

The following steps from [fheten<step implementation framework for Lean thinking
transformation of thie senvice redesign (Sales & De Castro 2021) were adapted for this
study: - Q-

-~

1. Kick-off meeting

An initial meeting was held between the research team, top-level hospital
managers, and representatives from the ED. In this first meeting, the scope of
the project was agreed on, the expected results were planned, and the strategy
moving forward was outlined. A “Lean team” was formed, and all members
were given a letter of appointment and Terms of Reference (TOR) from the
Hospital Director. The best days and times for the team to be free from their
routine for the initial lean training workshop were also decided. This was
imperative to ensure that all members were fully available to participate and

bring value to the process group.



il

1il.

119

Team training

A foundational workshop in Lean principles, tools, and methodologies was
conducted by certified quality improvement engineers. This two-day on-site
workshop served to introduce the Lean team to core concepts such as value,
waste, flow, bottleneck identification, and standardisation, and to equip
participants with the skills necessary to analyse and redesign healthcare
processes. Under guided facilitation, the team constructed the current state
Value Stream Map (VSM), identified process inefficiencies and waste points,
and generated Kaizen opportunities. These outputs formed the analytical and
conceptual foundation for the design and development of the Lean-based model

evaluated in this study. N

Value stream mapping (VSM)

Value stream mapping (VSM) served as the primary tool for modelling the
present Green Zone workflow and identifying/ opportunities for improvement.
VSM was conceived by Rother & Sﬁoglg,(2003) for the industrial environment
and has been widely adaptecf for healthcare due to its ability to visualise patient
flow, 1nformat10n/ﬂow«and operational dependencies within a single integrated
map. VSM diffe{entfate:/s each process step as value-added (VA), non-value-

added (NVA) or waste, and necessary non-value-added (NNVA) activities,

. énzi/blring structured identification of waste and inefficiencies (Khalil & Foo

2024).

Under guided facilitation during the Lean workshop, the
multidisciplinary team constructed a current-state VSM that represents the full
patient pathway from arrival and triage to registration, consultation, disposition,
and eventual exit from the ED. The mapping process allowed the team to
visualise interaction points between patients and healthcare personnel, identify
delays, rework loops, bottlenecks, and sources of variation, and examine how
information moved through administrative and clinical systems (Nazar et al.
2016). Through this exercise, improvement opportunities that could enhance
patient flow and increase value from the patient’s perspective were

systematically identified (Sales & De Castro 2021).
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Building on this, the team subsequently developed a future-state VSM,
representing the desired Lean workflow with reduced waste, streamlined
movement pathways, simplified documentation requirements, and improved
coordination across process steps. This future-state map functioned as the

conceptual blueprint for the Lean-based model implemented in this study.
Standard zero

Standard zero is the current situation of each healthcare worker’s day-to-day,
and the existing flow that patients go through in the ED. The team established a
“Standard Zero” by documenting every action within the workflow, including
its sequence, dependencies and observed variations. This captured the day-t})/—
day operational routines of ED-staff,-from-registration personnely t/riarge'/staff,
doctors, nurses, and support staff, and clarified role expectation)s, /highlighted
variations in practice, and helped identify misr/naicﬁés betWeen desired and
actual workflow execution. This provided a Bgseiine which was essential to
ensure that all team members sh?re/dr /a/éenéistent understanding of how work
was actually performed, ratherthan how it was assumed to be performed, and
provided a reference po/i/n/t:ggz;inst which the redesigned (future-state) processes
could be cqmparéd. 1t also supported the development of more reliable and

standardised WOI‘i( routines by identifying where variation led to inefficiency or
delay.
Cross-process observation

To validate the accuracy of the current-state VSM and standard zero, the Lean
team conducted a Gemba — a Lean tool defined as “the place where value is
created”, which was achieved through the following elements: observation
(watching people perform the work in-person), location (observing people at the
actual location where work is performed), and teaming (interacting with people

performing the work) (O’Mahony et al. 2021).

Direct observation, a time motion study, and judgment-based
assessments from frontline staff were used to estimate average processing times.
These observations were triangulated with timestamp data extracted from the
hospital’s EMR system (iPesakit®), which provided objective measures of
throughput such as waiting times and length of stay of patients in the ED.
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Following this, the team gathered again to refine the current-state VSM. This

ensured that the mapping process reflected actual working conditions.
vi.  New standard

Following the finalised current-state VSM, the Lean team proceeded to design
the new standard, which represented the redesigned workflow intended to
reduce waste, streamline patient flow, and enhance process reliability. As part
of the model design and development process, the team generated a series of
Kaizen bursts, each capturing a specific source of waste, delay, or inefficiency.
These Kaizen bursts functioned as concise improvement ideas, that were then
synthesised using an effort-impact matrix to determine feasibility, and were

used to inform the configurations of theredesigned workflow. -~

The team constructed the future-state VSM, vghich"dperationalised the
new standard. Consistent with Sales & De (Eastré (2021), the new standard
sought to establish an idealised workflow that addressed the inefficiencies
identified in the current state and ific ;eiporz;ted feasible improvements. In this
study, the future- state VSM const1tuted the Lean-based model to be
implemented and evai/ ted It served as the operational blueprint for subsequent

v
piloting and/Valicllation prior to evaluation in Phase 3.

o~ e

3.54. D/aﬁ;analysis

_Data analysis for Phase 2 focused on translating the findings during the Lean Healthcare
Workshop into a structured workflow redesign using an integration of Lean tools. The
current-state VSM included all observed and reported process steps, waiting times and
movement pathways across the Emergency Department workflow in the Green Zone
and enabled systematic visual identification of bottlenecks, redundancies, and delays,

providing a comprehensive representation of the existing operational system.

Following construction and validation of the current-state map, all identified
inefficiencies were converted into specific improvement opportunities and documented
as Kaizen bursts, a Japanese word that means “continuous improvement”. Kaizen aims
to make small, incremental improvements in processes and systems, leading to

significant long-term benefits. The Kaizen process encourages the Lean team to identify
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areas for improvement and come up with practical solutions that can be quickly
implemented. These solutions were analysed using an effort-impact matrix, in which
each proposed change was assessed according to (i) its anticipated effect on patient
flow, and (i1) the effort, coordination, or resources required for implementation. This
classification enabled the team to prioritise feasible, high-impact modifications while
recognising which proposals required additional investment or long-term planning. The
prioritised Kaizen and their corresponding classifications were subsequently presented
to hospital management for endorsement. Only interventions classified as both high-
impact and implementable within existing operational constraints were approved for
immediate execution. These selected changes formed the basis of the Lean-based
model, representing the intervention that was operationalised d/uring / the

implementation period and subsequently evaluated in Phase 3.

-

Following stabilisation of the redesigned workf/low;a formal validation exercise
was conducted to determine the extent to wh}ch”e/ach/ component of the Lean-based
model had been implemented as inten@ed. fhf Content Validity Index (CVI) was used
to assess the degree to Whic/haytl‘fe/ actual workflow observed in the emergency
department reflected the spec/iﬁ/c;éons outlined in the future-state Value Stream Map.
using a 4-point ,L‘ike/rt1 sc;de (1 = not implemented/not aligned, 2 = partially
implemem;e{,} = mostly implemented, 4 = fully implemented as intended). A three-
me;mbef ex/pert panel comprising two quality engineers with certified Lean healthcare
\ éxpertise and one emergency physician independently reviewed each redesigned
/process step. Items that received ratings below 3 from any expert were to be

accompanied by qualitative comments to allow the Lean team to refine unclear steps
and constitute the necessary changes to ensure accurate representation of the

intervention.
For each item, an Item-level Content Validity Index (I-CVI) was calculated as:

Number of experts rating 3 or 4

I-CVI =
3
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An I-CVI > 0.80 was considered evidence of satisfactory implementation

alignment (Yusoff 2019).

The scale level content validity index based on the average method (S-CVI/Ave)

was then calculated as the average of the item-level CVIs (I-CVI) across all items:

Y I-CVI across all items

-CVI/Ave =
S-CVl/Ave Number of items

S-CVI/Ave provides an overall measure of implementation consistency ,acro/ss
the full model (Yusoff et al. 2021)—~An S-CVI/Ave score above 0.90 is ‘considered
excellent (Furr 2018). A\ WA

The resulting high I-CVI and S-CVI/Ave /\Lalﬁés indicated strong expert
agreement regarding the adequacy of ilpplémelfted interventions, supporting the
- o A
model’s readiness for formal evaluatiofi-in Phdse 3.

)
P o~

Pap 2L
r A v

3.6  PHASE 3: MODEL EVALUATION
AW

Data analysis for Phase 3 of the study involved two major components: (i) Interrupted
Time Series (ITS) analysis to evaluate the effects of the Lean-based model on
\ operational performance indicators, and (i1) cost analysis comparing pre- and post-

‘intervention expenditure in terms of cost per patient and cost per patient-hour.

3.6.1 Operational outcomes
a. Study design

A quasi-experimental, interrupted time series (ITS) design was employed to evaluate
the effects of the Lean-based model on operational performance outcomes in the
emergency department. ITS is widely recognised as one of the strongest quasi-
experimental approaches for assessing the impact of system-level interventions when
randomisation is not feasible (Turner et al. 2020). In a two-period ITS design,

observations are modelled across two contiguous temporal segments — before and after
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the intervention — allowing the pre-intervention trajectory to serve as a counterfactual
(i.e. what would have occurred in the absence of the intervention). This allows for the
estimation of both immediate (level) changes and gradual (trend) changes following an

intervention (Turner et al. 2020).

The ITS approach was particularly suited to this evaluation because the Lean
intervention was implemented at the system level and could not be randomised or
compared against an external control group. Meaningful comparison with another
hospital’s Green Zone was also not feasible, as each institution experiences different
patterns of patient volume, case mix, resource constraints, and workflow bottlenecks.
These structural and operational differences make external benchmarking ut}suitéb/le as
a counterfactual. Given these limitations, ITS offered the most rigorous ana/approﬁriate
method by modelling the expected trajectory of each outcor/ne‘in'ﬁthe absence of the

-

intervention. P

PPN

For this study, three daily ogeratigna/ljifndicators, triage-to-registration time
(TTR), arrival-to-consultation time (ATC), a;d length of stay (LOS) in the emergency
department, were collected- fo/r/tv:/e; 6-month observational periods: a pre-intervention
phase (January—/J,uné /2924)\ and a post-intervention phase (January—June 2025).
Between these two observation windows, a six-month implementation and stabilisation
period (JuigbgDecember 2024) was allocated to roll out the Lean-based model, refine

“ workflow changes, and ensure that the redesigned processes were consistently

“embedded in routine practice.

These indicators were selected because they represent key stages of the
emergency department patient pathway and are widely used to evaluate operational
efficiency and patient flow in emergency care settings (Lima et al. 2021). Triage-to-
registration time reflects the efficiency of early administrative processing following
patient arrival, arrival-to-consultation time measures the timeliness of initial physician
assessment, and overall length of stay captures the cumulative effect of throughput
processes across the entire episode of emergency care. Hence, the use of these indicators
provides a comprehensive assessment of both front-end workflow performance and

broader operational throughput within the emergency department.
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b. Sampling method

A census sampling approach was applied, in which all individual patient encounters
managed in the Green Zone were included during both the pre-intervention (January—
June 2024) and post-intervention (January—June 2025) observation periods. Census
sampling is appropriate when the full population of interest is accessible and ensures
complete capture of variation in operational performance without sampling error or

selection bias (Daniel 2012).

In this study, each Green Zone encounter constituted an individual data point
drawn from iPesakit®. All available encounters were retained except those with
incomplete timestamps required to-eompute-the-operational indicators. This approach
parallels the use of individual-level data in registry-based ITS analysés, yvﬁich include
all eligible records after applying minimal exclusion c/riteri/él to er;sure data quality

(Jackson et al. 2024).

PPN

e >
fad

For the interrupted time series analysts, each calendar day (12:00 a.m. to 11:59
p.m.) was treated as a sing]z/ tﬂ%e unit. All patient encounters within this 24-hour
window were extr/agted/ accofding to daily operational indicators and sorted in
ascending order 16 derive the daily median. Daily aggregation is consistent with ITS
methpdoldgy,/ which requires multiple evenly spaced data points and often uses
) suiﬂmary sfatistics (e.g., rates, means, medians) derived from individual observations
_to construct population-level time series suitable for modelling pre-intervention trends

and post-intervention deviations (Turner et al. 2019).

c. Sampling population
i. Target population

The target population consisted of all patients presenting to emergency departments in

Malaysia who were managed within a Green Zone setting.



126

ii. Study population

The study population comprised all Green Zone patient encounters managed at the

emergency department at Sultan Ahmad Shah Medical Centre [IUM (SASMEC ITUM).

iii. Sampling frame

The sampling frame consisted of the complete daily electronic records of all Green Zone
patient encounters documented in the hospital’s electronic medical record (EMR)
system, iPesakit®. These records provided the raw time-stamped data required to

construct daily operational indicators.

iv. Sampling unit

The sampling unit for the interrupted time series analysis v;as the daily aggregated
operational indicator. Each calendar day (12:00 a.m.—11:59 p.m.) formed one time point
. . . . G e, A .

in the time series. For each day, all patient encounters within that 24-hour window were
sorted, and because the individual-level datd were non-normally distributed, the daily

median was selected as the /t'krﬁ/é point for each outcome.
< <

d. Sampjing,ériteria]

All ‘p/atient encounters managed in the emergency department Green Zone during the
4’ /deﬁned pre-intervention (January—June 2024) and post-intervention (January—June
/2025) periods were eligible for inclusion. Records were excluded only if key time-
stamp fields required to derive the operational indicators were missing, internally
inconsistent, or clearly implausible (e.g., negative time intervals or sequences that
violated clinical workflow logic). These exclusions were applied solely for data
integrity purposes and did not constitute selective sampling. All remaining valid

encounters were retained and aggregated for analysis.
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i. Inclusion criteria

i.  All patient encounters managed in the Green Zone of the emergency department
at SASMEC IIUM during the pre-intervention period (January—June 2024), and
the post-intervention period (January—June 2025).

ii.  Encounters with complete and internally consistent timestamp data required to
compute all three operational indicators: triage-to-registration time (TTR),

arrival-to-consultation time (ATC), and length of stay (LOS).

ii. Exclusion criteria

i.  Cases directed to the Yellow.or Red Zone after primary or secondary triage.

ii.  Encounters captured during the implementation period (July—December 2024).

e
.
-

e. Study instruments P,
%
. - 4 .
Data for all operational indicators .were vexﬁacted from the iPesakit® Clinical
Information System, the El\éR/gl\atform used in SASMEC IIUM. Timestamps are
.. 2.3 % A . .

generated when clinical or administrative staff enter notes or complete specific tasks in
iPesakit®, such as /doculmenting triage assessment, completing registration, initiating
consultaﬁoﬁ, plaeing investigation orders, or finalising discharge. These entries are

made as pait of routine clinical care and administrative workflow.

For this study, three operational indicators—triage-to-registration time (TTR),
arrival-to-consultation time (ATC), and length of stay (LOS)—were derived from the
system’s time-stamped fields. Daily operational data were obtained through a formal
request to the hospital’s Information Technology (IT) Department. The IT team
extracted the raw timestamp data directly from the iPesakit® back-end database and
provided them in Excel format, containing all relevant event times for each Green Zone

encounter.
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f. Sample size

There is currently limited empirical guidance on sample size requirements for ITS
analysis (Turner et al. 2019). Estimates of effect size and autocorrelation are key
parameters for sample size calculation of ITS series, yet there is little guidance
regarding the typical size of these effects that might be seen in ITS of public health
interruptions. Recommendations for minimum ITS series length vary widely, ranging
from three time points per segment to upwards of 50 time points for models
incorporating autoregressive structures (Turner et al. 2020; Zhang et al. 2011). Longer
time series enhance the ability to model secular trends, detect intervention effects, and

account for autocorrelation or seasonality. n

-

In determining sample adequacy for this study, seyeral/ methodological

considerations were taken into account: -

v

1. the number of pre- and post-intervep,tio/mmie points;
- @ A

<€ -
ii.  the volume of observations contributing to each time point;

&9 )
iii.  the frequency at which'time points are measured;
iv.  the timing ‘of the fintervention within the series; and

V. . theipa;gni/tude of the expected effect.

In this study, daily data were used to maximise the number of time points. Each
day’s data comprised a census of all Green Zone encounters, providing a large number
of observations for each time point and improving the stability of daily medians. A total
of 182 daily time points were available in the pre-intervention period (January—June
2024, including the leap-year day), which were used to estimate the underlying baseline
level and trend and to construct the counterfactual trajectory representing expected
performance in the absence of the intervention. An additional 181 daily time points
were available in the post-intervention period (January—June 2025), which captured the
realised operational performance following full implementation of the Lean-based

model.
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Cumulatively, 363 daily observations were included in the segmented
regression models, which exceeds the minimum recommended thresholds for
autoregressive integrated moving average (ARIMA)-based ITS models and provides
adequate temporal resolution to estimate level and trend changes while accounting for

autocorrelation.

g. Operational definition of the variables

The operational definition of the variables is presented in Table 3.1.

Table 3.1 Operational definition of the variables p

Item Description -7
Triage-to- Operational definition: The time interval between a patieht’s/cémpletion of
Registration primary triage and completion of the registration process in the Gieen Zone. This
Time (TTR) indicator reflects front-end flow efficiency and is sensitive to bottlenecks in

administrative and triage documentation procésses. Daily median values are used
for analysis due to the non-normal distribution of individual patient times.
Calculation: Registration timestapip — Friage timestamp.

Type: Continuous. — j

Measure: Time in minues. |~

Arrival-to- Operational definition: The time taken from the patient’s arrival at the
Consultation Emergency Department primary triage station until the patient is first seen by a
Time (ATC) medical officet4n the Green Zone. This measures the timeliness of initial clinical
assessment. Daily median values are used for analysis due to non-normal
__(__distribution.
_~ " . _ACalculation: Consultation start time — Arrival time at primary triage.
- { // Type: Continuous.

Measure: Time in minutes.

Length of Stay Operational definition: The total time a patient spends in the Emergency
“ (LOS) Department Green Zone from arrival until completion of discharge processes
(either discharge home or transfer/admission) from the Emergency Department.
Daily median values are used for analysis due to non-normal distribution.
Calculation: Time of ED discharge/transfer — Arrival time at primary triage.
Type: Continuous.
Measure: Time in minutes.

h. Data collection

Data collection for the operational outcomes was conducted retrospectively using
routinely recorded electronic timestamps extracted from the iPesakit® Clinical
Information System. All Green Zone patient encounters during the pre-intervention

(January—June 2024) and post-intervention (January—June 2025) periods were included.
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Because the extracted dataset consisted of raw entries without preprocessing, all
operational indicators were computed manually by the researcher using the
corresponding timestamp pairs for each encounter. Prior to calculation, the dataset
underwent a systematic cleaning procedure to identify and remove implausible records,
such as missing timestamps, negative durations, or events documented out of
chronological sequence. Following cleaning, the data were organised into daily 24-hour
windows (12:00 a.m. to 11:59 p.m.). All encounters within each window were sorted in
ascending order. The daily median value was used as the representative time point for

each indicator.

i. Data analysis

-

All data management, statistical analyses, and graphical outputs{were/co/nducted using
R (ver. 2025.09.2+418) (R Foundation for Statistical Qomﬁuting, /Vienna, Austria).
Interrupted time series models were estimated u/s/iné standard time-series and
forecasting packages, and all figures and/ di;;g/ﬂé/stié plots were generated within the R

<€ -

environment. P
VS v

// PES
r T v
Va

i Analytical approaéh >
\ l

The effcct§ “of the Lean-based model on emergency department performance were

eva}uated ilS’ing an Interrupted Time Series (ITS) design with segmented regression.

ITS is a well-established quasi-experimental approach for evaluating system-level

/interventions when randomised designs are not feasible, allowing causal inference

through comparison of observed post-intervention outcomes with a counterfactual

projection based on pre-intervention trends (Turner et al. 2019, 2020).

A single, prespecified intervention point was used throughout the analysis: 1
January 2025, corresponding to the date on which the Lean-based model for the Green
Zone was fully implemented and operational. All analyses, therefore, compared
outcomes observed after this date with those expected had pre-intervention patterns
continued unchanged. Three time-based operational indicators were examined: triage-
to-registration time (TTR), arrival-to-consultation time (ATC), and length of stay

(LOS). All outcomes were analysed as daily medians due to the non-normal distribution
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of individual patient-level times. This approach is consistent with recommended
practice in interrupted time series analyses of healthcare process measures, where robust
summary statistics are preferred to means in the presence of skewness and outliers

(Jackson et al. 2024).
Segmented regression was used to estimate two standard ITS parameters:

i.  an immediate level change at the intervention point, and

ii.  achange in post-intervention trend relative to the pre-intervention trajectory.

ii. Model specification

For each operational indicator, the ITS model took the form: . | -~

-

.

Yy = Bo + B1(time;) + B, (interventiong) + Bz(post-trend,) + &,
= NS

A
'S -
where: 'y
//\ T
ANy
f >3 v
\ -

e Y, represents the ]dailil median outcome at time t;

o pimefeaﬁﬁures the underlying pre-intervention trend;

‘o intefventiont is coded 0 before 1 January 2025 and 1 thereafter, estimating the

immediate level change (f35);

e post-trend,represents time elapsed since the intervention, estimating the slope
change (B3);

e & represents the error term.

iii. Treatment of temporal dependence

While segmented regression provides a flexible framework for estimating level and
trend changes in interrupted time series, valid inference depends on appropriate
handling of serial autocorrelation in the error structure. Operational time series in the

healthcare context commonly exhibit serial autocorrelation and, in some contexts,
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seasonal structure. If left unaddressed, this can lead to underestimated standard errors
and inflated type I error rates in ITS analyses (Turner et al. 2021; Turner et al. 2019).
The temporal dependence was assessed and treated using ARIMA-based error

structures within the segmented regression models.

iv. Model adequacy and residual diagnostics

Following identification of outcome-specific ARIMA error structures, model adequacy
was formally evaluated to confirm that the selected specifications adequately captured
temporal dependence and supported valid statistical inference. Diagnostic checking is
a critical component of interrupted time series (ITS) analysis, as inadequately spcciﬁéd
error structures can lead to biased standard errors-and invalid statistical infeferice;even
when point estimates appear stable (Turner et al. 2019, 2020).4M0d/el gdéquacy was

evaluated using residual time-series plots and inspection of residual ‘autocorrelation.

PPN

v

V. stimation of intervention erfects an une/r actual trajectories
Estimation of int tion effect dunterfactual traject
- o A
L -

Intervention effects were quantij}ed\/by estimating two key ITS parameters:
F o

r T v
~ /

e Immediate- Tévell change (B2) — representing the instantaneous shift in the

QutcO/me at the defined interruption point (1 January 2025).

“e  Post-intervention slope change (Bs) — representing the change in trend following

the intervention relative to the pre-intervention trajectory.

For each operational outcome—triage-to-registration time (TTR), arrival-to-
consultation time (ATC), and length of stay (LOS)—the segmented regression models
included an intercept, a continuous time variable representing the underlying pre-
intervention trend, a binary intervention indicator coded from 1 January 2025 onwards,

and a post-intervention time variable.

Counterfactual trajectories were generated for each operational indicator by
projecting the pre-intervention trend forward into the post-intervention period in the
absence of the implementation of the Lean-based model. This approach is central to

causal interpretation in ITS analysis, as it enables direct comparison between observed
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post-intervention outcomes and those expected had pre-intervention patterns continued

unchanged (Turner et al. 2019, 2020, 2021).

Daily fitted values from the full ITS models were obtained for the observed
series, and counterfactual fitted values were generated from the corresponding reduced
models without intervention terms. These fitted and counterfactual series form the basis
of the graphical ITS displays presented in Chapter 4, allowing visual assessment of the
magnitude, direction, and persistence of intervention effects over time. As
recommended by Turner et al. (2020), these plots emphasise both the immediate
discontinuity at the intervention point and divergence (or convergence) between
observed and counterfactual trajectories during the post-interventiqn, ['S,e/riod.
Intervention effects were summarised using absolute changes in outcome levels and
percentage changes relative to pre=intervention means: Ur}certainty around effect
estimates was quantified using 95% confidence in/tewa/ls derived from the fitted

v

regression models. = f

- // A
<€ -
vi. Sensitivity analyses and robu§tness checks

- 9 a0

Gl R )
Sensitivity analyses/ were/undel{aken to evaluate the robustness of the interrupted time
series (ITS) ﬁncﬁﬁgs to hlternative modelling assumptions and analytical approaches.
Given that /ITS “estimates can be sensitive to choices regarding error structure,
) esﬁfﬁation ‘method, and counterfactual construction, the use of complementary
_analytical strategies is recommended to ensure that substantive conclusions are not

artefacts of a single modelling framework (Turner et al. 2020, 2021).
Five classes of ITS models were examined for each outcome:

1. classical segmented regression estimated using ordinary least squares with
Newey—West heteroskedasticity- and autocorrelation-consistent standard

eITors;

ii.  generalised least squares (GLS) models with autoregressive correlation

structures;
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iii.  ARIMA regression models with intervention terms specified as external

regressors (primary analysis);

iv.  exponential smoothing state-space models (ETS/Holt—Winters) used to generate

forecast-based counterfactual trajectories; and

v.  Bayesian ITS models incorporating uncertainty in level and trend parameters.

Across all sensitivity analyses, the substantive pattern of findings was consistent
with the primary ARIMA-based ITS models. Specifically, triage-to-registration time
(TTR) demonstrated an immediate reduction following implementation of the Lean-
based model, while arrival-to-consultation time (ATC) and length of stay (LOS) did riot
exhibit statistically reliable changes:-Although-point estimates and uncertainty intérvals
varied modestly across modelling frameworks, no alternative speciﬁga‘fion yielded

conclusions that differed in direction or interpretation from. the primary analysis.

PPN

v

In accordance with best practice i{l IJ:§@5al§lsis, the ARIMA regression models
were retained as the primary analytical approach due to their transparency, parsimony,
and explicit handling of ter/npgfgl\/f_iéf)endence, while alternative models were used to
confirm the stabilit}/ of conclusions rather than to select models based on fit statistics

alone (Cryer & Cﬁﬁan 2068; Turner et al. 2020; Wei 2006).

s

-~

) 3.62  Cost analysis
“a. Study design

The cost analysis was conducted as a hospital-based economic evaluation using a
provider perspective to estimate the operational cost of delivering Green Zone services
in the emergency department before and after the implementation of the Lean-based
model. Costs were analysed using a top-down approach. The costing approach used
hospital-wide expenditure data, which were apportioned to the emergency department
based on standard allocation metrics provided by the Finance Department and the

Facilities and Engineering Department.
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Two costing windows were analysed: January—June 2024 (pre-intervention) and
January—June 2025 (post-intervention). These periods aligned with the operational time
series used in the ITS analysis, ensuring that performance and cost outcomes were
evaluated over comparable durations. All costs were expressed in Malaysian Ringgit
(MYR) for the 2025 financial year. No inflation adjustments were applied because the

costing windows spanned equivalent six-month periods in consecutive years.

b. Unit of analysis and classification of cost items

To estimate the resource implications associated with the Lean intervention, all major
resources utilised in emergency department operations were identified and valuéd.
Although the intervention was implemented within the Green Zone, resoureé uﬁliSation
within the emergency department is highly integrated, with stafﬁﬁg, /cénsumables,
medications, equipment, and support services share/d .across c/linical zones. In
accordance with the Emergency Medicine and Trauifia éervices (EMTS) Policy, the
Green Zone manages a heterogeneous I?at)legfélix/ ranging from Gl cases requiring
multiple diagnostic and treatment reSources“to G2 and G3 presentations requiring
minimal or no interventior}s/@ﬁ/’u%is‘tf’y of Health Malaysia 2012). However, because
operational resources are not rGutinely allocated or recorded by individual zone, costs
could not be ;eliat;ly attr&buted exclusively to Green Zone activities. Consequently, the
emergenC}/l//dépar/iment was defined as the cost centre and unit of analysis for the
) ecbﬁomic elvaluation. This approach was considered more appropriate than attempting
_to estimate zone-specific costs based on assumptions or indirect allocations that could

introduce substantial measurement error.

Cost identification was based on detailed financial records from the Finance
Department, procurement summaries from Pharmacy and Supplies, and direct
consultations with the Human Resource and General Administration Department and
the Facilities and Engineering Department. All cost items were classified into direct
medical costs, which were further subdivided into fixed costs, semi-fixed costs, and

variable cost categories.

Facility and overhead costs represented fixed costs, including hospital-wide

expenditure for utilities (electricity, water, ICT infrastructure), hospital support services
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(linen and laundry, biomedical engineering, waste management, security), and hospital
insurance premiums. administrative salaries. Because these represent shared hospital
resources, they were allocated to the ED proportionate to the physical floor area (square

footage) relative to the hospital’s total operational area.

Semi-fixed costs comprised labour expenditure, which was calculated based on
the actual human resource deployment within the emergency department. Labour cost
data were obtained directly from the Human Resources and General Administration
Department and included emergency physicians, medical officers, assistant medical
officers, staff nurses across various grades, medical healthcare assistants, drivers, and
administrative clerical staff supporting ED operations. Because staffing for/ the /G/reeh
Zone is drawn from a shared departmental roster, with personnel rotating/betweéh the
Green, Yellow, and Red Zones, labour expenditure reflects the totalﬁeost/o‘f staffing the
entire emergency department rather than the Gregan/one alone. Administrative
personnel costs, which are not stationed exclus/i,vei}j inthe ED, were apportioned from
the hospital-wide human resources bu@get @Elgjstandard allocation practices provided

-

by the Finance Department.
ol ' 7

Variable /direét/c?sts ;omprised general and specialised clinical consumables as

well as medications used in patient care. Expenditure data for these items were obtained
frqm"thé Iﬁenthly utilisation reports provided by the Pharmacy Department and the
“ Medical Supplies Unit. Because consumables in the emergency department are
“procured and stored as a pooled departmental inventory rather than allocated by clinical
zone, these costs represent consumption at the department level rather than the Green
Zone alone. Medication costs were similarly valued using pharmacy dispensing records,

which capture all items issued for emergency department encounters irrespective of

zone.

The costing framework, including the classification of cost components and the

allocation approach applied to each category, is summarised in Table 3.2.
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Table 3.2 Costing framework for the Green Zone of the emergency department
Cost Component Type Description
Utilities, facility overhead, Fixed direct cost Apportioned by floor area

support services

Equipment maintenance Fixed direct cost Monthly biomedical servicing cost
apportioned by floor area

Administrative overhead Fixed direct cost Apportioned by floor area

Labour cost Semi-fixed direct cost Salaries & allowances for emergency
physicians, medical officers, assistant
medical officers, staff nurses across
various grades, medical healthcare
assistants, drivers, and administrative
clerical staff supporting ED operations

Consumables & medications ~ Variable direct cost Utilisation-based expenditure on general
& specialised consumables and drugs

-
- oy

c. Valuation of costitems

P

The valuation of cost items was conducted using a £0pscfown approach in which all
expenditures attributable to the emergency de;paﬂr/nen’t were identified from hospital
financial records and apportioned ac/cordﬁg to established allocation rules. More
granular approaches, such as A(}ﬁ\vifx-Basedéosting (ABC) or Time-Driven Activity-
Based Costing (TDABC), co/uzk} f);ovide closer attribution of resource consumption to
individual activj/tif/s"/o/r Fare\ processes and may therefore offer greater precision in
evaluating /tt}e/ “tesource implications of Lean workflow redesign. However,
impleménti/ng these approaches would require detailed mapping of activity pathways,
« staff time, resource capacity and cost drivers across the Green Zone, which was not
“feasible within the study period and scope. The top-down approach was therefore
selected as a pragmatic and reproducible method for estimating changes in operational

unit costs using routinely available financial data.

For fixed costs, total hospital expenditure on utilities, insurance, waste
management, linen and laundry services, biomedical engineering support, facility
maintenance, and building depreciation was obtained from the Finance Department and
the Facilities and Engineering Department. Because these are shared resources
supporting all clinical and non-clinical units, fixed costs were apportioned to the
emergency department using the square-footage method, whereby each cost item was

scaled to the proportion of operational floor area occupied by the ED.
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Semi-fixed costs, consisting primarily of labour expenditure, were valued using
actual monthly salary statements obtained from the Human Resources and General
Administration Department. These records included basic salary and fixed allowances
for all cadres rostered to the emergency department. Since staffing for the Green Zone
rotates across the whole department, covering the Green, Yellow, and Red Zones,
labour costs were valued at the departmental level, reflecting the full cost of maintaining
the ED workforce required to deliver Green Zone services. Administrative staff who
support ED operations but are not exclusively stationed in the department were costed

using standard allocation factors provided by the Finance Department.

Variable direct costs were valued using monthly utilisation and e/xper‘id/ituré
reports from the Pharmacy Department and Medical Supplies Unit. These récords
captured the actual quantities and costs of consumables and mediéé‘cionéissued to the
emergency department during the costing periods. ]§eeaﬁse consumables are drawn

from a pooled ED supply rather than tracked e}t, the zone level, their valuation reflects

aggregate ED utilisation. A
€ -
d. Cost calculations AR
v

»
-

Following the \Zgiiuatioﬂ, all cost components were aggregated to derive the total
monthly /oj;agrétiné cost of the emergency department. Fixed, semi-fixed, and variable
) dir/eét costs ‘were summed to produce a comprehensive estimate of monthly expenditure
_during each costing window. This aggregation involved summing labour costs, direct
medical costs, equipment maintenance costs, and apportioned facility and overhead
costs, consistent with the provider-perspective and top-down costing framework used

in this study. The total monthly cost for month m was computed using:

TotalCost,, = LabourCost,, + DirectMedicalCost,, + EquipmentCost

+ Facility/OverheadCost

To enable comparison across pre- and post-intervention periods, these totals

were converted into two-unit cost metrics: cost per patient and cost per patient-hour.
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Cost per patient was calculated by dividing the total monthly operating cost by the total

number of Green Zone encounters for that month:

Total monthly ED cost
Number of Green Zone patient visits for the month

Cost per patient =

Cost per patient-hour was calculated to account for both patient volume and the
time patients spent in the Green Zone, thereby providing a measure of operational cost
efficiency that reflects length of stay. Patient-hours were derived by multiplying the
mean monthly length of stay (in hours) by the total number of Green Zone encounters

for the corresponding month. The cost per patient-hour was then computed as: -

-

mean LOS ('mi/nutes/)
. 60

O

Total patient-hours = Number of patients X

-

Total nonthly ED cost
Totdl patient-hours for the month

Cost per patient-hour =

-

These calculations /wg{e/;q\jplied identically in the pre- and post-intervention
periods, enabling /"Eii;ept éomparison of operational cost efficiency following
implementation of the Lean-based model. Cost metrics were reported in Malaysian
Ringgit“(l\/I/YR) for each month, and aggregated six-month totals were used to compare

" overall pre- and post-intervention expenditure.

e. Cost data collection

A data collection tool was created using Microsoft Excel (ver. 2605). Figure 3.4
illustrates the flow of cost data collection, classification, aggregation, and derivation of
unit cost measures used in this study. The figure summarises how hospital-wide
financial and utilisation data were pooled at the emergency department cost centre,
classified into fixed, semi-fixed, and variable cost components, and combined with

Green Zone activity data to derive cost per patient and cost per patient-hour.
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Figure 3.4  Pathway for top-down costing and unit cost estimation for the emergency department Green Zone
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3.7 ETHICAL CONSIDERATIONS

This study was conducted in accordance with established ethical principles governing
research involving human participants, including the Declaration of Helsinki, the
Malaysian Good Clinical Practice Guidelines, and the institutional requirements of the
International Islamic University Malaysia (IIUM) and Sultan Ahmad Shah Medical
Centre [IUM (SASMEC IIUM). Ethical approval was obtained from the [IUM Research
Ethics Committee (IREC) (registration no.: IREC-2024-263) and the Universiti
Kebangsaan Malaysia Medical Research Ethics Committee (UKM MREC) (registration
no.: JEP-2024-331). Institutional approval was granted by the Department of Education
and Research (DEAR), SASMEC IIUM (registration no.: [IR25-43).

The Lean workshop and model developme/nt -activities involved a
multidisciplinary Lean team comprising hospital stafffrom clinical and administrative
departments. Emergency department frontliners jére a/ctively involved throughout the
needs analysis, design, and development,’ as/yvfelfas validation phases as part of routine
quality improvement initiati/ves;,‘i\h/itiated and approved by hospital management.
Participation did not reciqir/e/ tisclosure of personal, sensitive, or identifiable
information. Staff /comtributions were voluntary, undertaken within standard

professional roles; and no incentives were provided.

The operational outcome measures used in this research — triage-to-registration
time (TTR), arrival-to-consultation time (ATC), and length of stay (LOS) — were
derived exclusively from routinely collected, system-generated timestamps within the
hospital’s electronic medical record system (iPesakit®). These data were extracted in
aggregate form by the hospital IT Department and did not contain patient names,
identification numbers, or other directly identifying information. Only de-identified
datasets were provided to the researcher. No direct patient contact was involved, and no
identifiable clinical information was accessed, in line with the Malaysian Personal Data

Protection Act (PDPA) 2010.

All datasets were stored on password-protected institutional computers and

encrypted external drives accessible only to the research team. Raw timestamps and
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cost records remained within hospital servers, in compliance with hospital data
governance policies. Outputs used in the thesis and publications were presented only in
aggregated or summarised form. No information that could allow identification of
individual patients, staff members, or financial details linked to specific personnel was

reported.

The study posed minimal risk to patients and staff, as it relied on existing
operational data and involved no modification to treatment pathways beyond routine
quality improvement activities approved by hospital management. Anticipated benefits
included improved understanding of emergency department operational performance,
enhanced patient flow, and potential improvements in cost efficiency, consistent with

institutional objectives to'strengthen service delivery.

The researcher did not hold any administrative or supervisory authority over
emergency department staff and had no ﬁnaycialxintérest in any component of the
intervention. Payment made to external Léan &perts for the workshop was handled
entirely by the hospital through estdblished s;mdard operating procedures (SOP). The
analysis was conducted indel)/eridéﬁtly, and findings were reported objectively without

influence from hospital ardministration.

Ethical approval letters and institutional permission are provided in the

appendix.

3.8 CONCLUSION

This chapter has outlined the methodological framework underpinning the design,
development, implementation, and evaluation of the Lean-based model for improving
emergency department operations in the Green Zone. Guided by the Design and
Development Research (DDR) approach, the study followed a structured sequence
comprising a needs analysis, model development, and model evaluation. The methods
incorporated both qualitative and quantitative elements, including stakeholder
engagement, value stream mapping, Lean workshop facilitation, content validation,

interrupted time series analysis, and a provider-perspective partial economic evaluation.
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The sources of data, sampling procedures, measurement of operational
outcomes, and analytical strategies were presented in detail to ensure transparency and
reproducibility. Evaluation of the Lean-based model was conducted using a prespecified
interrupted time series design with segmented regression, enabling estimation of
immediate and sustained changes in operational performance relative to counterfactual
projections derived from pre-intervention trends. Temporal dependence was addressed
through diagnostic-led ARIMA error structures, and model adequacy was confirmed
through residual diagnostics and formal tests for autocorrelation. The costing
methodology used a top-down approach to derive the cost per patient and cost per
patient-hour in the Green Zone. Ethical considerations were addressed to ensure the

responsible handling of operational and financial data throughout the research-process.

Overall, the methodological approach adopted in this study provided a
systematic framework for identifying operational chall/engeé, developing and validating
a context-sensitive Lean-based model, apd fevaluating its effects following
implementation within the emergency depérimgnt Green Zone. By integrating needs
analysis, model design, develgpmépt, and validation, and interrupted time series
analysis, and economic evﬁrgtijo\h within a single research framework, the study
enabled comprehens/ive] ex;tmination of both operational performance and cost
efficiency outcomes. The next chapter presents the findings arising from each stage of
the research process, beginning with the needs analysis and model development phases,

" followed by the evaluation of operational and economic outcomes following

implementation of the Lean-based model.



CHAPTER 1V

RESULTS

4.1 INTRODUCTION

This chapter presents the findings of the study in accordance with the three phases of
the Design and Development Research (DDR) framework: (1) needs analysis; (2) model
design and development, and validation, and (3) model evaluation.” The results are

arranged sequentially based on the study design to ensure a logical flow and clarity in

/\\

alignment with the research objectives. Y 8
-\
A
4.2 PHASE 1: NEEDS ANALYSIS -~ »
/Y\ T

4.2.1 Operational conteg&tﬂaﬁ prf;blem localisation within the emergency department
VY

»
-~
-

The needs /gnalyéis established that operational pressures within the emergency
departméﬂt/Wére'/hot evenly distributed across clinical zones. While the ED functions
) as/é/n integrated system comprising the Red, Yellow, and Green Zones, findings
_consistently indicated that the Green Zone experienced the greatest concentration of

workflow inefficiencies and performance strain.

Analysis of administrative data demonstrated that patient demand within the
emergency department increased substantially over time, with the Green Zone
accounting for the largest and fastest-growing share of patient volume. Figure 4.1

presents annual patient attendance by zone between 2016 and 2023.
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Patient numbers in ED by zone
(2016 - 2023)
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Figure 4.1 Annual'emergency department patient volume by clinical zone at”

SASMEC IIUM, 20162023 <
.

Figure 4.1 shows that while all zones e)gpiri/ence/dk growth, the increase was most
pronounced in the Green Zone. Green Zoﬁe‘g\tfenﬂahce rose steadily from 2016 to 2019,
declined temporarily in 2029 m;Li;le with reduced healthcare utilisation during the
COVID-19 pandemic, and /re\b/manéed sharply thereafter. By 2022, Green Zone patient
volume had inc/reaé&l markedly, and by 2023 reached approximately 40,900 visits,
substan‘gia}ly/éxcgeding volumes observed in the Yellow and Red Zones.

o ~

-

P
-

q The operational implications of this demand distribution are significant. Despite
/managing lower-acuity cases, the Green Zone bears the greatest absolute workload
within the ED and functions as the primary interface between patients and the
department. Observations conducted during the needs analysis further indicated that
staffing patterns and physical resources had not expanded proportionately with the
increase in Green Zone attendance. The Green Zone is staffed by a rotating team of
medical officers, assistant medical officers, staff nurses, and medical health assistants.
However, during periods of high acuity, cross-zone staff redeployment further

constrains Green Zone capacity, contributing to congestion and prolonged waiting

times.
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Patient volume trends and observed operational conditions indicate that the
Green Zone represents the principal pressure point within the emergency department
system, providing a strong empirical basis for focusing subsequent process

improvement efforts on this zone.

4.2.2 Baseline performance indicators

Baseline performance analysis was conducted to quantify existing delays and
operational inefficiencies in the Green Zone prior to model development. Daily
timestamp data and monthly performance reports from the 2024 pre-intervention period
demonstrated prolonged waiting times across key stages of the patient journey. Analysfis
of patient-level data revealed a median-triage-to-registration (TTR) time of 6 minutes
(IQR: 5), a mean arrival-to-consultation (ATC) time of 61.494minu/tes/ .(SD + 41.97
minutes) and a mean length of stay (LOS) in the ED of 181.19 minutes (SD + 129.99
minutes). The baseline performance is shown in Tablé 4. 1.
%
NN,
Table 4.1 Baseline performance of*key operational indicators in the Green Zone
of the emergen/%dép/artment

Performance indicat6r r. / Baseline, in minutes (mean + SD)
B TTR ] 6.00 (5.00) *
a™ ATC 61.49 +41.97
¢ LOS 181.19 +129.99

~

- *TTR is presented as median (IQR) due to non-normal distribution

Prior to this study, formal performance monitoring within the emergency
department focused exclusively on a single key performance indicator: the percentage
of G1 patients seen within 90 minutes. According to the Ministry of Health Emergency
Medicine and Trauma Services Policy (2012), G1 patients represent low-acuity cases

that require multiple diagnostic or treatment resources.

Figure 4.2 presents monthly performance against the emergency department’s
official Green Zone G1 KPI. Across the months shown, the majority of G1 patients
were managed within the stipulated timeframe. However, the figure also demonstrates
notable month-to-month variation, with a consistent subset of G1 patients exceeding the

90-minute threshold. Although smaller in absolute number, these exceedances occurred
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every month. More importantly, this KPI fails to capture G2 and G3 patients, who
constitute a substantial proportion of Green Zone attendances. As a result, waiting times
and delays experienced by the majority of Green Zone patients are not systematically

measured or reported within the current performance framework.
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Figure 4.2 Monthly *pq() %A\)of Green Zone G1 patients seen within and beyond
90 miinutes at SASMEC 1TUM

/

e

2 o .. . o .. .
In//addltlon to, administrative performance indicators, patient-reported
Vi

. exigt/eri\eﬁce data providecf‘ further insight into baseline service performance in the Green

’ _Zone. Patient feedback was routinely collected using a standardised 5-point Likert scale
questionnaire (1 = very poor to 5 = very good). The questionnaire evaluated ten
dimensions of outpatient service quality, including staff professionalism and
communication, waiting times for treatment and ancillary services, appointment
scheduling, patient privacy, waiting area comfort, and overall satisfaction with care.

Baseline patient satisfaction results are summarised in Table 4.2.
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Table 4.2 Summary of patient satisfaction survey results for Green Zone
outpatient services (pre-intervention)

Item Very Poor Average Good Very Mean

Poor Good +SD

1. Our employees are friendly, polite 8 2 5 5 7 3.03+
and helpful. 1.60

2. Our employees are knowledgeable 9 0 4 7 7 311+
and professional in executing tasks. 1.65

3. Waiting time to receive treatment is 10 2 3 8 6 2.93 +
acceptable. 1.62

4. Waiting time for billing is 4 2 5 8 8 3.52+
acceptable. 1.40

5. Waiting time to get medication is 5 1 3 10 8 3.56+

acceptable. 1.457

6. The doctor gives a clear explanation 7 3 3 6 8 _ (349+
and communication. ¢ 162

7. Our employees are concerned about 5 0 4 117 i 3.56+
patient's aurat and policy. - - 1.40

8. Scheduled appointment is 5 0 P 10 8 3.60 +
satisfactory. g > 1.42

9. The waiting area is comfortable. 6 y- (CXR¢ 4 9 7 332+
1€ A 4 1.49

@ -
10. Received satisfactory outpati;nt‘// 12 0 2 6 7 2.85+
treatment. ANy 1.77
< <

»

Overall,,,rrie/éh satisfaction scores ranged from 2.85 to 3.60. The lowest-rated

items were '/gvereiﬂl satisfaction with outpatient treatment (mean = 2.85 + 1.77) and

waiﬁhg time to receive treatment (mean = 2.93 + 1.62). Moderate ratings were observed
J for staff friendliness and helpfulness (mean = 3.03 + 1.60), staff professionalism (mean
- 3.11 £ 1.65), doctor communication (mean = 3.19 + 1.62), and waiting area comfort
(mean = 3.32 + 1.49). The highest-rated items were appointment services (mean = 3.60
+ 1.42), waiting time to obtain medication (mean = 3.56 + 1.45), respect for patient
privacy and aurat (mean = 3.56 + 1.40), and waiting time for billing (mean = 3.52 +

1.40). Notably, waiting time to receive treatment received a substantially lower rating

than waiting times associated with billing and medication services.

4.2.3 Stakeholder-identified needs

Findings from administrative data, performance indicators, and patient feedback were

further contextualised through input from emergency department stakeholders. These
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stakeholders comprised emergency department frontliners, including emergency
physicians, medical officers, assistant medical officers, staff nurses, and medical
healthcare assistants, as well as selected administrative and support personnel involved
in daily ED operations. Stakeholder insights were gathered informally through routine
discussions, observational engagement during clinical shifts, and interactions occurring
as part of normal operational activities. Recurring operational issues identified by

stakeholders were grouped into four broad themes:

i.  workflow congestion and waiting times
ii.  fragmented movement pathways
iil.  cross-zone staffing redeployment -

iv.  workflow interruptions-and-coordination-challenges NN\ %

A summary of the stakeholder-identified issues together with illustrative
y 7 >
quotations is presented in Table 4.3. e
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Table 4.3 Summary of stakeholder-identified operational challenges within the Green Zone

- -

Theme

Subtheme

Operational Implications

Illustrative Quotation

Workflow congestion
and waiting times

Fragmented
movement pathways

Cross-zone
redeployment

staffing

Workflow
interruptions
coordination
challenges

and

-

-~

Peak-period congestion
Limited consultation capacity
Multiple care transition points
Inefficient physical layout

Staff reallocation during surge
periods

Repeated documerifation
requirements £

)
Delaysin referral response

Delays in reviewing blood
investigations

High patient influx during specific hours contributes
to congestion and prolonged waiting times within the
Green Zone.

Insufficient clinician availability during high-
demand periods reduces consultation capacity and
contributes to delays. A

Patient care requires movement across physically~
separated locations, increasing tra/fél time Mand
workflow complexity. e

. . N -
Spatial separation of _services and" inadequate
wayfinding contribute to workflow inefficiencies
and delays.

L b

Green Zdhe pef"so\nnel are periodically redeployed to
support h{gher-‘ acuity zones, reducing available
workferce ¢apacity.

uplication of documentation activities interrupts
linical workflow and increases administrative
burden.

Delayed attendance by primary teams prolongs
patient waiting time and disposition processes.

Absence of automated notification systems may
delay review of completed laboratory investigations.

“During peak hours, especially after 5 pm, the
Green Zone becomes very crowded, and patients
have. to wait a long time to-be seen.”

“Th/e Gieen Zone only has one doctor, especially
Aafter 10 pm.”

“Radiology is so far for the patients to go to.”

“Patients get lost finding (Secondary) Triage
because there are no signs.”

“When the red or yellow zone is busy, we are
pulled from the Green Zone to help there.”

“We have to document the same thing multiple
times, on the nursing census, and again in
iPesakit.”

“There is a memo that patients need to be seen by
the Primary Team within a certain duration, but
most of the time that doesn’t happen.”

“There is no alert button that tells me the patient's
blood investigations are ready. If I forget because I
am seeing other patients, the patient ends up having
to wait for very long.”

0S1
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Collectively, stakeholder feedback highlighted several operational challenges
affecting patient flow within the Green Zone. Congestion during peak attendance
periods, limited consultation capacity, fragmented patient movement pathways, staff
redeployment, and workflow interruptions were repeatedly identified as contributing to
delays in patient progression through the department. These findings complemented the
administrative performance indicators and patient feedback data by providing
operational insights into the processes perceived by frontline staff to contribute to

inefficiencies within the Green Zone.

4.2.4 Synthesis of the needs analysis

-

In this study, findings from multiple data sources converged to demoﬁstrgté a clear and
consistent pattern of operational inefficiency concentrated within the emergency

PPN

department Green Zone.

s e Sy

Administrative data showed that paticnt demand has increased substantially
over time, with the Green Z/Qne/ge\e_(‘)ﬁnting for the largest and fastest-growing share of
emergency department aftend;n/ce/s. Baseline performance indicators further revealed
prolonged and highly vatiable waiting times across key stages of the Green Zone patient
journeys /Iiarti/culéirly between arrival and initial medical assessment. While formal
) pei’formancé monitoring focused narrowly on the proportion of G1 patients seen within
90 minutes, this indicator captured only a subset of Green Zone encounters and failed
to reflect delays experienced by the majority of patients categorised as G2 and G3.
Patient feedback data reinforced these findings by demonstrating that dissatisfaction
was primarily associated with waiting time to receive treatment, rather than downstream

processes such as billing or medication dispensing.

Stakeholder observations from emergency department frontliners provided
additional contextual validation of these quantitative findings. Staff consistently
identified congestion, fragmented movement pathways, cross-zone staffing
redeployment, and interruptions to workflow as routine challenges affecting Green

Zone operations.
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The convergence of administrative data, performance indicators, patient
feedback, and stakeholder observations established a clearly defined problem profile
characterised by high demand, prolonged waiting times, and inefficiencies in the Green
Zone care process. Within the DDR framework, this synthesis defined both the need for
intervention and the functional requirements that the intervention must fulfil. These
findings provided a strong empirical and theoretical justification for proceeding to
Phase 2 of the study, which focused on the design and development of a Lean-based

model tailored to the operational realities of the emergency department Green Zone.

4.3 PHASE 2: MODEL DESIGN AND DEVELOPMENT
4.3.1 Preparation and Lean team-formation p

Following the needs analysis, a structured model design and dev’elop’rner/ﬁ process was
initiated in accordance with the DDR framework. An”‘h;itial kick-off meeting was
convened with the top management of the/ hospltal and emergency department
representatives to confirm the project scopfe ~Objectives, and expectations for the
improvement initiative. Durlngﬂt}als meeting, members of the multidisciplinary Lean
improvement team were idé{?fﬁed' and formally appointed. The final team comprised
emergency physieféﬁs, ymedical officers, nurses, medical assistants, allied health
personnel //(ﬁch;ding pharmacists, radiographers, and laboratory personnel), and

admihistrati/\?e representatives from support functions such as finance, quality

management, information technology, and human resources.

In total, 29 participants were involved in the Lean training workshop and model
development process, representing multiple clinical and administrative units within the
hospital. The distribution of participants by professional role is summarised in Table

4.4.

Table 4.4 Distribution of Lean improvement team members by professional role

Professional category Frequency (n =29) Percentage (%)
Physicians (Specialists and medical officers) 11 37.9
Nursing personnel (Matrons, sisters, staff nurses) 6 20.7

to be continued...
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...continuation

Administrative / management (finance, human 4 13.8
resources, IT)

Assistant medical officers 3 10.3
Allied health professionals (pharmacy, radiology, 3 10.3
pathology)

Public health 2 6.9

4.3.2 Lean workshop for model development

A two-day Lean Healthcare Workshop served as the central mechanism for developing
the intervention model. The workshop was conducted on-site by quality engineers who
are certified Lean experts and was-attended-by-all. members of the mul‘eidiséiplinary
Lean improvement team. The workshop provided a conceptual und‘erétanding of Lean
principles among participants and provided a structured egviroﬁment for collaboratively
analysing, redesigning, and optimising the Green Z/oneﬂyofkﬂow. Introductory sessions
covered key concepts such as Valu? /ai}é;jvéste, flow efficiency, bottleneck
identification, and the role of standardisation”in healthcare processes. These concepts
were reinforced through ir}terg/chj_é simulation activities and ensured that staff with
varying levels of fa}milia;ity‘wifh Lean methodology could actively participate in the

model devel@nieﬁt procless.

The‘team proceeded to map the existing Green Zone patient journey from arrival
to disposition. Using real-time input from process owners and guided facilitation,
participants constructed the current-state Value Stream Map (VSM). Following the
creation of the initial current-state map, the team conducted a Gemba walk to validate
the accuracy of the mapped workflow. During this on-site observation session, team
members shadowed patient movement, assessed real-time task sequences, and

examined environmental and spatial constraints affecting flow. Upon returning to the

workshop room, the team incorporated these findings into the current-state VSM.

The current-state Value Stream Map (Figure 4.3) depicts the end-to-end patient
journey through the Green Zone, beginning from primary triage and concluding with

patient disposition (discharged home or transferred to the ward). The map integrates
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process times (PT), waiting times (WT), resource utilisation (number and type of staff
at each step), handovers, investigations, and administrative tasks. A total of 21 discrete
process steps were identified along the longest patient route. Overall, the analysis
revealed 96 minutes of value-added (VA) time and 303.3 minutes of non-value-added
(NVA) time, with a resulting process length time (PLT) of 6.7 hours and process cycle
efficiency (PCE) of 24%. This distribution shows that only one-quarter of the patient’s
time in the Green Zone contributes directly to clinical assessment or treatment (value-
added time), whereas the majority is spent on waiting, repetition, or movement between

stations.
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4.3.3 Analysis of the Current-state Value Stream Map

The validated current-state VSM revealed several critical inefficiencies within the
Green Zone workflow. Registration and triage activities contributed non-value-added
(NVA) time due to duplicated data entry across separate systems and the continued
reliance on manual forms. Investigation-related steps showed prolonged and variable
waiting times, particularly laboratory processing (Step 12, WT = 60-90 minutes) and
radiology registration and sequencing (Steps 8-9, WT = 15-45 minutes). The
coexistence of both pneumatic tube dispatch (Step 10) and manual specimen transport

(Step 11) further indicated inconsistent practices and avoidable delays.

-

Spatial inefficiencies were also evident. Multiple steps required st/aff or patients
to traverse physically distant points within the department, paﬁicularly between
consultation areas, radiology, billing, and pharmacy. Tl}e;sé movement pathways added
time without contributing clinical value. Th/es/e/ igefﬁciencies resulted in a long process
length time (PLT) of 6.7 hours and a fow precess cycle efficiency (PCE) of 24%. By
consolidating these delay Ppiiﬁgz,‘\ihé current state VSM provided a comprehensive
diagnosis of 0perati9nal silortcofni;lgs and formed the foundation for generating Kaizen

opportunities and develo’ping the future-state workflow.

s

-~

434 Generation and prioritisation of Kaizen opportunities

/Using the current-state VSM, the Lean improvement team engaged in a structured
process to identify and prioritise opportunities for improvement within the Green Zone
workflow. Sources of waste, delay, and process variation were identified through
facilitated brainstorming and synthesised into Kaizen bursts, which were used to denote

continuous improvement opportunities at specific points along the process flow.

Each Kaizen burst was accompanied by one or more proposed countermeasures
corresponding to potential actions to improve flow and reduce inefficiencies at that
location. In total, nine Kaizen bursts were identified across key process locations in the
Green Zone. Several of these improvement opportunities generated multiple proposed

solutions, reflecting the multifactorial nature of workflow inefficiencies at a single point
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in the process. Table 4.5 summarises the identified Kaizen bursts and their associated

proposed improvement actions.

Table 4.5 Kaizen improvement opportunities and associated proposed
countermeasures across the Green Zone workflow
Location Identified problem Proposed Kaizen

Primary triage

Registration

Secondary triage

Potential for prolonged waiting time
due to insufficient manpower or
improper triage

Delay in registration process due to
ambiguity in individual function of
registration and billing staff.

Registration information has to be
manually entered,~leading to-lengthy
registration processes.

Primary and secondary triage were
located far from each other, leading to

delays| in accurate triaging and
difficulties for both patients apnd
healthcare workers. LW,

Nursing staff at segondeg/ triage
document both on paper and.in fhe EMR
due to problgnﬁ/vi\th the EMR system.

N\ A
o«
Consultation Patiénts haVe to walk a distance from
room _- “the waiting area to the consultation
~~ —room, potentially leading to delays.
<\
p P

Procedure room

The attending doctor fills out multiple
forms to indicate what procedures the
patient requires next.

The attending doctor needs to review
multiple investigations for patients.
Lack of real-time notification results in
delays.

Patient waiting time is significantly
increased during high patient volume as
only one or two doctors is working in
the Green Zone in a single shift.

Patient waiting time is significantly
increased during high patient volume as
only staff oversees the procedure room
in a single shift.

Gatekeeper role for team leader
medical officer

Split  counter  for  incoming
registration and outgoing billing
(prioritize to be based on function;
back-up when needed). -

Auto-capture information frofn card”

reader. P .

Arrange _sccondary ~friage to be
adjacent to primary triage.

<.
I

v

Remove manual census; extend from
EMR.

Pit stop outside the consultation room
to allow patients who will be called
next to wait outside of the
consultation room.

Amend and improve on the existing

form to integrate all clinical,
laboratory, and radiological
procedures.

Integrate real-time lab notifications
into the EMR.

Additional manpower (doctor).

Additional manpower for procedure
room (AMO).

to be continued...
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...continuation
Radiology The x-ray machine in the ED is notused Additional manpower (x-ray
due to insufficient manpower after technician) to allow full utilization of
office hours the x-ray machine in ED and prevent
patients and porters from having to go
to the Radiology Department for x-
rays.
Complex and dual registration of Simplify and automate patient
patients from the ED at the Radiology registration in the EMR system.
Counter increases waiting time.
Admission Patients that require admission are often Bed Management Unit / Bed

stranded in the ED when wards are full, Watcher, Discharge lounge

or patients have been discharged from

the ward but are still using the bed

because they have not gone home. P

-

- o

The initial map-proposes a large number of opportunities for improvément.
Therefore, it was important to be able to divide them according to the imﬁéct they have
on the process and in relation to the effort required to Tﬁlplement the solutions. The
proposed Kaizen were evaluated using an eﬁfoﬁ;imf)act matrix to determine their
feasibility and potential contribution to peg@*nfance improvement. Each opportunity
was assessed in terms of anticigqtéd effect on patient flow and the relative effort,
resources, or coordination fe?ﬁjre(f for implementation. This process allowed the team
to categorise prgpoééd improvements into high-impact, low-effort solutions and high-

impact, high-/effc;ft initiatives. Figure 4.4 presents the prioritised Kaizen opportunities.
€ ”

- ~
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Impact

Low Effort, High Impact

= Split registration

High Effort, High Impact

Additional manpower

and billing * Rearrange secondary

personnel based on triage  adjacent  fto
function primary triage

« Extend EMR to * Auto-capture patient

capture patient’s information from card

reader during

vital signs at triage
« |mprovise patient

registration
Integrate lab notification

for_‘T‘S features on EMR
= Utilise bed = Simplify patient
management

function in EMR

registration at Radiology
= Discharge lounge

Low Effort, Low Impact High Effort, Low Impact ¢

Effart p P

—

Figure 4.4  Effort-impact matrix of prioritised countermeasures

<.

4.3.5 Future-state Value Stream Map ¥

N

High-impact but high-effort initiatives, such as increasing manpower or undertaking
/Y\ W

major physical redesign _of thé Green Zone, were recognised as potentially

=

vV
transformative but_weére nét considered feasible within the study period due to

l
administrative processes and budgetary considerations. In contrast, several workflow-

WV

enhz}ncih;g/lpitiatives, particularly those related to optimisation of existing electronic
- medical record (EMR) functions, were identified as feasible within current operational

“constraints.

Alongside potential EMR-related modifications, a number of high-impact, low-
effort improvement opportunities were identified, including simplification of
registration steps and optimisation of patient movement pathways. These initiatives did
not require additional staffing, major capital investment, or structural renovation and
were therefore considered achievable within existing resources. The interventions that
could be realistically executed within existing constraints formed the Lean-based model
evaluated in this study. The feasible and implementable components were then used to
develop a future-state Value Stream Map (VSM) to represent the optimised workflow
for the Green Zone (Figure 4.5).



Mon-value added (NVA) = 214.1 minutes /
Value-added (V&) = 53 minutes vV
Process length time (PLT) = 2621748 hours) "
Process cycle efficiency (PCE) = 19.8% .
-
-
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Figure 4.5  Future-state Value Stream Map

091
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Registration and triage steps were consolidated through clearer sequencing and
improved EMR documentation fields, reducing non-value-added time at the front end
of the patient journey. Movement pathways were reorganised to minimise avoidable
transport between consultation rooms, radiology, and pharmacy, supported by
improved signage and clearer task ownership. Investigation processes were redesigned
through enhanced visibility of pending results within the EMR interface. These changes

reduced variation in waiting times and improved the predictability of downstream tasks.

In the future-state design, value-added time decreased from 96.0 to 53.0 minutes
(44.8%), while non-value-added time decreased from 303.3 to 214.1 minutes,(29:4%)
and total process lead time decreased from 399.3 to 267.1 minutes (33.1%)/. Altlfough
the projected Process Cycle Effictency (PCE) decreased from 240% in th¢ current-state
map to 19.8% in the future-state map, this should not/be/in/terpreted as deterioration in
overall process performance. PCE represents t/he pr/opcfrtion of total process lead time
classified as value-added from the pgtien‘t/ pe@pective. In healthcare, however, the
patient journey also contains nepp\sségf non-\:a/ilue-added (NNVA) activities that do not
directly add value from thepgﬁ/er;t:’ s perspective but are required for safe, appropriate,
or organisationally néc/es’sary\ care and therefore cannot always be eliminated. As value-
added tim/e -decreased proportionally more than the overall process lead time, the
calcu'laféd/i?CE consequently declined. Therefore, the reduction in PCE reflects the
* mathematical composition of the redesigned pathway rather than an increase in waiting

“or process inefficiency.

The configuration of the future-state VSM represents the intended operational

performance of the Green Zone following implementation of the Lean-based model.

4.3.6 Model implementation and validation

Following the development of the future-state workflow, a six-month implementation
period (July—December 2024) was allocated to operationalise all components of the
Lean-based model. During this period, the hospital Lean team systematically introduced

each intervention in accordance with the redesigned process sequence. Implementation
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progress was monitored through regular meetings, direct observation, and workflow
walkthroughs to ensure that changes were applied consistently and integrated into daily
practice. By the end of the implementation window, all interventions identified as

feasible during the prioritisation process had been enacted.

To ensure that the model was implemented as intended, a formal model
validation exercise was undertaken. Validation followed a content validity approach.
Three domain experts, consisting of two certified Lean practitioners and an emergency
physician, evaluated the intervention model through a checklist covering every step of
the redesigned workflow. Each item represents a redesigned process step, with ratings
reflecting the degree to which actual implementation matched the intended futur‘é—/stat/e
intervention. A summary of checklist items, expert ratings, and cor/resﬁonding/CVI

values is presented in Table 4.6:

-
O
-

Table 4.6 Content validity assessment of redesigned Green Zone workflow

components G\
Item Process step % Expert1 Expert2 Expert3 I-CVI
1. A designated gatekeeper pledi/c\al officer 3 3 3 1.0

(team leader) oversees tiiage flow,
supports triage decisionsy alfd intervenes
during per/iodéﬂof c?ngcstion to prevent
unnecessary delays.

2. Pétients [;/roceed to a dedicated 4 4 4 1.0
<" registration counter, functionally
separated from billing activities.

3. Patient demographic information is auto- 4 4 4 1.0
captured using a card reader, reducing
manual data entry and registration time.

4, Vital signs and triage information at 4 4 4 1.0
Secondary Triage are recorded directly
into the EMR, with manual census
documentation eliminated.

5. A designated “pit stop” area outside 4 3 3 1.0
consultation rooms allows patients who
will be called next to wait nearby,
reducing idle movement and missed calls

to be continued...
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...continuation

6. The attending doctor conducts a 4 4 4 1.0
consultation using a single integrated
clinical form that combines
documentation for clinical assessment,
laboratory  tests, and radiological
investigations, which replaces multiple

separate forms and repeated
documentation.
7. Real-time laboratory notification features 4 4 4 1.0

alert clinicians when results are available,
reducing review delays

8. Patient registration for radiology is 4 4 4 1.0
simplified and automated within the
EMR, eliminating duplicate registration
steps at the radiology counter.

9. Patients proceed to a-dedicated billing 4 4 4 7 1°0
counter, separatt’ from incoming o S -
registration, reducing-ecross-traffie—and o L
waiting time.

10. Patients  requiring admission = are 3 @ 3 3 1.0
coordinated through the Bed Watcher ol /
system, which is updated in real-time. .\
elf A A
< » S-CVI/Average 1.0
P

Y
PES

All redesigned/werkﬁ%y steps achieved an item-level Content Validity Index
(I-CVI) of 1.00, iﬁ&icaﬁing complete agreement among expert reviewers that each
process/e/lerh/entiwas implemented at least mostly as intended (rating >3). The scale-
level /Cont;ﬁt Validity Index/Average was 1.00, showing excellent overall alignment
/ Between the intended future-state Lean intervention and its operational implementation
‘/in the Green Zone. These findings support the suitability of the model’s evaluation in

Phase 3 of the study.

4.4 PHASE 3: MODEL EVALUATION

The final phase of the study evaluated the effects of the Lean-based model on
operational and economic outcomes in the emergency department. Consistent with the
objectives of the intervention, three time-based performance indicators were examined:
triage-to-registration time (TTR), arrival-to-consultation time (ATC), and length of stay
(LOS) in the Green Zone. Changes in these outcomes were assessed using an interrupted

time series (ITS) approach, enabling examination of both immediate and sustained
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effects of the intervention. In addition to workflow performance, a partial economic
evaluation was conducted to determine whether the intervention influenced operational
efficiency from a cost perspective. This analysis focused on the cost per patient and cost

per patient-hour in the Green Zone before and after Lean implementation.

4.4.1 Interrupted time series analysis
a. Autocorrelation diagnostics and ARIMA model specifications

Prior to examination of autocorrelation structures, the outcome series were assessed for
stationarity in mean to determine whether differencing was required. Stationarity plots

are shown for the pre-intervention period only. Visual inspection of the pre-ilgteri}éntioﬁ

V,

series indicated stable mean behaviour for all outcomes, supporting the use-of ARMA-

type error structures without differencing. These plots are presented in Figure 4.6 -

Figure 4.8. R \
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Figure 4.6 Daily median triage-to-registration time (TTR) in the emergency department Green
Zone over the study period, showing stable mean behaviour prior to intervention
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Pre-intervention daily median ATC
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Figure 4.7  Daily median arrival-to-consultation time (ATC) in the emergency d/epartment
Green Zone over the study period, illustrating variability around a stable mean
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Figure 4.8 Daily median length of stay (LOS) in the emergency department Green Zone over the
study period, demonstrating the absence of systematic drift in the pre-intervention
period

On this basis, no non-seasonal or seasonal differencing was required, and the
differencing parameter was set to zero (d = 0) for all models. Subsequent modelling

therefore proceeded within the ARIMA framework with d = 0, such that the fitted

models correspond to ARMA-type processes.
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Autocorrelation and potential seasonal patterns were then assessed using visual
inspection of the Autocorrelation Function (ACF) and Partial Autocorrelation Function
(PACF) plots of the pre-intervention series. These diagnostics informed the
identification of appropriate ARIMA error structures and the evaluation of whether
seasonal components were warranted. Assessment focused on detecting (i) short-term
persistence across adjacent lags and (ii) systematic peaks at seasonal lags, such as day-
of-week effects, consistent with established time-series modelling principles (Wei
2006). ACF and PACF plots for triage-to-registration time (TTR), arrival-to-
consultation time (ATC), and length of stay (LOS) are presented in Figure 4.9 - Figure
4.14.
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Figure 4.9  ACF plot for TTR
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Series: y_ttr
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Figure 4.10 PACF plot for TTR . |

-
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For triage-to-registration time (TTR), inspecti/on of the ACF plot (Figure 4.9)
shows an autoregressive process that tails off s{eyl}; rather than cutting off at a specific
lag. The gradual decay supports the presence of non-seasonal autoregressive
dependence. The PACF plojff(jr TTR (Figure 4.10) shows partial autocorrelation at the
first several lags, mosf promlnently within lags 1 through 5. The PACF cuts off after
lag 5, con51stent w1th a finite-order autoregressive process, and therefore supports

modelhng T TR usmg an ARIMA (5,0,0) error structure.
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Figure 4.11  ACF plot for ATC
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Figure 4.12 PACEF plot for ATC

In contrast to TTR, both ATC and LOS exhibited no sustained autocorrelation
once intervention terms were included, and were therefore appropriately modelled using

ARIMA (0,0,0) error structures.
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For arrival-to-consultation time (ATC), the ACF plot (Figure 4.11) is largely
flat, with a single isolated spike at lag 7 and no evidence of tailing-off behaviour. The
PACEF plot (Figure 4.12) shows no clear cutoff pattern, with only isolated spikes present.
This diagnostic pattern indicates the absence of sustained autoregressive or moving-
average structure. Accordingly, ATC was modelled using an ARIMA (0,0,0)

specification, which is equivalent to segmented regression with independent errors.
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Figure 4.13 ACF plot for LOS
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Series: y_los
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Figure 4.14 PACEF plot for LOS P
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For length of stay (LOS), the ACF plot (Figl/lre 4.13) shows small, irregular
y 7 >
autocorrelation values without gradual de/ca,)yf,/wiy'le the PACF plot (Figure 4.14) shows

no cut-off or systematic structure. These dia‘énostics indicate no meaningful temporal

Ve

dependence beyond randomfd;a,/y—’tg‘)-day variation. LOS was therefore modelled using

an ARIMA (0,0,0) errdr struicture.
N

4 A sﬁmmary of the ACF and PACF diagnostic patterns and their corresponding
- ARIMA/ARMA model implications for all three operational outcomes is provided in
“Table 4.7.

Table 4.7 Summary of autocorrelation diagnostics and corresponding ARIMA
model specifications for emergency department operational outcomes

Outcome ACF pattern PACF pattern Final model (ARIMA
framework)
Triage-to-registration Tails off gradually Cuts off after lag5  ARIMA (5,0,0) (ARMA
time (TTR) across short lags with 5 AR terms)
Arrival-to-consultation  Flat overall with one No cut-off; ARIMA (0,0,0)
time (ATC) isolated spike isolated spikes (independent errors)
only
Length of stay (LOS) Small, irregular No cut-off; ARIMA (0,0,0)

values; no tailing-off random pattern (independent errors)




171

b. Model adequacy and residual diagnostics

Residual diagnostic plots for the final models fitted to triage-to-registration time (TTR),
arrival-to-consultation time (ATC), and length of stay (LOS) are presented in Figure
4.15 - Figure 4.17. Across all outcomes, residual time series and autocorrelation plots
showed residuals fluctuating around zero with no coherent autoregressive or moving-

average structure.

TTR (ARIMA(5,0,0)) — Residual time series

Residual
npa oo~
omomoom

0 100 200 300

TTR (ARIMA(5,0,0)) — Residual ACF <

ACF
=
[=)

PACF
=
(=]
4

Figure 4.15 Residual diagnostic plots for TTR
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Figure 4.16 Residual diagnostic plots for ATC
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Figure 4.17 Residual diagnostic plots for LOS

Formal tests for remaining serial dependence were conducted to complement

the visual diagnostics and the results are summarised in Table 4.8.
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Table 4.8 Ljung—Box tests for residual autocorrelation in the final interrupted
time series models

Outcome Ljung—Box »* df p-value
TTR 8.11 20 0.990
ATC 87.63 20 <0.001
LOS 15.90 20 0.720

TTR, triage-to-registration time; ATC, arrival-to-consultation time; LOS, length of stay; df, degrees of
freedom.

For TTR and LOS, Ljung—Box tests provided no evidence of residual
autocorrelation, supporting the adequacy of the selected error structures. For arrival-to-
consultation time (ATC), the Ljung—Box test indicated residual autocorrelation Qespitg
the absence of a clear autoregressive or moving-average structure in the r/esiduaI/ACF
and PACF plots. Given'the high variability and heteroskedastic natare of ATC, this
result was interpreted as reflecting irregular day-to-day ﬂuqtua’tiéns fathe/r than a stable
temporal dependence. In the absence of diagnostic /suppo/rffor a specific autoregressive

or moving-average process, no additional AR ¢i MA terms were introduced.

1 & 2
@ -
c. Triage-to-registration }T/TB) ‘time
r T v
< e

Interrupted time/s,eriés/ a{laly\sis for TTR was conducted using a regression model with
ARIMA (:5,,(T,/())’4’E/':/rr0rs, incorporating an intercept, an intervention indicator (from 1
Jar/luary" /262»5 onwards), and a post-intervention time variable. The final model,
\ fherefore, accounted for short-term autocorrelation up to lag 5 while estimating the

“immediate and trend effects of the Lean intervention.

Figure 4.18 shows the interrupted time series for daily median triage-to-
registration time (TTR) in the Green Zone, together with the fitted segmented trend and
the counterfactual trajectory had the Lean intervention not been implemented. In the
pre-intervention period (January—June 2024), observed TTR fluctuated around a stable
mean of approximately 5.8 minutes, with no clear underlying upward or downward
trend. At the interruption point (1 January 2025), the fitted trend shows an immediate
downward shift in TTR.
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Panel A — TTR (ARIMA(5,0,0), sequential time)
Break: 1 Jan 2025

=

o

Triage-to-Registration Time (minutes)
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Date

= Counterfactual = Fitted trend Observed TTR |

Interruption

-

Figure 4.18  Interrupted time series of daily median triage-to-registration time
(TTR) in the emergency department Green Zone

v

As summarised in Table 4.9, the /pr/e—i/ﬂ%rvéntion mean TTR was 5.8 minutes,
compared with an estimated mean of 4.8 mimttes immediately after implementation of
the Lean-based Green Zone h@pﬁyérﬁent Model. This corresponds to an absolute level
reduction of 0.95 rgjnute/s (95% CI -1.36 to —0.53, p < 0.001), or a 16.3% decrease
relative to t}}e/ pr‘éj-/intervéntion mean (95% CI-23.6% to —9.1%). The post-intervention
trend was é@p’fox'i//rnately flat, indicating that the reduction in TTR was achieved rapidly

_at the point of implementation and maintained over the subsequent six months.

Table 4.9 ITS estimates in triage-to-registration time (TTR) following
implementation of the Lean-based model

Pre- Post- Level change % change p-value
intervention intervention (95% CI) (95% CI)
mean mean
Estimate 5.79 4.84 -0.945 (-1.363  -16.337 (-23.567  <0.001
--0.527) --9.108)

d. Arrival-to-consultation (ATC) time

Interrupted time series analysis for ATC was performed using a regression model with

ARIMA (0,0,0) errors, indicating no detectable autocorrelation structure after including
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the intervention terms. The final model included an intercept, an intervention indicator

(from 1 January 2025 onward), and a post-intervention time variable.

Figure 4.19 displays the daily ATC data, together with the fitted segmented

regression line and the counterfactual trend. For visual clarity, extreme ATC values

were winsorised at the 1st and 99th percentiles, although all analyses were conducted

using the original, non-winsorised data.

Panel B — ATC (ARIMA(0,0,0), sequential time)

Break: 1 Jan 2025 (extreme daily values winsorised for display)
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Figure 4.19 Interrupted time series of daily median arrival-to-consultation time (ATC) in

the emergency department Green Zone

In the pre-intervention period (January—June 2024), ATC showed substantial

day-to-day variability, with values scattered widely between 40 and 120 minutes. The

fitted counterfactual line reflects this by remaining approximately flat at the estimated

pre-intervention mean of 80.8 minutes. At the interruption point (1 January 2025), the

model estimated an immediate level decrease of —25.36 minutes. Although the

magnitude of this reduction is numerically large, the 95% confidence interval was wide

(=90.0 to +39.3 minutes), and the change did not reach statistical significance (p = 0.44),

as summarised in Table 4.10.
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The post-intervention trend coefficient indicated a small positive slope (0.13
minutes per day), but again, this estimate was not statistically significant. By June 2025,
the fitted trend had re-approached the counterfactual line, reflecting the high variability
and the absence of a sustained directional change in the post-intervention period. These
results show that while an apparent reduction in ATC was observed at the point of
implementation of the Lean-based model, the effect was not statistically significant, and

ATC remained highly variable before and after the intervention.

Table 4.10  ITS estimates in arrival-to-consultation time (ATC) following
implementation of the Lean-based model

Pre- Post- Level change % change p-yalué )
intervention intervention (95% CI) 95%CI ('
mean mean ¢
Estimate 80.83 55.47 25365 (- -31.38(-111.40-  0.442
90.049 - _148.67)
39.319) <
e. Length of stay (LOS) in the Emergew Department
1 A 2
< -

Interrupted time series analysi/s,fof,Length of Stay (LOS) in the Green Zone was
conducted using a regressidn/ni/oaél with ARIMA (0,0,0) errors. Although exploratory
visual inspection su‘g/gésred 1;0ssib1e weekly fluctuations, formal diagnostics found no
evidence _that seasonal terms improved model fit. The non-seasonal ARIMA
Sp/eGifiC;Iti(;ﬂ was therefore retained. The final model included an intercept, an

" intervention indicator beginning 1 January 2025, and a post-intervention time term.

Figure 4.20 presents the LOS time series together with the fitted segmented

regression trend and the counterfactual trajectory assuming no intervention.
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Panel C — LOS (ARIMA(0,0,0), sequential time)
Break: 1 January 2025
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Figure 4.20 Interrupted time series of daily median length of stay (LOS) in the
emergency department Green Zone >

<.
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In the pre-intervention period (J anuary—/JErié/2O2/4), LOS exhibited considerable
day-to-day variability, ranging broadly across thé 120-200-minute interval, consistent
with the high residual Variang ngsg;'ved in the model. The counterfactual trend, which
represents the expected LO/S\ ifi_theé absence of intervention, remained nearly flat at the
estimated pre-inter(/éﬁtimn mean of approximately 152.6 minutes. At the interruption
point (1 JaEﬁ;tryT2025), the fitted model estimates an immediate reduction in LOS of
7.7 minutes (95% CI: —19.5 to +4.1 minutes; p = 0.20). The summary of ITS estimates
) /for LOS in the ED are shown in Table 4.11.

While the direction of change favoured improvement, the effect was not
statistically significant. Unlike the immediate level change, the post-intervention slope
was slightly positive (+0.11 minutes per day), indicating a gradual upward drift in LOS
during the six-month follow-up period. As a result, by June 2025, the fitted LOS line
converged back toward the counterfactual trajectory, suggesting that any early gains

were not sustained over time.
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Table 4.11  ITS estimates in length of stay (LOS) following implementation of the
Lean-based model

Pre- Post- Level change % change p-value
intervention intervention (95% CI) (95% CI)
mean mean
Estimate 152.60 144.88 -7.72 (-19.50  -5.06 (-12.77 - 0.200
-4.07) 2.67)
f. Summary of interrupted time series analysis results

Interrupted time series modelling was conducted for three operational outcomes —
triage-to-registration time (TTR), arrival-to-consultation time (ATC), and length of stay
(LOS) — using segmented regression with ARIMA error structures selected based on
autocorrelation diagnostics. Each model included-an intercept, an intervention indicator

beginning 1 January 2025, and a post-intervention slope term.

-

For triage-to-registration time (TTR), the/AKI/I\//[A (5,0,0) model estimated a
clear immediate reduction in the level a/t tpc; ﬁhjemention point that was statistically
significant. For arrival-to-consultation. time (ATC), the ARIMA (0,0,0) model
estimated a reduction at the ir;tef@nﬁén point, but the change could not be distinguished
from normal variability. i’(;st—i/ﬁtel/'vention values closely followed the counterfactual,
showing no pee{sh;able ]improvement in ATC. Finally, for length of stay (LOS), the
ARIMA /(0,/0,/0) model estimated a small reduction in LOS immediately after the
) i«nfei/'\’/entior‘l:’ but this change was not significant, and daily values remained highly

_variable. The post-intervention trajectory was close to the counterfactual, indicating no

statistically clear change in LOS.

Overall, only TTR demonstrated measurable improvement according to the ITS
model following the Lean-based intervention, while ATC and LOS did not exhibit
statistically reliable changes during the post-intervention period. The full model
coefficients, confidence intervals, and associated p-values are summarised in Table

4.12.
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Table 4.12  Summary of ITS estimates for key Green Zone operational indicators
before and after implementation of the Lean-based model.

Outcome Pre- Post- Level change % change p-value
intervention intervention (95% CI) (95% CI)
mean mean
TTR 5.79 4.84 -0.95(-1.36 - -16.34 (-23.57-  <0.001
-0.53) -9.11)
ATC 80.83 55.47 -25.365 (- -31.38 (-111.40- 0.442
90.049 - 48.67)
39.319)
LOS 152.60 144.88 -7.72 (-19.50 -5.06 (-12.77 - 0.20
-4.07) 2.67)
4.4.2 Cost analysis (

-

This section presents the results of the partial econoinic-evaluation comparing the cost
of operating the Green Zone before-and-after implementation of the Leanbased model.
Costs were analysed from the hospital provider perspegtivefusing a top-down approach.
Costs are reported for the six-month pre-interv/enti(/)n period (January—June 2024) and

the six-month post-intervention period (Janfiary—June 2025).

-
P o >

a. Total cost and service volume
< &

Table 4.13 sgmrgé;ises the total operating cost and service volume between the pre-
inter\fentidn/ and post-intervention periods. Total Green Zone operating expenditure
) detreased s/iightly from RM 5,670,993.49 in the pre-intervention period to RM
5,521,630.21 post-intervention, representing a 2.63% reduction. During this time, total
patient visits increased from 6,632 to 7,927, a 19.53% increase in throughput. Total
accumulated patient-hours rose by 17.89% from 20,027.65 to 23,616.64 hours. The

difference in average monthly operating expenditure was RM 24,893.88, corresponding

to an annualised reduction of RM 298,726.56.

Table 4.13  Summary of total costs, service volume, and average monthly operating
costs for the emergency department Green Zone before and after
implementation of the Lean-based model

Metric Pre-Lean Post-Lean % change

Total cost (RM) 5,670,993.49 5,521,630.21 -2.63

to be continued...
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...continuation

Total patients 6,632 7,927 +19.53
Total patient-hours 20,027.65 23,616.64 +17.89
Average monthly cost (RM) 945,165.58 920,271.70 -2.63

Costs are reported in Malaysian Ringgit (RM). Pre-Lean period: January—June 2024; Post-Lean period:
January—June 2025. Percentage change reflects the relative difference between periods.

b. Cost per patient and cost per patient-hour

Substantial reductions in unit cost were observed following Lean implementation Table
4.13. The cost per patient decreased from RM 855.10 to RM 696.56, a reduction of RM
158.54 (—18.54%). Similarly, the cost per patient-hour decreased from RM 2.8/3,16 to
RM 233.80, a reduction of RM 49.36 (—17:43%). 0

Table 4.14  Comparison of unit cost metrics (cost per patienit and cost per patient-
hour) in the emergency department Green"Zone before and after

implementation of the Lean-based model. <

Metric Pre-Lean Post~feﬁn ~/Absolute Change % Change p-value
Cost per patient (RM) 855/\10 ‘\// 696.56 —158.54 —18.54% 0.19
Cost per patient-hour (RM) . /233f6: 233.80 -49.36 —17.43% 0.14

Costs are reported in Malaysian Ringgit (RM). Pre-Lean period: January—June 2024; Post-Lean period:
January—June 2025.-Absolutel and percentage changes are calculated relative to the pre-Lean period.

o~ s
p

4.5 .- SUMMARY OF RESULTS

_The results of the study are summarised according to the research objectives in Table
4.15. Collectively, the findings demonstrate the identification of a priority intervention
area within the emergency department, the development and validation of a context-
specific Lean-based model, and favourable changes in operational and cost-related
indicators following implementation. The most notable improvement was observed for
triage-to-registration time, while reductions in arrival-to-consultation time, length of

stay, cost per patient, and cost per patient-hour were not significant.



Table 4.15

Summary of key findings according to research objectives § P

Research Objective

Key Findings

Evidence -

RO1: To identify the most
appropriate focus area for
intervention based on operational
performance indicators, patient
feedback, and stakeholder input.

RO2: To design and develop a
Lean-based model tailored to the
Emergency Department Green
Zone.

RO3: To evaluate the effects of the
Lean-based model on operational/ <

-
performance. «€

-~
-

RO4: To estimate changes in
operational cost efficiency
following implementation of the
Lean-based model.

The Green Zone was identified as the priority area for
intervention due to high patient volume, prolonged
waiting times, lower. patient. satisfaction. regarding
waiting time to treatment, and recurring workflow
challenges identified by stakeholders.

/

A context-specific Lean-based model was dev;zlo]g/ .

using an integration of Lean tools, <including -~
multidisciplinary | engagement, Vdlue  Stream
Mapping, Gemba, and Kaizen~—The .model was
validated to ensure that ilpprfemen"tation was aligned
with the intended intgrvéntion/desig.n’.

-«

- >

Impfementation was associated with a statistically
significant ~ reduction observed for triage-to-
registration time (TTR), while changes in arrival-to-

__consultation (ATC) and length of stay (LOS) were not

statistically significant.

Cost  efficiency  improved  following  the
implementation, but were not statistically significant.

Green Zone attendances increased to approximately 40,900
visits in 2023. P

Baseline-performance indicators démonstrated delays in
TTR, ATC, and EOS.

Patient satisfaction ratings were lowest for waiting time to
receive freatment.

Stakeheolders identified congestion, fragmented patient
movefnent, staffing redeployment, and workflow

-interruptions.

Lean team comprised 29 multidisciplinary stakeholders.

Current-state VSM identified 21 process steps and a process
cycle efficiency of 24%.

Nine Kaizen opportunities were prioritised.
Future-state VSM projected reduction in total process time
from 6.7 hours to 4.5 hours.

Content validity assessment demonstrated
agreement (I-CVI = 1.00; S-CVI/Ave = 1.00).

excellent

TTR decreased from 5.79 to 4.84 minutes (—16.34%, p < 0.001).
ATC decreased from 80.83 to 55.47 minutes (—31.38%, p = 0.442).
LOS decreased from 152.60 to 144.88 minutes (—5.06%, p = 0.200).

Cost per patient decreased from RM855.10 to RM696.56 (—18.54%,
p=0.19).

Cost per patient-hour decreased from RM283.16 to RM233.80
(—17.43%, p=0.14).

I81
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4.6 CONCLUSION

This chapter presented the empirical findings of the study across the three phases of the
Design and Development Research (DDR) framework: needs analysis, model design
and development, and model evaluation. The needs analysis identified the emergency
department Green Zone as the primary operational pressure point within the department,
characterised by increasing patient demand, prolonged waiting times, and inefficiencies
in the patient care pathway. These findings provided the empirical foundation for the
development of a Lean-based intervention model tailored to the operational realities of

the study setting.

Through a structured Lean workshop, multidisciplinary -collaboration, and
Value Stream Mapping, a future-state workflow model was deVeloped and implemented
to address the identified inefficiencies. Validation by’I;e/an experts and an emergency
physician confirmed that the redesigned woykf/l@xj was implemented in accordance with

the intended Lean model within the Gréen Zorie setting.

P ok

ZA A=
Evaluation using inter?ﬁpted time series analysis demonstrated a statistically
significant reduction in ]triage—to—registration time. In contrast, arrival-to-consultation
time and overall Tength of stay showed no statistically significant changes during the
_evaluation period. A cost analysis further indicated improvements in operational cost
efficiency, with reductions observed in cost per patient and cost per patient-hour

alongside increased patient throughput.

The next chapter interprets these findings in relation to existing literature on
Lean healthcare implementation, emergency department operations, and healthcare
process improvement, with particular attention to understanding the factors that may

explain the observed pattern of outcomes.



CHAPTER V

DISCUSSION

5.1 INTRODUCTION

This study aimed to identify priority areas for improvement within a public uniyersi’[y
hospital emergency department, design and develop a context-sensitive. Leah-based
model, and evaluate its €ffects on operational performance and cost,efﬁciericy. Using a
Design and Development Research (DDR) framework, the/stﬁd}; combined systematic
needs assessment, Lean intervention design and devélgﬁment, implementation, and

evaluation within a single research framewo }k/ o
«®

@ -

-

The findings from the/ne/ds afialysis confirmed that the Green Zone represented
a major operational pressur&pf?rnt within the emergency department, characterised by
high patlent Volume workflow inefficiencies, prolonged waiting times, and patient
dlssatlsfacuon related to service delays. In response, a Lean-based model was
) deVéibped tﬂrough the integration of multiple Lean tools and techniques. The resulting
~model was subsequently implemented within the Green Zone and validated to ensure

consistency between the intended intervention design and its implementation

Evaluation of the intervention produced mixed but important findings. The
Lean-based model was associated with a statistically significant and sustained reduction
in triage-to-registration time, indicating improved efficiency in front-end patient
processing. Although arrival-to-consultation time and length of stay showed reductions
following implementation, these improvements were not statistically significant and
were not sustained over time. From an economic perspective, operational cost
efficiency improved, with reductions observed in both cost per patient and cost per

patient-hour despite increasing patient volume during the post-implementation period.
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These findings suggest that the intervention was effective in improving selected
operational processes and resource utilisation, while its influence on broader throughput

outcomes was more limited.

This chapter interprets these findings in relation to existing literature on Lean
healthcare implementation, emergency department operations, and healthcare process
improvement. Particular attention is given to understanding why the intervention
produced differing effects across operational outcomes and what these findings reveal
about the opportunities and limitations of Lean implementation within complex

emergency care environments.

5.2 SYSTEMATIC NEEDS ANALYSIS AS A FOUNDATION FOR LEAN
INTERVENTION DESIGN ‘

-

A key finding of this study was the identification of ’th/e Green Zone as the most
appropriate target for Lean intervention Wi};hil{ ‘the” emergency department. This
conclusion emerged from a structured neéfg ja;’lalysis that integrated administrative
utilisation data, operational p@:rft;nmance indicators, patient-reported experience
measures, stakeholder persﬁe?ﬁyeé; and direct observation of clinical workflows. These
data sources convefg/ed on a consistent pattern of operational strain within the Green

e

Zone.

s

-~

The prioritisation of the Green Zone is consistent with previous evidence
/suggesting that lower-acuity emergency care pathways frequently experience
substantial operational strain despite managing clinically less urgent patients. In a
Malaysian university hospital, Mohd Yusoff et al. (2018) reported that prolonged
waiting times, overcrowding, staffing shortages, and consultation bottlenecks within the
Green Zone contributed to difficulties in achieving established targets. Similarly,
Ibrahim et al. (2023) observed that approximately 80% of emergency department
attendances were managed within the Green Zone, resulting in a mismatch between
patient demand and available resources that contributed to overcrowding and treatment
delays. Comparable findings were also reported by Krisnan et al. (2025), who described
Green Zone overcrowding as being characterised by prolonged waiting times, workflow

inefficiencies, staffing shortages, investigation delays, and increasing workload
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pressures among healthcare workers. These studies suggest that although lower-acuity
patients generally require less intensive clinical management, the large volume of
attendances within these care streams often creates significant operational pressure and

congestion.

The findings may be further understood through the nature of patient flow within
lower-acuity pathways. Unlike higher-acuity zones, Green Zones frequently manage a
continuous influx of semi-urgent and non-urgent patients throughout the day. Amorim
et al. (2019) and Falconer et al. (2018) demonstrated that lower-acuity patients arrived
substantially more frequently than higher-acuity groups, creating sustained pressure on
consultation capacity and increasing the risk of queue formation; and were r/nore/li/kely
to experience prolonged waiting and delays in clinical assessment. These /o/bservai/tions
in global ED overcrowding literature help explain why the Green ane emerged as the

-

principal area of concern in the present study. o

PPN

The diagnostic profile identiﬁe/d int/h)'rscs‘tudy 1s consistent with Asplin et al.’s
(2003) conceptualisation of e/m\er/ggncy dé;aﬂment crowding as the product of
interactions between input, ﬂfegél;put, and output factors. While rising patient demand
undoubtedly coptribﬁfec} to\increasing pressure on the emergency department, the
triangulated-findings suggest that the dominant constraint within the study setting was
located ‘within the throughput domain. Fragmented movement pathways, duplicated
* documentation processes, interruptions to clinical workflow, delays in reviewing
“investigation results, and staffing disruptions arising from cross-zone redeployment
were repeatedly identified as contributors to inefficiency. These findings indicate that
delays were not solely a consequence of increasing attendance volume but were also
amplified by operational processes occurring within the department itself. Delays
occurring during triage, registration, consultation, and investigation stages may
subsequently propagate throughout the patient journey, resulting in cumulative waiting
times and reduced throughput efficiency (Maninchedda et al. 2023; Samadbeik et al.
2024; Youssef et al. 2024).

The patient experience findings further reinforce this interpretation. Evidence

indicates that waiting time and timeliness of clinical assessment are among the strongest
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determinants of patient satisfaction within emergency departments, particularly among
lower-acuity patients whose care pathways frequently involve extended waiting before
physician review (Janerka et al. 2024). In the present study, dissatisfaction was
concentrated around waiting time to receive treatment, corresponding closely with the
operational bottlenecks identified through administrative data and stakeholder
feedback. Furthermore, routine performance monitoring relied primarily on the “Gl
seen within 90 minutes” indicator, which reflected only a subset of Green Zone
encounters and provided limited visibility of delays experienced by the larger G2 and
G3 patient populations. The integration of multiple data sources, therefore, provided a
more comprehensive understanding of operational performance than reliance on_a

single service indicator alone (Mostafa & El-Atawi 2024).

An important observation arising from these findings 1s that emergency
departments should not be viewed as homogeneous op/erat\ibnal systems when planning
process improvement initiatives. Although many Lean“emergency department studies
acknowledge variation in patient acu/ity ﬁj care pathways, intervention design is
frequently undertaken at the lev;l of the emergency department as a whole or within
pre-selected operatlonal pjdce?Ses/ Abdul Aziz et al. 2022; Abeidi et al. 2018; Dickson
et al. 2009; Meldawatl Sf Arml 2024; Tejedor-Panchon et al. 2014; Vashi et al. 2019).
For example; Dickson et al. (2009) employed workflow analysis, process mapping, and
value sfree(m mapping to redesign emergency department operations, but provided
\ Iimited explanation regarding how the intervention focus was initially selected. As
/patient streams differ substantially in terms of acuity, clinical objectives, staffing
requirements, workflow complexity, and service demand, operational strain may not be

distributed evenly across all areas of the department. This highlights the importance of
structured needs assessment integrating administrative utilisation data, operational
performance indicators, patient experience measures, stakeholder perspectives, and
direct observation prior to intervention development. This approach provided an
explicit and evidence-based rationale for prioritising the Green Zone and reduced
uncertainty regarding where Lean redesign efforts should be directed within a complex

and heterogeneous emergency department environment.
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The findings of the needs analysis also have important implications for the
selection of an appropriate improvement strategy (Phillips et al. 2015). Lean
management emphasises the systematic identification and elimination of non-value-
adding activities, reduction of process variation, and optimisation of workflow through
redesign of care processes (Brancalion et al. 2024). Given that the principal constraints
identified in this study were located within the throughput domain and were largely
attributable to workflow inefficiencies, Lean represented an appropriate improvement
approach for addressing the operational challenges observed within the Green Zone.
The needs analysis, therefore, provided not only a justification for where intervention
should occur, but also a rationale for why Lean-based process redesign was an

appropriate strategy for addressing the identified problems.

-

53 DESIGN AND DEVELOPMENT OF THE LEAN-BASED INTERVENTION

-

o

The design and development phase revealed sybst/a/ntiél inefficiencies within the
existing Green Zone workflow and proyi(je(/l/injapéﬂant insights into the operational
factors contributing to delays in patiént flow. The current-state Value Stream Map
(VSM) identified 21 discret/epﬁéa\:/sé /steps between patient arrival and disposition, with
a process cycle efﬁ/cipnc& ofoifly 24%. Although direct clinical care accounted for 96
minutes of the Iiaiient ] (;urney, substantially more time was consumed by non-value-
added acﬁﬁtiés, fesulting in a total process length time of approximately 6.7 hours.
) M{)fe impoﬁantly, the identified inefficiencies were dispersed across multiple stages of
_care, including registration processes, patient movement, investigation workflows,
communication pathways, and information management. These findings suggest that
delays within the Green Zone were systemic in nature, arising from the cumulative
effects of multiple interconnected workflow constraints rather than a single operational

bottleneck.

This pattern is consistent with previous Lean analyses of emergency department
operations (Dickson et al. 2009; Hammoudeh et al. 2021; Naik et al. 2012; Shakoor et
al. 2019; Vermeulen et al. 2014). Dickson et al. (2009) identified delays associated with
registration and front-end patient processing, while White et al. (2014) reported

inefficiencies related to diagnostic and consultation processes that contributed to
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prolonged patient throughput times. Bucci et al. (2016) further highlighted
communication gaps, coordination challenges, and unnecessary patient movement as
important sources of workflow inefficiency. The similarities between these findings and
those observed in the present study suggest that delays within emergency departments
commonly arise from interconnected operational processes spanning multiple stages of
the patient journey. Consequently, meaningful improvements in patient flow are
unlikely to be achieved through isolated process modifications alone and instead require

an integrated intervention of the wider care pathway.

Internationally, Lean implementation has progressively evolved beyond the
application of individual process-improvement tools towards broader “Lean/ Thiﬁking”
approaches that emphasise multidisciplinary engagement, end-to-end workflow
redesign, and system-wide improvement (Alogla 2025; Talerg-Sarfhient/(j et al. 2024).
Contemporary Lean interventions increasingly conlbine/ multiple “Lean tools” to
analyse workflows, identify waste, prioritise irpprbyenfent opportunities, and redesign
care pathways (Isfahani et al. 2019; Ijima/et/aE 2021; Souza et al. 2021; Tiso et al.
2020). This approach reﬂec‘gs/T the growi;lg maturity of Lean implementation
internationally, where improxl/en/lén:[ efforts increasingly emphasise end-to-end redesign
of patient-care pa‘fh/w/ayfs réther than the isolated application of individual Lean
techniques (Breen et al. 2020; Frank & Rader 2023; Hayes et al. 2014; Shortell et al.

2018). | -

In this regard, a considerable number of Lean intervention studies have utilised
Value Stream Mapping to provide a visual representation of the entire patient journey
and distinguish between value-added and non-value-added activities (Bal et al. 2017;
Henrique et al. 2016). This is often complemented by direct workplace observation
(Gemba) to validate mapped processes and identify workflow deviations and Kaizen
activities to generate and prioritise practical solutions targeting identified sources of
waste (Kabirinaeini et al. 2023; Mazzocato et al. 2012; Tiso et al. 2021). The
involvement of multiple disciplines within a hospital “Lean team” further strengthens
Lean interventions in clinical settings, with previous studies reporting that Lean
initiatives are more likely to achieve sustainable improvements when frontline staff and

supporting departments are actively involved in identifying workflow problems and
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developing solutions (Mazzocato et al. 2012; Shortell et al. 2018). In this study, the
intervention was designed through the involvement of 29 hospital personnel
representing the Emergency Department, pharmacy, radiology, pathology, information
technology, finance, human resources, and administrative units. These complementary
approaches enable Lean interventions to move beyond isolated process fixes towards
coordinated redesign of interconnected workflows, thereby supporting more sustainable

improvements in patient flow and operational performance.

In contrast, the Malaysian Lean healthcare literature remains comparatively
concentrated on discrete quality improvement initiatives targeting specific departments,
operational problems, or service components, with fewer examples of/ inte'gfated
redesign efforts involving the coordinated-application of multiple Lean tools across an
entire patient pathway (Beh et al. 2025; Choudhury & Lee 2024; I;au etal. 2021; Lee
etal. 2025; Pan et al. 2023; Wan Muhd Riduan et al. 20/243.\\The present study, therefore,
extends the Malaysian Lean healthcare literatur/e, by demonstrating how Lean principles
can be systematically translated into a/conte@g—s@eciﬁc intervention model through the
integration of multidisciplinagL Etngagement, Value Stream Mapping, Gemba
observation, Kaizen- based/ problem identification, and structured prioritisation of
improvement oppoﬂunlqes Importantly, these tools were not applied independently but
were used. it€ratively to diagnose workflow constraints, validate findings, prioritise
int/erVeritio/;ts, and redesign the Green Zone patient pathway. This addresses a limitation
\ frequently identified within the Lean healthcare literature, where the rationale
/underpinning the selection, adaptation, and integration of Lean tools is often

insufficiently articulated (Lima et al. 2021; Tiso et al. 2021). By explicitly documenting
this process, the present study provides a more transparent and reproducible framework
for translating Lean principles into operational redesign within complex emergency

department environments.

Following identification of the improvement opportunities, the
multidisciplinary team employed an effort-impact matrix to prioritise interventions that
were both operationally feasible and likely to produce meaningful improvements in
patient flow. This approach reflects Lean implementation principles that emphasise

incremental but achievable workflow modifications rather than large-scale
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organisational restructuring (Tiso et al. 2021). While Lean healthcare studies frequently
describe the use of Value Stream Mapping, Kaizen activities, and stakeholder
engagement to identify improvement opportunities, the process by which proposed
interventions are subsequently prioritised and selected is often less clearly articulated
(Brancalion et al. 2024; Lima et al. 2021). The use of an effort-impact matrix in the
present study, therefore, provided a transparent and systematic mechanism for
translating identified workflow problems into a practical intervention strategy.
Importantly, this prioritisation process ensured that the final Lean-based model was not
simply a collection of proposed improvements but a coordinated set of changes aligned
with local resource availability, operational constraints, and anticipated impact on

patient flow.

-

Finally, content validation ~demonstrated —complete - agfeem/ént that the
implemented workflow accurately reflected the intended intervention design, with all
items achieving an I-CVI of 1.00 and an ox;era”ll/ S:CVI/Ave of 1.00. While Lean
healthcare studies commonly descri@e/itégi% improvement approaches such as
Kaizen events and Plan—Do—Ch/e}:k—]/Act (PDCA) cycles, relatively few explicitly report
formal assessment of inter\?egﬁ})rjl;ﬁdelity prior to outcome evaluation. Consequently,
it is often unclear. whétl}er tile operational changes evaluated fully correspond to the
intervention-originally designed. In the present study, content validation provided an
ad/di/tiorlal /layer of methodological assurance by confirming that the redesigned

" workflow was implemented as intended before its effects were assessed.

Collectively, these findings suggest that the design and development phase
successfully translated the needs analysis findings into a coherent, context-sensitive
Lean-based model through the integrated application of multiple Lean tools, including
Value Stream Mapping, Gemba observation, multidisciplinary stakeholder
engagement, Kaizen-based problem identification, and structured intervention
prioritisation. This integrated approach reflects the growing maturity of Lean
implementation internationally and addresses a gap in the Malaysian literature, where
Lean initiatives have more commonly been reported as discrete quality improvement
activities rather than coordinated end-to-end workflow redesign. The resulting

intervention provides a transparent and reproducible framework for operational
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redesign that may be transferable to other emergency department settings facing similar

throughput-related challenges.

54 OPERATIONAL PERFORMANCE OUTCOMES OF THE LEAN
INTERVENTION

The operational impact of the Lean-based intervention was evaluated using three key
emergency department performance indicators: triage-to-registration time (TTR),
arrival-to-consultation time (ATC), and emergency department length of stay (LOS).
These indicators capture different stages of the ED patient pathway and are widely used
in the literature to assess the efficiency of patient flow and the effectiveness of process
improvement initiatives (Ibrahim et al. 2023; Lima et al. 2021; Noris et al./—2/022/;
Yuzeng & Hui 2020). In‘particular, measures related to early patient /proéessing,/ such
as triage and registration times, and arrival-to-consultation times; are 'freq/liently used to
evaluate Lean interventions because they reflect the efﬁéi\e/ncy of front-end workflows
where operational bottlenecks often arise. In cpntrast broader indicators such as total
length of stay reflect downstream throughput/ and system-level constraints that may be
influenced by factors beyorﬂ H@e\ 1mmed1ate control of the emergency department
(Tlapa et al. 2020; Zepeda-Lugo- €t al. 2020).

P

I

To//é(falﬁéte changes in these operational indicators over time, this study
cmp/l'oyed /a/quasi-experirnental interrupted time series (ITS) design. ITS analysis is
” widely recognised as one of the most robust quasi-experimental approaches for
/assessing the impact of health service interventions implemented at a defined time
point, particularly when randomised experimental designs are not feasible (Turner et al.
2021; Turner et al. 2020). By examining changes in both the level and trend of
performance indicators before and after implementation, ITS allows for a more reliable

assessment of intervention effects while accounting for underlying temporal trends in

service utilisation and operational performance.

5.4.1 Triage-to-registration time

The Lean intervention was associated with a statistically significant and sustained

reduction in triage-to-registration time (TTR), indicating improved efficiency in the
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earliest administrative stage of the Green Zone patient pathway. In the study setting,
patients first underwent primary triage before proceeding to the registration counter and
subsequently to secondary triage for clinical assessment. Inefficiencies in the
registration process created delays in completing the early administrative stage of
patient processing. Prior to the intervention, three front-counter stations performed both
billing and registration functions, which frequently resulted in registration activities
being delayed when counters were occupied with billing-related tasks. In addition,
patient demographic information was entered manually into the electronic medical
record system during registration, further prolonging processing time. These
operational constraints contributed to delays in completing the transition from triage to
registration, thereby extending triage-to-registration time (TTR). -

The Lean-based redesign, therefore; focused on improving the efficiency of the
registration workflow. Billing and registration fuqctioris were separated so that
designated counters remained consistently avai}ablé/for/patient registration. In addition,
enhancements were introduced to th/e elefgo?n}c medical record system to enable
automated capture of patient /(t):;nbgraphic information through identification card
scanning, eliminating the nee{d/f/or/ rhanual data entry during registration. These changes

reduced administratfve ]bottlenecks and improved the efficiency of early patient

processing, contributing to the observed reduction in TTR.

-

The improvement in TTR observed in this study is consistent with previous
“research demonstrating that early patient processing stages are particularly responsive
to operational redesign. Lean-based interventions in emergency departments have
frequently reported improvements in triage and registration waiting times following
efforts to streamline front-end administrative workflows and eliminate redundant
processing steps (Isfahani et al. 2019; Shakoor et al. 2019; Tlapa et al. 2022). Yuzeng
& Hui (2020) reported reduction in waiting time to triage from 18 minutes to 13 minutes
following a series of Plan—-Do—Study—Act cycles that introduced revised triage
procedures, additional triage nurse roles, and adjustments to manpower allocation.
Kumar et al. (2019) similarly, used process flow diagrams and fishbone analysis to
identify various causes for long triage waiting times, and change ideas were tested using

the iterative plan—do—study—act cycles (PDSAs) to reduce triage waiting time in a
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tertiary hospital emergency department. Change ideas were focused on improving the
knowledge and skills of staff posted in triage and reducing turnover of triage staff.
Another study reported significant reductions in door-to-vital-signs time following the
introduction of parallel workflow processes and modifications to departmental layout
(Falconer et al. 2018), highlighting how delays in early patient assessment can often be

addressed through relatively simple operational changes.

More recently, digital innovations have also been explored to improve early-
stage patient processing. For example, Arora & Taylor (2026) examined the use of tele
triage models capable of predicting patient risk at the point of registration, enabling
earlier prioritisation of care before formal clinical triage occurs. Alth/ough/, such
approaches remain relatively experimental compared with establishéd workflow
redesign strategies, they illustrate the growing range of oper@tionai and technological

solutions being explored to address delays in early em/erger/lcy department processing.

At the same time, evidence suggests/ tgaZtriage performance is influenced not
only by workflow organisation/pytf@lso by ljroader operational conditions within the
emergency department. ,Obs/er/vzw‘ional studies have demonstrated that increasing
emergency depa}*tmehf qrow\ding 1s associated with longer waiting times to triage and
reduced compliance with recommended triage time targets (Kienbacher et al. 2022; Van
der Linden-& Van der Linden 2019). Factors such as ambulance arrivals, urgent
\ éaseload, and temporal variations in patient volume have also been identified as
“important determinants of delays in early patient processing (Kienbacher et al. 2022).

These findings indicate that while process redesign can substantially improve

administrative efficiency, triage performance may still be affected by fluctuations in

demand and available staffing capacity.

In a broader context, the statistically significant reduction in TTR suggests that
the intervention was particularly effective because it targeted workflow activities that
were largely within the direct control of emergency department personnel. The
redesigned registration process addressed administrative bottlenecks identified during
the design and development phase, including overlapping front-counter functions and

manual registration procedures, thereby improving the efficiency of early patient
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processing without requiring substantial additional resources. Consequently, the
benefits of Lean redesign were more readily translated into measurable performance
improvements. This finding extends existing Lean healthcare literature by suggesting
that the effectiveness of Lean interventions may be influenced by the degree of
organisational control over the targeted process. Where bottlenecks arise from locally
managed workflow activities, Lean principles may facilitate relatively rapid gains in
efficiency, whereas processes dependent on wider organisational structures may be less
responsive to local workflow redesign alone. The findings therefore support a more
nuanced understanding of Lean implementation in emergency care settings, where
intervention success may depend not only on the quality of redesign but also on the

organisational location of the bottleneck itself.

-

5.4.2 Arrival-to-consultation time

-

o

In contrast to the significant improvement observed ii triége-to-registration time, the
Lean intervention did not produce a stat/ist/iegﬂf significant or sustained reduction in
arrival-to-consultation time (ATC). “Althotdgh a modest decline was observed
immediately following imp@&ﬁtfon, this improvement was not maintained over
time. This finding /sugge/stS\ tlfat while the Lean-based model effectively addressed
administrati@ iri,,e'fﬁcien]cies in the early stages of patient processing, its influence on

the ti,rynelilies/s/of physician consultation was more limited.

Existing literature suggests that waiting time to physician consultation is often
influenced by operational factors that extend beyond administrative workflow alone. In
many emergency department settings, consultation waiting time is primarily determined
by the balance between patient demand and available clinical staffing capacity (Hussein
et al. 2025; Patil 2024). Even when front-end administrative processes become more
efficient, patients may still experience delays before clinical assessment if physician
workload increases or if patient arrivals exceed available consultation capacity. In the
present study, the Lean intervention improved early administrative flow by streamlining
registration processes; however, the rate at which patients could proceed to physician
consultation remained dependent on the number of available clinicians and the overall

clinical workload within the Green Zone.
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Evidence from Lean research further highlights the sensitivity of consultation
waiting times to demand—capacity dynamics within emergency department systems
(Van Der Linden et al. 2023; Grot et al. 2023; Hussein et al. 2025; Pierce et al. 2023;
Simpson et al. 2022). Simulation studies demonstrate that even small variations in
patient arrival patterns or consultation duration can generate disproportionately large
increases in waiting times due to queueing effects in healthcare service systems (Grot
et al. 2023). Another study examining emergency nursing workflows similarly reported
that delays in clinical assessment frequently arise from factors such as staffing
shortages, incomplete triage processes, and the absence of structured care pathways
(Hussein et al. 2025). These findings highlight how improvements in early
administrative workflow may not necessarily translate into reductions in cpnsui,tétioh

waiting time when consultation capacity rémains constrained.

-

These demand—capacity dynamics are particule/lrly\r/elevant in the context of the
present study, which focused specifically on the Green Zone of the emergency
department where lower-acuity patient/s arén rfr;an;ged. Research examining emergency
department attendance patterns has Consistently shown that a substantial proportion of
ED presentations involve nogfurgr:nt or lower-acuity conditions, which can increase
overall consultation’ wor}doad and contribute to longer waiting times before physician
assessment (Simpson et al. 2022; Squires et al. 2023). In such settings, high volumes of
lower-aéui{y' attendances may generate extended consultation queues even when
\ individual cases require relatively brief clinical assessments. Studies investigating
/emergency department crowding similarly emphasise that fluctuations in patient

volume, admission patterns, and external system pressures can significantly influence
throughput indicators such as consultation waiting time and overall department

congestion (Van Der Linden et al. 2023).

However, the absence of a statistically significant improvement in ATC
observed in the present study contrasts with several Lean interventions that reported
reductions in waiting time to physician assessment following workflow redesign (de
Barros et al. 2022; Pierce et al. 2023). For example, a Lean Six Sigma redesign of a
trauma referral pathway achieved a 34% reduction in patient waiting time alongside a

51% reduction in administrative process steps (Pierce et al. 2023). de Barros et al.
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(2022) similarly showed that eliminating non-value-added activities and improving
coordination between administrative and clinical processes can enhance the timeliness
of clinical review in emergency department settings, while Ravi et al. (2023) reported
reductions in emergency department length of stay following implementation of an
electronic consultation order system that expedited specialist review. Similarly, Kenny
et al. (2024) introduced workflow redesign involving patient assessment and movement

between treatment areas, contributing to improvements in throughput performance.

The present study similarly adopted an end-to-end redesign approach,
addressing multiple workflow constraints across the Green Zone patient pathway,
including registration processes, patient movement, investigation Yvorkﬂ;)wé,
communication pathways, and information management. However, (fcspite these
broader redesign efforts; the most substantial improvements were oBserVéd in the early
stages of patient processing, while consultation waiti/ngfti}ne remained influenced by
factors extending beyond the redesigned workf;loW./In a high-volume public university
hospital setting, consultation timelines§ ma{ Ee affected by fluctuating patient demand,
teaching responsibilities, consul/mi()/r; workload, and competing clinical priorities.

A B
) N

Neverthe/le,ss,/ thF timeliness of physician consultation remains a critical
dimension of emergency department performance. Prolonged waiting times prior to
cli/nicalﬂy assessment have been associated with delayed treatment, poorer clinical
\ 6utc0mes, and reduced patient satisfaction (Alhabib et al. 2024), highlighting that
“arrival-to-consultation time represents not only an operational throughput indicator but

also an important component of patient-centred emergency care. The absence of a
statistically significant reduction in ATC therefore provides important insight into the
conditions under which Lean interventions are most effective. Although the present
study implemented an end-to-end redesign of the Green Zone patient pathway,
consultation waiting times remained influenced by factors extending beyond workflow
design alone, including demand—capacity dynamics and competing organisational
priorities. This finding suggests that delays driven by broader capacity constraints may

require complementary organisational strategies, including workforce planning and

service capacity management, in addition to Lean-based process improvement.
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5.4.3 Length of stay in the Emergency Department

Unlike many published Lean emergency department interventions that report
significant reductions in length of stay (LOS), the present study did not demonstrate a
statistically significant or sustained improvement in overall LOS. Although a modest
reduction was observed following implementation, this effect was not maintained over
time. Given that LOS is one of the most frequently evaluated outcome measures in Lean
emergency department studies (Isfahani et al. 2019; Lima et al. 2021), this finding
warrants careful consideration regarding the conditions under which Lean interventions
are able to influence broader patient throughput outcomes.
Length of stay is a composite-operational-indicator that reflects the éuinulative
effect of multiple stages of the emergency care pathway, including t/rie{ge, clinical
assessment, diagnostic investigations, specialist consult%tion,/freatmént decisions, and
patient disposition (Hussein et al. 2025). Unlike early /adfﬁinistrative processes, many
of these activities depend on coordinatioP ger/o/éivérious clinical departments. Studies
examining emergency department workflows have consistently identified delays in
diagnostic imaging, specia/list’/ éarsﬁitation, admission procedures, and inpatient bed
allocation as major/contri/butors/to prolonged LOS (Hammer et al. 2022; Lokesh et al.
2020; Payne et alﬁ. 202§; Verbano & Crema 2019; White et al. 2015). Consultation
processes é{oﬁe fhay account for a substantial proportion of overall patient stay, as
) deiﬁonstratéd in a prospective cohort study of tertiary emergency departments, which
_showed that consultation-related activities contributed approximately one-third to more
than half of total LOS (Brick et al. 2014). Consequently, improvements achieved in one
segment of the patient journey may not necessarily translate into measurable reductions

in overall LOS when downstream constraints remain unchanged.

At the same time, substantial evidence demonstrates that Lean and Lean Six
Sigma interventions can successfully reduce LOS when redesign efforts target multiple
stages of the patient pathway. Reviews of Lean applications in emergency care report
that LOS reductions are commonly observed when interventions address broader
patient-flow and coordination processes rather than isolated workflow activities (Tiso

etal. 2021). For example, Furterer (2018) applied a Lean Six Sigma DMAIC framework
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combined with Value Stream Mapping to redesign triage processes, establish fast-track
pathways, and improve coordination with diagnostic services, resulting in reductions in
overall LOS. Similarly, Al-Munayes et al. (2018) targeted delays in diagnostic testing,
discharge processes, and communication with inpatient services, while B. Kenny et al.
(2024) redesigned patient assessment workflows and movement between treatment
areas, both reporting improvements in patient throughput and LOS. Ravi et al. (2023)
further demonstrated that redesign of consultation processes through an integrated
electronic consultation order system reduced consultation initiation time and was
associated with shorter emergency department stays. In another study, the
implementation of standardised nursing workflows in an emergency department fast-
track area reduced average LOS from 205 minutes to approximately 150 minuiés by
eliminating variability in‘nufsing task sequences and reducing delays ass/ociated//with

-

support activities (Williams et al. 2022).

e
.
-

A notable feature of many studies repor;mg”s/igtﬁﬁcant reductions in LOS is that
their interventions directly addressed b/ottle@:k@occurring later in the patient journey,
including diagnostic Workﬂovygﬁ Consultation processes, discharge planning, and
coordination with inpatient sgrﬂégs Although the present study similarly adopted an
end-to-end redesign/abproa;h, several constraints identified during the design and
development” phase remained dependent on departments and processes operating
beyond 4fhé/'rmmediate control of the Green Zone. These included delays associated with
\ feferral responses, investigation processing, specialist review, and wider hospital
/patient flow. Consequently, improvements achieved within the redesigned workflow

may have been diluted by downstream constraints that remained unchanged following

implementation.

The absence of a statistically significant reduction in LOS observed in the
present study provides important insight into the limitations of local workflow redesign
as a strategy for improving emergency department performance. This finding
challenges the assumption that Lean redesign alone is sufficient to produce substantial
reductions in all emergency department performance indicators. Rather, the results
suggest that Lean may be most effective when bottlenecks arise from locally managed

workflow inefficiencies but may have more limited influence when delays are driven
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by wider organisational or hospital-wide constraints. From this perspective, the absence
of a significant LOS reduction should not necessarily be interpreted as intervention
failure. Instead, it highlights an important distinction between process-level and system-
level outcomes within Lean Healthcare implementation. The findings therefore suggest
that improvements in emergency department length of stay may require hospital-wide
coordination strategies in addition to local process redesign initiatives when seeking to

achieve sustained improvements in patient flow.

5.5 ECONOMIC IMPLICATIONS OF THE LEAN INTERVENTION

The findings of the present study indicate that implementation of the Lean-based model
was associated with improvements-in-operational-cost efficiency within the ”emergency
department Green Zone. Specifically, cost per patient decreased from /RM855.10 to
RM696.56, representing a reduction of 18.54%, while cost per patiéﬁt-hour decreased
from RM283.16 to RM233.80, representing a /r/ed{iction of 17.43%. These
improvements, while not statistically sigr{if}%iﬂtiocéurred despite an increase in patient
volume during the post-implementation pe€riod, suggesting that the emergency
department was able to agwgir/n\?c‘léte a greater number of patients while utilising

available resources more efficiéntly.
W\ Y

> —

An 4mp0rtant observation is that improvements in operational cost efficiency
_were achleved despite the absence of statistically significant reductions in arrival-to-
_consultation time and length of stay. This suggests that the economic benefits of Lean
may not be entirely dependent on improvements in conventional throughput indicators.
Rather, Lean may generate value through more efficient utilisation of existing
resources, reduction of administrative waste, improved workflow coordination, and
enhanced organisational productivity. In the present study, the intervention produced a
statistically significant reduction in triage-to-registration time by streamlining
registration processes and reducing administrative inefficiencies. Although
improvements in downstream indicators were not sustained, these front-end gains may
nevertheless have reduced administrative burden, improved utilisation of staff time, and
increased the department’s ability to manage growing patient demand without

proportional increases in operating expenditure. From this perspective, the findings
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suggest that Lean interventions may contribute to economic sustainability even when
broader system-level constraints limit improvements in downstream operational

outcomes.

From a Lean management perspective, these findings are consistent with the
fundamental principle of maximising value while minimising waste (Womack & Jones
1997). Lean interventions seek to improve workflow efficiency through the elimination
of non-value-adding activities, reduction of unnecessary delays, and optimisation of
resource utilisation. Previous studies have similarly reported that financial benefits
associated with Lean implementation frequently arise through improvements in
workflow efficiency and throughput. For example, Narayanan et al. (2022) ,re‘p(/)rted
improvements in hospital financial performance following Lean impleméntatioﬁ that
were largely attributed to enhanced operational flow and incr@asedi)atieﬁt throughput.
Similarly, Sales Coll et al. (2024) found that Lean-based redesign of surgical services
improved patient flow, logistics coordination/,séh/edlﬂing systems, and information
management, generating substantial/ o;grftignal savings while simultaneously
increasing service capacity. Col]ggtiilgly, these findings suggest that Lean interventions
may improve economic perf@ﬁée through mechanisms extending beyond direct cost
reduction, including /irﬁgrovéd productivity, increased throughput capacity, and more

efficient utilisation of existing organisational resources.

However, the magnitude and nature of economic benefits reported across Lean
“studies appear to vary according to the healthcare setting in which they are
implemented. Studies demonstrating substantial financial gains are frequently
conducted in relatively structured environments such as surgical services, where
workflows are more predictable, and resource utilisation can be standardised more
readily (Sales Coll et al. 2024; Sales & De Castro 2021). In contrast, emergency
departments operate under conditions of greater uncertainty, characterised by
fluctuating patient volumes, unpredictable case complexity, time-sensitive decision-
making, and the need to maintain surge capacity. Consequently, economic
improvements within emergency care settings may be more modest and may arise
primarily through enhanced operational efficiency rather than reductions in

expenditure. The findings of the present study, therefore, suggest that Lean may
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contribute to economic sustainability in emergency departments by enabling existing
resources to accommodate increasing demand more efficiently rather than by generating

substantial cost savings alone.

These findings are particularly relevant within publicly funded healthcare
systems operating under increasing demand and resource constraints. Healthcare
organisations are increasingly expected to improve service delivery while maintaining
financial sustainability and efficient utilisation of available resources. The ability to
improve operational efficiency while managing higher patient volumes is therefore an
important organisational outcome. Within the context of Malaysian public healthcare,
where emergency departments frequently experience overcrowding, /workf'orcé
pressures, and constrainéd resources, workflow redesign may pro/vide//a praétical
alternative to resource expansion strategies such as increasing s,tafﬁfig levéls or physical
infrastructure, both of which require substantial ﬁngneia] investment. The findings
therefore support the potential role of Lean as a strategy for improving organisational
productivity and resource utilisat/ion (within resource-constrained healthcare

-

environments.

Despite gr,ow"lﬁg] interest in Lean implementation within healthcare, rigorous
economic evaluation remains relatively uncommon. A systematic review by Tlapa et al.
(2022) uéxe/l/mining Lean, Six Sigma, and simulation-based healthcare interventions
\ réported that most studies focused on operational outcomes such as waiting time,
“turnaround time, and patient flow, while comparatively few incorporated detailed
economic analyses. Similarly, Wang et al. (2025) observed that cost-related indicators
were among the least frequently reported outcomes in hospital Lean studies. One
explanation for this gap is the methodological complexity of capturing the full economic
implications of process-improvement initiatives. In addition to measuring operational
outcomes, economic evaluations must also account for implementation costs associated
with staff training, workflow analysis, organisational change management, and
information technology modifications. Dyas et al. (2015), therefore, emphasised the
importance of process-improvement costing frameworks capable of capturing both the
costs of inefficiencies and the resources required to implement improvement initiatives.

The present study contributes to this relatively underdeveloped area of Lean healthcare
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research by incorporating operational cost indicators alongside traditional performance
measures, thereby providing additional evidence regarding the economic implications

of Lean implementation in emergency department settings.

Nevertheless, the economic findings should be interpreted within the scope of
the evaluation undertaken. The analysis adopted a provider-perspective approach and
focused primarily on operational cost indicators, namely cost per patient and cost per
patient-hour. Broader economic outcomes, such as cost-effectiveness or cost-benefit
analysis, were beyond the scope of the study. Consequently, while the findings provide
evidence of improved operational cost efficiency, they do not represent a
comprehensive economic evaluation of the intervention. Future resea{ch §H0uld
therefore incorporate implementation costs; longer-term sustainability /asse/ssmenté/, and
formal economic evaluation methods to provide a more compreheﬁsive understanding

of the financial implications of Lean-based interventiqnsd\n/ emergency care settings.

v

>
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5.6 TOWARDS A ZONE OF CONTROL PERSPECTIVE ON LEAN
IMPLEMENTATION IN EMERGENEY DEPARTMENTS

An important observation ép/léggifig from the present study is that the effects of the
Lean-based model ii\;ere]not uniform across all outcomes. While triage-to-registration
time de’mofis/tratéd a statistically significant and sustained improvement, arrival-to-
consdltati(;ﬁ"time and length of stay did not show significant reductions. At the same
” time, improvements were observed in operational cost efficiency. This mixed pattern of
/ﬁndings provides an opportunity to move beyond the question of whether Lean works

towards a more important question: under what conditions does Lean work most

effectively within complex emergency department environments?

One possible explanation relates to the degree of operational control that
healthcare teams possess over the targeted process. The triage-to-registration process is
largely managed within the emergency department and involves workflow activities
that are directly amenable to local redesign, including registration procedures, queue
management, information flow, and staff allocation. Consequently, process
improvements introduced through Lean redesign could be implemented and sustained

with relatively few dependencies on external departments. In contrast, arrival-to-
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consultation time and length of stay are influenced by a broader network of
interdependent processes involving physician availability, diagnostic services,
specialist referrals, admission procedures, and hospital-wide patient flow. Although
these processes can be influenced by emergency department staff, they cannot be

controlled entirely within the department itself.

Based on these findings, the present study proposes a Zone of Control
perspective on Lean implementation in emergency departments, illustrated in Figure
5.1. This perspective suggests that Lean interventions are likely to produce the greatest
impact when applied to operational processes that are largely under the control of the
implementing team. As targeted outcomes become increasingly dependent/ on éﬁared
resources, external departiments, or hospital-wide constraints, the impact of local Lean
redesign may become progressively attenuated. In this frame/work; processes such as
registration, triage workflow, patient routing, and doc/umer/ltation flow may be viewed
as high-control processes, whereas consultati(/)n pathways, diagnostic investigations,
and referral processes represent shared/—cont??j p%cesses. Outcomes such as admission
delays, boarding time, inpatie/g; bed allocation, and hospital throughput may be
considered low-control prorcéSﬁs/ Because they depend heavily on factors beyond the
immediate influence bf the e}nergency department.

Thi;/"perspective may help explain the variability observed across the Lean
“ healthcare literature. Studies reporting substantial improvements often target
“bottlenecks that are operationally bounded and amenable to direct redesign, whereas

interventions addressing broader throughput outcomes frequently encounter
organisational constraints extending beyond the scope of local workflow improvement.
The findings of the present study, therefore, suggest that the effectiveness of Lean
interventions may depend not only on the quality of redesign activities but also on the

organisational location of the bottleneck being addressed.

From a practical perspective, this framework has implications for future Lean
implementation efforts. Rather than assuming that all emergency department
performance indicators are equally responsive to workflow redesign, improvement

teams should consider the degree of control they possess over targeted processes when
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selecting intervention priorities and establishing performance expectations. Such an
approach may support more realistic goal setting, better alignment between
interventions and organisational constraints, and more effective allocation of quality

improvement resources.
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Figure 5.1

Proposed Zone of Control model explaining variation in Lean intervention effectiveness within emergency departments
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5.7 STRENGTHS AND LIMITATIONS

This study has several methodological and practical strengths that contribute to the
robustness of its findings. First, the study adopted a Design and Development Research
(DDR) framework to guide the development of the Lean-based model. This framework
ensured that the intervention was informed by a comprehensive needs analysis,
grounded in a detailed understanding of operational constraints within the Green Zone
patient pathway, and systematically developed through the application of multiple Lean
techniques. The resulting Lean-based model was also validated by subject matter
experts prior to the evaluation phase. This structured approach to intervention
development addresses a recognised limitation in the Lean healthcare literature, where
improvement initiatives‘are frequently implemented as isolated applications of Lean
tools without an explicit framework guiding the systematic design, implementation, and
evaluation of interventions within complex healthcare environments.

-~

p

Second, the evaluation of the Leaﬁ—é&f model employed a quasi-experimental
interrupted time series (ITS) /desggp/, avhich is widely regarded as one of the strongest
observational approaches jf(\)r/assjéssing the impact of health service interventions
implemented at a déﬁneﬁ point in time. By analysing both level and trend changes in
operational indicators before and after implementation, the ITS approach enabled a
more reliable assessment of intervention effects while accounting for underlying
temporal trends in emergency department utilisation and performance. This design also
addresses a common limitation in the Lean healthcare literature, where many
interventions are reported as quality improvement projects relying on simple pre—post
comparisons that may overestimate intervention effects. In addition, the selection of
operational indicators in this study allowed for a more comprehensive evaluation of the
intervention’s impact across different stages of the patient pathway. Indicators such as
triage-to-registration time and arrival-to-consultation time captured the efficiency of
front-end administrative workflows, while overall emergency department length of stay
reflected broader throughput dynamics within the emergency care system. By
combining a longitudinal ITS evaluation with performance indicators representing both

early and downstream stages of patient flow, the study provides a more nuanced
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understanding of how Lean-based process redesign influences different components of

emergency department throughput.

Third, the study extends the evaluation of Lean interventions beyond operational
performance by incorporating a partial economic assessment of the intervention. While
many Lean healthcare studies focus primarily on process indicators we examined both
operational and financial outcomes, enabling a broader assessment of the intervention’s
impact. This dual evaluation provides empirical insight into how Lean-based process
redesign may influence not only service performance but also cost containment within

resource-constrained healthcare environments.

Despite these strengths, several limitations should be acknowledged. First, the
study was conducted rwithin—a single —emergency —department _setting, focusing
specifically on the Green Zone pathway for lower-acuity patients. While this allowed
for detailed analysis of local workflow processes, the generalisability of the findings to
other emergency departments, and withﬁin.,di(ferefﬁft zones, may be limited by differences
in organisational structure, patient| gése-mi; staffing models, and physical layout.
Emergency departments opeéli/c )v;fithin highly context-dependent environments, and

Lean interventions often]require adaptation to local operational conditions.

Limitations should also be acknowledged regarding the economic evaluation
conducted in this study. The analysis adopted a top-down approach to costing, relying
on aggregate expenditure rather than detailed process-level costing. While this approach
allowed for an overall assessment of cost efficiency at the departmental level, it did not
incorporate activity-based costing methods that allocate resource costs to specific
activities within the patient care pathway. This may have enabled more precise
estimation of the costs associated with the Lean intervention. In addition, the cost
analysis was conducted at the level of the entire emergency department, as financial
records were not disaggregated by treatment zones. Consequently, the evaluation
included resource utilisation across the Green, Yellow, and Red Zones rather than
isolating costs specific to the Green Zone pathway targeted by the intervention. Given
that the Green Zone primarily manages lower-acuity cases that typically require fewer

clinical resources, this aggregation may dilute the ability to detect more precise cost
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changes associated with the redesigned workflow. Future research may therefore benefit
from incorporating activity-based costing approaches and zone-specific financial data,
which would allow a more detailed assessment of how Lean-based process redesign
influences resource consumption within specific segments of the emergency

department.

5.8 CONCLUSION

This chapter interpreted the findings of the study in relation to existing literature on
Lean implementation in the emergency department. The results demonstrated that a
systematic needs analysis successfully identified the Green Zone as a priority area for
intervention and provided a robust-foundationfor-the development of a contéxt-specific
Lean-based model. Through the integration of multidisciplinary . stakeholder
engagement, Value Stream Mapping, Gemba observgtion,' Kaizen-based problem
identification, and structured intervention prioritisation, the study demonstrated how
Lean principles can be translated into an e’n(}ytofend workflow redesign approach within

PN
a complex emergency department environmerit.
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Implementation of 'the“Lean-based model was associated with a statistically
significant and sustaine]d improvement in triage-to-registration time, together with
improvements in operational cost efficiency. In contrast, arrival-to-consultation time
and length of stay did not demonstrate sustained improvements. This highlights the
varying responsiveness of emergency department processes to workflow redesign, and
suggests that Lean interventions are most effective when bottlenecks arise from
operational processes that are largely under the control of the implementing team,
whereas outcomes influenced by interdepartmental coordination, diagnostic services,
specialist referrals, and wider hospital capacity constraints may require broader
organisational and system-level interventions. This observation informed the
development of a proposed Zone of Control perspective on Lean implementation,

offering a potential explanation for the variability in outcomes reported across the Lean

healthcare literature.

Additionally, the findings indicate that economic benefits can be achieved even

when improvements in broader throughput measures are constrained by factors
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extending beyond the immediate intervention environment. This suggests that the value
of Lean in emergency department settings may lie not only in reducing waiting times,
but also in improving resource utilisation and organisational efficiency under conditions

of increasing service demand.

The findings extend current understanding of Lean implementation within
emergency departments by demonstrating that successful operational redesign depends
not only on the systematic design and development of a Lean intervention, but also on
the alignment between intervention strategies and the organisational location of targeted
bottlenecks. The chapter, therefore, reinforces the importance of context-sensitive
approaches to quality improvement and provides a foundation for considering the
theoretical, practical, and‘policy implications of the study presented in the subsequent

chapter.



CHAPTER VI

CONCLUSION

6.1 INTRODUCTION

This chapter presents the overall conclusions of the study and synthesises the. key
findings in relation to the study objectives. The study was undertaken-to design,
develop, and evaluate a'Lean-based model to improve operational performance and cost
efficiency within the Green Zone of the emergency department of a public university
hospital. Guided by the Design and Development Kesearch (DDR) framework, the
study integrated needs analysis, intervention /déugn and development, implementation,
and evaluation to address operational- challenges affecting patient flow and resource

utilisation within the emergency: department.
- % A
' 4

Beyond evalﬁatiﬂg the effectiveness of the Lean-based model, this study sought
to generate,e deeper understanding of how Lean interventions function within complex
4 emergency department workflows. The mixed pattern of findings observed across
operational outcomes suggests that Lean-based redesign may have differing effects
depending on the characteristics of the processes being targeted. Accordingly, this
chapter summarises the principal findings of the study, highlights its theoretical,
methodological, and practical contributions, discusses implications for public health
policy and practice, and outlines recommendations for future research. The chapter
concludes by reflecting on the significance of the study for future Lean implementation

within emergency departments and other complex, resource-constrained healthcare

settings.
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6.2 SUMMARY OF FINDINGS

This study was conducted to design, develop, and evaluate a Lean-based model to
improve operational performance and cost efficiency within the Green Zone of the
emergency department of a public university hospital. The findings are summarised

according to the study objectives.

6.2.1 Research Objective 1: To identify the most appropriate focus area for intervention

The needs analysis identified the Green Zone as the most appropriate area for
intervention. Administrative data demonstrated that the Green Zone accounted for the
largest proportion of emergency department attendances and experienced substantial
growth in patient volume over time. Baseline performance indicators revealed delays
across multiple stages of the patient journey, including triage-to-registration time,
arrival-to-consultation time, and length of stay. Patientsaﬁs/faction findings showed that
waiting time to receive treatment was among the lowest-rated service domains, while
stakeholder engagement identified regurré\tj issues related to workflow congestion,
fragmented patient movement «;p\a\/thways, cross-zone staffing redeployment, and
workflow interruptions. Céll/&:}i\’ély, these findings indicated that the Green Zone
represented a key 'opera,tional pressure point within the emergency department and

provided a-strong rationale for Lean workflow redesign.

6.2.2 Research Objective 2: To design and develop a Lean-based model to improve
operational performance within the Green Zone

A context-specific Lean-based model was developed using an integration of Lean tools
and techniques within a Design and Development Research framework. The model was
developed through the collaborative efforts of a multidisciplinary Lean team, involving
representatives from clinical, allied health, administrative, and support services.
Current-state Value Stream Mapping identified 21 process steps and demonstrated
substantial workflow inefficiencies, with a process cycle efficiency of 24%. Nine
Kaizen improvement opportunities were subsequently identified and prioritised using
an effort-impact matrix. Feasible improvement initiatives were incorporated into a
future-state Value Stream Map that projected a reduction in process length time from

approximately 6.7 hours to 4.5 hours. Content validation demonstrated excellent
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agreement that the implemented workflow accurately reflected the intended

intervention design (I-CVI = 1.00; S-CVI/Ave = 1.00).

6.2.3 Research Objective 3: To evaluate the effects of the Lean-based model on
operational performance

Interrupted time series analysis demonstrated a statistically significant reduction in
triage-to-registration time, which decreased from 5.79 minutes to 4.84 minutes,
representing a reduction of 16.34% (p < 0.001). Arrival-to-consultation time decreased
from 80.83 minutes to 55.47 minutes, while length of stay decreased from 152.60
minutes to 144.88 minutes. However, these reductions were not statistically significant
and were not sustained over time. The findings indicate that the intervention was-most
effective in improving-€arly-stage administrative processes within the Green Zone

patient pathway.

s
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6.2.4 Research Objective 4: To estimate changes iii‘ppe/rational cost efficiency following
implementation of the Lean-based/m/oﬂ/el‘;

-

-

The economic evaluation d@:loﬁ;ézr‘ated improvements in operational cost efficiency
following implementation 6f ﬁae I:ean-based model. Cost per patient decreased from
RMS855.10 to RM696.56, representing a reduction of 18.54%, while cost per patient-
hour decreased from RM283.16 to RM233.80, representing a reduction of 17.43%.
These improvements wete observed despite increasing patient volume during the post-
implementation period, suggesting more efficient utilisation of available resources

following workflow redesign.

6.3 RESEARCH CONTRIBUTIONS

While the findings summarised above provide evidence regarding the development,
implementation, and evaluation of the Lean-based model, the significance of the study
extends beyond its empirical results. The study contributes to the existing body of
knowledge through theoretical, methodological, and practical advances that enhance

understanding of Lean implementation within emergency department settings.
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6.3.1 Theoretical contributions

This study contributes to the growing body of knowledge on Lean implementation in
healthcare by extending understanding beyond whether Lean interventions improve
performance to examining how and where Lean interventions are most likely to be

effective within complex emergency department systems.

First, the study contributes to the Lean healthcare literature by demonstrating
the value of systematic needs analysis as a precursor to intervention design. Existing
Lean studies frequently focus on the implementation and evaluation of process-
improvement initiatives, often assuming that the target area for improvement has
already been identified. In contrast;-the present-study employed a structured needs
analysis incorporating administrative data, operational performance indicators, patient
experience data, and stakeholder perspectives to identif}/ the Green Zone as the most
appropriate focus area for intervention. This approach. highlights the importance of
aligning Lean implementation with /coﬁgiﬁsp‘éciﬁc operational priorities and

contributes to a more evidence-informéd-approach to intervention selection.
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Second, the _study» ¢ontributes to the current understanding of Lean
implementation” by denllonstrating that operational improvements may not occur
uniformly across different performance outcomes. While implementation of the Lean-
based model was associated with a statistically significant improvement in triage-to-
registration time and improvements in operational cost efficiency, arrival-to-
consultation time and emergency department length of stay did not demonstrate
sustained statistically significant reductions. These findings challenge an implicit
assumption within parts of the Lean healthcare literature that improvements in local
workflow efficiency will necessarily translate into improvements across broader
throughput outcomes. Instead, the findings suggest that different emergency department

performance indicators may vary in their responsiveness to Lean-based workflow

redesign.

Building on this observation, the study proposes a Zone of Control perspective
on Lean implementation within emergency departments. The proposed perspective

suggests that the effectiveness of Lean interventions may be influenced by the degree



214

of operational control that implementing teams possess over the targeted process.
Processes that are largely controlled within the emergency department, such as
registration workflows, patient routing, queue management, and administrative
processes, may be more amenable to Lean redesign and therefore more likely to
demonstrate measurable improvements. In contrast, outcomes that depend on
interdepartmental coordination, diagnostic services, specialist referrals, admission
processes, or hospital-wide capacity constraints may be less responsive to local
workflow redesign alone. While this perspective requires further empirical evaluation,
it offers a potential explanation for the mixed findings observed in the present study and

for the variability reported across previous Lean healthcare studies.

The proposed Zone of Control perspective represents the principal theoretical
contribution of the study. Rather than viewing Lean as a universally efféctive solution
for all operational challenges, the findings suggest that the /impact of Lean may depend
on the organisational location of the bottleneck ‘/beiﬁg targeted. This shifts attention from
the question of whether Lean works to t’h/zr;ore nuanced question of under what
conditions Lean is most likely to ]ge cffective. Such a perspective may assist researchers
and practitioners in developlgg/tflc;re realistic expectations regarding the outcomes of
Lean implementation aqd ’n selecting intervention targets that are aligned with the

degree of inflyence available to the implementing team.

These contributions extend current understanding of Lean implementation
within emergency departments by highlighting the importance of context, process
characteristics, and organisational boundaries in shaping intervention outcomes. Future
researchers may build on these findings by testing the proposed Zone of Control
perspective across different hospital settings, clinical environments, and healthcare
systems to further refine understanding of the mechanisms through which Lean

interventions influence operational performance.

6.3.2 Methodological contributions

This study contributes methodologically to the Lean healthcare literature by
demonstrating a systematic and theory-informed approach to the design, development,

implementation, and evaluation of a Lean intervention within an emergency department
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setting. While Lean has been widely applied in healthcare, previous reviews have
highlighted considerable variability in intervention design, implementation processes,
and evaluation methods, limiting the reproducibility and comparability of findings

across studies. The present study addresses several of these methodological limitations.

First, the study demonstrates the application of the Design and Development
Research (DDR) framework as a structured methodology for developing a context-
specific Lean intervention. Although Lean studies frequently describe the use of
individual process improvement tools, fewer studies explicitly document the process
through which needs are identified, interventions are designed, and implementation
strategies are developed. By integrating needs analysis, intervention development,
model validation, implementation, and evaluation within a single framework, the study
provides a transparent and systematic approach to Lean intervention development. This
contributes a methodological pathway that may be /replfcated or adapted by future

researchers undertaking healthcare quality imp/rovémelft initiatives.

A
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Second, the study adopted @ comprehensive needs assessment approach that
integrated multiple sources /of/év\idence, including administrative data, operational
performance indicators, ]patiént experience data, and stakeholder perspectives. Rather
than relying-solely on operational metrics or management priorities, the intervention
target was identified through triangulation of quantitative and qualitative information.
This approach strengthened the contextual relevance of the intervention and ensured
that the selected improvement priorities reflected both organisational performance
needs and frontline operational realities. The study therefore demonstrates the value of
combining multiple data sources during the diagnostic phase of healthcare improvement

Initiatives.

Third, the study contributes methodologically through the systematic integration
of multiple Lean tools within a coherent intervention-development process. The Lean
intervention was developed through the collaboration of a multidisciplinary “Lean
team”, while Value Stream Mapping served as the primary workflow analysis tool. This
was complemented by Gemba observation, Kaizen-based problem identification, and

structured prioritisation using an effort-impact matrix. Importantly, these tools were not
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applied as isolated improvement techniques but were used iteratively to diagnose
workflow inefficiencies, validate findings, prioritise interventions, and redesign the
patient pathway. This provides a more transparent account of how Lean tools can be
integrated to support end-to-end workflow redesign within complex healthcare

environments.

Fourth, the study contributes to the evaluation of Lean interventions by
employing interrupted time series analysis to assess operational outcomes following
implementation. Reviews of Lean healthcare research have frequently noted reliance on
simple before-and-after comparisons, which may overestimate intervention effects and
inadequately account for underlying temporal trends. By using interrupted time series
analysis, the present study was able to evaluate both immediate and sustained changes
in performance indicators while accounting for pre-existing trends over time. This
strengthens the methodological rigour of the evaluation and provides a more robust

- -

assessment of intervention effectiveness.
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Finally, the study contribites to the relatively limited body of research
incorporating economic evﬁu/atgn into Lean healthcare studies. In addition to
operational performance] ou‘fcomes, the study assessed changes in cost per patient and
cost per patient-hour, thereby extending evaluation beyond traditional workflow
indicators. 'Although the economic evaluation was partial in nature, it provides an

example of how operational and economic outcomes may be examined concurrently

when evaluating healthcare improvement interventions.

6.3.3 Practical contributions

The study makes several practical contributions to emergency department management
and healthcare quality improvement practice. Beyond demonstrating the effectiveness
of'a Lean-based model within a single emergency department setting, the study provides
a structured and transferable approach for identifying, prioritising, and addressing

operational inefficiencies in complex healthcare environments.

The study contributes a practical framework for Lean intervention development

that integrates needs assessment, design and development, validation, and evaluation.
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Although the specific workflow redesign implemented in the present study was tailored
to local operational needs, the underlying intervention-development process is
potentially transferable across healthcare settings. The framework developed in this
study, therefore, provides healthcare managers and improvement teams with a practical
prototype structured process for Lean implementation that may support wider adoption

of structured process improvement initiatives within Malaysian healthcare services.

Second, the findings demonstrate that meaningful operational and economic
improvements can be achieved without substantial expansion of staffing, infrastructure,
or financial resources. The observed improvements in triage-to-registration time and
operational cost efficiency suggest that workflow redesign may provide a.feasible
strategy for enhancing service performance within tesource-constrained healthcare
environments. This is particularly relevant for public healthcare organisations facing

increasing demand, workforce pressures, and fiscal constraints.

-~
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The findings also highlight the/impﬁiance of aligning improvement strategies

with the nature of the targeted opefational problem. The differential effects observed
across operational outcomes ﬁ«g/g/eét that healthcare managers should carefully consider
the degree of inflyerice tihey\possess over a given process when selecting intervention
priorities and establishing performance expectations. This insight may assist
practitionefs in directing improvement efforts towards areas most likely to benefit from
workflow redesign while recognising the limitations of local interventions in addressing

wider organisational constraints.

6.4 RECOMMENDATIONS FOR PUBLIC HEALTH POLICY AND PRACTICE

The findings of this study suggest that healthcare organisations should adopt a more
systematic approach when implementing Lean-based improvement initiatives. Rather
than introducing Lean tools as isolated quality improvement activities, healthcare
managers should first undertake structured needs assessments that incorporate multiple
sources of evidence, including operational performance data, patient experience
measures, and stakeholder perspectives. The present study demonstrated that such an
approach enabled the identification of the Green Zone as the most appropriate target for

intervention and ensured that improvement efforts were aligned with locally relevant
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operational challenges. Similar approaches may help healthcare organisations direct
limited resources towards areas where process redesign is most likely to yield

meaningful improvements.

The findings also highlight the importance of multidisciplinary engagement and
end-to-end workflow analysis in healthcare improvement initiatives. Operational
inefficiencies within emergency departments frequently arise from interconnected
processes involving clinical, administrative, and support services rather than from
isolated activities. Consequently, improvement efforts should extend beyond individual
performance indicators and instead examine the entire patient journey. The integration
of Value Stream Mapping, Gemba observation, Kaizen-based problem identification,
and stakeholder engagement in the present study provides a practical example of how
healthcare organisations may systematically —identify ~and address workflow
inefficiencies. Wider adoption of such integrated gppréaches may strengthen the

effectiveness and sustainability of future qualit/y ifiprovement initiatives.
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An important implication oflthe study is that improvement strategies should be
aligned with the organisa’u{lqglj location of the targeted bottleneck. The findings
demonstrated that pr(/)ce§ses\largely under the control of the implementing team were
more responsive, to workflow redesign than outcomes influenced by broader
organisatiohal and hospital-wide factors. Healthcare managers and policymakers should
therefore recognise that not all operational performance indicators are equally amenable
to local process improvement efforts. While Lean-based redesign may be effective in
addressing workflow inefficiencies within departmental control, improvements in
outcomes influenced by diagnostic services, specialist consultations, admission
processes, and inpatient capacity may require coordinated action across multiple
departments and levels of the healthcare system. Future quality improvement
programmes should therefore be designed with consideration of both local workflow

factors and wider organisational constraints.

Finally, the study highlights the potential value of Lean methodologies as a
strategy for improving both operational performance and resource utilisation within

resource-constrained healthcare settings. The improvements in operational cost
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efficiency observed following implementation suggest that meaningful gains may be
achieved without substantial expansion of staffing or infrastructure. This is particularly
relevant within public healthcare systems facing increasing service demand and fiscal
constraints. The Lean-based model developed in this study may therefore serve as a
useful prototype for emergency department process improvement in Malaysian
healthcare settings. Although individual workflow modifications should be adapted to
local operational contexts, the structured intervention-development process
demonstrated in this study offers a practical framework that may support wider
implementation of Lean principles within emergency departments and other complex

healthcare environments.

6.5 RECOMMENDATIONS FOR FUTURE STUDIES

The findings of this study identify several important avenues for future research that
may further advance understanding of Lean implementation within emergency

department settings and healthcare systems /m(fre;brbadly.
p P
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First, future studies sh'/ould seek to strengthen causal inference regarding the
effectiveness of Lean -interventfions through the use of comparative implementation
designs. Although intemllpted time series analysis is recognised as one of the strongest
quasi-experimental approaches for evaluating organisational interventions implemented
at a single site, future evaluations could incorporate comparison hospitals, multiple
emergency departments, controlled interrupted time series designs, or stepped-wedge
implementation approaches. Such designs would enable researchers to better
distinguish intervention effects from secular trends and external influences. However,
future multi-site studies should also recognise that emergency departments operate
within highly heterogeneous organisational environments. Differences in patient
volume, case mix, staffing models, physical infrastructure, information systems, and
organisational culture may substantially influence implementation processes and
outcomes. Consequently, future research should not assume direct comparability
between institutions but should explicitly examine how contextual characteristics shape

the effectiveness of Lean interventions across different settings.
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Second, future research should further investigate the proposed Zone of Control
perspective introduced in this thesis. The mixed pattern of findings observed in the
present study suggests that Lean interventions may have differing effects depending on
the degree of operational control that implementing teams possess over the targeted
process. While this perspective offers a potential explanation for the significant
improvement observed in triage-to-registration time compared with the more limited
effects on arrival-to-consultation time and length of stay, it remains a conceptual
proposition requiring empirical validation. Future studies should therefore explore
whether outcomes located within high-control, shared-control, and low-control
operational domains demonstrate systematically different responses to Lean-based
redesign. Such work may contribute to a more refined theoretical understanding/of how
Lean functions within complex healthcare systems and help explain the variability in

outcomes reported across the broader Lean healthcare literature.

s
-

PR

Third, future research should incorp/orzitq miore comprehensive economic
evaluation methodologies. While the pre@g’t Qudy demonstrated improvements in
operational cost efficiency, the g,gafy/sis was limited to provider-level operational cost
indicators and did not inCI{d/c /ir\'nplementation costs, return on investment, cost-
effectiveness analysgs, or lc;nger—term assessments of financial sustainability. Future
studies should adopt more comprehensive economic evaluation frameworks capable of
examining’both the resources required to implement Lean interventions and the
economic value generated through operational improvements. Such evidence would

strengthen decision-making regarding the allocation of healthcare resources and the

wider adoption of Lean methodologies within healthcare systems.

Finally, future research should examine implementation processes and
sustainability outcomes following Lean implementation. Factors such as leadership
support, staff engagement, organisational readiness, and implementation fidelity may
influence the long-term success of healthcare improvement initiatives. Longitudinal and
implementation-focused studies examining these factors would contribute valuable
knowledge regarding how Lean interventions can be embedded, sustained, and scaled

within complex healthcare environments.
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6.6 CONCLUSION

This study demonstrates that the value of Lean implementation in emergency
departments extends beyond improving individual performance indicators. Through the
systematic identification of operational needs, the development of a context-specific
Lean-based model, and the evaluation of its operational and economic effects, the study
provides evidence that Lean can improve efficiency and resource utilisation within
complex healthcare environments. More importantly, the findings show that the effects
of Lean are not uniform across all aspects of emergency department performance. While
substantial improvements were achieved in processes that were largely within the
operational control of the implementing team, outcomes influenced by broader
organisational and system-level factors preved-less responsive to local workflow

redesign.

s
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This observation represents an important confribution to the understanding of
Lean implementation in healthcare. Thc /ﬁgc/ifggs suggest that a more meaningful
question is under what circumstances Lean works, for whom, and on which processes.
The study, therefore, challengé;jché assumption that Lean should be viewed as a
universal solution to. emergendy department overcrowding. Rather, its effectiveness
appears to depend on th]e nature of the operational constraints being addressed. The
proposed Zone of Control perspective provides a conceptual lens through which future
researchers and practitioners may better understand the variability in Lean outcomes

reported across healthcare settings.

Ultimately, this thesis argues that successful Lean implementation depends not
only on the application of improvement tools but also on the alignment between the
intervention and the nature of the problem being addressed. As healthcare systems
continue to face increasing demand, resource constraints, and growing expectations for
service quality, future improvement efforts should move beyond adopting Lean as a set
of techniques and instead embrace Lean as a strategic, context-sensitive approach to
healthcare system redesign. By demonstrating how operational bottlenecks can be

systematically identified, prioritised, and addressed, this study contributes both
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practical guidance for healthcare organisations and new insight into how Lean functions

within complex emergency department systems.
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ABSTRACT ©

™

Emergency Departments (EDs) operate under sustained pressure from i/Peqn'ng patient demand, overcrowding, and
workflow inefficiencies. Although Lean principles hove been widely ﬁde% inheaithcore to oddress these chollenges,
there remains limited documentation of systematic processes far(ﬁes.ig ingand developing Lean-based intervention models
in complex clinical emdronments. Thiz study aimed to Wﬁﬁmﬁ}‘d&ﬂgn and develop a Legn-based model for the green
zone of a public weiversity hogpitol Emergency Department ufng—a’ﬂen'gn ond Develgpment Research (DDR) framework.
Thiz study comprised three pheses: (i) needs analyss) {j@,} model design and develgpment, ond fiii) model volidation. 4
multidisciplinary Lean team conducted walue SEream Mopping (vsM) ond Gembe to identify workflow inefficiencies and
non-velwe-gdded activities. Improvement umities were prioritised using an effart-impact makrix to ensure feasibility
within existing resource mrmr'r.'ts./ T prictitised compoments were integrated into o future-state workflow, constituting
the Lean-bosed model, which ws 3;&% nely implemented ot @ pilot level within the department. Future-stote WEM
mnaly=is projected @ reduction in overallMrocezs length time from 6.7 hours to 4.5 hours, corresponding to an estimated
29% improverment in potient woiting time. Expert volidetion demonstroced strong cgreement regarding the clarity,
feasibility, and op | alignment of model components. This study provides o structured and reproducible pathway
for the developmient and prefimingry implementation of Leon-based interventions in Emergency Deportment setting,
mﬂtrﬂm}':{m;h‘m@ogr’cur guidance for systematic healthcore process redesign in resource-constrained environments.

A
Keywards: Emergency Department; Green Zone; Lean Model; workflow improvement; Potient Waiting Time; Healthcare
Quality Improvement
INTRODUCTION with approximately 26% of hospitals exceeding the
overcrowding threshold based on  patient-to-

Emergency Departments (EDs) serve as critical physician ratios. These pressures are further

access points within healthcare systems, managing
high-acuity and time-sensitive conditions " Over the
past decade, rising patient volumes, increasing case
complexity, bed shortages, and workforce
constraints have contributed to persistent ED
overcrowding worldwide 2. Overcrowding, defined
az the mizmatch between service demand and
available resources, has been associated with
prolonged waiting times, delayed decision-making,
reduced quality of care, and adverse patient
outcomes 4.

In Malaysia, nrmising Emergency Department
attendance and increasing service demand in
Ministry of Health (MOH) hospitals have intensified
concems regarding overcrowding and operational
strain 7. A recent national analysis of 137 MOH
hospitals reported substantial workload disparities,

compounded by demographic, gecgraphic, and
socioeconomic factors, particularly in rural and
non-specialist  hospitals, highlighting systemic
challenges in  ensuring equitable access to
emergency care *. In addition, university hospitals
often experience further operational complexity
due to their dual roles in service delivery and
climical training. The presence of trainees,
supervisory requirements, and a broader case mix
may contribute to increased process vanability and
longsr  decision-making pathways,  thersby
amplifying workflow inefficiencies within already
strained Emergency Department systems *.

Emergency Departments are typically organised into
acuity-based zones, including red, yellow, and
green zones. The Green Zone manages ambulatory,
loweer-aouity patients and is often characterised by
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