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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract

Background: Over the years a variety of process improvement methodologies have been proposed for health care delivery and 
Lean healthcare is one such method. The aim of this paper is to provide a review of the existing literature on Lean health care. It 
seeks to describe how this concept has being applied and to assess how trends and methods of approach in Lean health care have
evolved over the years. The objective is to demonstrate the scientific knowledge developed on Lean thinking in health care.
Design/methodology/approach: Health care systems have begun to employ Lean methods, with reports of improvements 
appeared in the literature. The paper surveys the applications of Lean health care in the current literature by presenting the 
success stories and limitations of Lean production in various health care organizations. We start from the key concepts of Lean 
thinking and how these concepts can be applied in the health care environment.
Findings: Lean health care is a novel approach to deliver improved care services to patients, and we believe that some branches 
like emergency medicine, drug dispensing process in the health care sector can achieve high level of success by using this 
approach. It appears that there is an agreement about the potential of lean health care, but before large-scale implementation it is 
necessary to evaluate the true ability of Lean interventions to improve healthcare delivery. It still remains a challenge for 
specialists in the field to evaluate lean health care under a critical perspective.
© 2018 The Authors. Published by Elsevier B.V.
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Among all the processes carried out in emergency departments, the most time consuming processes were to wait for 
an admission bed and blood testing result. By inclusion of structured re-design process, priority admission triage 
program, enhanced communication with medical department, and use of new high sensitivity troponin-T blood test, 
the triage waiting time and end waiting time for consultation were significantly decreased. The admission waiting 
time of emergency medical ward was significantly decreased from 54.76 minutes to 24.45 minutes after
implementation of priority admission triage program.

Generating and instituting ideas from the frontline providers is the key to the success of a Lean program in an 
emergency department [16]. It represented a fundamental change in the way of thinking for care delivering, the 
specific process changes have to be simple by adopting small procedure modifications specific to people, process, 
and place, so that institutions or departments aspiring to adopt Lean should focus on the core principles of Lean 
rather than on emulating specific process changes made at other institutions.

A Lean process improvement project that was conducted to increase capacity to admit new patients into a health 
care service operation system by LaGanga [17], showed a 27% increase in service capacity to intake new patients 
and a 12% reduction in the no-show rate as a result of the transformation of service processes achieved by the Lean 
project.  Application of concepts from Lean thinking, the streaming of patients into groups of patients cared for by a 
specific team of doctors and nurses, and the minimizing of complex queues in an emergency department improved 
patient flow, thereby decreasing potential for overcrowding [18].

Carter  et al. [19] identified some lessons learned during use of Lean to optimize the operations of an emergency 
department in a global health setting, which consist in: building a partnership with colleagues; the institutional 
support is necessary and challenging; feedback from all team members is critical to successful Lean analysis; a 
manageable initial project is critical to influence long-term Lean use; data intensive Lean tools can be adapted and 
are effective in a less resourced health system; the Lean tools focused on team problem-solving techniques work 
well in a low-resource system without modification; important changes do not require an influx of resources; root 
causes of system inefficiencies are often similar across health care systems, but require unique solutions appropriate 
to the clinical setting.

In Ontario an emergency department process improvement program based on Lean principles was introduced by 
the Ministry of Health and Long Term Care as part of a strategy which reduced emergency department length of 
stay and improved patient flow [20]. The investigation of the drug dispensing process reveals unnecessary 
complexities that contribute to delays in delivering medications to patients. The results obtained from a study [21] 
evidenced potential savings of >45% in the drug dispensing cycle time by applying principles of Lean management 
[21].

Ng et al. [22] reported major improvements in a emergency departmental flow without adding any additional 
emergency department or inpatient beds, as regards: decrease of the mean registration to physician time; decrease of 
the number of patients who left without being seen; decreased length of stay for discharged patients and an 
improvement in emergency department patient satisfaction scores following the implementation of Lean principles.

An improvement in Capacity, Idle time and Utilized time has been achieved as a result of implementing Lean 
manufacturing principles in an emergency department from Lybia which allowed it to be more productive, flexible, 
smooth and with high quality service, by reducing the lead time of the service at emergency department from 193 
sec. to 153 sec. (20.7%), which increased the patients served (capacity) from 48 to 72 (50%), reducing idle time 
from 201600 sec. to 129600 sec. (36%) and increasing utilized time from 230400 sec. to 302400 sec. (31%) [23].

The risk profile of the population [24] is a relevant input for proper intervention in health care which can be 
supported by Lean principles that have to be adapted to the local culture of care delivery. It can lead to behavioral 
changes and sustainable improvements in quality of care metrics from emergency departments related to patient 
flow, service, and growth from before and after implementation: time from emergency department arrival to 
emergency department departure (length of stay), patient satisfaction, percentage of patients who left without being 
seen by a physician, the time from ordering to reading radiographs, and changes in patient volume as reported by 
Dickson et al. [25]. These improvements are not universal and are affected by leadership and frontline workforce 
engagement.

Bucci et al. [26] provide a synthesis of the current literature focused on how Lean Thinking Principles and tools 
can be applied in an emergency department to address overcrowding and hospital admissions, the management of 
patient flow being the main intervention. Almost all studies showed emergency departments’ performance 
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address the reported inefficiencies in health care delivery and Lean production is one such method. The management 
philosophy and tools of Lean production come from the manufacturing industry, where they were pioneered by 
Toyota Motor Corporation [1]. 

Hospitals today face major challenges, because patients demand quality of care to be improved continuously and 
health insurance companies demand the lowest possible prices. There are quality improvement programmes 
originating from industry, like Lean Manufacturing which is an excellent tool to tackle present-day health care 
challenges [2]. Some Hospitals use to adopt the Lean quality approach with little knowledge on how well they 
produce sustainable improvements. 

Since Lean started being applied in health care, some effort to provide a complete resource surveying the existing 
literature have been done in order to asses trends and methods of approach in Lean health care, but it was not 
evaluated under a critical perspective [3]. In a study Glasgow [4] identified 539 potential articles about quality 
improvement methodologies including Lean and revealed that the true impact of this approach is difficult to judge, 
given that the lack of rigorous evaluation or clearly sustained improvements provides little evidence supporting 
broad adoption. There is still a need for future work that will improve the evidence base for understanding more 
about quality improvement approaches and how to achieve sustainable improvement [4]. 

The aim of this paper is to provide a review of the existing literature on Lean health care. It seeks to describe how 
this concept has being applied and to assess how trends and methods of approach in Lean health care have evolved 
over the years. The objective is to demonstrate the scientific knowledge developed on Lean thinking in health care.

2. Lean thinking

Lean thinking represents one of the newer schools of thought in manufacturing [5] which first were developed in
the industrial setting of car manufacturing. More recent it has been applied in the service industries and health care, 
which is able to benefit substantially from the implementation of Lean, often broadly described as a “systems 
engineering” approach to health care [6].

In literature have been identified five key concepts of Lean thinking: value, value stream, flow, pull and 
perfection. After some reflections these principles are suitable to be applied to the health care environment, for 
example: 

a) Value requires performing tests for diagnostic identification by avoiding excessive costs; 
b) Value stream requires to avoid patient’s time squander and to focus on minimizing the time required between 

each step in a complex medical treatment with numerous steps; 
c) Flow of a patient medical investigation has to flow efficiently; 
d) Pull requires adapting the medical service to the variability of the patient numbers; 
e) Perfection in medicine can be described as the correct diagnosis and therapy in a timely manner.
The principles of Lean thinking is widespread in various contexts of health, such as emergency, oncology, 

pharmacy, intensive care unit, radiology, orthopedics, mental health clinics and cardiology services [7].
Based on experience of applying Lean thinking in the UK's National Health Service, Brandão de Souza [8] 

discusses the differences and similarities between Lean thinking in manufacturing and health care and why Lean 
implementation has been slower in health care than in manufacturing. It is evidenced that the problems to be faced 
and overcome when implementing Lean approaches are compared with those in other improvement programmes and 
the authors conclude that Lean approaches do offer ways to improve health care.

Systems engineering with the focus on Lean thinking must be viewed as a long-term strategic initiative of a 
health systems that embrace these methodologies. It provides improvement of patient care metrics, greater 
efficiency, and ultimately happier and healthier patients [9]. It appears that Lean thinking employed in systems 
engineering of a medical unit offers substantial rewards.

3. Lean in emergency departments

Emergency departments face problems with overcrowding, access block, cost containment, and increasing 
demand from patients. A study of Chan et al. [15] aimed to resolve these problems employing “Lean” management”.
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