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Abstract
Paper aims: This article aims to evaluate the impact of Lean Production (LP) practices implementation on the supply
chain of a public hospital.
Originality: Most implementations fall short of their goals because they are done in a fragmented way and not from
a system‑wide perspective. Our approach allows to anticipate errors of misguided LP implementations in healthcare
organizations.
Research method: The implementation of a set of LP practices in the hospital`s supply chain was assessed by computational
simulation modelling, focusing on one of the most financially important product families.
Main findings: Since the simulation model considers the variability of suppliers and customers as inputs, it allows the
verification of the proposed inventory policies effectiveness, in order to avoid affecting the service level.
Implications for theory and practice: The proposition of a method that integrates value stream mapping into computational
simulation modelling brings a differentiated approach to analyze lean implementation in a healthcare supply chain.
The simulation model supports a more assertive decision-making process on lean implementation, allowing the organization
to ensure that the quality and efficiency of healthcare is not affected.
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1. Introduction
Healthcare organizations are an important part of the service industry given not only the criticality of quality
and safety in patient care but also due to the high associated investment (Dobrzykowski et al., 2014). Aherne &
Whelton (2010) and Waring & Bishop (2010) comment that these organizations are under constant pressure to
reduce costs, waiting times, errors, while improving service quality and patient safety. The challenging context
of healthcare organizations has been denoted in 2008 by the Institute for Healthcare Improvement (IHI) as the
Triple Aim, which simultaneously looks for improving the individual experience of care, improving the health of
populations, and reducing the per capita costs of care for population (Whittington et al., 2015). The essence
of Triple Aim can also be associated with the underlying complexity of healthcare organizations, aggravating
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the difficulties for an effective healthcare management (Plsek & Greenhalgh, 2001; Sheikh et al., 2015).
Dooner (2014) indicated that the lack of standardized processes increases waste in healthcare organizations.
Regarding the processes of a healthcare organization, those related to material and information flows are
the most expensive ones, corresponding from 30 to 40% of the total expenditures (Aronsson et al., 2011). In this
sense, the management of hospital’s supply chain presents great opportunities for improvement in healthcare
systems, both in terms of cost reduction and increased quality of care (Schwarting et al., 2011). Among the
existing improvement approaches, the adaptation of manufacturing concepts, such as Lean Production (LP), has
been widely accepted (Womack et al., 2005; Brandão de Souza, 2009). However, Hasle et al. (2016) emphasize
that such adoption in healthcare, denoted as Lean Healthcare (LH), requires an adequate adjustment to the
complexity inherent to health care processes in order to enable better performance. Healthcare supply chain
management may be focused on the whole chain, including suppliers and distributors, or may be restricted to
one or more value stream (comprising one or more sectors of the organization) (Shah et al., 2008). To understand
the various levels of complexity frequently associated to healthcare supply chains, one must clearly define the
problem and comprehend the flows across organizational interfaces, including materials, information and
patients (Böhme et al., 2013).
Given the importance of healthcare organizations, it is prudent to assess their impacts to ensure that the
service level will not be affected when implementing lean practices in hospital’s supply chain. According to
Chung (2013), testing new concepts or systems before implementation and obtaining information without
disrupting the current system are some of the purposes of modeling and simulation analysis. In addition,
simulation modeling has specific benefits, which include: compressed-time experimentation, reduced analytical
requirements and easily demonstrable models, prior quantification of the improvements, supporting the reduction
of change resistance, cost reduction and lead time, greater customer relationship and greater understanding
of the processes among its stakeholders (Haddad et al., 2016). In this sense, based upon the aforementioned
arguments, we raise the the following research question: “what is the impact of lean practices implementation
in the healthcare supply chain?”.
To answer this question, this article aims to evaluate the impact of lean practices implementation in the
healthcare supply chain context aided by computer simulation modelling. To achieve that, a case study was
carried out involving a Brazilian public-university hospital, whose focus was on the value stream improvement of
the product family called OPSM (Orthoses, Prostheses and Special Materials), which is relevant both in terms of
cost and operational aspects. The data related to this value stream were collected identifying the main sources of
uncertainty and their variability, in order to allow its subsequently computational modeling verification. Results
of this analysis were evaluated based on two performance indicators: (i) delivery service level and (ii) lead time.
It is also noteworthy that this research expands upon Borges et al. (2018), which has only envisioned some
relationships but has not properly evidenced them.
The rest of this article is structured as follows. Section 2 presents a brief literature review on healthcare supply
chain, lean practices in healthcare supply chain and computational simulation modelling applied to supply chain.
Section 3 describes the proposed research method, whose results are presented in Section 4. Finally, Section 5
closes the article presenting findings and future research opportunities.

2. Literature review
2.1. Healthcare supply chain
The concept of supply chain management is concerned with the management of a supply chain, which can
be defined as a set of three or more entities (organizations or individuals) directly involved in the upstream and
downstream flows of products, services, finances, and/or information from a source to a customer and back
(Mentzer et al., 2001). According to Nelson et al. (2001), for supply chain management to be successful, there is
a need for top leadership support and comprehension about the importance of its management, benchmarking
to assess and guide processes, shared knowledge and common understanding among all members, and
institutionalization of continuous improvement initiatives. Interest in the concept of supply chain management
has increased since the 1980s, when the concept first emerged and companies began to understand the benefits of
collaborative relationships inside and outside their own organization (Lummus & Vokurka, 1999; Chen & Paulraj,
2004). However, despite the fact that in recent decades the scope of supply chain management has expanded
considerably, there are still limitations on its approach in healthcare value chain (McKone‐Sweet et al., 2005).
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Healthcare organizations are institutions where the customer (i.e. patient), when seeking the service, is a part
of the whole process until its end (Aronsson et al., 2011). In this sense, the healthcare supply chain management
must integrate the sequences of actions defined for the generation of products and services, considering that
each procedure requires a specific combination that varies between different organizations, types of patients
and healthcare professionals (Jahre et al., 2012). There is consensus within academia that healthcare supply
chains are more complex than the other sectors, are surrounded with issues and very challenging to improve
(Böhme et al., 2013). The complexities and politically oriented elements are expected to pose challenges to direct
application of supply chain management techniques and concepts (Dobrzykowski et al., 2014). For instance,
healthcare organizations generally face a diverse set of stakeholders with varied and conflicting interests. This
mix of standardized and contingent services leads to hospitals being ‘relatively inefficient’ due to the expense
of equipping and operating such multiactivity supply chain (Habidin et al., 2014).
Because of such complexity, one of the main characteristics of healthcare supply chain is its division into two
approaches: internal and external supply chain (see Figure 1). The external supply chain includes suppliers‑related
processes such as negotiation and purchase, biddings (in the case of public healthcare organizations), technical
assistance and maintenance, supply logistics, etc. The internal supply chain comprises management of processes
within the boundaries of the hospital that will support material, information and patients flows across hospital’s
departments, units or sectors (Andersen & Co., 1990 apud Rivard-Royer et al., 2002). In particular, literature
shows that most of the works focus on the internal supply chain and most of these studies (e.g. Kumar et al.,
2009; Jahre et al., 2012; Teichgräber & De Bucourt, 2012; Machado et al., 2013; Roberts et al., 2017) approach
only a specific echelon of the internal supply chain within a department.

Figure 1. Hospital’s internal and external supply chains. Source: Adapted from Andersen & Co. (1990 apud Rivard-Royer et al., 2002).

2.2. Lean practices in healthcare supply chain
LH implementation promotes a new way of thinking and acting, demanding changes and participation of
all members of an organization (Graban, 2016). LH implies the understanding of patient needs by specifying
what is value from their perspective, removing waste and reducing processing times (Womack et al., 2005).
In addition, LH practices lead to better performance in terms of patient safety, quality, waiting time, cost,
workplace environment, employees’ satisfaction and interdepartmental communication (Waring & Bishop,
2010; Radnor et al. 2012).
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In the context of the manufacturing industry, Tortorella et al. (2017a) identified 27 most commonly
implemented lean practices in supply chains. However, when considering healthcare organizations, these lean
practices may suffer significant adaptations (Fillingham, 2007). Moreover, Adebanjo et al. (2016) indicated that
the number of lean practices implemented in the healthcare supply chain is likely to be much lower. In fact,
they suggest that the lack of homogeneity related to the implementation of lean practices in healthcare
supply chain deserves a careful consideration by healthcare organizations. Among the lean practices most
frequently adopted in healthcare organizations are value stream analysis or value stream mapping (Kimsey,
2010; Setijono et al., 2010; Chiarini, 2013; Farrokhi et al., 2013; Narayanamurthy & Gurumurthy, 2018)
and standardized work procedures (Shah et al., 2008; Hasle et al., 2016; Costa et al., 2017), since they are
usually considered forerunners to other practices. Furthermore, kanban is another practice often implemented,
as evidenced by Kumar et al. (2008), Bendavid et al. (2010), Kates (2014), Papalexi et al. (2016). In turn,
practices, such as visual management (Jin et al., 2008; Liu et al., 2016), inventory policies (Jahre et al., 2012;
Liu et al., 2015; Lim et al., 2017), consignment stock, are much less frequently reported in the literature.
More research is therefore required to more holistically understand the implementation of lean practices in
healthcare supply chains (Bhasin, 2011).
One reason for such theoretical gap can be associated with the differences in lean maturity and complexity
levels between manufacturing and healthcare contexts (Shah et al., 2008). Wijewardana & Rupasinghe (2013)
add that, although it has been proven that lean can be adopted in healthcare, it remains a challenge to practically
implement with the rigid healthcare supply chain structure. Khorasani et al. (2015) argued that the lack of
supply chain education within healthcare organizations is a critical barrier for lean implementation. Healthcare
organizations are usually organized in functional silos and need well-established processes to meet patient
demands on availability of services, short lead-times, high efficiency and quality of care (D’Andreamatteo et al.,
2015). Patient process frequently involves a large number of functions in need of coordination both in space
and time, which undermines an effective design of the supply chain (Aronsson et al., 2011). To guide lean
implementation in healthcare supply chain, Machado et al. (2014) proposed a conceptual model to assist hospitals
to identify what is important in view of the customer (patient) through changing organizational culture, being
the main vehicle teamwork (doctors, nurses).

2.3. Computational simulation modelling applied to supply chain
Simulation-based techniques can be used to develop or evaluate complex systems (Frazzon et al., 2017)
allowing for a better understanding of processes and supporting managers in the decision-making process
(Sakurada & Miyake, 2009). Simulation models can be used as tools to analyze a system’s response under
different scenarios without necessarily disturbing it (Sharma et al., 2007; Setijono et al., 2010). In general, the
use of simulation modelling for supply chain analysis has some advantages, such as: possibility of dealing with
high-variability situations; usually lower investments compared to changes implemented directly on real systems;
possibility of controlling the conditions under which the simulations are performed; and visualizing the supply
chain behavior. In turn, some disadvantages are also noteworthy, such as: requirement of a significant amount
of data; large experience and knowledge about the utilized software; considerable time demand to properly
represent the aimed model (Ingallis, 1998; Robinson, 2004).
To select the type of simulation approach to be used, the characteristics of the variables and the nature of the
system to be modeled and simulated should be considered. According to Oliveira et al. (2016), the four types of
simulation approaches more frequently applied to supply chain problems are the events-based (mainly discrete
events), agent-based, continuous simulations and dynamic simulations. Archibald et al. (1999), for instance,
described the computational simulation of a food sector supply chain to verify the effectiveness of alternative
logistic management strategies, especially the adoption of continuous replacement policies. Persson & Olhager
(2002) evaluated different supply chains for a mobile communication industry according to performance indicators
such as quality, lead time and costs. Meanwhile, Frazzon et al. (2017) tested two different configurations for the
integration between transport and material flows in terms of delivery service level and lead time performances.
In healthcare context, some studies using computational simulation are also found, although the evidence
is much scarcer. However, Young et al. (2004) argued that simulation modeling is an important technique to
identify the benefits of implementing new approaches in healthcare supply chain contexts. Kumar et al. (2008),
for instance, used a simulation model to evaluate the unification of a sterilization service center to supply three
hospitals in Singapore. Savino et al. (2015) applied simulation to assess the impacts of lean implementation
in supply chain, focusing on more efficient energy consumptions in healthcare. Finally, Kane et al. (2007)
emphasized that demand amplification can be considered as one of the main causes of healthcare supply chain
stress, reducing access to services and, hence, service quality degradation.
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3. Method
The proposed method consists of eight main steps, as follows: (i) selection of the healthcare organization
and its supply chain; (ii) current state mapping; (iii) future state design; (iv) quantitative data collection;
(v) supply chain inventory policies proposition; (vi) definition of supply chain performance parameters;
(vii) theoretical/conceptual model construction; and (viii) verification and validation of the proposed policies.
These steps are described in detail below.
Step (i) consists of selecting an appropriate healthcare organization and its supply chain value stream to
conduct the study. Some criteria were determined for an appropriate selection. First, the healthcare organization
should present a clear initiative regarding lean practices implementation (Terra & Berssaneti, 2018), which
would provide a greater legitimacy of the involved team and allow more assertive results for the computational
simulation model. Second, senior management from this organization should support and commit to share
the information needed to develop the study (Dickson et al., 2009; Teichgräber & De Bucourt, 2012). More
specifically, regarding the selected supply chain, it should have significant relevance to the performance of
the healthcare organization. Such relevance may be of different nature, such as financial or service quality
(Regis et al., 2018). In addition, the supply chain value stream was expected to involve a significant number
of departments within the healthcare organization, allowing a horizontal assessment of lean implementation
from a more holistic perspective. Finally, it is suggested that the selected supply chain presented improvement
opportunities that are under organization’s leadership responsibility. Such criterion enables increasing the
likelihood of actually adopting the indications from this study; i.e. we mainly aimed for a hospital’s internal
supply chain (Rivard-Royer et al., 2002).
In Step (ii), the current state of the selected supply chain was mapped in order to analyze processes, flows
and identify wastes, determining the steps that added value to the service (Hines & Rich, 1997). In this step, it
is recommended to involve a cross-functional team including employees with in-depth knowledge of processes
and experienced leaders in lean implementation (Tortorella et al., 2017b). Three approaches were simultaneously
applied to collect information and draw the current state map: (i) guided on-site visits; (ii) observation;
and (iii) focused groups with the cross-functional team. Through these approaches, process information, such
as cycle times, lead times, number of workers, information flow, etc., was deterministically collected (assuming
no variation occurrence). The current state map analysis allowed a better understanding about the value stream
from customer’s perspective and, hence, identifying wastes that would be addressed in the future state map as
improvement opportunities (Tortorella et al., 2018).
To clearly define the improvement opportunities, Step (iii) consists in designing a desired (future) state for
the supply chain value stream. This future state value stream should be focused on increasing system flexibility,
minimizing inventories, standardizing processes and inventory policies, improving material and information flows
efficiency and eliminating waste (Rother & Shook, 2003; Duggan, 2012). Semi-structured interviews (see script in
Appendix A) were additionally conducted with experienced hospital’s leaders from supplies and materials sector.
Recording of interviews was done through annotations, which were later compiled for analysis. In addition,
four researchers (one PhD candidate and three master students) with lean practices experience carried-out these
interviews in order to allow a greater research covalidity and avoid information collection tendency, enabling
the verification of data convergences/divergences (Eisenhardt, 1989). Finally, the future state design of the
supply chain value stream was consolidated with the same cross-functional team that mapped Step (ii), so
that the ideas and improvement targets were shared among team members increasing their engagement and
commitment in its implementation.
Step (iv) consists of collecting further quantitative data of the supply chain, so that variability of uncertainty
sources was captured. According to Simangunsong et al. (2011), supply chain uncertainties can be classified
into three groups: (a) organization’s internal uncertainties, related to the internal processes and behavioral
characteristics of the organization, (b) supply chain’s internal uncertainties, related to aspects of customer
demand, supplier delivery time, etc., and (c) external uncertainties, which are out of the supply chain members’
control, such as economic regulations, government policies, macroeconomic issues and disasters. In this sense,
the quantitative data to be collected in this step referred to the organization and supply chain’s internal
uncertainties, such as: processes lead time, changes in customer demand and variation at suppliers’ delivery
time. Thus, we gathered data from two sources: historical data available in hospital’s system and data recorded
in a spreadsheet especially established for this study.
In step (v) we determined the inventory policies for each product contemplated in the selected supply
chain. Based upon hospital’s current inventory control methodology, inventory policies followed the continuous
inventory review management approach. In this sense, three parameters were determined: cyclic stock, safety
stock and reorder point. Since product families are managed in consignation with suppliers, the contractually
agreed replenishment time was used as input parameter for the cyclic inventory calculation. In addition, this
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parameter was considered deterministic, since evidence showed that suppliers present a minimum variability in
replenishment lead time. Thus, cyclic stock sc was determined by the following Equation 1:
sc= L × d

(1)

where: L = number of days for product replacement contractually agreed with suppliers; and d = average daily
units of product demand.
Furthermore, the ABC classification of the products was performed according to products annual demand.
Then, the desired service levels for each type of product (A, B or C) were determined. For this, the same leaders
previously interviewed in Step (iii) were consulted to establish the desired service level based on medical criticality
of their eventual scarcity. The data collected in Step (iv) also allowed the identification of demand variability
σ L (standard deviation) of each product during replacement lead time. Thus, Equation 2 was used to determine
the safety stock component ss (Krajewski et al., 2016):
ss = zσ L

(2)

where: z = tabulated value related to the desired service level.
Finally, the reorder point (R) of each product was initially determined by:
R= sc + ss

(3)

After inventory policies calculation, meetings with the same leaders were undertaken in order to present
the numerical results and verify their agreement. Thus, based on their operational experience, such leaders have
qualitatively adjusted the sc, ss and R of each product. The qualitative adjustment of quantitative parameters
is a common practice in studies that involve products planning and control (e.g. Fogliatto et al., 2018;
Meneghini et al., 2018).
The supply chain performance parameters were defined in Step (vi). Such performance parameters would
allow to verify the effect of the employed strategy or technique (Gunasekaran et al., 2004). Considering the
essentiality of services provided in healthcare organizations, one of the most important parameters to be
evaluated is the delivery service level. Delivery service level refers to the proportion of the demand met on-time
and in-full (Ganeshan et al., 2001), hence, no material shortages should be expected in hospitals (i.e. delivery
service level of 100%). Another relevant performance parameter is lead time. In order to mitigate the demand
and supplier delivery time variability effects, it is common to oversize inventory policies, leading to longer lead
times and increased costs (Mapes et al., 2000). In this sense, since healthcare organizations are under constant
pressure to reduce costs (Waring & Bishop, 2010), lead time reductions contribute to such goal.
In Step (vii) the theoretical/conceptual model is constructed. At this step the initial simulation sketch with the
structure of the model, the logic and the constraints were described. Commonly, it starts with a simpler model,
increasing progressively the complexity until it meets the problem’s requirements. At this point, it is defined
which variables should be included in the model and the causal relationships between them. The involvement
of stakeholders is important at this step to ensure the representativeness of the model. It is worth mentioning
that some level of abstraction is necessary so that the model is analyzed with proper resolution methods (Banks,
2009; Frazzon et al., 2017).
In this sense, we opted for the simplification and division of products according to the ABC classification
based on annual demand volume. This classification is mainly indicated for practical situations where the number
of items is too large to implement a specific inventory control system for each one of them (Ernst & Cohen,
1990). The theoretical/conceptual model represented the relationships among all variables following the approach
of continuous revision for inventory control. Therefore, the structure was based on Ivanov’s (2016) suggestion
for continuous revision inventory control. For each type of product (A, B or C), an initial stock amount would
be available. Products consumption would follow the demand profiles determined in Step (v). Whenever the
stock level reached the reorder point, a replenishment order was generated for suppliers, which had a lead time
to deliver. Hence, stock was replenished, and a new order would be generated once the reorder point was once
again reached. We assumed that no restriction in suppliers’ delivery capacity. According to Olhager & Persson
(2006), a fixed replenishment quantity favors process stability. Finally, such relationships were verified and agreed
with hospital’s leaders, ensuring the representativeness of the model.
Finally, Step (viii) verifies and validates the proposed inventory policies. This step simulates the inventory policies
proposed for each type of product, verifying if the delivery service level and lead time met the organizational
needs and expectations. Thus, through computational simulation using Anylogic software, the proposed model
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was analyzed for a one-year period for each of the three types of products (A, B or C). According to Frazzon et al.
(2017), the creation of scenarios can provide relevant information about the system’s behavior in different
situations. The model was replicated one hundred times considering fixed reorder point and replenishment
quantity as defined in Step (v). Simulation results were then presented to hospital’s leaders in order to enable
their critical analyzes and to collect feedback on such results.

4. Results
The proposed method was applied in a fifty-year-old public university-hospital located in the South of Brazil,
which has 180 beds and 5,000 employees, and treats 3,900 patients per month approximately. Top management
of this organization supports the continuous improvement of its processes, meeting the criteria established in
Step (i) of the proposed method. In addition, the organization presents some lean implementation initiatives such
as 5S, standardized work procedures and visual management. Nevertheless, the hospital has no lean certification.
It is also worth mentioning that the hospital is part of the Brazilian Unified Health System (SUS), which promotes
public health usually addressed to lower-income population (Dias et al., 2012). Due to decreasing government
support, hospitals under SUS generally face a poor infrastructure and scarcity of qualified staff (Silva, 2011),
which aggravates our research scenario.
In order to select the supply chain to be studied, senior managers indicated that consigned products, denoted
as OPSM (orthoses, prostheses and special materials), would be the priority mainly due to their financial relevance
(approximately 21% of hospital’s total expenses). Further, this supply chain involved a significant number of
departments (approximately 10 hospital units), denoting its horizontal representativeness. Then, a cross-functional
group was put together. The group consisted of 16 hospital members, from 12 different areas and with an
average of 15 years of experience in the organization (see Appendix B), and six people with knowledge in lean
implementation (one professor and five graduate students). To draw the current state map, two meetings of
approximately three hours each involving the cross-functional team were carried out with on-site visits, data
collection and discussions about the processes. Data collected for the value stream mapping was based on
samples available at the time of the mapping activity and, consequently, did not reflect the variability in this
supply chain. Figure 2 shows the current state map for OPSM family.

Figure 2. Current state map. I = inventory; d = demand.

OPSM family had about 300 different items, although only 210 items were consumed in 2017, with a total
annual demand of 2,623 units. Suppliers delivery time was contractually established for five days, and they
had the obligation to exchange the consigned items that were out of date without additional charges to the
hospital. Therefore, such contextual factors led to an inadequate management of products, with great potential
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for improvement opportunities. There was no systematic replenishment policy for this product family, and this
task was solely based on employees’ experience. Moreover, there was no systematic way to manage inventory.
These consigned products were supplied to several units of the hospital, with the greatest demands being those
of hemodynamics and the surgical centers. The current information flow was not standardized. Requests were
made by each of the hospital’s units in different ways, such as e-mail, physical request or telephone calls. Once
received the orders, items were separated to await pick-up by the requesting unit. The unit that has collected
the items, after using them, should present the medical report to certify the utilization and ensure traceability
of the material. Throughout the value stream three scheduling points were identified: one in the request, one
in the receiving/conference and another in the material pick-up. The lead time observed was 211 days and the
total processing time was approximately 30 minutes.
After mapping the current state map, improvement opportunities have emerged and future state map could be
designed (see Figure 3). For that, two meetings of approximately three hours were held with the cross-functional
team. In addition, semi-structured interviews were carried out with hospital’s leaders, which allowed to consolidate
the lean implementation opportunities. Table 1 presents the main comments of the interviewees which helped
to consolidate three great opportunities. The first great opportunity concerned the standardization of materials
requisition, which is fundamentally linked to the information flow. This opportunity was evidenced by the
fact that the organization worked with different ways of requisition (e-mail, telephone, paper form), entailing
confusion and an unassertive communication. The second opportunity was related to visual management of
inventories. Such opportunity was identified from the problems related to materials conference and collection,
which took a long time and were not effective. Finally, more closely related to the material flow, the need
for implementing a pull system was identified. This opportunity contemplated the establishment of inventory
policies, with the elaboration of a systematic to define reordering points, minimum and maximum stocks and
quantities to be replenished. Since pull system implementation has a more prominent effect on supply chain
lead time (Duggan, 2012), we prioritized this improvement opportunity.

Figure 3. Future state map. C/T = cycle time.

Then, we collected quantitative data in order to understand the demand profiles and the supplier delivery
times variability. For demand, we used the available historic data, which comprised the year of 2017. Product
were categorized and grouped as A (up to 80% of total demand), B (up to 15% of total demand) and
C (up to 5% of total demand), and had their demands’ probability density functions identified through utilization
of Easyfit software (see Appendix C). Data related to suppliers’ delivery time was not formally registered in
hospital’s system. Although there was a contractual agreement of a 5-day limit, the involved leaders informed
that eventually the replenishment time can take up to 7 days, especially in cases where the order is sent close
to weekends. Therefore, we considered a triangular distribution (Law, 2016), whose pessimistic and optimistic
scenarios (i.e. the identification of distribution interval) were established based on the leaders’ experience in
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Table 1. Consolidation of lean implementation opportunities.
Interviewed 1

Interviewed 2

Interviewed 3

“We work with different ways
for product requisition, some are
more bureaucratic and others less,
making difficult to understand
customers’ needs”

“Scheduling of OPSM suppliers
always generates reworks and
makes me spend more time”

1. Requisition process
standardization

“Products are randomly
placed, making difficult the
collecting process”

“Some products need to be checked
before they are stocked, others are
selected to be addressed to units,
others need to be returned to
suppliers, and there are no identified
areas for each situation, it creates
misunderstanding and leads to error.”

2. Inventory visual management
implementation

“Only one employee
requests replenishment to
suppliers and there is no
standard established. This
creates dependence on her
experience.”

“We do not know exactly when to
request replenishment to suppliers,
this task is basically done based on
experience.”

Reorder point
standardization

“We have experienced situations
where we needed to urgently request
replenishment of items, but we also
had items in stock that have not been
consumed for a long time”

Determination of
maximum and
minimum stocks

“We do not know the real need of
stock quantity of each item”
“We do not know exactly the
quantity of products and which
products are in the units, and this
makes inventory control more
difficult”

Consolidation of lean
implementation opportunities

“The customer unit with the
highest demand requests
replenishment of some items
with no real need, resulting
unnecessary inventory”

3. Pull system
implementation

Inventory
“If most of the stock was stored in the
management
warehouse, it would make the control
standardization
easier.”
in customer units

that area. The minimum and maximum values were determined as 3 and 7 days for delivery, respectively, and
a mean value of 5 days. Regarding inventory in the hospital, we collected data during 30 consecutive days of
each product. Results for the sum of this inventory showed that the total lead time of the internal supply chain
varied from 198 to 230 days, with an average time of approximately 211 days (see Figure 4).

Figure 4. Lead time variation.

We then determined cyclic and safety stocks, and the reordering points for each product contemplated in the
supply chain value stream. In agreement with leadership, it was determined a delivery service level of 99% for
all types of products (A, B or C) and a replenishment time of 5 days (contractually agreed). Further, calculated
parameters were qualitatively assessed by leadership who adjusted those values based on their experience and
certain specificities of products that the inventory policies calculation does not consider. For instance, some
products had a huge size diversity, requiring at least one unit of each in stock. There was also the case of
products that should not be kept in stock since they were only ordered when there was a medical request.
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Finally, leaders identified products whose utilization was supposed to be reduced due to the entrance of new
materials and/or products, adjusting the inventory quantities for such phase-out. Such parameters were input
into the simulation model construction (see Table 2).
Table 2. Quantitative data inputted into the simulation model.
Distribution probability

Reorder point

Quantity to be replenished

A-type products

Geometric (0.145)

455

327

B-type products

Poisson (0.957)

129

82

C-type products

Poisson (0.395)

10

84

-

-

Supplier delivery time variability

Triangular (3, 7, 5)

The computational simulation results are shown in Figure 5. As expected, delivery service level remained
at 100% for all three simulated scenarios (product types A, B or C), meeting the first leadership expectation.
Regarding lead time, the proposed inventory policy resulted in a maximum lead time of approximately 168 days,
which was 20.4% lower than the average value observed during the 30-day data collection period illustrated in
Figure 4. It is noteworthy that when analyzing each product type, different lead time variations were observed.
For type-A products, lead time ranged from a minimum of approximately 62 days to a maximum of 130 days.
For type-B products, the minimum was about 123 days and the maximum of 221 days. Finally, for type-C
products, the minimum resulted in 10 days and the maximum in 233 days. These variations are shown in Table 3.
Overall, simulation modelling indicated that the proposed inventory policies would meet delivery service level
requirements and simultaneously reduce supply chain lead time, despite the additional improvement opportunities.

Figure 5. Simulation model results for product types A, B and C.
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Table 3. Simulation results for proposed inventory policies.
Delivery service level

Lead time

Type-A products

100%

Minimum = 62 days
Maximum = 130 days

Type-B products

100%

Minimum = 123 days
Maximum = 221 days

Type-C products

100%

Minimum = 10 days
Maximum = 233 days

5. Conclusion
This study aimed at evaluating the impact of lean practices implementation in the internal supply chain of
a healthcare organization aided by computational simulation modelling. Data from a specific product family
of a Brazilian public hospital was collected to illustrate the proposed method. Two major contributions can be
highlighted from this study and deserve further discussion in the subsequent sections.

5.1. Implications for theory
In theoretical terms, the proposition of a method that uses computational simulation to evaluate the impact
of lean practices implementation in healthcare supply chain features a first contribution. The proposed method
integrates value stream mapping of the hospital’s internal supply chain into computational simulation modelling,
so that the effects of the proposed improvements are examined and validated. Considering the scarcity of studies
that combine empirical approaches with analytical models, the proposed method brings a differentiated approach
to analyze lean implementation in a healthcare supply chain, thus contributing to the body of knowledge in the
field. Furthermore, studies concerning lean implementation in healthcare supply chain are still scarce (Borges et al.,
2019), especially when compared to other industry sectors, such as manufacturing. Therefore, the utilization
of a combined methodological approach to understand lean implementation in healthcare supply chain sheds
light on a research topic that still lacks a deeper understanding, entailing another contribution of our study.

5.2. Practical contributions
From a practical perspective, this research helps managers to focus their efforts related to lean implementation
in healthcare organizations. The simulation model supports a more assertive decision-making process on lean
implementation, allowing the organization to ensure that the quality and efficiency of healthcare is not affected,
since it considers as inputs the variabilities related to suppliers and to customers. In our study, service level
and lead time were used as performance parameters and both indicated that the proposed improvements may
contribute to an increased supply chain efficiency. Thus, using the proposed approach, managers and leaders
of healthcare organizations can check beforehand the impact of their lean improvement initiatives, providing
a more effective implementation. Additionally, our study provides hospital managers arguments to customize
their inventory policies according to the representativeness of the items. The simulation analysis has shown
different performance outcomes based on different inventory policies (A-, B- or C-type). This result demystifies
the one-size-fits-all inventory management approach currently used in this hospital, suggesting that managers
must deepen their analysis and adapt their inventory policies.

5.3. Limitations and future research
Regarding this study’s limitations, it is worth mentioning some aspects. The first limitation concerns the
use of a single case study to evaluate lean implementation in healthcare supply chain, which limits the results
validity and generalization. This limitation entails specific research outcomes that may be derived of the particular
characteristics of the studied hospital. For instance, the purchasing process in public hospital usually takes a
longer time since it significantly differs from private ones. Second, the proposed model simplifies and groups
products according to the ABC classification based on annual demand volume. This classification, although
recommended for situations where the number of inventory items is too large to implement a specific inventory
control system for each item, may blur particular demand behaviors of certain products. In this sense, data
with a more accurate level of detail could contribute to a more reliable analysis. Additionally, this classification
neglects other aspects that may be important depending on the product family under investigation, such as
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perishability. Future studies could insert additional parameters to properly categorize items and establish their
inventory policies. Finally, we suggest the simulation of different control and inventory management methods,
since our study considered only the continuous revision inventory management approach. Despite its greater
accuracy, this approach is generally more expensive, and may be unfeasible both technically and financially for
many hospital products. In this sense, future work can verify the validity of inventory policies under different
control approaches, thus, determining their validity for the healthcare context.
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Appendix A. Semi-structured interviews script.

1. Which improvement initiatives does the organization already have?
2. Give examples of lean practices successfully implemented and the impacts they have caused.
3. Give examples of lean practices implemented that have not had the expected result.
4. What are the tasks performed in the sector?
5. Which activities do you believe take more time in your job?
6. In your opinion, what are the great improvement opportunities in the process?
Appendix B. Hospital’s team members characteristics.
Table 1B. Hospital’s team members.
Hospital member

Department or Unit

Hospital experience time (years)

1

Material Planning

3.5

2

Purchase

2.5

3

Supply coordination

37

4

Administrative management

37

5

Consigned materials

1.5

6

Consigned materials

1.5

7

Consigned materials

2.5

8

Warehouse

Not informed

9

Bidding

34

10

Financial

32

11

Financial

6

12

Healthcare management

32

13

Hospital Infection Control Committee

25

14

Hospital Infection Control Committee

13

15

Sterilization

9

16

Surgery Center

4

Appendix C. Probability density functions for demands.

Figure 1C. Probability density function for type-A products.
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Figure 2C. Probability density function for type-B products.

Figure 3C. Probability density function for type-C products.
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