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RESUMO 
 

 

Gestão de Riscos é um tópico consolidado pela literatura acadêmica e amplamente 

estudado por companhias de seguros e corretoras de investimentos. Como uma extensão 

natural do conceito, Riscos que dizem respeito a mais de um elo em uma Cadeia de 

Suprimentos, formam o conceito de Gestão de Risco em Cadeias de Suprimentos, que 

vem sendo estudado de forma crescente, principalmente a partir do início dos anos 2000. 

Artigos da primeira metade desta década, focaram principalmente em conceituar Riscos 

inerentes às Cadeias de Suprimentos e na construção de arcabouços conceituais baseados 

em etapas lógicas. Entre os diversos arcabouços propostos, há consenso entre os autores 

no que diz respeito a três etapas: Identificação de Riscos, Avaliação de Riscos e Mitigação 

de Riscos. Tão relevante quanto o conceito de Risco é o conceito de Resiliência das 

Cadeias de Suprimentos, que prega que a construção de uma Cadeia de Suprimentos 

Resiliente e robusta pavimenta o caminho para a minimização de Riscos. Em termos de 

estudos empíricos, vários segmentos (incluindo automotivo, têxtil e petrolífero) têm 

aplicado Gestão de Riscos e Resiliência em Cadeias de Suprimentos com relativo sucesso. 

Entretanto, esta tese identificou que a aplicação destes conceitos a Cadeias de 

Suprimentos da saúde constitui uma lacuna importante na literatura. Enquanto em grande 

parte das indústrias os benefícios são conhecidos, consistindo em tornar Cadeias de 

Suprimentos menos propensas a erros, perturbações e efeitos em cascata; em 

organizações de saúde, além destes benefícios, inclui-se a possibilidade de salvar vidas. 

Neste sentido, esta tese tem como objetivo geral a construção de um arcabouço conceitual 

que seja capaz de conduzir a geração de Resiliência em Cadeias de Suprimentos através 

do gerenciamento de Riscos ao longo da cadeia. Como objetivo específico, a tese 

apresenta aplicação do arcabouço construído incluindo Identificação de riscos, Avaliação 

de Riscos (via Revisão Sistemática de Literatura para identificação de Indicadores) e 

Mitigação de Riscos. Como principais resultados, podem ser destacados o arcabouço 

metodológico construído, a metodologia de Revisão Sistemática de Literatura e a 

validação com entrevistas realizadas com profissionais da cadeia de suprimentos da 

saúde.  

Palavras - Chave: Supply Chain Risk Management, Supply Chain Resilience, 

Healthcare Management; Healthcare Supply Chain Risk Management; Supply Chain 

Risk Management Framework.  

 



 
 

 

 

ABSTRACT 
 

 

 

Risk Management is a very consolidated topic mostly studied by insurance, 

financial companies and brokers. As a natural extension of the concept, Risks concerning 

more than one tier in a Supply Chain, namely Supply Chain Risk Management, have been 

increasingly studied since the early 2000’s. Papers from the first half of this decade 

focused on Risk conceptualization as well as constructing frameworks built on logical 

steps. Among the different frameworks proposed, there were consensus regarding three 

steps: Risk identification, Risk Assessment and Risk Mitigation. As important as Supply 

Chain Risk Management is Supply Chain Resilience, which preconizes that building a 

robust and resilient Supply Chain consists in a solid path to minimize Risks. In terms of 

empirical studies, several different segments (including automotive, clothing and oil 

industry) have applied Supply Chain Risk Management and Supply Chain Resilience with 

relative success. Nevertheless, this thesis identified that the application of both concepts 

in Healthcare Supply Chains consists in a major literature gap. While in most industries 

the benefits are already recognized, consisting in making a Supply Chain less prone to 

errors, disturbances and ripple effects, in Healthcare, besides these benefits, can be added 

the possibility of saving lives. Therefore, this thesis has the general objective of generate 

a conceptual framework to address resilience to Healthcare Supply Chains through 

Supply Chain Risk Management. As specific objectives this thesis presents Risk 

identification, Risk Assessment (using a Systematic Literature Review to identify Key 

Process Indicators) and Risk Mitigation. As the main results, can be highlighted the 

methodological framework, the Systematic Literature Review Methodology and the 

validation with Healthcare Supply Chain Professionals.  

 

Keywords: Supply Chain Risk Management, Supply Chain Resilience, Healthcare 

Management; Healthcare Supply Chain Risk Management; Supply Chain Risk 

Management Framework.  
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Introduction 
 

General context 
 
 

Today’s managers must face a very challenging business arena, which often 

includes finding new (and greater) income sources and cost reduction while maintaining 

a premium service level. Considering this scenario, Healthcare managers face an even 

harder struggle, as they still must pursue these indicators and deal with a very sensitive 

service that involves a great deal of subjectivity that is providing an affordable quality 

care in a spiraling cost burden scenario (Chakraborty et al., 2014). Additionally, managers 

in healthcare industry face intense competition and inability to meet an increasingly 

growing demand, which makes Healthcare organizations to seek structural and 

organizational changes to achieve performance improvement (Gomes et al, 2016). In this 

sense, Healthcare systems are quickly becoming networks of interconnected services, 

where increasing costs and expectations for high service levels form the required 

backbone for the birth of Healthcare monitoring activities and the proposition of 

numerous performance indicators (Antonelli and Bruno, 2015). Regarding global 

challenges related to cost, most of the increase is due to ageing population, use of 

expensive technologies and clinical errors (Crema and Verbano, 2016; Kekkonen et al., 

2017). Additionally, Healthcare costs rise in a faster rate than the overall costs of other 

products or services, submitting Healthcare providers to a constant pressure to improve 

services, patient safety while reducing costs (Costa et al., 2017). Expanding the view 

about costs source, Goldsmith (2015) shed light upon two different narratives: i) The 

conservative narrative, in which the patient is the culprit (patients have bad habits such 

as smoking); ii) The progressive narrative, in which the physician is the culprit (mostly 

due to target incomes that physicians would have and so motivating treatments and 

diagnoses that generate more income). Such assumptions can open a pathway to discuss 

medical treatment approaches, which is not the objective of this thesis. Moreover, going 

on “witch - hunts” and electing a single culprit seems to be a comfortable solution instead 

of finding a systemic consistent solution. Crema and Verbano (2017) also highlight the 

rising Healthcare costs and propose the “Choosing Wisely” (CW) methodology, which is 

an approach to identify and reduce unnecessary care, such as tests and treatments that do 

not add value for patients and may even cause harm. Rotter et al. (2017) cite wastes (also 
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cited by Bentley et al., 2008), Lean culture, empowerment, and heterogeneity of clinical 

cases (Dundas et al., 2011; Knowles and Barnes, 2013; Vegting et al., 2012; Rajan et al., 

2012). Nevertheless, more scientific analyzes are required to establish which are the more 

burdensome costs for proposing a systemic solution. In addition, Cost-improving methods 

are also present in the literature, for example, Cho et al. (2018) use multiple linear 

regression analysis to examine the factors influencing dialysis costs. Thus, organizations 

will have to adapt to this new reality and find ways to achieve more efficiency with fewer 

resources. 

Within this context, different approaches and improvement strategies that aim to 

find a systemic approach for cost reduction and service level improvement such as Lean 

have arisen. Several Lean enablers such as Kanban (Aguilar - Escobar and Garrido -Vega, 

2013), Markov models (McClean et al., 2007), Value Stream Mapping (Yu et al., 2015), 

Lean/Six-Sigma (Bhat et al., 2014) have been noticed, mostly due to a cost reduction 

emphasis. More recently, Lean have been used to reduce wastes and costs in hands 

surgery (Van Demark et al., 2018), Measuring and improving pediatric cardiac care 

(Barach and Kleinman, 2018), turnaround time reduction (Gupta et al., 2018) and even to 

evaluate waiting times in a Kenyan clinic for treating HIV positive patients (Monroe-

Wise et al., 2017). Lean methodologies have become a consolidated set of practices and 

tools, which aim to improve processes while reducing costs. When applied to Healthcare 

organizations led researchers to coin the term “Lean Healthcare”. A Healthcare unit is a 

facility, which provides direct or indirect services to promote or keep individuals’ health 

condition, such as hospitals and clinics (Gomes et al., 2016). 

Although many papers mention the keyword “Lean Healthcare”, there are not 

many studies discussing Supply Chain level problems of Healthcare organizations. In this 

thesis, the subject is treated using the term Healthcare Supply Chain (HCSC). As 

examples of relevant studies concerning this subject there is an application of Leagility 

(which is Lean plus Agility combined) concept in an Iranian hospital (Rahimnia and 

Moghadasian, 2010). The study groups the Healthcare services into three pipelines, and 

then, identifies the decoupling points for the Supply Chain. Leagility and modularity can 

be applied to Healthcare organizations (Guimarães and Carvalho, 2012; Guven-Uslu et 

al., 2014). The authors apply decoupling points in crucial processes so Lean and agile 

philosophies could coexist. 

Papers approaching Lean Healthcare applied to Supply chains (LHCSC) are very 

few, nevertheless, if the search narrows it down to even more specific subjects like 

http://www.emeraldinsight.com/action/doSearch?ContribStored=Rahimnia%2C+F
http://www.emeraldinsight.com/action/doSearch?ContribStored=Moghadasian%2C+M
http://www.tandfonline.com/author/Guven-Uslu%2C+Pinar
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Healthcare Supply Chain Risk Management (HC SCRM), it returns even fewer entries. 

While academic literature provides great examples of disaster response and preparedness 

in Supply Chain Management literature, little information is available concerning 

Healthcare Supply Chain Management (Vanvactor, 2011). To support these assumptions, 

full systematic literature review results are conducted in Chapter 3.  

In this sense, the presented research leads to conclude that there is a significant 

literature gap concerning how Supply Chain Risks can impact Healthcare services.  

 

Motivation 
 

Recently, subjects such as Supply Chain Resilience (SCRes) and Supply Chain 

Risk Management (SCRM) have been growingly studied. With the urge to offer lean and 

Just - in - Time services, Supply Chains become vulnerable to natural and man - made 

disasters (Soni and Jain, 2011). Many different papers are studying the two concepts, 

approaching dimensions such as Collaboration (Ayuso et al., 2009), Innovation (Gölgeci 

and Ponomarov, 2013; Gölgeci and Ponomarov, 2015), Supply Chain Risk (SCR) 

assessment and metrics (Chen et al., 2016; Pournader et al., 2016; Vargas and Gonzalez, 

2016; Mohapatra et al., 2015),  Review papers (Mandal, 2014; Durach, et al., 2015; 

Tukamuhabwa et al., 2015; Kamalahmadi and Parast, 2016) among others. 

This study focused on the Healthcare sector for three main reasons. First, 

disruptions in Healthcare sector often mean that patients will receive poorer attendance 

that can result in surgery delays, lack of medications, which in worst cases can be fatal 

for patients. Second, with population ageing, Healthcare costs are constantly increasing, 

making imperative to offer increasingly better services with the same or even lower costs. 

Third, literature contribution. There are very few studies investigating how SCRM can be 

applied to Healthcare organizations. Therefore, there is an opportunity of generating 

technical literature, which would benefit scholars interested in generating further studies. 

Furthermore, a strong motivation of this thesis is the opportunity to contribute to 

Healthcare services in Brazil, more specifically, with public Healthcare services. In this 

sense, this thesis constructs a framework described by risk identification, risk assessment 

and risk mitigation. The literature findings were validated by interviews with Healthcare 

Supply Chain members and serve as start for Healthcare organizations needing to 

implement risk management. As Figure 1 shows, there are areas with very low private 

health insurance coverage, which highlights the urge to generate public Healthcare 

improvements in order to maintain Health access to most of the people. 
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Figure 1 – Private health insurance coverage 

Source: Beneficiaries information systems SIB/ANS/MS – IBGE/DataSus (data updated until May/2018) 

 

 

Although Brazil is the 9th world economy considering Gross Domestic Product 

(GDP) (Smith, 2018) families in Brazil live (in average) with a per capita income of 

1,268.00 BRL, which is about US$ 300.00 (IBGE, 2018). Considering that a private 

Healthcare insurance average cost is around 2,000.00 BRL for people over 60 years old 

(Average calculated based on 107 insurances using data provided by: “Planos de Saúde 

Todos Aqui – 2018”) and can cost over 9,000.00 BRL, most of Brazilians depend on 

public Healthcare. Additionally, since 2015, Brazil is experiencing the worst economic 

crisis in its history with two consecutive years of GDP decrease (Figure 2), which further 

depresses purchasing capability of families. Figure 3 shows Brazilian private insurance 

coverage reduction, which can be considered a consequence of this crisis. 
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Figure 2 - GDP variation (%) 

Source: IBGE (2018) 

 

 

Figure 3 - Private health insurance beneficiaries (with or without dental care) 

Source: Beneficiaries information systems SIB/ANS/MS (data updated until May/2018) 

 

 Therefore, the already insufficient public Healthcare must deal with a demand 

growth that generates surgery queues greater than 6 months depending on the medical 

specialty and location (see for example: Portal G1 – Patients in Campinas/SP wait an 

average of 1 year for medical appointments).  
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In this sense, considering that Brazilian public Healthcare system is already unable 

to meet an increasingly growing demand; process improvement, cost cutting, and Risk 

mapping, measuring and mitigation are crucial for survival of Healthcare (HC) 

organizations as well as their SC.  

 

Problem statement 
 

Crisis strike Healthcare organizations of all types, obligating the Supply Chains, 

which are exposed to multiple high-magnitude Risks (Kouvelis et al., 2011) to maintain 

a posture of resiliency for crisis mitigation (Vanvactor, 2011). This statement is supported 

by Khalili et al. (2017), which affirms that Supply chains are increasingly exposed to 

operational, and disruption Risks threatening their business continuity. In addition, when 

dealing with HCSC Risks it often means that a medicine or a bandage is missing, or the 

wrong treatment is applied, or the team was unable to save the patient’s life (Khalili et 

al., 2017). Therefore, literature analysis leads to conclude that it is crucial to identify, 

assess and mitigate not only Healthcare organizations Risks, but Risks concerning their 

whole SC as well. The identification of Risk is more than a list of threats, furthermore, 

the sooner a Risk is managed, the less it will negatively impact an organization (Ojha and 

Gokhale, 2009). In terms of mitigation, Wieland and Wallenburg (2012) propose two 

main Risk-mitigating constructs: Robustness (Proactive strategy) and Agility (Reactive 

strategy). The authors identify antecedents for these constructs and validate their 

literature-based Risk identification. Grötsch et al. (2013) focus on Proactive SCRM 

implementation.  

Although there are many papers applying means of identifying and confirming 

Risks to most different Supply chains such as apparel (Chowdhury and Quaddus, 2016), 

automotive (Grötsch et al., 2013), clothing (Freise and Seuring, 2015), courier (Wang et 

al., 2015) and papers approaching multiple segments (Ojha and Gokhale, 2009; Wieland 

and Wallenburg, 2012; Kern et al., 2012; Cantor et al., 2014; Fan et al., 2016; Sreedevi 

and Saranga, 2017) literature shows a gap in Supply Chain Risks identification related to 

Healthcare. Concerning Healthcare, Riley et al. (2016) present a study where they test the 

influence of 3 constructs (Internal integration, Information sharing and Training) in the 

Operational Performance of  Healthcare organizations. 

The next logical step after Risk identification would be how to assess/measure 

these Risks. Performance Management is considered an always challenging issue, in 
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addition, there are significant adverse outcomes associated with poor use of Performance 

Management systems in public services, particularly negative effects on staff morale 

managers (Arnaboldi et al., 2015). Such inadequate use or even the total absence of 

Performance indicators is responsible for jeopardizing improvement initiatives, as it is 

almost impossible for managers to improve a process that is not being measured. 

In areas such as finance, insurance, crisis management and Healthcare, the 

importance of considering Risk is already largely acknowledged and well-elaborated 

concepts and approaches for Risk management have been developed (Heckmann et al., 

2015). However, disasters also strike Healthcare organizations of all types, designs, 

making resiliency actions important for crisis mitigation (Vanvactor, 2011). 

Some studies have focused on Key Performance Indicators (KPI) for SCRM 

(Heckmann et al., 2015; Wu et al., 2010). Literature also presents KPI related to 

Healthcare, being most of them medical KPI (see Cavalcante et al., 2015) or more general 

and operational KPI (Habidin et al., 2015; Kanamori et al., 2015). However, this research 

could not locate papers that systematically mapped KPI to measure Risks concerning 

Healthcare Supply Chains. To start filling this literature gap, this thesis brings a KPI 

mapping based on a literature survey, answering questions seen in Vanvactor (2011) such 

as “What metrics should be employed to evaluate success or failure in healthcare logistics 

management? “ 

In this sense, based on extensive literature study, this thesis aims to provide 

contribution to fill these literature gaps. To do so, three main work fronts are explored: i) 

Risk identification via literature studies and validation via interviews; ii) Risk assessment 

via KPI identification based in literature and Interviews; iii) Risk mitigation framework 

constructed based in literature and interviews. 

 

Objectives 
 

This section presents the thesis objectives.  

General objective 

 

The general objective of this thesis consists in constructing a conceptual 

framework that was carefully tailored to address resilience to the Healthcare Supply 

Chain through Supply Chain Risk Management. 
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Specific objectives 

 

The previously presented general objective can be divided into: 

- Present a formal definition of Healthcare Supply Chain Risk 

Management; 

- Propose a framework that is generic enough to apply SCRM to 

Healthcare Supply Chains; 

- Identify Healthcare Supply Chain Risks and validate via interviews. 

with Healthcare Supply Chain professionals; 

- Identify KPIs present in the literature and mentioned by the 

interviewed professionals; 

- Propose a framework to generate resilience in Healthcare Supply 

Chains and analyze the strategies used by the interviewed 

professionals. 

 
 

Thesis contributions 
 

 

This thesis contributions are divided in two major contributions: i) Theoretical and 

ii) Empirical.  

i) In terms of theoretical contribution, this thesis provides definition for 

Healthcare Supply Chain Risk Management (HC SCRM).  

ii) Concerning empirical contributions, and in respect to Risk identification, 

this thesis also provides a framework to identify and validate Risks 

empirically. The KPI list is also an important contribution of this thesis. 

Until the completion of this thesis, there were not found many studies 

performing systematic SCRM KPI mapping.  

 

Lastly, this thesis constitutes a guide that can be applied to generate real 

improvements (such as a framework to implement SCRM) concerning Healthcare 

organizations. 
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Research delimitation 
 
 

This study is, however, subject to limitations. First, the chosen sample (for the 

empirical studies) is geographically limited to Brazilian Healthcare organizations.  

The second limitation is the method chosen to conduct the research. Although this 

thesis method was a result of a thorough paper analysis and inspired by peer-reviewed 

papers methodologies, the results obtained in this thesis are a product of the method of 

choice. Other methods and approaches could provide different results. Limitations of each 

chapter are discussed accordingly. 

 
 

Study organization 
 

This study is organized as follows; this introductory chapter provides an overview 

of the whole Thesis.  

Chapter 1 presents the theoretical background that provides the conceptual 

backbone and enables the understanding of the results and proposals. 

Chapter 2 provides the methodological workflow alongside the explanation of the 

method, which guides the execution of this Thesis. 

Chapter 3 is the Systematic Literature Review results, which enabled trend setting 

and an overview of the current stage of SCRM research and provided insights for the 

empirical studies. 

Chapter 4 is the first study, which consists in identifying the most relevant Risks 

concerning HC SCRM. 

Chapter 5 is the second study which provides measuring KPI to assess Risks.  

Chapter 6 shows Risk mitigation framework.  

Chapter 7 closes the Thesis with a general discussion, conclusions and further 

research opportunities. 
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1. Theoretical Background 
 
 

1.1. Chapter Abstract 

The objective of this chapter is to present the theoretical background, which set 

the knowledge base for the research. This section includes concepts definitions such as 

Supply Chain Risk Management (SCRM) and Supply Chain Resilience (SCRes). 

Although the theoretical framework presented in this chapter was based in extensive 

literature reading using indexed papers, it has limitations. The first limitation is that only 

papers in English language were considered. The second limitation is that this chapter 

was not exhaustive or had the pretention of covering all definitions and frameworks 

presented in literature.  As the main results of the chapter are SCRM and SCRes 

definitions based on extensive literature, and a conceptual generic framework that can 

further help researchers to conduct similar Healthcare SCRM improvement initiatives. 

Chapter keywords: Supply Chain Risk Management; Supply Chain Risk; 

Quantitative techniques, Qualitative techniques, Healthcare Management.  
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1.2. Graphical Abstract 

Figure 4 shows a graphical abstract of the chapter. 

    

Figure 4 - Graphical abstract - Chapter 1 

Prior to SCRM Risk Sources Resilience strategies
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Bruno, 2015)
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Landry & 
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5 Healthcare SCRes is the capability 
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1.3. Prior to “Supply Chain Risk Management” 

The term “Supply Chain Risk Management” also known as “SCRM” started to be 

coined in the early 2000’s by papers such as Juttner et al. (2003), Norrman and Jansson 

(2004), Juttner (2005),  Sorensen (2005), Tang (2006), among others. However, even 

before the concept became popular, the subject was already studied. For example, 

Bowersox et al. (1999) preconized Lean Launch of products to mitigate the Risks of 

higher inventory levels that a push strategy would generate. Lonsdale (1999) presented 

a model for mitigating Risks associated with outsourcing practices. Zsidisin et al. (2000) 

presented inbound supply Risks such as quality, design, cost, availability, 

manufacturability, supplier, legal, environmental, health and safety. Hallikas et al. 

(2002) studied Risks concerning a supplier, a buying company and assesses Risks related 

to networking. Furthermore, Hallikas et al. (2004) expanded the conceptual analysis 

brought by Hallikas et al. (2002) presenting methods for Risk management in a complex 

network environment. They also concluded that Risk management is an important 

development target in the studied supplier networks.  

In this sense, conceptual basis for establishing the building blocks of the SCRM 

concept were complete, Risks concerning inbound and outbound logistics were studied 

in a way that already transcended companies’ functional barriers. Therefore, SCRM 

became a concept that expanded the vision of Risks, highlighting the importance of 

linking Supply Chain business processes. 

1.4. Supply Chain Risk Management (SCRM) 

Customer demands are constantly increasing and almost all industries face intense 

competition and globalization effects on business. To become more competitive, 

companies became to look at process integration, which is corroborated by papers such 

as Von Brocke (2014) and Kannengiesser et al. (2016). The next stage after internal 

process integration would be to integrate those processes externally, which is known as 

Supply Chain integration. Most of the Supply Chain integration studies highlight which 

were Supply Chain main processes (Croxton et al., 2001), how to model a Supply Chain 

(Saen et al., 2016; Lehoux et al., 2016; De Meyer et al., 2016) and Key performance 

indicators concerning a Supply Chain (Coelho et al., 2009; Fang and Deng, 2010; Cai et 

al., 2009). 

http://www.sciencedirect.com/science/article/pii/S1361920916000298
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Researchers such as Croxton et al. (2001); Cooper et al. (1997); Lambert and 

Pohlen (2001); Lambert and Cooper (2000) among others, preconize that Supply Chain 

Management (SCM) is integration and coordination of  key Supply Chain business 

processes going through all suppliers and manufacturers, to  end-user providing products, 

services and information for customers and all stakeholders. Tang (2006) defines SCM 

as the management of all material, information and financial that flows through an 

organization network that produces and delivers products or services for the costumers. 

Coordination and collaboration of processes and activities are key crucial features and 

include functions such as marketing, sales, production, product design, procurement, 

logistics, finance, and information. 

Lately, with process integration inside and outside companies, theoretical 

framework for these subjects was complete, and formed the required backbone for Supply 

Chain Risk Management to emerge. Papers such as Norrman and Jansson (2004), 

Lavastre et al. (2012); Thun and Hoenig (2011); Pujawan and Geraldin (2009), show that 

this subject started to be a relevant study field throughout the world. Neiger et al. (2009) 

show that Supply Chains that are composed by hundreds and sometimes even thousands 

of companies over several tiers present significant Risks. Companies and Researchers are 

increasingly giving more attention to SCRM, which is triggered by the frequency and 

intensity of catastrophes, disasters, and crises that are increasing on a global scale 

(Coleman, 2006). References such as Juttner et al. (2003), Juttner (2005), Thun and 

Hoenig (2011) leads to conclude that the first stage concerning Supply Chain Risk 

Management analysis is to visualize a Supply Chain as a set of cross – functional 

processes. Additionally, Risk analysis should considerate the whole Supply Chain to 

provide good results.  

To consider the whole process instead of a single activity and to consider a whole 

Supply Chain process instead of a single enterprise process is one of the main points of 

the Theory of Constraints (Goldratt, 1990). Papers such as Rahman (2002); Li et al. 

(2002); Croxton et al. (2005), highlight the urge to consider global optimum instead of 

local optimum. Juttner et al. (2003) contribute to this vision affirming that the lack of 

integration between companies within a SC may lead to suboptimal results. Norrman and 

Jansson (2004) affirm that the focus of SCRM is to understand, and try to avoid, the 

devastating effects that disasters and disruptions can have in a Supply Chain. Juttner 

(2005) affirms that, usually, companies implement organization level Risk management 

and stressed that there was still little evidence of SC level Risk management 
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implementation. 

Tang and Musa (2011) define Risk as a possibility of mismatch between supply 

and demand generating Supply Chain rupture. Such mismatch may be caused by lack of 

information, raw materials shortage and unbalanced products flow (Juttner et al., 2003). 

Moreover, classical approach to Risk in operations management consists in seeing Risk 

as a result from the product of probability of loss and the potential loss (Ancarani and Di 

Mauro, 2011). Supply Chain Risks happen due to several reasons like disruptions to 

material flows, information flows, knowledge flows, and control and coordination flows 

(Ancarani and Di Mauro, 2011). 

 There are notable differences between operational Risks and disruption Risks 

(Jianlin, 2010). Operational Risks are referred to uncertainties such as uncertain 

customer demand, uncertain supply and uncertain cost, but disruption Risks are 

concerned with major disruptions influencing the whole chain. Given its importance, 

SCRM has emerged as a topic within the domain of Supply Chain Resilience (SCRes). 

Concerning Supply Chain Risk Management, it is relevant to distinguish four basic 

constructs: Supply Chain Risk sources, Risk consequences, Risk drivers and Risk 

mitigating strategies (Juttner et al., 2003). Table 1 summarizes the main Risk sources 

found in literature. 

 
Table 1 - Risk sources 

Author Macro Risk Source Risk Sources 

Juttner 

et al. 

(2003) 

Envinronmental Accidents, Socio-political actions, Acts of god (Natural disasters) 

Organizational Strikes, Machine failure, IT system uncertainty 

Network Lack of ownership, Chaos, Inertia 

Norman 

and 

Jansson 

(2004) 

Do not have a macro 

source 

Increased use of outsourcing of manufacturing and R&D to suppliers 

Globalization of Supply Chains, Reduction of supplier base, More 

intertwined and integrated processes between companies, Reduced buffers, 

e.g. inventory and lead time, Increased demand for on-time deliveries in 

shorter time windows, and shorter lead times, Shorter product life cycles 

and compressed time-to-market, Fast and heavy ramp-up of demand early 

in product life cycles, capacity limitation of key components 

Barroso 

et al. 

(2010) 

Do not have a macro 

source 

War, Supplier failure, Natural hazards disasters, Terrorism, Man-made 

disasters, Regulatory/legal, Infrastructure, Supplier insolvency 

Petit et 

al. 

(2013) 

Turbulence 
Natural disasters, Geopolitical disruptions, unpredictability of demand, 

Fluctuations in currencies and prices, Pandemic 

Deliberate threats 
Theft, Terrorism/sabotage, Labor disputes, Espionage, Special interest 

groups, Product liability 

External pressures 
Competitive innovation, Social/Culture change, Political/Regulatory 

change, Price pressures, Corporate responsibility, Environmental change 

Resource limits 
Supplier, Production and distribution capacity, Raw material and utilities 

availability, Human resources 
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Sensitivity 

Complexity, Product purity, Restricted materials, Fragility, Reliability of 

equipment, Safety hazards, visibility to stakeholders, Symbolic profile of 

brand, concentration of capacity 

Connectivity 
Scale of network, Reliance upon information, Degree of outsourcing, 

Import and export channels, Reliance upon speciality sources,  

Supplier/customer 

disruptions 
Supplier reliability, Customer disruptions 

Source: Peck et al. (2003); Norman and Jansson (2004); Barroso et al. (2010) and Petit et al. (2013) 

Barroso et al. (2010) summarize Risk sources concerning a SC, as it can be seen 

in the framework shown in Figure 5.  

 

Figure 5 - Risk Sources 

Source: Author based in Barroso et al. (2010) 

 

1.4.1. Stages of SCRM 

Managing Risks that comprise the whole Supply Chain can become a very 

difficult task. To make this hard task viable, some authors propose steps and phases that 

if logically followed result in a promising way of managing Risks. For example, Sinha et 

al. (2004) identified five steps for mitigating supplier Risks: (1) identify Risks, (2) assess 

Risks, (3) plan and implement solutions, (4) conduct failure modes and effect analysis, 

and (5) continuously improve. Based on an extensive literature review, Sodhi et al. (2012) 

summarized four key sub-processes for managing SCR: (1) Risk identification, (2) Risk 

assessment, (3) Risk mitigation, and (4) responsiveness to Risk incidents. This stream of 

research has generated valuable insights on the SCRM process and has offered significant 

implications for practitioners. Nevertheless, Sodhi et al. (2012) show that the major 

understanding of SCRM literature consists in approaching SCRM with 3 main elements: 
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Identification, Assessment and Mitigation. As already shown, some authors bring 4 or 

even 5 or more elements (Sodhi et al., 2012). Considering the available frameworks, this 

thesis adopts the major understanding of considering the framework composed by 

Identification, Assessment and Mitigation, considering that all other steps proposed are 

embedded within these 3. 

1.5. Supply Chain Resilience (SCRes) 

In the Supply Chain context, a SC must be resilient to disturbances in order to 

achieve competitiveness (Barroso et al., 2010). Juttner et al. (2003) affirm that Supply 

Chain disruptions can be financial losses, negative corporate image, or bad reputation 

eventually accompanied by demand loss, as well as damages in security and health. In 

this sense, today’s globalized, leaner and Just-in-Time Supply Chains are more vulnerable 

to natural and man - made disasters (Soni and Jain, 2011).  

If a manager only emphasizes lower costs and higher efficiency, lacking 

resilience, it is likely to make the Supply Chain system vulnerable (Shuai et al., 2011). 

Ponomarov and Holcomb (2009) define resilience as an adaptive capability of the SC to 

prepare for unexpected events, respond to disruptions, and recover from them maintaining 

continuity of operations at the desired level of connectedness and control over structure 

and function. Barroso et al. (2011) and Carvalho et al. (2012) go further, affirming that a 

Supply Chain resilience is a matter of survival. Additionally, SCRes is concerned with 

the system’s ability to return to its original state or to a new, more desirable one after 

experiencing a disturbance, and avoiding the failure modes (Carvalho and Cruz Machado, 

2007). Resilience was later defined by Barroso et al. (2010) as the ability to react to the 

negative effects brought by disturbances that occur in a given moment to maintain SC’s 

objectives. 

Considering SCRes strategies, Haimes (2006) affirms that there are two ways of 

improving a system’s resilience: (i) to recover the desired values of the states of a system 

that has been attacked, within an acceptable period and at an acceptable cost; and (ii) to 

reduce the effectiveness of the threats by changing the level of effectiveness of a threat. 

Resilience can also be found in emerging interdisciplinary fields such as emergency 

management, sustainable development and SCRM (Torabi et al. 2015). The concept of 

resilience is related with the capability of a system to return to a pre - disturbance state 

after a disruption (Bhamra et al. 2011). Table 2 summarizes SCRes definitions found in 
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the literature. 

 

Table 2 - Resilience definitions 

Author Definition 

Holling (1973) 

Resilience determines the ability of systems to absorb changes, and stability is 

the capacity of systems to return to an equilibrium state after a temporary 

disturbance. The faster a system returns to equilibrium, the greater its stability 

Weick et al. (1999) 
Supply Chain Resilience is the capacity to adjust and maintain desirable 

functions under challenging or straining conditions. 

Gunderson (2000) 
The magnitude of disturbance that a system can absorb before its structure is 

redefined by changing the variables and processes that control behavior. 

Carpenter et al. 

(2001) 

The Magnitude of disturbance that a system can tolerate before it transitions into 

a different state that is controlled by a set of processes. 

Rice and Caniato 

(2003) 

The authors focus resilience on redundancy and flexibility, recommending 

leaders to develop a “flexibility DNA” through communications, distributed 

authority, passion for the mission, deferring to experience, and conditioning for 

disruptions. 

Hamel and 

Valikangas (2003) 

The authors stress that Resilience is not just concerned with recovery, flexibility, 

or crisis preparedness but also a distinct source of sustainable competitive 

advantage.  

Christopher and 

Peck (2004) 

Supply Chain resilience addresses the Supply Chain’s ability to cope with the 

consequences of unavoidable Risk events or disruptions, such as the loss of a 

critical supplier, a major fire at a manufacturing plant, or an act of terrorism, to 

return to its original operations or move to a new and more desirable state after 

being disturbed. 

Fiksel (2006) 
Capacity for an enterprise to survive, adapt, and grow in the face of turbulent 

change 

Ponomarov and 

Holcomb (2009) 

SC resilience is related to the development of SC capabilities that incorporate 

event readiness, provide an efficient and effective response that supports quick 

recovery to the desired state of the system that has been disturbed. 

Azevedo et al. 

(2010) 
Resilience is referred to as the SC ability to cope with unexpected disturbances. 

Schmitt and Singh 

(2012) 

Resilience refers to the ability of a system or component to bounce back from a 

setback whereas reliability is the ability of a system or component to perform its 

required functions under stated conditions for a specified period, or even resist 

failure. 

Ivanov and Sokolov 

(2012) 

Resilience is also termed as an intersection of robustness, flexibility and 

adaptation. 

Carvalho et al. 

(2012) 

SC resilience is concerned with the system’s ability to return to its original state 

or to a new, more desirable, one, after experiencing a disturbance, and avoiding 

the occurrence of failure modes. The goal of SC resilience analysis and 

management is to prevent movement to undesirable states, i.e., the ones where 

failure modes could occur. 

Petit et al. (2013) The ability to survive, adapt, and grow in the face of turbulent change. 

 

1.5.1. Resilience strategies 

 

Although Risk identification and assessment are the foundations of SCRM, Risk 

mitigation is an invaluable practice that all organizations should implement in order to 

reinforce their resilience. Knowing the actions that should be taken can mitigate Risks or 

even prevent their materialization.  Literature provides some examples of Risk mitigation 
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strategies. The first example is the one seen in Juttner et al. (2003) presenting the 

mitigation strategies in Table 3: 

 

Table 3 - Risk mitigation strategies I - Juttner et al. (2003) 

Strategy Examples 

Avoidance 
- Dropping specific products/geographical markets/ supplier and/or customer 

organizations 

Control 

- Vertical Integration 

- Increased stockpile and the use of buffer inventory 

- Maintaining excess capacity in productions, storage, handling and/or transport 

- Imposing contractual obligations on suppliers 

Cooperation 
- Joint efforts to improve Supply Chain visibility and understanding 

- Joint efforts to share Risk-related information 

Flexibility 

- Postponement 

- Multiple sourcing 

- Localized sourcing 

Source: Juttner et al. (2003) 

 

Nevertheless, not all the authors that dedicate to research mitigation strategies 

follow the same exact framework. For example, Christopher and Peck (2004) propose the 

following principles to design resilient SCs as shown by Table 4:  

 

Table 4 - Resilience principles - Christopher and Peck (2004) 

Principle Detail 

Strategies that keep several 

options open   

Strategy that is based around centralization of distribution facilities 

may be the lowest cost option, but it could also shut down other options 

and hence increase vulnerabilities. 

Efficiency vs. redundancy 

trade - off  
 

Conventionally surplus capacity and inventory have been seen only as 

‘waste’ and are therefore undesirable. However, the strategic 

disposition of additional capacity and/or inventory at potential ‘pinch 

points’ can be extremely beneficial in the creation of resilience within 

the Supply Chain. 

Supply Chain collaboration 

A high level of collaborative working across Supply Chains can 

significantly help mitigate Risk. The underlying principle of 

collaborative working in the Supply Chain is that the exchange of 

information can reduce uncertainty. 

Supply Chain Agility 

Supply chain agility can be defined as the ability to respond rapidly to 

unpredictable changes in demand or supply. Many organizations are at 

Risk because their response times to demand changes or supply 

disruption are too long. 

Supply Chain Visibility 

Supply Chain visibility is the ability to see from one end of the pipeline 

to the other. The achievement of Supply Chain visibility is based upon 

close collaboration with customers and suppliers as well as internal 

integration within the business. 

SCRM Culture 

There is a requirement to create a Risk management culture within the 

business. This culture of Risk management should extend beyond the 

boundaries of corporate Risk and business continuity management to 

become ‘Supply Chain continuity management’. 
Source: Christopher and Peck (2004) 
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Tang (2006) proposes robust strategies for mitigating operational and disruption 

Risks. The author affirms that a robust strategy must have efficiency (the strategy would 

enable a firm to manage operational Risks efficiently regardless of major disruptions) 

and resiliency (the strategy would enable a firm to sustain its operation during a major 

disruption and recover quickly after a major disruption). Table 5 summarizes the 

strategies. 

 

Table 5 – Risk mitigation strategies II - Tang (2006) 

Strategy Description 

Supply management 

strategies 

- Supply network design (Strategic) 

- Supplier selection, supplier order allocation, and supply contracts 

(Tactical) 

Demand Management 

strategies 

- Shift demand across products time and markets (Strategic) 

- Product rollovers and pricing (Tactical) 

Product Management 

strategies 

- Product variety (Strategic) 

- Postponement and process sequencing Information (Tactical) 

Information 

management strategies 

- Supply Chain visibility (Strategic) 

- Information sharing, vendor managed inventory, and collaborative 

planning, forecasting and replenishment (Tactical) 

Source: Tang (2006) 

 

Iakovou et al. (2007) refer to two categories of resilience interventions, 

Interventions to improve security that include initiatives for preventing security breaches, 

inspections, information protection, compliance to international standards and 

Interventions to improve Supply Chain resilience. Table 6 summarizes the strategies. 

 

Table 6 - Risk mitigation strategies II - Iakovou et al. (2007) 

Strategy Description 

Flexible sourcing 
The dependency on one-vendor solely could prove highly risky for 

a Supply Chain 

Demand-based management 

The ability to influence dynamically customer choices can be very 

effective in times of crises. The customer guidance can be 

accomplished through promotions and discounts 

Strategic emergency stock 

Just-in-time’s lean inventories make Supply Chains vulnerable to 

sudden demand spikes. Companies must differentiate regular 

business uncertainties from the Risks associated with a terrorism-

related event for example, using on one hand safety stocks to absorb 

normal business fluctuations, and on the other hand, a strategic 

emergency stock. 

Total Supply Chain visibility 

Two of the most efficient practices of Supply Chain management are 

Supply Chain visibility and collaboration among Supply Chain 

partners 

Process and knowledge  

back-up 

Global companies realize their dependence upon their information 

system and thus they have created database, software and hardware 

backups 
Source: Iakovou et al. (2007) 

 



32 

 

 

 

Barroso et al. (2010) also summarize the main mitigation strategies found in the 

literature as well as classifies them as Reactive/Proactive (R/P); Buffer 

strategy/Improvement Process (B/I). A proactive strategy preconizes preventive actions 

to avoid specific challenges or prevent their occurrence as much as possible (Barroso et 

al., 2010). For unavoidable challenges, the emphasis is to mitigate their negative 

consequences and transform them into business opportunities (Barroso et al., 2010). 

Table 7 brings the complete findings of Barroso et al. (2010). 

 

Table 7 - Mitigation Strategies  

Mitigation strategy Reference Classifications 

Safety Stock Baker (2007); Zsidisin et al. (2000) R B 

Multi-Sourcing 
Baker (2007); Zsidisin et al. (2000); 

Svensson (2003) 
R B 

Collaboration with Supplier 
Zsidisin et al. (2000); Christopher and 

Peck (2004) 
P I 

Coordinate relationships in SC Giunipero and Eltantawy (2004) P I 

Increase Information sharing 
Giunipero and Eltantawy (2004); Li et 

al. (2006) 
P I 

Supplier selection process Levary (2007); Micheli et al. (2008) P I 

Well stocked pipeline Zsidisin et al. (2000) P I 

SC reengineering Christopher and Peck (2004) P I 

Create SC disruptions management 

culture 
Christopher and Peck (2004) P I 

Source: Barroso et al. (2010) 

 

Some strategies like safety stocks can either be a mitigation strategy or a Risk 

source depending on the safety stock amount. This vision finds support in Barroso et al. 

(2010) which affirm that building redundant inventory in the SC will function as a buffer 

to maintain continuous operations, as well as it may also drive up costs and lead to lower 

efficiency. 

Soni and Jain (2011) propose a framework for enhancing resilience, mostly based 

on pillars such as flexibility, adaptability, collaboration, visibility and sustainability, as 

seen in Figure 6. 
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Figure 6 - Framework for resilience enhancing 

Source: Soni and Jain (2011) 

 

The authors also affirm that these are intangible dynamic Supply Chain 

capabilities (i.e. capabilities that require constant update) that can hold Supply Chain 

disruptions as well as generate competitive advantage. Each of these boxes are defined 

by Soni and Jain (2011): 

- Flexibility is responsible for ensuring that changes caused by the Risk event can 

be absorbed by the SC through effective response. 

- Supply Chain Visibility addresses information about entities and events 

regarding end-to-end orders, inventory, transportation and distribution as well as 

any events in the environment. 

- Collaboration is related to visibility in the sense that it includes the parties’ 

keenness Risks in general. 

- While Flexibility is responsible for a quick response capability, Adaptability is 

the capacity to change due to a market requirement or a will to improve. 
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- Sustainability is important in an economic perspective, where stakeholders are 

keener to sustainable companies, and to prevent environment related Risks. 

Resilience is also hard to be obtained due to specificities of each Supply Chain 

and the uncertainty environment in which they operate, making difficult to determine the 

most appropriate strategy to mitigate the negative effects of a disturbance. 

1.6. Healthcare management 

A Healthcare unit can be considered a facility that provides direct or indirect 

services to promote or keep individuals health condition (Gomes et al., 2016). Healthcare 

quality can be defined as a degree to which health services for individuals and populations 

increase the likelihood of desired health outcomes and care consistent with current 

professional knowledge (Gomes et al., 2016). The analysis of Healthcare network using 

operations management models is not effective as in the industrial environment, where 

the process activities and the flow of material are defined (Antonelli and Bruno, 2015). 

The production is substituted by care pathway that is far less deterministic. Products are 

substituted by patients that are free to move along the process flow at their will (Antonelli 

and Bruno, 2015). 

Lean manufacturing is a management philosophy focusing on waste reduction and 

focuses on delivering the highest quality product on time and at the lowest cost (Dias et 

al., 2018). The seven waste categories of the Toyota Production System are adapted to 

Healthcare by Costa and Godinho Filho (2016): waiting (for an appointment), motion 

(searching for drugs), transportation (transferring patients to new rooms), overproduction 

(unnecessary treatment), defect (inspecting work already done for errors), over processing 

(unnecessary forms) and inventory (overstocked or understocked drugs), as well as 

including an eighth category, talent (failure to train emergency technicians and doctors in 

new diagnostic techniques). 

Lean methodologies have become a consolidated set of practices and tools, which 

aim to improve processes while reducing costs. Recently, Lean practices are being applied 

to Healthcare organizations. Such practices led many researchers to coin the term “Lean 

Healthcare” (Gomes et al., 2016). 

Lean offers a huge set of tools which can help Healthcare organizations to deal 

with the pressure of an environment with limited resources and a growing patient 
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population (Yu et al., 2015). Clinical processes could be analyzed through Health Lean 

Management (HLM) principles, tools and practices, redesigning and managing them in a 

scientific and systematic way and contributing to clinical errors reduction (Crema and 

Verbano, 2016).  

Lean/Six-Sigma approach was also used, as an example, can be highlighted a 

study where the objective was to improve a medical records department (Bhat et al., 

2014). In fact, Lean and Six-Sigma combined are mentioned by several papers such as Al 

Owad et al. (2013); Bhat et al. (2014); Bahensky et al. (2005); Bonilla et al. (2008); 

Carboneau et al. (2010); D'Andreamatteo et al. (2015). 

The study found in Li et al. (2015) highlight the lack of a Healthcare standardized 

framework for implementing Lean Healthcare tools. The paper proposes a method for 

standardizing lean management approach in Healthcare and Yu et al. (2015) use Value 

Stream Mapping to redesign inefficient processes in an oncologic clinic. For more 

applications of VSM in healthcare organizations see Grove et al. (2010); Crema and 

Verbano (2015) and Cheng et al. (2015). Nevertheless, further research is still needed to 

understand how to Lean a Healthcare process, without making it prone to errors, and to 

measure HLM effects on patient safety (Pawlicki and Mundt, 2007; Holden, 2011). 

Curatolo et al. (2014) affirm that for Lean to be adopted and implemented by hospital 

practitioners a structured robust method should be provided. After this research, it can be 

affirmed that Leaning a Healthcare process without the proper training and consultancy 

can elevate Risks not only for the Healthcare organization but for all the Healthcare 

Supply Chain. Nevertheless, can also be affirmed that “not Leaning” a process may cause 

other Risks such as too much inventory, too much costs and other Risks which may result 

in the bankruptcy of the Healthcare organization and so, defining a hard to balance trade-

off. 

 

1.7. Healthcare Supply Chains 

The main difference from HCSC to most segments is that the main objective is to 

save lives (Abdulsalam et al., 2015; Rakovska and Stratieva, 2017). A hospital is more 

than a simple link in a complex Supply Chain (Landry and Beaulieu, 2007). Hospitals are 

constituted by clinical departments such as emergency, intensive care, oncology, 

cardiology or coronary care, the catheterization laboratory and surgery (Landry and 

Beaulieu, 2007). A Healthcare Supply Chain model is described by Landry and Beaulieu 
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(2007) with the following tiers as shown by Figure 7: 

 

 

Figure 7 – A Healthcare Supply Chain 

Source: Author based on Landry and Beaulieu (2007)   
  

Vendors supply raw materials to medical devices and pharmaceuticals 

manufacturers which supplies wholesalers and/or distributors that are responsible for 

supplying hospitals and clinics (Rakovska and Stratieva, 2017). Chandra and Kachhal 

(2004) also include stakeholders such as insurance companies, government agencies, 

government regulators and users of Healthcare services. However, Rakovska and 

Stratieva (2017) affirm that it is not uncommon that manufacturers direct supply the 

hospitals. Nevertheless, distributors are important most because of scale economies in 

logistics activities. 

 

1.8. Supply Chain Risk Management in Healthcare 

Literature on Risks presents a great variety of techniques, nonetheless, they have 

considered to be scarcely adapted to the needs of Supply Chain management and even 

more scarcely considering Healthcare Supply Chains (Khan and Burnes, 2007). SCRM 

have been largely studied with many different approaches and applications, however, 

when a search is conducted to find specific HC SCRM applications, just a few papers are 
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found. These few papers can be sorted into two types, papers that explicitly say it analyzes 

SCRM applied to HC organizations and papers which eventually discuss solutions to 

problems that consist in major Risks and may cause rupture to one or more SC tiers. 

Concerning papers that clearly approach HC SCRM can be cited Vanvactor (2011) which 

highlights the importance of disaster mitigation to prevent SC breakdown and draws 

attention to crisis mitigation concepts. Thus, based on Vanvactor (2011) Healthcare 

Supply Chain Resilience (HC SCRes) can be defined as a capability to be responsive to 

disasters, as well as SC breakdowns and still being able to provide a full continuum of 

services to all patients arriving at a facility for care. Study seen in Zepeda et al. (2016) 

highlights the Risks concerning mismatch between supply and demand and discusses 

Risks of higher inventory costs. 

Other articles bring forth issues that may indirectly contribute to measure and 

mitigate Risks, as is the case of Eiro and Torres-Junior (2015), which bring cases of 

Healthcare organizations that implemented Total Quality Management (TQM) and Lean 

through the implementation of tools like Value Stream Map (VSM) and Failure Mode 

and Effect Analysis (FMEA). Such tools, techniques and concepts are process improvers 

and generate KPI that helps measuring undesired effects. 

Up to this point, prior to a thorough analysis presented in chapter 3, research 

reveals that there are only a little number of papers that deals with SCRM specifically in 

Healthcare. Nevertheless, there are papers mentioning Healthcare Supply Chain Risks, 

although not in a systematic way. For example, Rakovska and Stratieva (2017) mention 

that pharmaceuticals and medical devices are of special interest because they must meet 

specific requirements of several clinical departments and therefore, present great Risks 

of stockout. Other papers, for example Mandal and Jha (2017); Niemsakul et al. (2018) 

analyze the role of collaboration considering hospital-supplier, which helps mitigate 

Risks related to demand changes. Syahrir et al. (2015) highlights how a Healthcare Supply 

Chain plays a major role in natural disasters mitigation. Explicitly mentioning Healthcare 

Supply Chain Resilience (HC SCRes), Mandal (2017) uses Structural Equation Modeling 

(SEM) to empirically confirm the hypothesis that develop, group and rational cultures 

contributes positively to HC SCRes while hierarchical culture inhibits it. Still limited 

systematic research has been conducted to identify practices and strategies for improving 

hospital Supply Chain performance (Zepeda et al., 2016). Lack of proper studies 

concerning Risks in Healthcare are specific hazardous. According to Riley et al. (2016) 

for hospitals, a shortage of supply or unanticipated demand spike can lead to catastrophic 



38 

 

 

 

consequences beyond poor instock metrics. When a hospital experiences an unanticipated 

demand spike or supply shortage, supply managers must have the means to alter and/or 

reconfigure the Supply Chain (Riley et al., 2016). The authors conclude that by 

developing SCRM capabilities organizations can better address an array of Supply Chain 

Risks.  

Zepeda et al. (2016) presents a study where they assess effects of horizontal inter-

organizational arrangements on inventory costs for hospitals. More specifically, they deal 

with two conditions: i) logistics services infrastructure where the hospital is located; ii) 

demand uncertainty for clinical requirements that a hospital experiences.  

 

1.9. Chapter Results 

Regarding Healthcare organizations, there are still few papers that bring SCRM 

applied to Healthcare organizations and Supply Chains. Furthermore, literature still lacks 

proper definition of SCRM applied to Healthcare, which this thesis will refer to as HC 

SCRM. Considering analysis proposed by the review papers, Table 8 was built and 

summarizes the main analysis brought by review papers that based this chapter. 

 

 

Table 8 - Analysis brought by review papers  

SCRM 

Approaches 

Resilience 

Approaches 

Risk 

/Resilience 

definitions 

Risk Categories/ 

classification 

Risk/ 

Resilience 

Strategies 

Heckmann et al. (2015) ✓  ✓ ✓ ✓ 

Ho et al. (2015)    ✓  

Fahimnia et al. (2015)      

Hohenstein et al. (2015)  ✓ ✓   

Kamalahmadi and Parast 
(2016) 

 ✓ ✓  ✓ 

Bandaly, et al. (2013) ✓  ✓ ✓  

Kilubi and Haasis (2015)   ✓ ✓  

Hamdi et al. (2015) ✓   ✓  

Kilubi (2016a)   ✓   

Kilubi (2016b)   ✓ ✓ ✓ 

Source: Author 

 

Note that were also considered review papers more focused on SCRes, which is 

the case of Kamalahmadi and Parast (2016) and Hohenstein et al. (2015), mostly because 

SCRes is a complementary subject to SCRM. Concerning  Table 8, different papers had 

different visions for these concepts most of the time. For example, Heckmann et al. (2015) 

consider “Explicit Supply Chain Risk definition” and “No Explicit Supply Chain Risk 

definition” as SCRM approaches. In this thesis, this understanding of SCRM was 
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broadened and considered also what Hamdi et al. (2015) define as “Risk attitudes”, which 

classify whether a company is more or less willing to assume Risks looking for more 

profit. SCRes approaches are the pillars needed in order to build a resilient Supply Chain. 

Hohenstein et al. (2015) define “Readiness”, “Response”, “Recovery” and “Growth” as 

SCRes building blocks. Risk and Resilience definitions consist in summarize definitions 

found in literature regarding both concepts. Concerning the field “Risk 

categories/classification” it regards the factors that generate Risks, which can be fire, 

terrorism, natural disasters and more business-related ones like supply shortage, short 

product life cycles etc.  By “Risk/Resilience strategies” are considered the macro 

strategies as well as the core processes which are strategy enablers. In this sense, Kilubi 

(2016b) presents 8 main strategies to deal with Supply Chain Risks, which are “Visibility 

and transparency”, “Flexibility”, “Relationships/Partnerships”, “Postponement”, 

“Multiple Sourcing”, “Redundancy”, “Collaboration” and “Joint planning and 

coordination”. Some of these strategies are also found in papers that more specifically 

approach SCRes which is the case of Kamalahmadi and Parast (2016). The authors bring 

SCRes principles such as “Collaboration”, “Redundancy”, “Agility”, “SCRM culture” 

and “SC Reengineering”. Note that the similarity of these factors shows the 

complementarity of both concepts being SCRM a way of creating solid SCRes.  

Table 9 shows the summary of the main literature that composed this chapter. 

 

Table 9 - Literature Summary 

Concept 
Representative 

literature 
Major Contribution 

Prior to 

SCRM 

concept 

Bowersox et al. (1999) Lean Launch - Mitigates excessive inventory costs Risk 

Lonsdale (1999) Addresses the Risks related to outsourcing 

Zsidisin et al. (2000) 
Presented inbound supply Risks such as quality, design, cost, availability, 

manufacturability, supplier, legal, environmental, health and safety 

Hallikas et al. (2002) 
Presented methods for Risk management in a complex network environment 

Hallikas et al. (2004) 

SCRM 

Juttner et al. (2003) 
Distinguish four basic constructs: Supply Chain Risk sources, Risk consequences, 

Risk drivers and Risk mitigating strategies 

Norrman and Jansson 

(2004) 
Real case study relating the applied mitigating practices 

Juttner (2005) 
The paper contributes to the knowledge on SCRM by presenting the business 

requirements from a practitioner perspective 

Pujawan and Geraldin 

(2009) 

Authors bring a framework called house of Risk, which is a tool that combines QFD 

and FMEA 

Neiger et al. (2009) 
Authors propose a novel value-focused process engineering methodology for 

process-based Supply Chain Risk identification 

Thun and Hoenig 

(2011) 

Empirical study which reveals that companies with a high implementation degree of 

SCRM show a better Supply Chain performance 

Tang and Musa (2011) Identified research gaps and brought important SCRM definitions 

Lavastre et al. (2012) 
Empirical study that demonstrates that SCRM must be an interorganizational 
management function in order to be effective 

Petit et al. (2013) 
research develops a measurement tool titled the Supply Chain Resilience 

Assessment and Management (SCRAMTM) 

Sodhi et al. (2012) 
Show that literature summarizes SCRM approach into three main elements 
(Identification, Assessment and Mitigation). The authors even add a fourth element 

which is "responsiveness to Risk incidents". 
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SCRes 

Haimes (2006) 

Two major ways of obtaining resilience: to recover the desired values of the states of 
a system that has been attacked, within an acceptable period and at an acceptable 

cost; and (ii) to reduce the effectiveness of the threats by changing the level of 

effectiveness of a threat. 

Ponomarov and 

Holcomb (2009)  
Extensive literature review aiming to define SCRes 

Carvalho et al. (2012) Quantitative simulation study using SCOR framework 

Torabi et al. (2015) Improves resilience through stochastic optimization 

Resilience 

Strategies 

Juttner et al. (2003) Provide strategies for Resilience and Risk mitigation 

Christopher and Peck 

(2004)  
Propose principles that design resilient Supply Chains 

Tang (2006) Brings Resilience strategies 

Iakovou et al. (2007)  Highlight features that increase resilience 

Barroso et al. (2010) Resilience strategies 

Soni and Jain (2011) Framework to enhance resilience 

Healthcare 

Management 

Antonelli and Bruno 

(2015) 
Apply process mining in order to obtain a lean Healthcare network 

Bahensky et al. (2005) Sucessfully applied Kaizen in a hospital 

Pawlicki and Mundt 
(2007) 

Application of Lean/Six Sigma in a radiation oncology department 

Bonilla et al. (2008) Authors apply Quality Function Deployment in a Oncology clinic 

Carboneau et al. 

(2010) 

Authors present a study where Lean/Six Sigma is applied and, as a result, Hygiene 

enhancements led to a 51% infections reduction 

Grove et al. (2010) Identify barriers for Lean implementation 

Holden (2011) 
The implementation of Lean thinking in na Emergency department there were 

improvements in patient care 

Bhat et al. (2014) 
Authors obtain considerable improvements applying Lean/Six Sigma in a 
registration process of a hospital 

D'Andreamatteo et al. 

(2015) 

A literature review is presented and as the main findings can be highlighted the fact 

that hospital's emergency and surgery are the pioneer clinics applying lean. 

Li et al. (2015) 
The paper then proposes a new approach for supplier selection based on selection 
criteria and agent-based simulation (ABS) 

Yu et al. (2015) A VSM is presented a framework to implement Lean 

Cheng et al. (2015) 
Information quality was reported by authors to be the most urgent problem in this 

Healthcare organization 

Crema and Verbano 

(2016) 

study how to implement Health Lean Management (HLM) projects with benefits of 

Clinical Risk Management (CRM) 

Costa and Godinho 

Filho (2016) 

Extensive literature review. The highlights include an analogy of the 8 toyota wastes 

adapted to Healthcare context, and frequently applied tools 

Curatolo et al. (2014) 

the paper suggests a meta model for a high-methodological maturity-level Lean 

method based on the 

characteristic activities of Business Process Improvement (BPI) 

Healthcare 

Supply 

Chain 

Landry and Beaulieu 

(2007)   
Modelled a generic Healthcare Supply Chain 

Healthcare 

Supply 

Chain Risk 

Management 

Vanvactor (2011) 
The paper brings deadlines in Healthcare Supply Chain management involvement in 
disaster readiness 

Zepeda et al. (2016) 

Results suggest that while affiliation with local, regional, and national systems has 

mitigating effects under weak logistics services infrastructure, the mitigating effect 

is greatest for affiliation in local systems 

Riley et al. (2016) 
The results indicate that internal integration and training positively affect 

organizations’ warning and recovery capabilities 

Source: Author 

 

Figure 8 summarizes the main result of this chapter. This result consists in a 

comprehensive framework that summarizes the macroprocess of generating resilience 

and minimizing Risks through 3 main steps that are proposed for the rest of this thesis. 
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Figure 8 - Conceptual framework 

Source: Author 

 

1.10. Chapter Conclusions 

This chapter discussed the main concepts used in the further chapters of this thesis. 

As direct results of this chapter can be cited Table 9 - Literature Summary and Figure 8 - 

Conceptual framework. Table 9 brings a summary of the main authors and approaches 

that provide the backbone needed for technique selection. The studied literature also 

provided resources for generating the framework seen in Figure 8. There was a clear 

option in this thesis to offer a solution considering Healthcare Supply Chain Risk 

Management through Risk identification, Risk Assessment and Risk Mitigation, although 

this chapter have shown that there were authors that preconize other steps such as Risk 

monitoring for example. Nevertheless, these 3 steps are consensus in consulted literature, 

therefore, they are chosen to compose the framework, which in the final conclusions of 

the thesis is submitted to critic scrutiny where a full assessment is carried out for 

evaluating the need of further steps. Chapter 2 shows the research methodology of the 

thesis. 
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2. Methodology 
 

The main objective of this Thesis consists in constructing a conceptual framework 

that was carefully tailored to address resilience to the Healthcare Supply Chain through 

Supply Chain Risk Management. To do so, a thorough methodology is needed for 

providing robustness and consistency to the research. 

The methodology was constructed based on an extensive paper reading and study 

along the doctorate course. Nevertheless, each chapter has its own objectives and 

methodology, which contribute to the main objective of this Thesis. The framework 

showed by Figure 9 summarizes the methodology. 
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Figure 9 - Thesis Methodology 

Source: Author 

|The Systematic Literature Review (SLR) was based on the search for “Supply 
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Chain Risk Management” and “Supply Chain Resilience, which showed that among the 

many segments contemplated by the survey, studies concerning Healthcare sector are 

lacking. The full SLR methodology and bibliometric analysis is presented in Chapter 3. 

Complementary, Figure 10 summarizes the chapters structure proposed in order 

to fulfill this thesis methodology. 

 

 

Figure 10 – Chapters’ structure 

Source: Author 

 

SLR revealed the literature gap of SCRM frameworks and techniques applied to 

the Healthcare sector. Since there was only 2 studies that approached SCRM applied to 

Healthcare (Zepeda et al., 2016; Riley et al., 2016) the conclusion is that it is a very 

unexplored and promising research field.  
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2.1. Data collection  
 

Data collection was carried out by two different methods. The first method 

consisted in collecting papers that were used for literature review and bibliometric study 

that based the further chapters. The databases chosen were Scopus and ISI Web of Science 

(WoS). The second, consisted in collecting empirical data from semi - structured 

Questionnaires answered by Healthcare Supply Chain professionals. 

2.1.1. Data collection procedure for Systematic Literature Review 
 

SLR review was based on research using Scopus and WoS database. The “data” 

in this case are the papers found in the research. For organizing the papers two softwares 

were used. The first software was Mendeley®, which is mainly a software that organizes 

all references, making it easier to remove duplicates and cite papers, as it automatic 

generates references in the desired format. Figure 11 shows a sample of the selected 

papers in Mendeley®. 

 

Figure 11 - Mendeley® Software 

Source: Author 

 

Scopus and WoS database can provide some important bibliometric analysis such 

as Publications per Year, Publications per author and others. Both bases also provide a 

segment analysis, which did not fit to the requirements for being too generic.  Therefore, 

all papers were manually compiled into a more detailed database and stored in MS 

Access®. As Figure 12 shows, other important fields such as the specific segment and the 

predominant paper technique were identified and manually registered for further analysis. 
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Figure 12 - Paper database 

Source: Author 

 

Analysis provided by SLR were conducted by MS Access® queries, graphics and 

maps conducted using MS Excel®. 

 

2.1.2. Data Collection limitations (SLR) 

 

The search was conducted using two search engines; Scopus and ISI Web of 

Science. Elsevier’s Scopus is the largest database of peer-reviewed literature and recovers 

journals from all major databases such as Emerald, Taylor & Francis, Science Direct, 

PubMed, among others. Scopus database is the largest searchable citation and abstract 

source (Chadegani et al., 2013). WoS from Thomson Reuters (ISI) was the only citation 

database and publication that covers all domains of science for many years (Chadegani et 

al., 2013). The advantage of one database over another one depends on what explicitly 

will be analyzed, the scientific field and period of analysis (Chadegani et al., 2013). WoS 

is the oldest citation database, therefore it has strong coverage with citation data and 

bibliographic data going back to 1900 (Boyle and Sherman, 2006). Study of Vieira and 

Gomes (2009) reveals that 2/3 of the studies can be found in both databases and 1/3 only 

in one database. Another considerable advantage is that both databases provide “. bib” 

files providing full search data (such as references, article authors, etc.) that can be further 

analyzed in bibliometric packages. Nevertheless, even conducting the research in both 
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databases it would not be possible to guarantee that all relevant literature was covered 

and so, it can be considered a limitation. The second limitation is that only papers in 

English language were considered. This decision was taken based in: i) Most review 

articles (and all review articles in this thesis) use this criterion, therefore, it has literature 

methodological support, ii) English is the main language used to communicate scientific 

research, iii) To guarantee that any researcher can understand any paper selected for this 

bibliometric study. Nevertheless, this procedure may disregard relevant studies published 

in other idioms. The third limitation is that this chapter was not exhaustive or had the 

pretention of covering all definitions and frameworks presented in literature. This 

limitation is a direct consequence of the first two. However, definitions and frameworks 

analyzed to compose the one presented, and this chapter are based in quality literature 

provenient from both cited databases. 

 

2.1.3. Data collection procedure for empirical study 
 
 

The empirical data was formed by the content analysis carried on from the 

performed semi-structured interviews. This approach provides a open format, but is still 

focused on specific questions, allowing the researcher to guide the interviewee through 

the areas of interest (Fan and Stevensson, 2018). The results were analyzed through three 

chapters that covered Risk identification, Risk Assessment and Risk Mitigation. The 

questionnaire was based in Gaudenzi et al. (2017); Fan and Stevensson (2018). In this 

thesis the interest was to understand professionals’ experiences of SCR identification, 

assessment and mitigation their upstream relationships with suppliers and buyers. The 

methodology was adapted from previously cited authors and followed the criteria: i) 

Organizations should be based in Brazil, ii) Organizations should be part of a Healthcare 

Supply Chain. The Interviewees had the option of being interviewed in loco, via 

telephone, video telephone or answering the questions in the spreadsheets. The objective 

of giving so many options consisted in having the possibility of collecting at least some 

information even if the interviewee did not have any dates available. A total of three 

interviews were carried in loco and 8 were carried via spreadsheet. In loco interviews 

were a better way of collecting data because it still allows the non-verbal behavior of 

participants to be observed. Interviews were audio-recorded. In opposition of Fan and 

Stevensson (2018) the interview questions were not sent in advance. In addition, in their 
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paper, Fan and Stevensson (2018) interviewed two professionals per company, while in 

this thesis were not imposed this constraint aiming to get at least one vision of a given 

organization. There were no access to use corporate reports either. The specific content 

of the interviews was treated according to the theme of each chapter. 

2.2. Research questions 
 

In this section are presented the research questions that the Thesis aims to answer. 

 

RQ1 – Which techniques have been employed by authors in the literature to 

perform SCRM? 

RQ2 – Which market segments are being approached by authors in 

the SCRM literature? 

RQ3 – What are the research gaps/unexplored opportunities respective to applying 

SCRM in Healthcare organizations? 

RQ4 – What is the definition of Healthcare Supply Chain Risk Management? 

RQ5 – What are the more relevant Risks to the Healthcare Supply Chains? 

RQ6 – Which metrics and indicators can be used to measure Healthcare Supply 

Chain Risks? 

RQ7 – Which techniques can be used to mitigate SC Risks in Healthcare? 
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3. Results of the Systematic Literature Review  
 

3.1. Chapter abstract 
 

Since SCRM was firstly formalized as a concept (in the early 2000’s), many 

quantitative/qualitative techniques and frameworks have been applied to most different 

Supply Chains (SC). However, when a systematic search for papers studying Healthcare 

organizations is conducted an important gap in literature is revealed. Given this scenario, 

as a primary objective, the chapter aims to present a Systematic Literature Review of 

SCRM literature to map this research field and set trends. As a secondary goal, were 

analyzed how many studies concerning SCRM applied to Healthcare sector can be found 

in literature and which opportunities for improvements are being missed. The research 

revealed that Healthcare segment is still a very promising field, therefore, Healthcare 

literature could benefit from SCRM conceptual frameworks and techniques for cost 

reduction and improvement of service quality. 

Chapter keywords: Supply Chain Risk Management; Supply Chain Risk; 

Quantitative techniques, Qualitative techniques, Healthcare Management 

3.2. Chapter Introduction 
 

Since Supply Chain Risk Management emerged formally as a concept in the early 

2000's significant literature has emerged with many different studies. One of the first 

papers bringing SCRM definition is Norrman and Jansson (2004) where the authors 

thoroughly describe a real case study and respective measures for Risk identification and 

mitigation. Among the most studied segments are the automotive  (Elangovan et al., 2010; 

Colicchia et al., 2011; Thun et al., 2011; Grötsch et al., 2013; Abolghasemi et al., 2015; 

de Oliveira et al., 2017), Food industry (Taylor et al., 2010; Robinson et al., 2012; Song 

and Zhuang, 2017) and Electronics industry (Kumar and Harrison, 2012; Chatterjee and 

Kar, 2016; Rajesh, 2017). As the main approaches can be highlighted Simulation 

(Keramydas et al., 2015; Hong et al., 2015; Zeng and Yen, 2017), Fuzzy Logic 

(Tipmontian et al., 2012; Dolatabadi et al., 2015; Mostafaeipour et al., 2017), Structural 

Equation Modeling (Riley et al., 2016; Chowdhury and Quaddus, 2016; Fan et al., 2017) 

and Confirmatory Factorial Analysis (Bendul and Skorna, 2016; Kauppi et al., 2016; 

Wiengarten et al., 2016).  

As a first analysis, article database reveals that there are very few papers that apply 
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concepts of SCRM to Healthcare organizations. Modern management techniques applied 

to Healthcare segment are even more relevant regarding global population growth and 

aging, therefore, drastically increasing the need of higher investments. Based on this 

assumption, it becomes increasingly crucial to apply SCRM techniques for additional cost 

reduction and service level improvement. To further investigate the literature concerning 

SCRM, a SLR was conducted through an already well-consolidated methodology known 

as Bibliometrics, which consists in using quantitative statistical analysis in order to 

describe patterns of publications, i.e. a general picture of the literature (Kilubi, 2016a).  

Therefore, the objectives of this chapter are threefold: (1) Set a complete picture of SCRM 

research field; (2) Identify which segments and techniques are more approached and 

which are less studied, in order to set research trends and help researchers to explore new 

research fields; (3) More specifically, this chapter aims to identify if there are a relevant 

number of studies in Healthcare segment and what are the conclusions.  

This chapter is composed by 5 sections (including the abstract and this 

introductory one). Section 3.3 brings methodology of this chapter, Section 3.4 brings the 

results of the bibliometric results and Section 3.5 discusses the results and closes the 

chapter with conclusions and further research opportunities. 

3.3. Chapter Methodology 
 

Among the papers found in this research, we identified review papers (in the last 

five years) to construct the methodology.  To do so, the most cited papers in last 5 years 

were chosen. There are more classic review papers with even more citations, nevertheless, 

to set new trends, were considered more relevant to build a methodology based on more 

recent articles. Table 10 shows authors and citations in Scopus and WoS database. 
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Table 10 - Review papers used to construct the research methodology 

Authors 
Citations 

Scopus 

Citations 

WoS 
Heckmann et al. (2015) 142 109 

Ho et al. (2015) 89 62 

Fahimnia et al. (2015) 65 47 

Hohenstein et al. (2015) 53 44 

Kamalahmadi and Parast (2016) 36 30 

Bandaly et al. (2013) 9 10 

Kilubi (2016a) 7 5 

Hamdi et al. (2015) 4 3 

Kilubi (2016b) 2 2 

Kilubi and Haasis (2015) 2 - 

Source: Authors 

 

The first step consisted in analyzing the research methodology of papers cited in 

Table 10 which resulted in the workflow presented in Figure 13. 
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Figure 13 - Research Methodology workflow 

Source: Authors 

Table 11 shows quantitative analysis brought by these review papers. 

 

Table 11 - Main indicators brought by review papers 

 Publications/
year 

Publications/ 
Journal 

Publications/
author 

Publications/
Country 

Segment 
analysis 

Techniques 
applied 

Heckmann et 

al. (2015) 
✓     ✓ 

Ho et al. (2015) ✓    ✓ ✓ 

Fahimnia et al. 
(2015) 

✓ ✓ ✓ ✓  ✓ 

Hohenstein et 

al. (2015) 
 ✓     

Kamalahmadi 

and Parast 

(2016) 
✓ ✓  ✓  ✓ 

Bandaly, et al. 
(2013) 

     ✓ 

Kilubi and 
Haasis (2015) 

✓ ✓     

Hamdi et al. 

(2015) 
✓     ✓ 

Kilubi (2016a)  ✓ ✓    

Kilubi (2016b) ✓ ✓    ✓ 

Source: Authors 

 

 

The amount of publications per year, per journal, per author and country are 

straightforward indicators and mean the quantity of papers published considering each of 

these filters. Segment analysis mean the amount of publications by a specific segment, 

for example automotive industry. Techniques applied means the quantity of publications 

which use a given technique. By this point, it is crucial to highlight that to sort the papers 

techniques, it was chosen the predominant technique of the paper declared by the paper’s 

authors, not considering possible techniques idiosyncrasies in a first moment. Mostly, this 

mean that all papers that use many different variations of Simulations are all sorted as 

“Simulation”. This simplification is needed to set big areas of research which can be 

further detailed depending on researcher’s interest. Furthermore, this Research 

Methodology aims to provide the necessary backbone for a broader view of Supply Chain 

Risk Management literature. 

Steps 1 to 4 of the research methodology are the foundations of this chapter’s 

methodology, so, they are presented and further detailed in this section, while steps 5 to 

7 (which are direct consequences of first 4 steps) are discussed in section 4 and are 
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focused on results. 
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3.3.1. Formulate research question 
 

In the first step, is important to make sure that the research scope is in adherence 

to the objectives and the underlying study questions are defined (Kilubi, 2016a). 

Therefore, the research questions of this chapter are:  

 

RQ1 – Which techniques have been employed by authors in the literature to 

perform SCRM? 

RQ2 – Which market segments are being approached by authors in 

the SCRM literature? 

RQ3 – What are the research gaps/unexplored opportunities respective to applying 

SCRM in Healthcare organizations? 

 

As exposed by the three research questions, the general objective of this paper is 

to analyze the current scenario of SCRM providing inputs for academics and researchers 

to develop new studies. As a more specific objective, the goal is to thoroughly analyze 

those specific papers which apply SCRM in Healthcare organizations and discover with 

trends can be set in this area. 

3.3.2. Database Selection 
 

The database chosen for searching the research strings were Scopus, which is the 

largest database of peer-reviewed literature, and ISI Web of Science which is not as large 

as Scopus but can recover papers from a greater year range. Moreover, using Scopus and 

ISI as search engines, allows locating papers of Science Direct, Taylor & Francis, 

Emerald, Springer, and other important bases used by the Systematic Literature Review. 

While this research carefully examined extensive SCRM literature, it has limitations. As 

the main limitations, can be cited the fact that were reviewed international journal articles 

(published in the english language), excluding conference papers, master and doctoral 

dissertations, textbooks, book chapters, unpublished articles and notes. 

In terms of selection criteria, Kilubi and Haasis (2015); Kamalahmadi and Parast 

(2016) used ABS (associationofbusinessschools.org) ranking and limited to journals with 

3 or 4 grade.   Kilubi (2016b) considered in her paper peer-reviewed journals with a VHB 
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ranking (vhb.online.org/startseite) of A+, A, B or C. Nevertheless, this thesis did not 

imposed any journal restriction on the list to ensure that all relevant study were captured, 

which is consonant with the vision of Ho et al. (2015). Additionally, this thesis chose not 

to use this ranking because a broader scope was needed and since the papers related to 

Healthcare are few (premise confirmed by the bibliometrics), adding too many constraints 

could reduce to none the amount of papers related to Healthcare  

3.3.3. Define search terms 
 
 

The search term chosen was (“Supply Chain Risk Management” OR “SCRM”) 

OR (“Supply Chain Resilience” OR “SCRES”) in article title, keywords and abstract. 

These strings were chosen because they included consolidated terms when papers mean 

to approach Risks in a SC, additionally, the main goal was to see the evolution of the 

concept.  

 

3.3.4. PRISMA Protocol 
 
 

Moher et al. (2009) came up with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyzes (PRISMA) method. This protocol is mostly used in 

Healthcare SLR and Meta – analysis, nevertheless, it is also used in industrial engineering 

segments (see Muhs et al., 2018). PRISMA protocol was developed after a three – day 

meeting in Ottawa, Canada, in June 2005 with 29 participants including review authors, 

methodologists among other Healthcare professionals (Moher et al. 2009). Due to the 

notoriety and importance of the PRISMA protocol it was incorporated in the step 4 of this 

SLR methodology workflow. The search was conducted in both Scopus and ISI 

databases. A “. bib” file was generated for each search and analyzed in R software where 

a single database file was generated with duplicates removed to generate the complete 

bibliometric analysis presented in this study. Nevertheless, R software could not conduct 

all important analyzes, for example, identifying whether the paper was conceptual or 

analytical, the segment applied and other classifications that needed a more “artisanal” 

approach. The complete set of statistics and analyzes are shown in the following sections. 

The flowchart in Figure 14 summarizes the steps conducted in the analyzes. 

 



56 

 

 

 

 

Figure 14 – Data and results generating process 

 

 

3.4. Results of the Systematic Literature review 
 

3.4.1. Classify papers 
 

This section shows the paper classification. There is a vast number of papers (more 

than one hundred) that are numerical examples, and do not approach any segment. The 

paper classification by segment is shown by Figure 15: 

 

 

Figure 15 - Segment distribution (Proportions) 
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Among the applied papers the distribution by segment summarized by Table 12. 

It is noted that Automotive and Food sectors outstand with 19 and 9 outcomes 

respectively. 

 

Table 12 – Segment distribution (absolute numbers with at least two studies found) 
Category Quantity 

Automotive 19 

Food industry 9 

Agriculture  7 

Healthcare and Pharmaceutical 6 

Electronics 6 

Transportation industry 5 

Aviation 5 

Maritime industry 4 

Clothing 3 

Electronics 3 

Oil 3 

Manufacturing industry 3 

Shippers 2 

Apparel industry 2 

Beer 2 

Semiconductors 2 

Textile 2 

Telecommunications 2 

 

Concerning Table 12, it is important to highlight that there is not a category called 

Healthcare Supply Chain Risk Management, therefore, Pharmaceutical and Healthcare 

studies were joined in a single category which would also include distributors and OEM 

Suppliers (if these categories were found). Healthcare and Pharmaceutical together 

appear with 6 studies (Table 13). 

 

Table 13 - Healthcare and Pharmaceutical studies 

Authors Segment Approach 
Jaberidoost et al. (2013) Pharmaceutical  Literature review 

Jaberidoost et al. (2015) Pharmaceutical Analytic Hierarchy Process 

Elleuch et al. (2013) Pharmaceutical  Filure Modes and Effects Analysis 

Aguas et al. (2013) Healthcare Mathematical Programming 

Zepeda et al. (2016) Healthcare Econometric methods 

Riley et al. (2016) Healthcare Structural Equation Modeling 

 

Table 14 shows the most used techniques. 

 

Table 14 - Most used techniques (2 or more outcomes) 

Technique Articles 

Mathematical Programming 35 

Simulation 25 

Structural Equation Modeling 24 
Fuzzy 18 
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Survey  analysis 17 
Statistical analysis 17 

Analytic Hierarchy Process 6 

Decision making trial and evaluation laboratory 5 

Failure Modes and Effect Analysis 2 

Behavioral study 2 

Source: Authors 

 

3.4.2. Analyze papers 
 
 

Figure 16 shows the articles distribution along the years. The search was 

conducted during 2018 and totalized 547 papers. 

 

 

Figure 16 – Articles distribution 

 

Figure 16 shows that the concept is being increasingly recognized by academy 

which is supported by the growing number of publications. Considering the “Supply 

Chain Risk Management” and “Supply Chain Resilience” strings, this search returned 

results in 2004 – 2018 range. Considering the first half of the period (2004 – 2010) was 

detected a “conceptual phase” where the concept needed to be constructed and 

standardized. As examples of literature review papers in the period can be cited Olson 

and Wu (2010), Tang (2006), Shashank and Goldsby (2009), Williams et al. (2008) 

among others. In this period were detected 68 papers where 15 (22.1%) are conceptual 

frameworks, 26 (38.2%) are analytical, being 5 (7.4%) empirical and 22 (32.3%) applied. 

Considering the second half of the analyzed period (2011 – 2018) can be noted an 
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explosive increase of publications with a total of 479 papers. Among them, 46 (9.6%) are 

conceptual papers, 201 (42.0%) analytical, being 49 (10.2%) empirical and 183 (38.2%) 

applied. The results show how the SCRM discipline developed over the years with a phase 

of establishing the concept and a second phase where the conceptual papers are still 

present, but a higher number of applications is noted. 

 

3.4.3. Results and research gaps 
 

In this section it is shown all numerical results found in the bibliometric analysis. 

The first graph shown by  

Figure 17 shows the top 10 publishing countries. USA is the leader with 54 papers, 

representing 9.9% of total. 

 

 

 

Figure 17 - Top 10 publishing countries 

 

Although USA continues to be the leader in terms of total citations, there is some 

changes in other positions. For example, Italy does not appear in top 10 publishing 

countries but outcomes Ukraine, Finland and Indonesia in terms of citations as shown by 

Figure 18. 
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UK - 26
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Figure 18 - Top 10 countries with more citations 

 

Figure 19 shows the top 10 most productive authors during the researched period. 

In this category Santanu Mandal and Jennifer Blackhurst outstand with 9 publications. 

 

Figure 19 - Most productive authors 

 

Figure 20 shows the most cited papers. Note that the top 5 most cited papers are 
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all prior to 2010.  

 

Figure 20 - Most cited papers 

 

The titles of the papers are: 1 - Ericsson's proactive supply chain risk 

management approach after a serious sub supplier accident; 2 - Supply chain risk 

management: Understanding the business requirements from a practitioner perspective; 

3 - Global Supply Chain risk management strategies; 4 - Supply chain risk mitigation: 

modeling the enablers; 5 - Understand the concept of Supply Chain resilience; 6 - 

Identifying risk issues and research advancements in Supply Chain risk management; 7- 

Supply Chain risk in turbulent environments - A conceptual model for managing; 8- 

Global Supply Chain Risk Management; 9 - Supply Chain Risk, Simulation, and Vendor 

Selection; 10 - A model for inbound supply risk analysis. 

The most relevant journals are International Journal of Production Research with 

44 results; International Journal of Production Research – 33 results and Supply Chain 

Management: An International Journal – 19 results. The top 10 most relevant journals are 

summarized by Table 15. 

Table 15 - Publications by journal  

Journal Quantity 
International Journal of Production Research  44 

International Journal of Production Economics  33 

Supply Chain Management         19 

International Journal of Logistics Management   14 

Crosstalk           10 

International Journal of Physical Distribution and Logistics Management  10 

International Journal of Logistics Research and Applications    9 

International Journal of Operations and Production Management  9 

Computers and Industrial Engineering     8 

International Journal of Logistics Systems and Management  7 

International Journal of Supply Chain Management  7 

Source: Authors 

 
 

The dominance function calculates the authors’ dominance ranking as seen in 

WU T;BLACKHURST J;CHIDAMBARAM V,(2006)

WU D;OLSON D,(2008)

TRKMAN P;MCCORMACK K,(2009)

MANUJ I;MENTZER J,(2008)

TANG O;NURMAYAMUSA S,(2011)

PONOMAROV S;HOLCOMB M,(2009)

FAISAL M;BANWET D;SHANKAR R,(2006)

MANUJ I;MENTZER J,(2008)

JÜTTNER U,(2005)

NORRMAN A;JANSSON U,(2004)

202

206
210

210
265

269

271
334

375

420



62 

 

 

 

Kumar and Kumar (2008). DF is the Dominance Factor and is calculated considering a 

proportion of multiauthored papers of an author as first author (Nmf) to total number of 

multi authored papers of the author (Nmt). Equation (1) shows dominance calculation and 

Table 16 shows the most dominant authors. 

 

𝑫𝑭 =
𝑵𝒎𝒇

𝑵𝒎𝒕
  (1) 

 

Table 16 – Authors’ dominance ranking 

Author 
Dominance 

Factor 

Multi Authored 

(Nmt) 

First Authored 

(Nmf) 

Rank by 

Articles 
Rank by DF 

Ekwall, D.    0.67 6 4 4 1 

Samvedi, A. 0.67 6 4 6 2 

Wang, X.               0.67 6 4 8 3 

Govindan, K.       0.60 5 3 10 4 

Rajesh, R.           0.50 6 3 5 5 

Wagner, S.            0.50 6 3 7 6 

Chen, H.    0.40 5 2 9 7 

Mandal, S.            0.33 9 3 2 8 

Jain, V.   0.14 7 1 3 9 

Blackhurst, J.        0.11 9 1 1 10 

Source: Authors 

 

The ℎ - index of an author shows how productive is the author. An author would 

have index ℎ if ℎ of his or her 𝑁𝑝 papers have at least ℎ citations each and the other (𝑁𝑝  

- ℎ) papers have ≤  ℎ citations each (Hirsch 2005). The 𝑔 – index is such that given a set 

of articles ranked in decreasing order of the number of citations that they received, the 𝑔 

- index is the unique largest number such that the top g articles received together at least 

𝑔²  citations (Egghe, 2006). General formulation is 𝑔² ≤ ∑ 𝐶𝑖𝑖≤𝑔  (where 𝐶𝑖 are the 

citations of a given author i). The 𝑚 – quotient is the ℎ - index divided by the number of 

years since the first published paper of the author (Hirsch  2005; Copes et al. 2012) . Table 

17 shows h-index, g-index and m-quotient. 

 

Table 17 - h-index, g-index and m-quotient 

Author h_index g_index m_quotient TC NP 

Blackhurst, J. 6 9 0.46  279 9 

Sawik, T.   6 7 0.75  129 7 

Samvedi, A.    6 6 1.00 148 6 

Jain, V.  5 7 0.83  166 7 

Wagner, S.      5 6 0.71  138 6 

Ekwall, D.     4 6 0.40  46 6 

Rajesh, R.      4 6 1.00 56 6 

Mandal, S. 2 3 0.33  10 9 

Wang, X.   2 2 0.29  8 6 

https://en.wikipedia.org/wiki/Ranking
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Chen, H.      2 5  0.40  42 5 

Source: Authors 

 

Lotka’s law describes the frequency of publication by authors in any given field 

as an inverse square law, where the number of authors publishing a certain number of 

articles is a fixed ratio to the number of authors publishing a single article (Aria and 

Cuccurullo, 2017). Lotka’s law dealt with author publishing and the number of papers 

published. It is regarded as one of the classical laws of bibliometrics (Sudhier, 2013). 

Equation (2) shows the mathematical formulation. 

 

𝒑(𝒏) =
𝒌

𝒏²
  (2)  

 

Where 𝑝 is the number of authors producing 𝑛 papers and 𝑘 is constant 

characteristic of a particular subject area of study.  

Table 18 shows the number of authors with 1 to 8 publications. 

 
Table 18 - Lotka's law calculations 

N.Articles N.Authors Freq 

1 853 0.821 

2 126 0.121 

3 32 0.031 

4 15 0.014 

5 8 0.007 

6 3 0.002 

8 1 0.001 

Source: Authors 

 

The estimated Beta coefficient is 3.20 with a goodness of fit (R²) equal to 0.99. 

The constant k = 1.00. Kolmogorov-Smirnov two sample test provides a p-value of 0.209 

that means there is not a significant difference between the observed and the theoretical 

Lotka distributions. Figure 21 shows the graphics for theoretical and observed Lotka’s 

law. 
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Figure 21 - Lotka's distribution 

 
 

Attributes of a specific paper are connected to each other, for example, through 

the manuscript itself: author(s) to journal, keywords to publication date, etc. Such 

connections of different attributes generate networks that are represented as rectangular 

matrices Manuscripts x Attributes (Aria and Cuccurullo 2017). Furthermore, scientific 

publications usually references other scientific works, generating networks that can be 

either co-citation or coupling networks (Aria and Cuccurullo 2017). These networks are 

analyzed to capture meaningful properties of the underlying research system, and in 

particular to determine the influence of bibliometric attributes such as scholars and 

journals (Aria and Cuccurullo 2017). A unit of coupling was defined by Kessler (1963) 

as any single item of reference that is used by two papers. Two documents are 

bibliographically coupled if at least one cited source appears in the bibliographies or 

reference lists of both articles (Kessler 1963). For example, A is a Document x Cited 

reference Matrix and 𝐵𝑐𝑜𝑢𝑝 = 𝐴 X 𝐴𝑇. The strength of the coupling of two articles, i and 

j is defined simply by the number of references that the articles have in common, as 

given by the element 𝑏𝑖𝑗 of matrix B.  Articles with only a few references, would tend 

to be weaker bibliographically coupled, if coupling strength is measured simply 

according to the number of references that articles contain in common (Aria and 
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Cuccurullo 2017). Figure 22 shows the generated graph. 

 

 

Figure 22 - Bibliographic coupling 

 

The network shown by Figure 22 shows that these papers share a great number 

of references, therefore, composing a very connected network. It is noted that the 

network can be divided into 3 layers according to its centrality. In the Layer 1 there are 

the authors that are cited by most papers and started defining SCRM. The Layer 2 shows 

authors that are very cited, although not as much as the first layer and contributed with 

definitions and case studies. Layer 3 shows very relevant authors with newer papers in 

most cases, for example Jennifer Blackhurst appeared in the bibliometrics with a total 

of 9 papers, including papers from 2018, which are new and therefore not as much cited 

as authors in Layer 1. 

Co-citation is defined by Small (1973) as new form of coupling and analyzes the 

frequency with which two documents are cited together. In general co-citation analysis 

is performed for mapping older papers and bibliographic coupling is used to map a 

current research front (Aria and Cuccurullo 2017). Co-citation analysis is a method for 

linking cited documents, is highly applied in literature because that the more frequently 

Layer 1

Layer 2

Layer 3
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two articles are jointly cited, the more likely that they embody a complementary or 

similar intellectual stream (Verbeek et al. 2002; Kilubi 2016a). Co-citation of two 

articles occurs when both are cited in a third article (Aria and Cuccurullo 2017). 

Therefore, two publications are considered to be co-cited if they appear together in the 

reference lists of other documents (Fahimnia et al. 2015). The co-citations matrix is 

given by 𝐵𝑐𝑜𝑐𝑖𝑡 = 𝐴 X 𝐴𝑇 . Element 𝑏𝑖𝑗 indicates how many co-citations exist between 

documents i and j. Figure 23 shows the co-citation network. 

 

 

Figure 23 - Bibliographic co-citation 

 

The size of a circle means the number of citations the paper has received. 

Journals that are closer to each other (in terms of publication theme) tend to be more 

strongly related, based on co-citations, than journals that are located far away from each 

other. 

  Scientific collaboration network is a network where nodes are authors and links 

are co-authorships. It consists in one of the most well documented forms of scientific 

collaboration analysis (Glänzel and Schubert, 2004). An author collaboration network 

can be obtained using the general formulation 𝐵𝑐𝑜𝑙𝑙 = 𝐴 X 𝐴𝑇where A is a Document X 

Author matrix and 𝑏𝑖𝑗indicates how many collaborations exist between authors i and j. 
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The graph is shown by Figure 24. 

 

Figure 24 - Bibliographic collaboration 

 

The collaboration network works can also be generated in terms of countries and 

is shown by Figure 25. 
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Figure 25 - Country collaboration 

 
 

Co-word analysis aims to build a co-occurrence network to map terms extracted 

from keywords, titles, or abstracts in a bibliographic collection (Aria and Cuccurullo, 

2017). The general formula is 𝐵𝑐𝑜𝑐 = 𝐴 X 𝐴𝑇where A is a Document X Word matrix and 

𝑏𝑖𝑗indicates how many co-occurrences exist between words i and j. The graph is shown 

by Figure 26. 
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Figure 26 – co-words analysis 

 

As expected, the more central keywords are those which relate risks and supply 

chains. It is worth noting, though, that keywords such as stochastic systems and 

optimization are more peripheric, since these techniques offer a wide portfolio of 

mathematical methods to deal with risks. 
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Figure 27 shows the Word Cloud. 

 

 
Figure 27 – Word Cloud 

 

  Multiple correspondence analysis (MCA) is used to draw a conceptual structure 

of the field and k-means clustering to identify clusters of documents that express 

common concepts, additionally, MCA consists in a multivariate technique for 

categorical data (Aria and Cuccurullo 2017). The more similar the words are in 

distribution, the closer they are represented in the map in Figure 28. 
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Figure 28 – Conceptual map 

   

3.5. Discussion, limitations and conclusion of the Chapter 
 

The main objective of the paper was to conduct a Systematic Literature review to 

set trends concerning SCRM. To achieve this goal, were proposed three research 

questions: (i) Which techniques have been employed by authors in the literature to 
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perform SCRM? (ii) Which market segments are being approached by authors in 

the SCRM literature? (iii) What are the research gaps/unexplored opportunities respective 

to applying SCRM in Healthcare organizations? Therefore, this chapter conducted a 

bibliometric analysis resulted from a SLR to approach all three questions 

In terms of techniques, Mathematical Programming stands out as the most applied 

technique (in this case, Mathematical Programming is a broad expression including 

Integer Programming, Stochastic Programming, Heuristics, among other mathematical 

optimization techniques), although real case studies are lacking, as there are many 

numerical examples of conceptual problems. In terms of segments, it is noted that the 

Healthcare sector is indeed still very unexplored, having 6 studies found by this research. 

Although this SLR have revealed segments that are even less studied than Healthcare SC 

segment, this is a field with many opportunities for researchers and hospital managers to 

explore for reducing costs and improving service quality. The co-word analysis did not 

show “Healthcare” or any health-related keyword, which is substantial evidence that this 

field of research is poorly approached. Even though a SLR was conducted (analyzing 547 

papers) this research has limitations. First limitation is that only published journal articles 

were analyzed, for example, conference papers could possibly have showed more studies 

concerning Healthcare segment. Scopus database and ISI Web of Knowledge were 

selected as the search engines; therefore, it is possible that not all the papers that could fit 

in this research were assessed. As another limitation, were analyzed only papers that were 

written in the English language. The expectation is that this research helps scholars in 

future research and investigation. For example, techniques largely used in other segments, 

such as Simulation, Fuzzy, could be applied in Healthcare segment challenges. 
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4. Risk Identification  
 
 

4.1. Chapter Abstract 
 

Supply Chain Risk Management is being increasingly studied since the early 2000’s and 

many quantitative/qualitative techniques and frameworks have been applied to most 

different Supply Chains (SC). However, some specific segments in SCRM are still 

somehow neglected. In this sense, as main contributions, of the chapter, can be 

highlighted: i) a Formal definition of Healthcare Supply Chain Risk Management based 

upon 5 pillars - Supply Chain Management, Supply Chain Risk Management, Supply 

Chain Resilience, Clinical Engineering and High Reliability Organizations; ii) an 

extensive list of Healthcare Supply Chain Risks based on literature survey; iii) Analysis 

of interviews made with Healthcare Supply Chain Professionals. 

Keywords: Healthcare Supply Chain Risk Identification, Systematic Literature Review, 

Semi – Structured Interviews. 

 

4.2. Chapter introduction 
 

This chapter has the objective of approaching Healthcare Supply Chain Risk 

Identification. In this chapter a specific literature survey was conducted, broadening the 

scope of the previous SLR in order to identify risks that may harm an entire HCSC. For 

example, when conducting search for papers studying SCRM in the supply chains of 

Healthcare organizations, only six papers were found in literature (Jaberidoost et al., 

2013; Jaberidoost et al., 2015; Elleuch et al., 2013; Aguas et al., 2013; Zepeda et al., 

2016; Riley et al., 2016). Thus, an important gap in the literature is revealed, indicating 

that the Healthcare sector is a very promising sector for applying SCRM. Medical 

devices can be over 5000 different types used in all aspects of healthcare (for example 

tongue depressors and pacemakers) representing a difficult management challenge 

(Dhillon, 2000).  The Healthcare literature could benefit, for instance, from SCRM 

conceptual frameworks and techniques for cost reduction and quality of service 

improvement. Thus, as the objective, this chapter aims to present a Systematic Literature 

Review based on the PRISMA protocol and concerning SCRM applied to the Healthcare 

sector specifically and which opportunities for improvements are being missed in this 
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sector. 

 

4.3. Clinical Engineering 

 

A Clinical Engineer can be defined as a Biomedical Engineer with broader 

responsibilities such as financial or budgetary management, service contract management 

and maintenance tasks in healthcare organizations (Cruz and Guarín, 2017). Clinical 

engineers are technology specialists who can help Healthcare-related professionals to deal 

with, use, evaluate, acquire, manage, and adequately maintain and secure biomedical 

equipment (Del Solar et al., 2017). Clinical Engineering began in the United States of 

America in the 70’s, having as main task the management of hospital’s equipment (Calil 

and Ramírez, 2000). Clinical Engineering is a branch of engineering applied to clinical 

care. The term clinical engineering is used to denote engineering applied in the hospital 

setting (van der Putten, 2010). The role of the Clinical Engineer is more than only 

maintenance, since this professional is responsible to bridge the gap between managers, 

and physicians to optimize costs and equipment utilization. 

Healthcare Technology Management presents itself as a crucial tool to support 

Clinical Engineers keeping up to the revolutionary changes that Healthcare services are 

being delivered (Walker, 2012). Healthcare IT (HIT) systems became a core 

infrastructural technology in Healthcare and have the potential of mitigating patients’ 

risks. However, this also means that a failure in such systems has the potential of leading 

to patient harm (Habli et al., 2018). Medical devices are increasingly necessary for 

diagnosis and disease management, nowadays, medical procedures rely on not only the 

physician medical but also on the performance of medical devices (Kramer et al., 2012). 

In this sense Risk-based prioritization methods are used to identify the critical medical 

devices subject to rigorous maintenance program (Mahfoud et al., 2016). An important 

alternative from purchasing the device is Medical Equipment Loan Services (MELS), 

which exist to improve availability of equipment for both patients and clinical users, 

managing and reducing clinical risk, reducing equipment diversity, improving 

equipment management and reducing the overall cost of equipment provision (Keay et 

al., 2015). Therefore, Clinical Engineers play a strategic role in Healthcare organizations 

since they are able to lower an organization’s errors increasing its reliability. 
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4.4. High Reliability Organizations 

 

High Reliability Organizations (HRO) can be considered systems which perform 

their operations in a nearly error-free basis even belonging to risky environments 

(Roberts, 1990). An HRO is any high-hazard organization that thrives despite the 

persistent threat of failure (Høyland et al., 2018). HRO research studies complex types of 

organizations that, despite operating in environments where the potential for errors is 

always present, seem to maintain high levels of safety performance, for example nuclear 

power plants, air traffic control, nuclear-powered aircraft carriers, among others (Milch 

and Laumann, 2018). These HROs have specific characteristics and practices that enable 

them to achieve sustained reliable safety performance and demonstrate unique and 

consistent characteristics, including operational sensitivity and control, situational 

awareness, hyperacute use of technology and data, and actionable process transformation. 

(Davenport et al., 2018; Milch and Laumann, 2018). In an HRO, safety and quality are 

organizational priorities, and all workforce members are continuously learning and 

improving their work (Aboumatar et al., 2017). HRO literature has identified safety 

concepts and principles for achieving and maintaining safety at an organizational level 

(Høyland et al., 2018). Table 19 shows HRO safety concepts and principles. 

 

Table 19 - HRO safety concepts and principles 

HRO Safety Concepts HRO Safety principles 

Latent errors and Mindfullness 

Sensitivity to operations (SO)  

Reluctance to simplify (RS) 

Preoccupation with failure (PF)  

Commitment to resilience (CR)  

Deference to expertise (DE) 

Organizational Resilience 

Robustness (Rb) 

 Redundancy (Rd)  

Resourcefulness (Rs)  

Rapidity (Rp) 

 

Latent errors as events, activities, or conditions that deviate from expectations 

(Ramanujam and Goodman, 2003; Høyland et al., 2018). Høyland et al. (2018) define 

the mindfulness construct as composed by: i) Sensitivity to operations: management and 

staff comprehend their processes, how they might go wrong and are aware of how the 

systems are performing; ii) Reluctance to simplify: When failure occurs, HROs refuse 
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simple explanations for the failure, instead, they pursue and understand each failed 

system; iii) Preoccupation with failure: HROs maintain a constant pursuit of perfection; 

iv) Deference to expertise: Leaders listen and respond to the insights of the front line, 

regardless of rank or title. Humans and systems always make mistakes and things will 

probably go wrong, therefore, Organizational Resilience in HROs mean that companies 

can quickly identify an adverse event to rapidly contain and mitigate the error. Høyland 

et al. (2018) define the construct upon the following pillars: i) Robustness is, for 

example, a team are designed to keep functioning despite suffering stresses and 

demands; ii) Redundancy is any technical or human extra resources that can be used due 

to demanding tasks/operations; iii) Resourcefulness is an organization’s ability to 

identify problems, establish priorities, and mobilize resources to handle disruptions, and 

achieve goals; iv) Rapidity can be seen in an organization capable of achieving various 

goals in an effective and timely manner. Nevertheless, Milosevic et al. (2015) affirm 

that Previous knowledge is not always enough considering that the dynamism in HROs 

create nonroutine problems, in this sense, leadership becomes essential, mostly because 

of its potential of keeping an operation safe by collective priority (Martinez-Córcoles, 

2018). 

Interorganizational networks are defined as a group of three or more organizations 

connected in ways that facilitate achievement of a common goal (Berthod et al., 2016). 

Berthod et al. (2016) define three types of governance that describe how this network will 

relate: i) Shared Governance, implies an absence of central governance structure among 

participating organizations, ii) Lead-Organization Governance, lead organization implies 

the coordination of the network by one participant and iii) Network Administrative 

Organization based governance implies a separate, neutral administrative body, set up to 

function as a central broker to coordinate the activities of the whole network. Therefore 

Berthod et al. (2016) define High Reliability Networks (HRN) as interorganizational 

networks that must function with dual, uninterrupted attention to both the anticipation and 

the containment of incidents and peaks in activities. 

Concerning Healthcare Organizations, literature mentions The High Reliability 

Health Care Maturity (HRHCM) model, a model for helping healthcare organizations to 

achieve high reliability, which incorporates three major domains: Leadership, Safety 

Culture, and Robust Process Improvement (Sullivan et al., 2016). 
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4.5. Defining Healthcare Supply Chain Risk Management 
 
 

This thesis already shown (Chapter 3) that SCRM applied to Healthcare Supply 

Chains lacks empirical studies. One reason can be the lack of formal definition of what is 

SCRM applied to Healthcare, is it only a straightforward concept merging or does it have 

particularities that require further definition in order to be effectively studied? 

Nevertheless, Healthcare management must include other elements considering they form 

a SC that in a later analysis should care more to life saving than profit itself. Table 20 

shows the main definition elements. 

 
Tabela 20 - Definition Construction 

Definition element Text Reference  

SCRM Stages 

The Process of identify, 

Assess, Mitigate, Monitor 

Supply Chain Risks 

Fan and stevenson (2018), 

Nabelsi (2011) 
 

Objectives 
Aiming to provide the best 

quality of care 

Kokilam et al. (2016); 

Mishra et al. (2018) 
 

Pathway to SCRM 

through SC processes 

integration, with sustainable 

profit avoiding supply 

shortage, HC professionals 

unhapiness 

Borelli et al. (2015); 

AbuKhousa et al. (2014); 

Mustaffa and Potter 

(2009); Breen and 

Crawford (2005); Iannone 

et al. (2014); Balcázar-

Camacho et al. (2016); 

Mishra et al. (2018) 

 

Generating reliability 

Having in consideration that 

local actions may generate 

hazards to all HCSC 

Author  

Human resources 
Valuing HC professionals, as 

well as clinic engineers 
Chen et al. (2018)  

Generating resilience 

In that way generating SCREs 

and High Reliability 

Healthcare Network 

(HRHCN) 

 Author   

 
Therefore, the definition for Healthcare Supply Chain Risk Management is: 

 

“The Process of identify, Assess, Mitigate and Monitor Supply Chain Risks Aiming to provide 

the best quality of care through SC processes integration, with sustainable profit avoiding supply 

shortage, Valuing HC and Clinical Engineering professionals, having in consideration that local 

actions may generate hazards to all HCSC generating SCREs and HRHCN. “ 

 

The proposed definition sought to contemplate the main building blocks 

responsible to mitigate supply chain risks and generate supply chain resilience. In 
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addition, the definition comprises often neglected concepts such as clinical engineering 

and features essential to build a high reliability organization that is part of a high 

reliability network. Supply chains that are often studied (such as automotive and food) 

are businesses where there is a well-defined product, with well-defined outcomes and 

KPIs can be comprised by SCRM definitions that are already fairly discussed in literature. 

Nevertheless, healthcare supply chains have particularities: i) their main objective is to 

save lives providing the best quality of care; ii) it is a SC that still needs to profit in order 

to survive. Considering this idiosyncratic SC and the lack of HC SCRM studies, it is 

essential to supplement the theory with clinical e engineering and HRN concepts. 

Therefore, HC SCRM is constructed by SCRM, SCRes (concepts within SCM 

domain) and supplemented by Clinical Engineering and HRO. Figure 29 graphically 

represents the proposed framework. 
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Figure 29 - Healthcare Supply Chain Risk Management Constructs 
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4.6. Chapter methodology 
 
 

The full research methodology of the chapter is presented in the workflow seen in 

Figure 13. 
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Figure 30 - Research Methodology workflow 
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4.7. Formulate research questions 
 

In this section are presented the Research questions that are answered by this 

chapter. 

 

RQ4 – Which is the definition of Healthcare Supply Chain Risk Management? 

 

RQ5 – What are the more relevant Risks to the Healthcare Supply Chains? 

 

4.8. HCSC risks identified 
 
 

SCRM literature already has a significant amount of studies identifying risks, as is 

the case of Juttner et al. (2003), Norman and Jansson (2004), Barroso et al. (2010) and 

Petit et al. (2013). Merging risk categories of Juttner et al. (2003) and Petit et al. (2013) 

a list of risks was constructed as it is shown by Table 21. 

 
Table 21 - HCSC risk list 

Risk Category Risks Reference 

Envinronmental 

Disasters Vanvactor (2016) 

Environmental risks 
Chiarini et al. (2017), Vatovec et al. (2013), Viani et a. 

(2016) 

Flood Farley et al. (2017) 

Government risks Chandra (2008) 

Hazardrous wastes risks Viani et al. (2016) 

Legal risks, 
Mudyarabikwa and Regmi (2016), Askfors and Fornstedt 

(2018) 

Sustainability risks Gelderman et al. (2017) 

Deliberate threats Corruption Cavalieri et al. (2017) 

External pressures 

Purchasing cost higher than expected,  Lin and Ho (2014) 

Insufficient e-government services Katsaliaki and Mustafee (2010) 

Lack of Health service supply chain design  Helo (2016) 

Lack of macro-ergonomics conditions in 

HCSC 
Azadeh et al. (2016) 

Procurement risks 
Lingg et al. (2016), Meehan et al. (2017), Nollet and 

Beaulieu (2003) 

Technology risks Mandal (2017) 

 Organizational/ 

Resource limits 

Blood wastage Arvan et al. (2015) 

capability Meehan et al. (2017) 

costs 

Campling et al. (2017), Arshoff et al. (2012), Callea et al. 

(2017), Venkateswaran et al. (2013), Ghannouchi et al. 

(2010), Mudyarabikwa et al. (2017), Wilkinson and 
Drummond (2014) 

Culture risks Mandal (2017), Campling et al. (2017),  

Drug recalls management Bevilacqua et al. (2015) 

Excess of packaging material Kumar et al. (2008) 

financial risks Mudyarabikwa et al. (2017) 

No comprehensive e-procurement system,  Lin and Ho (2014) 

Institutional pressures (coercive, mimetic, 

and normative, endogenous pressures) 
Bhakoo and Choi (2013) 

Internal conflicts, Ancarani et al. (2016) 
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IT risks 
Afshan and Sindhuja (2015), Ghannouchi et al. (2010), 

Chong et al. (2015), Borelli et al. (2015) 

lack of efficiency,  Mudyarabikwa et al. (2017) 

lack of executive support;  McKone-Sweet et al. (2005) 

lack of expertise McKone-Sweet et al. (2005), Campling et al. (2017) 

lack of product rotation Hall (2016) 

lacking provision of dressings to nurses Jenkins (2014) 

Long waiting times,  Kumar et al. (2009) 

Misalignment of priorities, Ancarani et al. (2016) 

Prescription errors Awofisayo et al. (2011) 

Time waste (from non-value added 
activities) 

Bendavid et al. (2010) 

turnover Ancarani et al. (2016) 

Sensitivity 

Expired drug management Bevilacqua et al. (2015) 

Huge variety of drugs, Lin and Ho (2014) 

Management of product expiration date,  Kastanioti et al. (2013) 

performance measurement risks McKone-Sweet et al. (2005), Nabelsi (2011) 

Network 

communication risks  Askfors and Fornstedt (2018), Grudinschi et al. (2014) 

Credibility risks 
Kumar et al. (2005), Kokilam et al. (2016), Afshan and 

Sindhuja (2015), Meehan et al. (2017), Guy et al. (2007) 

Data management risks 
Hall (2016), Jannot et al. (2017), Harris et al. (2014), 
Puttergill et al. (2018), Essa et al. (2018), McKone-Sweet et 

al. (2005) 

 No integrated and unified information 
system between hospital and its suppliers,  

Lin and Ho (2014) 

No information-sharing between hospital and 

its suppliers,  
Lin and Ho (2014) 

No collaboration Lin and Ho (2014) 

Information risks 

Parsa et al. (2017), Breen and Crawford (2005), Khangura et 
al. (2014), Mudyarabikwa and Regmi (2016), Ghannouchi et 

al. (2010), Hall (2016), Chong et al. (2015), Jannot et al. 

(2017), Harris et al. (2014), Chandra (2008), Iannone et al. 
(2014), Kumar et al. (2009) 

picking risks Piccinini et al. (2013) 

Relationship risks 
McKone-Sweet et al. (2005), Knight et al. (2017), 

Grudinschi et al. (2014) 

warehouse management risks 
Cagliano et al. (2016), Spisak et al. (2016), Meehan et al. 

(2017) 

Supplier/customer 

disruptions 

Demand risk 
Balcázar-Camacho et al. (2016), Turhan and Vayvay (2012), 
Kokilam et al. (2016) 

Distribution risks 
Kumar et al. (2005), Afshan and Sindhuja (2015), Spisak et 

al. (2016), Arvan et al. (2015), Mustaffa and Porter (2009) 

hospital–supplier integration - mitigators;  Afshan and Sindhuja (2015) 

Quality risks 
Kastanioti et al. (2013), Kumar et al. (2005), Mudyarabikwa 
et al. (2017) 

Supply risks 

Campling et al. (2017), Kritchanchai and Meesamut (2015), 

Turhan and Vayvay (2012), Prada (2016), Chandra (2008), 
Spisak et al. (2016), Puttergill et al. (2018), Kastanioti et al. 

(2013), Iannone et al. (2014), Chandra (2008) 

 

4.9. Qualitative interviews  
 

This section shows the data colected from the qualitative interviews concerning 

HCSC risk identification. Table 22 show the interviewees profile. 

 

Table 22 - Interviewees profile 
Professional Job description/Formation Supply Chain tier 

PROF A 
National Logistics Manager of private Hospital chain (PrHC) - 

Logistics Degree 

Hospitals, warehouses (Supply, 

Procurement) 

PROF A.1 Logistics analist of PrHC - Industrial Engineer Hospitals 

PROF A.2 Logistics analist of PrHC - Industrial Engineer/Pharmacist Hospitals 

PROF B 
Supply Manager of Public Federal Hospital (PuFH) - 

Administrator 
Hospital 
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PROF B.1 Nurse at PuFH - Nurse Hospital 

PROF C.1 1st Lieutanant Pharmacist - Airborne - Pharmacist Hospital 

PROF D.1 1st Lieutanant Pharmacist - Navy - Pharmacist Hospital 

PROF E.1 
Production and Planning Control analist - Industrial Engineer - 

Private OEM (PrMOEM1) 
OEM 

PROF F.1 
Production and Planning Control Analist - Industrial Engineer 

(PrMOEM2) 
OEM 

PROF G.1 Logistics Analist - Nurse/ Industrial Engineer 
Distributor of Pharmaceutical 

products 

PROF H.1 Terapist in Public Clinic (PuCL) - Psychologist Clinic 

 

 

The professionals interviewed compose the following supply chain (Figure 31). 

 

Figure 31 - The Healthcare Supply Chain studied 

 

Table 23 - Risks corroborated in the interviewsShows which risks were validated by 

HCSC professionals 

 

Table 23 - Risks corroborated in the interviews 
Risk Category Risks Professionals 

Environmental 

Disasters  

Environmental risks  

Flood  

Government risks PROF B, PROF B.1, PROF A.2 

Hazardrous wastes risks PROF A, PROF A.1, PROF B, PROF B.1 

Legal risks, PROF B 

Sustainability risks 
PROF A, PROF A.1, PROF B, PROF B.1, 

PROF E.1  

Deliberate threats Corruption PROF B 

External pressures 

Purchasing cost higher than expected,  PROF B, PROF B.1 

Insufficient e-government services PROF B 

Lack of Health service supply chain 

design  
PROF B 

Lack of macro-ergonomics conditions 

in HCSC 
 

OEM 1

OEM 2

Distributor

Private 
network 

Warehouse Private 
Hospital 
network

Public
Hospital

Public
Clinics

Clinical
Engineering
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Procurement risks PROF B, PROF B.1, PROF C.1  

Technology risks PROF A.1, PROF B 

Organizational/Resource 

limits 

Blood wastage  

capability  

costs PROF A.1, PROF B, PROF E.1  

Culture risks PROF B 

Drug recalls management  

Excess of packaging material PROF A, PROF B 

financial risks PROF E.1, PROF A.2  

No comprehensive e-procurement 

system,  
 

Institutional pressures (coercive, 

mimetic, and normative, endogenous 

pressures) 

PROF B 

Internal conflicts, PROF B 

IT risks PROF A.1, PROF B, PROF E.1, PROF F.1 

lack of efficiency,  PROF A, PROF A.1, PROF B 

lack of executive support;   

lack of expertise  

lack of product rotation PROF A, PROF A.1, PROF B  

lacking provision of dressings to 

nurses 
 

Long waiting times,   

Misalignment of priorities,  

Prescription errors PROF A, PROF A.1, PROF B 

Time waste (from non value-added 

activities) 
 

turnover  

Sensitivity 

Expired drug management PROF A, PROF A.1, PROF B 

Huge variety of drugs,  

Management of product expiration 

date,  
PROF A, PROF A.1, PROF B 

performance measurement risks PROF A, PROF A.1, PROF B 

Network 

communication risks  PROF A, PROF A.1, PROF B 

Credibility risks PROF B, PROF B.1 

Data management risks PROF A.1, PROF B 

 No integrated and unified 

information system between hospital 

and its suppliers,  

PROF A.1, PROF B 

No information-sharing between 

hospital and its suppliers,  
PROF A.1, PROF B, PROF E.1 -  

No collaboration PROF A.1, PROF B, PROF E.1, PROF F.1 

Information risks  

picking risks PROF A.1 

Relationship risks PROF B, PROF F.1, PROF E.1 

warehouse management risks  

Supplier/customer 

disruptions 

Demand risk PROF A, PROF A.1, PROF E.1 

Distribution risks 

PROF A, PROF A.1, PROF B, PROF B.1, 

PROF D.1, PROF E.1, PROF A.2, PROF F.1, 

PROF G.1 

hospital–supplier integration - 

mitigators;  

Quality risks 
PROF B, PROF B.1, PROF D.1, PROF E.1, 

PROF A.2, PROF F.1, PROF G.1 

Supply risks 
PROF A, PROF A.1, PROF B, PROF C.1, 

PROF D.1, PROF E.1, PROF F.1, PROF B.1 

 

In a list of 54 risks there are 35 risks corroborated by the professionals (about 

64.8%). Although this study is not quantitative, it is notable that the most part of risks 
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identified in the literature are also mentioned by HCSC professionals. 

Some of the professionals also showed detailed visions of the risks. Sustainability 

risks were detailed by the interviewees as cardboard boxes, chemicals, overdue products 

and medicine, prostheses and and Orthoses. In terms of Procurement risks, PROF C.1 

affirms that even if the company have a bad reputation (bad delivery, quality issues, etc.) 

public procurement cannot prohibit the company to take part in the procurement process 

and if the company has the lowest price, answers to all specifications and presents all 

documents  the company will win the bidding. In terms of financial risks, only PROF 

E.1 and  PROF A.2 highlighted this as an issue, mentioning for example changes in 

currency rates (imported raw materials for example). Concerning lack of efficiency, 

PROF A, PROF A.1 and PROF B.1  highlight how manual are the processes. Both 

private and public Healthcare professionals highlighted the lack of process automation. 

In terms of lack of product rotation, there are problems concerning inventory checking. 

For example imagine that a bin have a 1,000 medicine ampoules with different due dates. 

The employee checking the ampoules must store them using a FIFO (First-in First-out) 

logic. The risk “No information-sharing between  hospital and its suppliers” was also 

mentioned by the OEM (talking about the OEM’s suppliers). Thus, the hospitals and 

clinics complain about the  lack of communication between them and the suppliers and 

the OEM also highlight the urge for better communication with their suppliers. In terms 

of Demand risks, PROF E.1 highlight the existance of meetings to determinate whether 

there are risks of real demand overcomes the forecast and avoid backorders. Concerning 

distribution risks,  PROF B.1 highlights that a major risk consists in delays in deliveries. 

PROF D.1 affirms that other issues that affect a SC are the excessive ammount of 

documents (bureaucracy, slow processes, etc.) and lack of management, inventory 

planning.  

4.10. Discussion  
 

This chapter presented a systematic mapping of HCSC risks. The risks were 

consolidated in table 22 and then validated by HCSC professionals via qualitative 

interviews. The table is a product of a systematic literature review where the risks were 

identified. There was a detailed work of analyzing the risks to conclude which categories 

they should be in and which risks although presented differently could mean the same 
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risk. This risk table can also be detailed as much to answer to specific needs of further 

studies. Concerning the 5 constructs presented in figure 29 there are 5 pilars. Supply 

Chain Management is a well-consolidated concept that was taylored by professionals 

and scholars in the last three decades and is the basis for all SC analysis. SCRM and 

SCRes are two concepts that have been studied and defined in the last 15 years, 

therefore, there is still some divergence in the literature, although many convergences. 

First, is important to highlight that SCRM involves an understanding that a SC is a set 

of processes and local risks may generate risks for the entire SC, therefore, risk 

identification, risk assessment, mitigation and monitoring are the essencial stages to 

compode SCRM. SCRes is the capability that a SC has to endure crisis and arise at the 

same level of performance or even better, so is a set of capabilities that should be forged 

in any SC. Clinical Engineering plays a major role in HCSC. Clinical engineers have a 

great potential to give consultancy and generate savings in the SC. CE is a SC tier that 

is responsible for approving a 100,000 USD equipment ou diagnose that the same 

equipment can be repaired for half the cost, therefore is a company that is also 

responsible to bridge the gap between management and giving patients better quality of 

care. HRO and HRN provide principles that converge to the generation of SCRes and 

the generation of Resilience in HCSC. 

Deepening the discussion concerning HCSC risk identification, PROF A 

highights that there is no formal risk identification method, the manager affirms though, 

that there is an assessment of the resupply policy in order to avoid rupture. The inventory 

control planning is not integrated, there are several different local spreadsheets and 

inventory conference depends on the analist hability. Supply delays are registered in a 

list which generates an alert. Then, there will be an investigation to discover which order 

did not arrive. This information will also go to a technical sector which will assess 

wheter there is or not the possibility of substituting the product. In case the disruption is 

confirmed (i.e. the order is already delayed) the planning sector contacts the supplier 

and asks if he will deliver. The supplier then, may deliver (with delay) or not deliver at 

all (he may be experiencing severe ruptures as well such as fires, strikes, etc.). In case 

there is already a substitute homologated, the product is replaced. The document 

containing these informations shows what is delayed and a critical list shows which 

orders are in imminent rupture. The manager reinforces the criticity of a reliable Clinical 



88 

 

 

 

Engineering department. There is a a corporate procurement department the buy 

stockable products for CE, and the CE department is responsible for buying the more 

technical equipments such as tomographs. CE is also responsible for managing the 

equipments being responsible for depreciation and equipments exchange. These items 

are considered non-stockables. The PrHN do not have a facilities department, and so 

each hospital execute maintenance via its building maintenance department. 

Other PrHN have to deal with risks related to Health insurance as is the case of 

the D’Or network of hospitals. the network litigated with one of the main Health 

insurance companies in Rio de Janeiro (AMIL). AMIL argues that D’Or network is 

overcharging the procedures, therefore, they could not reach an agreement (Portal G1 – 

27/04/2019). 

PROF A.1 highlights that other major risk is the lack of inventory accuracy. PROF 

A.1 is an analyst that already worked in retailer warehouse and affirms that the inventory 

accuracy in PrHN is considerably lower than the average retailer inventory accuracy. To 

preserve the companies the number cannot be disclosed. The analyst discusses that HC 

is a very normative sector, needing a thorough medicine due date control. In most of 

retailers, inventory is conducted at about three times a year while in HC the inventory is 

continuously checked. Inventory checking is also very challenging because after the 

confference, the analists often do not restore the medicine in a FIFO (First – in – First – 

Out) due date logic. The company do not have an appropriated inventory system, it 

cannot eletronically check a bar code. Instead, the system prints a list and the employee 

does a mannual check and then compiles (mannually) into the system. In an emergency, 

lack of inventory accuracy may result in not having an important medicine in stock. 

PROF A.1 also mentions culture problems. In general, is very challenging to convince 

HC professionals that they also play a major role in logistics. There are issues concerning 

doctors that only use one determined kind of medicine (even if there are equivalent 

substitutes). Keeping a minimal stock is also very challenging because of the huge 

variety of medicines. 

PROF B highlights that in a PuHN the lack of standard demand flows at 

municipality level. Each Hospital have a demand in a different time span. At the federal 

level hospitals have systems and is easier to consolidate demands, in opposition of 

municipality level where which hospital has their spreadsheets. Private pharmaceutical 
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companies also have dificulties with the government that often delays payments, 

generating considerable struggle for companies to fullfill de public hospitals orders. 

There are also private pharmaceutical companies with still a strong family culture, 

lacking business-orientation and often loosing deadlines and accumulating backorders. 

There are many quality issues, for example suture wires that depending on the quality 

may result in patients death. In PuHN quality is mostly means complying with the laws. 

Wire sutures can be considered an A product (Considering a price ABC classification) 

and is a very complex purchase. Diapers (mostly in B or C category) are considerably 

cheaper, having a great volume, nevertheless, if the quality is too poor it may result in 

using more product, resulting in a hard to balance trade-off. 

Suppliers use to deliver a lot of of non-conforming products. Considering the law 8,666, 

there is a clause that gives the possibility of provisionally receiving the order, which 

give managers some time to execute quality control. Concerning technology change, 

there may be a cost-benefit analysis. There is a CE company contracted to cary on this 

analysis. The companies do materials and equipments mapping and inspect companies 

that do equipment maintenance. The recent cargo theft (mostly in Rio the Janeiro) are 

responsible for an increase in suppliers prices. The reverse logistic process of prostheses 

and ortheses are also very costly as they must be incinerated. A mitigation strategy for 

this problem consists in reselling silver components that most hospital equipments have, 

therefore, managers can negotiate a discount in future purchases if the suppliers can 

receive these silver components 

PROF B.1 also highlights the problems of quality that often prejudice patients 

recovery. For example, poor quality bandages can lead to non-healing of an injury, 

increasing patient discomfort, increasing infection risks, aggravating their clinical 

condition. This situation aldo leads to a cost increase for the hospital as the patient 

eventually will have a longer stay, generating a bed deficit. Another major problem is 

when a poor quality sterile procedure glove is purchased. The gloves can rip during a 

procedure generating risks to both HC professional and the patient. 

PROF H.1 is a terapist professional with experience in treating schizophrenia, 

bipolarity, among other severe mind ilnesses. The professional cites how important 

would be for the patients and the treatment team to choose toghether which vegetables 

and fruits they want in what the professional call assemblies. The assemblies join all 
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patient treatment stakeholders (family, friends, neighbors, etc.) and they discuss actions. 

Thinking in the own food gradually makes the patient used to make decisions, assigning 

responsibilities and play a major role in the treatment. The heavy drugs that psychic 

patients have to consume most of the times generate other health problems such as 

obesity, cholesterol, diabetis, which reinforces the need of a healthy food supply, whch 

often does not occur. 

Hotel sector also should not be “too standard”. White sheets and white beds 

compose a context that is similar to asylums, therefore, the service do the opposite, 

having colored furniture, sheets and other furniture that relieves this stigma. In this 

sense, a simple solution would be to integrate this network of clinics in a system and 

consolidate the needs, in this way it would be possible to keep the individuals choices 

and still have scale gains, since the needs from clinic to clinic would not be so different. 

PROF E.1 (PrPI) highlights that raw materials delivery may cause severe impact in 

Planning and Production Scheduling and hence, in product availability. Therefore, for 

the OEM, tha major risks are fail to delivery the orders and production capacity 

constraints that may generate backorders. The most critical suppliers are raw materials 

and packing. Raw material suppliers are even more critic because may impact the 

hospital patients. The suppliers and the OEM do not have a good integration, mostly 

because they are from other Brazilian states or even other countries and cannot evaluate 

how a wrongly emmited invoice may impact or delay a delivery. In the analysis of PROF 

E.1 is a relationship that still have to be developed and improved. 

PROF F.1 highlights the lack of documented procedures, for example, when a 

procurement professional leaves the company he usually carries away all the technical 

knowledge about that specific purchase. The professional also highlights that they work 

in almost a Make-to-Order logic and do not have an increased safety stock. 

PROF G.1 points out the vision of the distributor and highlights supplier quality 

problems, which generate fail to fullfill orders they receive and cause impact in 

competitive pricing. These risks could be mitigated if there were more involvement of 

the supplier in understanding their needs. 

In this sense, professionals present a empirical understanding of the risks, 

although they do not map these risks systemtically, nevertheless, after identifying risks 

is crucial to measure them via KPIs. 
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5. Risk Assessment  
 
 

5.1. Chapter abstract 
 

The objective of this chapter is to identify KPIs in literature that can be used to improve 

risk assessment in Healthcare Supply chains. We conducted a Systematic Literature 

Review to find the papers and categorize the most relevant to the study. As the main 

findings, it is highlighted an extensive list of 66 KPI identified from a shortlist of 81 

papers and specialists’ interviews. The secondary goal is to broaden the discussion 

concerning SCRM, Supply Chain Resilience and contribute to the literature offering risk 

measurement options, which is the first step for risk mitigation. A few Healthcare KPI 

studies can be found, nevertheless, the conducted search did not find any study aiming to 

map risk and resilience KPI in Healthcare Supply Chain context. 

 

Keywords: KPI, Healthcare supply chain risk management, Healthcare KPI, Supply 

chain. 

5.2. Introduction 
 
 

The academic literature provides many examples of risks that led to disasters, on 

the other hand, little information is available concerning Healthcare Supply Chain 

Management (VanVactor, 2011). Supply Chains (SC) are often vulnerable to multiple 

high-magnitude risks (Kouvelis et al., 2011). Furthermore, supply chains are increasingly 

exposed to operational and disruption risks that threaten their business continuity. When 

these risks are in a HCSC context, it often means that a medicine or a bandage is missing, 

the wrong treatment is applied or even the team was unable to save the patient’s life 

(Khalili et al., 2016). Therefore, it is crucial to identify, measure and mitigate not only 

Healthcare organizations risks, but risks concerning their SC as well. In this sense, 

Performance Management becomes a crucial feature for risk mitigation.  Performance 

Management systems are usually introduced to monitor goal achievement (Franceschini 

et al., 2014) and is considered a challenge frequently confronted by public service 

managers (Arnaboldi et al., 2015). In addition, there are dreadful outcomes associated 

with poor use of Performance Management systems in public services, including negative 

effects on staff morale. The implementations of indicators can even generate behavior 
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change (Franceschini et al., 2014). The lack of quick answers and solutions to improve 

Performance Management makes this task complex and critical for public service 

managers (Arnaboldi et al., 2015). Mostly of the poor Performance Management in 

Healthcare organizations is aggravated due to the lack of good KPI, since managers 

become unaware of which tasks should be prioritized. In areas such as finance, insurance, 

crisis management and Healthcare, the importance of considering risk is largely 

acknowledged, creating an environment where heterogeneous concepts and approaches 

for risk management are developed (Heckmann et al., 2015). Healthcare disasters strikes 

Healthcare organizations of all types, designs, making resiliency actions crucial for crisis 

mitigation (VanVactor, 2011). 

Several studies have focused on Supply Chain Risk Management KPI, including 

Heckmann et al., 2015; Wu et al., 2010 which present indicators such as standard 

deviation, VaR (Value – at  - Risk) and CVaR (Conditional Value – at – Risk). Literature 

also provides KPI related to Healthcare, being most of them clinic KPI (Cavalcante et al., 

2016) or more general and operational KPI (Habidin, 2015; Kanamori et al., 2016). 

However, this research detected that studies that aim to identify KPI measuring risks in 

Healthcare supply chains are lacking. To start filling this literature gap, this chapter brings 

a KPI mapping based on a literature survey, answering questions already raised in 

(VanVactor, 2011) such as “What metrics should be employed to evaluate success or 

failure in Healthcare logistics management? “ 

 

5.3. Chapter methodology 
 

In this chapter was detected the need of another literature survey, in this sense, a 

systematic literature review was conducted using PRISMA as shown by Figure 32. 
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Figure 32 - Systematic literature review of KPI 

 

5.4. Formulate research question 
 

In the first step, is verified that the research scope is in adherence to the objectives 

and the study questions are precisely formulated to avoid ambiguity (Kilubi, 2016a).  

 

RQ6 – Which metrics and indicators can be used to measure Healthcare Supply Chain 

Risks? 

 

Because of the two research questions, the general objective of this paper is to 

identify HC SCRM/SCRes KPI providing metrics for academics and researchers to 
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develop new studies and support HC Chain improvement initiatives.  

 

5.5. Select database 
 

The database chosen for searching the research terms were Scopus and Web of 

Science. Scopus is the largest database of peer-reviewed literature and Web of Science 

can recover documents from 1945 to the present days. References (Kilubi and Haasis, 

2015) and (Kamalahmadi and Parast, 2016) used ABS (associationofbusinessschools.org) 

ranking and limited their review to journals with 3 or 4 grade. Kilubi (Kilubi, 2016a) used 

peer-reviewed journals with a VHB ranking (vhb.online.org/startseite) of A+, A, B or C 

as selection criteria. In this paper these restrictions were not imposed to ensure that every 

relevant study were captured, which is consonant with the vision of (Ho et al., 2015).  

 
 

5.6. Define search terms 
 

The search strings were based in consolidated Supply Chain Risk Management and 

Supply Chain Resilience terminologies as shown in Table 24. 

 

Table 24 - Search strings  
Ocurrences 

Strings SCOPUS Web of Science 

"SUPPLY CHAIN" AND "RISK" AND "INDICATOR" 261 68 

"LEAN HEALTHCARE" AND "INDICATOR" 5 1 

"SUPPLY CHAIN RISK MANAGEMENT" AND 

"INDICATOR" 
18 2 

"SUPPLY CHAIN RESILIENCE" AND "INDICATOR" 13 4 

"SUPPLY CHAIN RISK MANAGEMENT" AND 

"HEALTHCARE" 
0 0 

"SUPPLY CHAIN RESILIENCE" AND "HEALTHCARE" 1 1 

"HEALTHCARE" AND "LEAN INDICATOR" 0 0 

"SUPPLY CHAIN RISK MANAGEMENT" AND "KPI" 0 1 

Total 298 77 

Source: Authors 

 

5.7. Select papers 
 

The search took place in January 2019 and resulted in a total of 375 publications. 

Then, after duplicate removal there were 298 documents. An initial screening of 

publications that consisted in checking titles and abstracts was performed, aiming to 
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discard those that did not fit within the scope of this research, resulting in 109 articles 

ranging from the years 2002 to 2018. The last step was full-text reading which generated 

a final list with 81 papers that were analyzed to compose the KPI list. Steps 5 and 6 are 

shown in section  

5.8. KPI mapping 
 

The adopted performance measures in Healthcare organizations look to draw a 

picture of quality, equity, and efficiency of the medical care at different levels: caregiver, 

hospital, local health authority, region (Antonelli and Bruno, 2015). Additionally, health 

institutions have adopted methods of evaluating their services based on indicators (Silva 

et al., 2009). 

Literature shows a good number of papers comprising clinic indicators including 

Cavalcante et al., 2016 and Minami et al., 2016. However, there are not many papers 

where Healthcare indicators are related to SCRM as a whole (Gu and Itoh, 2016; Zepeda, 

et al., 2016; Eiro and Torres-Junior, 2015). 

In Healthcare organizations, high-risk exposure can lead to life losses, thus, it is 

essential to identify, assess and mitigate risks. Measuring Resilience is a questionable 

task, so there is still scope to identify and develop sustained metrics (Cardoso et al., 2015).  

Sometimes the indicators were identified without a direct citation in the paper. The papers 

often mentioned important factors to be measured leading to the decision of registering a 

correspondent KPI. Indicators that measure performance to assess quality of care are often 

chosen arbitrarily (Jones et al., 2014).  

 

In this sense, a first list of KPIs was generated from the Systematic Literature 

Review. This initial list had 44 KPIs. The second phase consisted in analyzing the Supply 

Chain Operations Reference Model (SCOR 12.0) which is a reference model for Supply 

Chains. Thus, were selected 6 more KPIs generating a complete list of KPIs to be 

validated by HCSC professionals. The pre-test Consisted in 2 sub phases, i) 4 HC 

professionals analyzed the indicators text and suggested exclusion and inclusion of KPIs, 

ii) a sample of 20 HC professionals analyzed the KPI importance and made suggestions 

concerning text, inclusion and exclusion. Therefore, a final list of 66 KPI was generated 

to be statistically validated by HCSC professional, which was not in the scope of this 

thesis. Figure 33 shows the validation methodology. 
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Figure 33 – KPI list validation methodology 

 

Decision support systems in the form of dashboards, present crucial graphical 

information, to assist senior management to make the right decisions to achieve strategic 

goals within this complex environment. (Erdem et al., 2016). Information visualization 

can accelerate perception, provide insight and control of valuable data to gain a 

competitive advantage in making business decisions (Jasser et al., 2014). Table 25 and 

Table 26 show the final questionnaire to be distributed and quantitatively assessed. 

 
 
 

Table 25 - Questionnaire I – General Questions 

 
1) What is your age? 

2) Gender: (  ) Male  Female (  ) 

3) Are you employed? (  ) Yes  (  ) No 

4) Where do you work? 

5) In which sector do you work? (  ) Public  (  ) Private  (  ) Both 

6) What is your job description? 

7) How much is your monthly family income? (including all family members) 

(  ) up to 500 USD (  ) 500 to 1000 USD (  ) 1,000 to 2,500 USD (  ) 2,500 to 5,000 USD (  ) More than 5,000 USD 

8) Education:  

(  ) Elementary School (  ) High School (  ) College degree (Incomplete) (  )College degree (Complete)  

(  ) MBA (Incomplete) (  ) MBA complete (  )Master of Science (incomplete) (  ) Master of Science (Complete)  

(  ) PhD (incomplete) (  ) PhD  (Complete) 

9) In which Brazilian region do you live? 

(  )South (  )Southeast (  )Northeast (  )Center-West (  ) North 

Source: Authors 

The questionnaire made from Table 26 includes only one affirmative (The 

SLR to identify KPI

Additional KPI 
identified via SCOR

Literature based
questionnaires (for 

validation
interview)

1

2

3

Input Process Output

Pre-test
(Conceptual 
validation)

Test 
(Metrics validation)

Final list of KPI

4 5 7
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following indicator is important). This affirmative should be evaluated in each KPI and 

the respondent must choose from a likert scale from 1 (Totally disagree) to 5 (Totally 

agree). 

Table 26 - Questionnaire II) Final List of KPI 

Category KPI Reference 

Reliability 

Contract approval and issue 

time - personel 
Rajesh (2016), Experts 

Contract approval and issue 

time - materials 
Rajesh (2016), Experts 

Documentation accuracy SCOR 12.0 

Environmental impact Francischini et al. 2014; Kolotzek et al. (2018) 

Forecast accuracy Rajesh (2016)  

Order Fullfillment SCOR 12.0 

hospital/clinics cancellation 

rates  
Briault 2013 

Inventory accuracy rate Rajesh (2016)  

Order compliance Rajesh (2016)  

Quality: Complaints from 

employees 
Gu and Itoh (2016), Reijula et al. (2014) 

Quality: complaints from 

patients 
Experts 

Quality: Employees error 

rate 

Li et al. (2015), Gu and Itoh (2016), Reijula et al. (2014) 

Rajesh (2016)  

Quality: Improvement 

initiatives and innovation 

Minami et al. (2016), Gu and Itoh (2016), Habidin et al. 

(2015), Özkan and Onur (2014), McIntosh et al. (2014), 

Aoun and Hasnan (2013), Kekkonen et al. (2018), Mital et al. 

(2018) 

Quality: Patient satisfaction 

Gu and Itoh (2016), Arnaboldi et al. (2015), Habidin et al. 

(2015), Kanamori et al. (2016), Speziale (2015), Eiro and 

Torres-Junior (2015), Kahraman, (2015), Chae et al. (2003), 

Reijula et al. (2014), Sedevich-Fons (2014), McIntosh et al. 

(2014), Aoun and Hasnan, (2013), Northcott and Harvey 

(2012), Robinson et al. (2012), Vidmar et al. (2012), 

Boulkedid et al. (2011) 

Responsiveness 

Average length of stay 

(Acute care) 
Smith et al. (2014), Yan et al. (2014) 

Cycle time (Medical 

appointment average time) 
Li et al. (2016), Reijula et al. (2014) 

Delivery Lead Time 
Li et al. (2015), Li et al. (2016), Habidin et al. (2015), 

Kahraman (2015) 

Number of disruptions 

managed through flexibility 
Rajesh (2016)  

Stock level Francischini et al. 2014 

Supply Availability Mital et al. (2018) 

Agility 

Downside Supply Chain 

Adaptability 
SCOR 12.0 

On time delivery Habidin et al. (2015) 

Put-away time ratio SCOR 

Storage space utilization Rajesh (2016)  

Upside Supply Chain 

Adaptability 
SCOR 12.0 

VaR (Value - at - Risk) Heckmann et al. (2015), Li et al. (2016) 

Cost 

Amount of Debt Francischini et al. 2014 

Cancellation of purchasing/ 

procurement  
Erdem et al. (2016) 

Costs of raw materials Francischini et al. 2014 

Credit Risk Gu et al. (2017), He et al. (2016) 



98 

 

 

 

General costs 

Li et al. (2015), VanVactor (2011), Khalili et al. (2016), Gu 

and Itoh (2016), Reijula et al. (2014), Sedevich-Fons (2014), 

Díaz et al. (2012) 

Human Resources Costs Experts 

Inventory Costs VanVactor (2011), Zepeda et al. (2016), Díaz et al. (2012) 

Maintenance repair costs 

per m² 
SCOR 12.0 

Mitigation costs SCOR 12.0 

Purchasing request 

(amounts and cost) - cost to 

source 

Erdem et al. 2016) 

Transport costs Li et al. (2015) 

Asset 

Management 

Equipment utilization Gu and Itoh (2016) 

Financial Performance 

Li et al. (2015), Li et al. (2016), Habidin et al. (2015), 

Kanamori et al. (2016), Speziale (2015), Eiro and Torres-

Junior (2015), Kahraman (2015), Reijula et al. (2014), 

Sedevich-Fons (2014), McIntosh et al. (2014) 

Investments Francischini et al. (2014) 

Maintenance efficiency Shohet (2006) 

Revenues Francischini et al. 2014 and SCOR 12.0 

Hospital/Clinic 

Management 

Average experience in 

current department 
(Gu and Itoh, 2016) 

Bed ocupancy (Gu and Itoh, 2016) 

Continuous Education 

Crema and Verbano (2015), Cavalcante et al. (2016), Minami 

et al. (2016), Efe and Efe (2016), Hammadi et al. (2015), 

Kahraman (2015) 

Dealer accessibility Rajesh (2016)  

Frequency of night 

duty/shift 
Gu and Itoh (2016) 

Inpatient Admission Gu and Itoh (2016) 

Monthly number of 

inpatients 
Gu and Itoh (2016) 

Monthly number of 

outpatients 
Gu and Itoh (2016) 

New inpatients for day Gu and Itoh (2016) 

Number of operations 

procedures 
Gu and Itoh (2016) 

More visited diagnosis 

centers (visited by the 

patients) 

Experts 

Number of outpatients per 

physician 
Gu and Itoh (2016) 

Number of staff per bed Gu and Itoh (2016) 

Outpatient waiting time Gu and Itoh (2016), Gunal and Pidd (2011)  

Overbooking Meekings and Briault (2013) 

Overtime Gu and Itoh (2016) 

Paid leave Gu and Itoh (2016) 

patient non-attendance Meekings and Briault (2013) 

Patient no show rate Experts 

Satisfaction of human 

resources 
Francischini et al. 2014 

Staff turnover Gu and Itoh (2016), Hammadi et al. (2015) 

Unscheduled returns Gu and Itoh, 2016 

Wait time in ER/clinic 

Gu and Itoh (2016), Reijula et al. (2014), Robinson et al. 

(2012), Díaz et al. (2012), Smith et al. (2014), Yan et al. 

(2014), Al-Katheeri et al. (2018), Meekings and Briault 

(2013) 

Working hours Gu and Itoh (2016) 

 

Table 26 brings a first validated draft concerning SC risk/resilience KPI, 
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nevertheless, there is still much discussion to be done concerning this result. A relevant 

question would be, which of these KPIs are relevant to which company/tier? This question 

needs a robust quantitative study in order to be answered. The objective of this mapping 

is to find KPI relevant to HCSCRM, nevertheless, how far can one consider clinical KPI 

as strictly clinical and affirm they have no impact in SC whatsoever? This question must 

be addressed through many thorough case studies which will then be able to highlight 

details that a general review cannot. Some KPI even are written in a way that consists in 

a jargon of a specific sector, nonetheless, this study validated with experts and tried to 

minimize these problems writing a text that is as understandable as possible. 

There are still many challenges remaining considering these KPIs implementation. 

HC organizations should analyze whether they have or not professionals trained to 

measure and compilate these indicators. Another important challenge is systems 

integration, where do the information will come from? HC organizations will have to hire 

more management-related professionals with solid data management formation and 

sensitize HC professionals of the KPIs importance (even if indirect) in saving patients’ 

lives. 

 

5.9. Qualitative interviews – KPI related analysis 
 

PROF A affirms that the stock levels are analyzed in the light of their previously 

defined inventory policies and they use 3 or 4 different statistical methods to conduct the 

analysis (the methods were not detailed in the interview). A 24-month sample defines the 

product stock turnover, minimum and maximum quantities. The main objective is to 

never have supply disruptions which may result in loosing patient’s lives. 

PROF A.1 affirms that in the storerooms the inventory control is fairly good, the 

major risk is in keep tracking of nursing units’ inventory. If the nursing needs a medicine 

with urgency, the storeroom often dispenses the medicine and do not keep track in any 

system to guarantee the quick dispensation. Nevertheless, it generates inventory accuracy 

issues if the stockman forgets to keep track later. Another important process is to map the 

homologated medicines and products in order to register the consumption and calculate 

minimum and maximum quantities. 

The labeling process has the objective of providing traceability. The PrHN have 

one Warehouse in which the labeling process is already fully automated. This labeling 
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process is particularly important because it gives visibility of product information, for 

example when the product must be dispatched. They highlight the product receipt service 

level, dispensation time, stock turnover of storeroom and nursing units’ stock, Cleaning 

and organization and OTIF. Supply assessment is responsible to define which is the 

optimum products mix for the hospital. The lack of an integrated system generates KPIs 

that are locally visualized via spreadsheets only. They have the knowledge that a high 

inventory level means a low level of working capital that could be invested in more beds 

or more hospitals. The pharmacists and nurses are consulted to validate the supply 

planning.  

PROF B highlights Compliance as a very important KPI (He defines as the 

fulfillment of laws and conducts) to help mitigating supplier-related risks. In the PuHN 

there is no standard purchasing process, depending on the ability of the current manager. 

Usually as the manager leaves old practices such as political biases and corruption come 

back. 

PROF E.1 highlights that their suppliers are constantly evaluated by the 

departments of quality and procurement. If they have to incorporate a new production 

line, they open a “Change Control” to assess whether or not the changes are being 

positive. This assessment has the objective helping to mitigate supply chain risks. 
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6. Risk Mitigation  
 

6.1. Chapter abstract 
 

The purpose of this chapter is to propose a framework for analyzing the relationships 

between the antecedent factors, mediators and consequences of healthcare supply chain 

resilience (HCSCRes), which can be applied for empirical studies in healthcare 

organizations. Based on the importance of identifying the determinants of HCSCRes, a 

qualitative and exploratory research was developed through an extensive review of the 

literature. The proposed framework of this research was developed to analyze healthcare 

organizations, including healthcare supply chain. In order to use the proposed framework 

in other industries (commerce, services), it will be necessary to make adaptations and 

adjustments on the observable variables and constructs. The paper has an important 

theoretical value in proposing scales for the HCSCRes factors and can be useful for future 

quantitative approach and surveys. Consequently, the researcher will be able to evaluate 

the scales of the factors and the intensity of the relations between observable variables in 

the formation of the constructs, as well as the intensity of influence among the constructs 

 

Keywords: Supply Chain Resilience, Supply Chain Risk Management, Healthcare 

organizations  

6.2. Chapter introduction 
 
 
 

Profit – oriented organizations tend to increase operational efficiency, eliminating 

waste and mitigating risks to improve their position in market. Healthcare organizations 

find themselves in a tough spot, mostly because they must focus in cost reduction and 

increasing revenues to provide continuously improved healthcare services. Depending on 

the country, Healthcare organizations can either be public or private. Although public 

Healthcare organizations generally do not have to worry about bankruptcy, they still have 

the compromise to serve the taxpayer with the utmost service level. One way to succeed 

is to acquire the conscience that healthcare organizations are part of a complex supply 

chain, therefore, being susceptible to risks (Neiger et al., 2009). In this sense, healthcare 
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supply chain risk management (HCSCRM) is an important building block of Healthcare 

Supply Chain Resilience (HCSCRes), which contributes to Healthcare Supply Chain 

Performance (HCSCP).  Increase of global scale catastrophes made researchers give 

increasingly more attention to SCRM (Coleman, 2006). 

The first stage concerning Supply Chain Risk Management analysis is to visualize 

a Supply Chain as a set of cross – functional processes. Additionally, Risk analysis should 

considerate the whole Supply Chain to provide good results (Juttner et al., 2003; Juttner, 

2005; Thun and Hoenig, 2011). Besides the usual supply chain risks (See for example 

petit et al., 2013) healthcare supply chains (HCSC) have additional risks such as long 

waiting times for a medical appointment, shortage of medical supplies and medicine, lack 

of beds, among others. Therefore, HCSC risks can often mean that patients with treatable 

diseases may perish due to a lack of operational efficiency. 

To identify some relevant factors that make up HCSCRes, this paper aims to 

propose a framework to analyze the relationships between the antecedent factors, the 

mediators and the consequences of HCSCRes, which can be applied in empirical studies 

in the healthcare sector. Consequently, a literature review was carried out from the studies 

indexed in the Scopus® and ISI Web of Science databases, and other articles relevant to 

the development of the proposed framework. 

 

6.3. Method 
 
 

From the importance of identifying the determinants of SCRM, and the research 

objective of proposing an analysis framework (Rocco and Plakhotnik, 2009), a qualitative 

and exploratory research was developed (Duriau et al., 2007). The research was carried 

on through a literature review, based on Torraco (2005), which argue that a systematic 

review of the literature can be performed to identify relevant topics of a given area and to 

propose new analytical structures topic. It is worth noting that methodological rigor is 

fundamental in a literature review, especially with the detailed description of the data 

collection, in the justification for the standard of analytical categories, and in the quality 

criteria such as replicability, reliability and validity (Seuring and Gold, 2012). In this 

chapter the objective is to answer the following research question: 
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RQ7 – Which techniques can be used to mitigate SC Risks in Healthcare? 

 

 In this sense, a content analysis technique was used to analyze the data, with a 

priori categories (Bardin, 2004), related to the antecedents’ factors, the mediators and the 

consequences of HCSCRes, which determined the sub-categories of analysis:  

a) Antecedents of HCSCRes: supply chain risk identification (RID); supply chain risk 

assessment (RAS); supply chain risk mitigation (RMI); supply chain integration (SCI).  

b) Mediator of HCSCRes: Healthcare Supply Chain Risk Management (HCSCRM) and 

Healthcare Supply Chain 4.0 (HCSC40) 

c) Consequences of HCSCRes: healthcare supply chain performance (SCP).  

The literature review was based on the identification of relevant research works 

that were published between 2000 and 2018 in the Scopus® and ISI Web of Science 

databases. Scopus represents the largest database of articles and abstracts available on the 

scientific web while ISI Web of Science can recover papers from a greater year range. 

This study also used other sources of information for the construction of the theoretical 

reference, coming from other academic articles, which contributed significantly to the 

identification of HCSCRes-related factors. The first research string (STR1) was “supply 

chain risk management” (and variations of this string such as SCRM) in the period from 

2000 to 2018, which returned 511 documents in Web of Science and 433 in scopus. Were 

only considered published papers, books, doctoral thesis and congress papers were not 

considered. After quality check and duplicates removal, there were a sample of 328 

article, nevertheless, only 6 papers are studying healthcare or pharmaceutical 

organizations. In this sense, the search was broadened using the strings Healthcare AND 

Procurement, "Healthcare Supply Chain" AND Risk, "Healthcare Supply Chain" 

Healthcare AND Warehouse, which composed STR2.  After applying the same 

procedure, The STR2 sample had a total of 97 papers. 

After this search, there were still a significant body of knowledge which was not 

considered, therefore, the search looked for “Clinical Engineering” and High Reliability 

Organizations (STR3), which composed a total of 105 papers. Process automation is 

increasingly having a major role in all economy sectors, including healthcare. Business 

solutions such as IoT (Internet of Things) are starting to be applied to hospitals and 

clinics. In this sense, the conclusion is that “Industry 4.0” related concepts will play a 
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major role and will revolution the way Supply Chains are organized and will have a 

crucial contribution in SCRM. Therefore, the following search strings were added: 

("Supply Chain 4.0”) AND ("Supply Chain Risk Management) (IoT OR "Internet of 

Things”) AND ("Supply Chain Risk Management") ("Supply Chain 4.0”) AND 

Healthcare, resulting in a sample of 26 papers. Figure 26 summarizes the complete 

literature review methodology. 
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Figure 34 - Literature review workflow 
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6.4. Antecedents, Mediators and Consequences of Healthcare Supply Chain 

Resilience 
 

The research strategy used the antecedent factors, mediators and consequences of 

HCSCRes to establish the observable and latent variables that compose a new HCSCRes 

analysis framework for healthcare organizations. The factors that precede HCSCRes are 

RID (Lu et al., 2017; Sinha et al., 2004; Zsidisin et al., 2004; Manuj and Mentzer, 2008; 

Chaudhuri et al., 2018), the RAS (Soni and Jain, 2011; Christopher and Peck, 2004; Ibey 

et al., 2015; Paté-Cornell and Cox, 2014), RMI (Juttner et al., 2003; Iakovou et al., 2007; 

Barroso et al., 2010; Sheffi and Rice, 2005; Chaudhuri et al., 2018; Norrman and Jansson, 

2004; Chaudhuri et al., 2018), RIN (Ellinger, 2000; Thomé et al., 2012; Chaudhuri et al., 

2018; Cagliano et al., 2016; Flynn et al., 2010; Chaudhuri et al., 2018; Tang, 2006; 

Barroso et al., 2010). 

The HCSCRM actions are planned to optimize the risk management in a supply 

chain and increase the resilience, making the SC less prone to errors, disturbances and 

ripple effects. Considering HCSC, besides these benefits, can be added the possibility of 

saving lives. Although the main objective of HC organizations is saving lives, they still 

must be economically viable. Therefore, managing healthcare supply chain risks 

increases the supply chain resilience, which generate an improved healthcare supply chain 

performance. A healthcare chain must plan their resources deployment to sustain their 

services even during disruptions. Therefore, the notion of resilience was extended to 

medical SCs and it was defined as the capability of medical SC entities to work in a 

synchronized manner with an objective to provide uninterrupted medical services to 

patients in the event of a disruption. A robust and resilient SC or logistics network is the 

ultimate goal of SC risk management (Colicchia and Strozzi, 2012). In this sense, 

HCSCRes can generate internal factors (mediators of HCSCRes), which contribute to 

HCSCP. Lack or poor quality of data and lack of systems communication may be a cause 

of disruptions in a SC. In Healthcare organizations, imprecise data can result in wrong 

quantities of medicine and medical supplies, resulting in broken processes that impact in 

patient’s treatment. In this sense, Internet of Things (IoT) devices can make a major 

difference, measuring and make the data available in real-time, providing more security 

and quality of data, accelerating processes that will result in better treatment. Ivanov et 
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al. (2018) highlight the importance of digitalization and industry 4.0 on the ripple effect 

in SCs. In general, humans perform bad in repetitive monotonous tasks and perform well 

in tasks that require cognitive abilities, thinking and solution design. In this sense, the 

automation of recurrent activities makes them less prone to errors, therefore contributing 

to HCSCP.  

 
 

6.5. Antecedents of Healthcare Supply Chain Resilience 

The factors related to Healthcare Supply Chain Risk Identification (RID), 

Healthcare Supply Chain Risk Assessment (RAS), Healthcare Supply Chain Risk 

Mitigation (RMI) and Healthcare Supply Chain Integration (SCI) are considered the 

antecedents of Healthcare Supply Chain Resilience. 

The RID factor represents the supply chain risk identification, first, companies 

must know which risks are inherent to their business. An organization must periodically 

promote Risk identification practices to discover all the relevant risks (Kern et al., 2012; 

Fan and Stevenson, 2018). There is no risk mitigation methodology that works for all 

kinds of risks. An efficient risk mitigation strategy must be customized for the 

organization’s needs; therefore, the risks must be well-known to trigger the risk 

assessment and risk mitigation (Kern et al., 2012; Fan and Stevenson, 2018). Lu et al. 

(2017) focus on supply chain security breaches and highlight security issues such as 

terrorist attacks, seizures of substandard foods and drug smuggling. Identification of risks 

and security breaches are features closely related. In such cases, prevention is the key 

(Hinrichs et al., 2013; Cochrane et al., 2017; Lu et al., 2017). Supply chain thinking 

includes promoting risk identification practices also for organizations that a company 

provide service (Lu et al., 2017), which includes risk register and documentation (Ibey et 

al., 2015) and holding all suppliers accountable for supply chain security (Lu et al., 2017). 

Organizations should work on detecting operations risks, e.g. internal or supplier 

monitoring, inspection and tracking (Sinha et al., 2004; Zsidisin et al., 2004; Manuj and 

Mentzer, 2008; Chaudhuri et al., 2018). Figure 3 represents the variables that constitute 

the Supply Chain Risk Identification factor. 
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Figure 35 – Healthcare Supply Chain Risk Identification factor 

 
 

Once the Supply Chain risks are identified, they must be assessed (RAS). To 

prioritize and calculate the risk magnitude companies must have key process indicators 

(KPI) (Soni and Jain, 2011; Cruz et al., 2013; Nabelsi, 2011) providing SC-level visibility 

to the indicators (Soni and Jain, 2011; Christopher and Peck, 2004; Paté-Cornell and Cox, 

2014). A good risk assessment demands maintaining a Supply Chain Risk Register, e.g. 

operational risks, technical risks, financial risks, legal risks, brand risk, environment risk, 

safety and health risk (SCOR - BP.150 Maintain Supply Chain Risk Register; Bektemur 

et al., 2018; Fukuda et al., 2008) and risk mapping that can either map supply-related 

risks (medicines and materials) as well as human-related risks like underperforming and 

absenteeism. After risk mapping, there should be a team designed to monitor the changes 

in probability or impact of risk events (SCOR - BP.173 Supply Chain Risk Monitoring; 

Ibey et al., 2015; Powell-Dunford et al., 2017). Following these steps, the SC can reach a 

clear understanding of where the greatest risks may exist in order to prioritize resources 

for risk mitigation and management (SCOR - BP.174 Supply Chain Risk Assessment; 

Ibey et al., 2015). Figure 36 represents the variables that constitute the Supply Chain Risk 

Assessment factor. 

Healthcare Supply Chain 
Risk Identification

Promote risk identification
practices (Organization, 

Suppliers and customers)

Focus on supply chain
security breaches

Educate suppliers about
supply chain security

practices

Hold all suppliers 
accountable for supply chain 

security



109 

 

 

 

 
Figure 36 - Healthcare Supply Chain Risk Assessment factor 

 
 

Risk Mitigation (RMI) is a plan to reduce the probability of occurrence or 

minimize the impact of the risk (SCOR - BP.002 Risk Management Strategies). Risk 

mitigation strategies can be increased stockpile for buffer inventory (Juttner et al., 2003; 

Iakovou et al., 2007; Barroso et al., 2010; Hyman, 2008; Okoh and Haugen, 2015), 

multisourcing (Juttner et al., 2003; Iakovou et al., 2007; Barroso et al., 2010) and agility 

(Christopher and Peck, 2004). To quickly mitigate risks, organizations should designate 

a group of employees as first respondents in case of crisis like shortage of supplies and 

human resources (Lu et al., 2017; Okoh and Haugen, 2015). Effective communication 

across the supply chain is essential when a crisis hits (Lu et al., 2017), therefore, managers 

and employees should clearly communicate to avoid risks. In terms of preparedness it is 

crucial preventing operations risks, e.g., select a more reliable supplier, use clear safety 

procedures, preventive, maintenance and employees cross-training  (Lu et al., 2017; 

Tomlin, 2006; Chaudhuri et al., 2018; Chaudhuri et al., 2018), responding to operations 

risks, e.g., backup suppliers, extra capacity and alternative transportation modes (Sheffi 

and Rice, 2005; Chaudhuri et al., 2018) and if prevention and response fails, recovering 

from operations risks is essential, e.g., task forces, contingency plans and clear 

responsibility (Norrman and Jansson, 2004; Chaudhuri et al., 2018). A SC should 

proactively develop a risk mitigation strategy (Lu et al., 2017), which is supported by the 

creation of a supply chain risk culture that extend beyond the boundaries of the 
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organization (Christopher and Peck, 2004; Barroso et al., 2010). Figure 37 represents the 

variables that constitute the Supply Chain Risk Mitigation factor. 

 

 
Figure 37 – Healthcare Supply Chain Risk Mitigation 
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Management should be Collaborative in order to improve Supply Chain visibility and 
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sales forecast, production plans, production progress and stock level) is the backbone of 

SCI. Information must be shared with purchasing department (Ellinger, 2000; Thomé et 

al., 2012; Chaudhuri et al., 2018; Chen et al. (2018; McCullough, 2014) with key 

suppliers (Cagliano et al., 2006; Flynn et al., 2010; Chaudhuri et al., 2018; Tang, 2006; 

Barroso et al., 2010; Chen et al., 2018; McCullough, 2014) and key customers (Flynn et 

al., 2010; Chaudhuri et al., 2018; Tang, 2006; Barroso et al., 2010; Muriana et al., 2017). 

As the chain become more integrated, companies should consider joint decision-making 

with purchasing department (about sales forecast, production plans and stock level) 

Thomé et al. (2012), Chaudhuri et al. (2018) McGowan (2012) Lin and Ho (2014), key 

suppliers, about product, process, quality improvement and cost control (Narasimhan and 

Das, 1999; Koufteros et al., 2005; Lin and Ho, 2014; Turhan and Vayvay, 2012) and key 

customers about product design/modifications, process design/modifications, quality 

improvement and cost control (Lengnick-Hall, 1996; Chaudhuri et al., 2018; Soni and 

Jain, 2011).  There should be collaborative approaches with key customers and Key 

suppliers e.g. risk/revenue sharing, long-term agreements (Lambert et al., 1999; 

Chaudhuri et al., 2018; Iakovou et al., 2007; Soni and Jain, 2011; Ragatz et al., 2002, 

Dröge et al., 2004). Another essential feature is system coupling with key customers and 

key suppliers e.g. vendor managed inventory, just-in-time, Kanban, continuous 

replenishment (Frohlich and Westbrook, 2001; Chaudhuri et al., 2018; Cagliano et al., 

2016; Vereecke and Muylle, 2006; Chaudhuri et al., 2018). Figure 38 represents the 

variables that constitute the Supply Chain Integration factor. 
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Figure 38 - Healthcare Supply Chain Risk Integration 

 
 

6.6. Mediators of Healthcare Supply Chain Resilience 

Based on the literature, the factors that express HCSCRes process use mediators 

that refer to HCSCRM and HCSC40. To obtain RES, organizations should promote 

continuous education programs along the SC (Fukuda et al., 2008; David et al., 2008; 

Oumlil and Williams, 2011) forming a multi-skilled workforce (Ali et al., 2018). 

Cavalieri et al. (2017); Ali et al. (2018) highlight the importance of having strong 

collaboration mechanisms with government agencies. A resilient SC must develop good 

quality management systems (Ali et al., 2018; Wang et al., 2013; Sullivan et al., 2016; 

Griffith, 2015; Borelli et al., 2015). In Healthcare organizations, robust quality 

management systems often include accreditation or other quality certificates (Ali et al., 

2018; Mobarek et al., 2006; Sullivan et al., 2016). Figure 39 represents the variables that 

constitute the Supply Chain Risk Identification factor. 
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Figure 39 - Healthcare Supply Chain Risk Management 

 

Technology have always been a mean of process improvement. In this sense, the 

4.0 revolution is contributing in terms of efficiency gain in a broad scope of industries 

and business. Therefore, technologies such as blockchain and Internet of Things IoT are 

also being applied to Healthcare SC. In general lines, blockchain is a digital ledger or 

distributed database that records transactions of value using a cryptographic hash function 

that is inherently resistant to modification (Mylrea et al., 2018). Network connected 

devices are used in industrial machines, household devices and Healthcare management 

systems in what has been called as the Internet of Things (Martínez-Caro et al., 2018). 

Industry 4.0 is based on intelligent devices deployment and full process automation 

(Kumari et al., 2018). Healthcare 4.0 can be considered an evolution of Healthcare 3.0 

(hospital centric, where patients of had to do multiple hospital visits for their checkups) 

and includes advancements such fog and cloud computing for data storage and IoT for 

data collection (Kumari et al., 2018). IoT is increasingly becoming important for 

Healthcare organizations. IoT in Healthcare context is defined by Rodrigues et al. (2018) 

as Internet of Health Things (IoHT). Baker et al. (2017) affirm that Internet of Things 

Healthcare (presenting different nomenclature) can offer remote health monitoring and 

can generate benefits in different contexts, as for example, to monitor non-critical patients 

at home rather than in hospital, therefore, reducing the use of hospital resources. Joyia et 

al. (2017) present a literature review showing applications of IoT in Healthcare. The 
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authors define IoT applied to Healthcare as Internet of Medical Things (IoMT).  The 

implementation of IoT has the potential to optimize processes (Roy et al., 2017; Griggs 

et al., 2018; Laplante et al., 2018; Javdani and Kashanian, 2018; Rodrigues et al., 2018; 

Baker et al., 2017; Park et al., 2017). As examples of processes, Griggs et al. (2018) 

created a communication system with a smart device that calls smart contracts and writes 

records of all events on the blockchain.  

Laplante et al. (2018) described an approach to begin eliciting requirements for an 

IoT system to support ER activities. Due a better use of resources, patient data collection, 

among other features, IoT devices can help improving the quality of care (Martínez-Caro 

et al., 2018; Griggs et al., 2018; Javdani and Kashanian, 2018; Rodrigues et al., 2018; 

Joyia et al., 2017). HCSC Processes can have more compliance and security if they are 

supported by a blockchain (Mylrea and Gourisetti, 2018; Kumari et al., 2018; Griggs et 

al., 2018; Hiromoto et al., 2017) and IoT (Kouicem et al., 2018; Griggs et al., 2018; 

Hiromoto et al., 2017). Figure 40 represents the variables that constitute the Healthcare 

Supply Chain 4.0 factor. 

 

 
Figure 40 - Healthcare Supply Chain 4.0 
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of its impacts on operational, market and financial performances of a firm (Narasimhan 

and Talluri 2009). Supply Chain Performance if often measured by financial KPIs like 

EBTIDA. Nevertheless, HCSC Performance must profit (in order to survive) but its 

primarily objective is to save lives and provide good quality of care. In this sense, capable 

leadership is essential to obtain HCSC performance (Chiarini and Vagnoni, 2016). HCSC 

should pursue low levels of SC vulnerability, good levels of security, have low probability 

of cargo misuse and good capability of detecting defects in parts/products (Lu et al., 

2017). The SC must develop practices that reduce theft/loss of products and the potential 

of drug smuggling (Lu et al., 2017). HCSC must develop a growingly patient satisfaction 

throughout the years (Hyman, 2008; Fukuda et al., 2008; Cochrane et al., 2017; 

Woodhouse et al., 2016; Van Spall et al., 2015). Figure 41 shows the variables of 

Healthcare Supply Chain Performance. 

 

 

Figure 41 - Healthcare Supply Chain Performance factor 
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6.8. Framework for Healthcare Supply Chain Management analysis 

Based on the literature, the framework for the HCSCRM (Figure 42) analysis 

includes: antecedents of HCSCRM (RID, RAS, RMI and SCI); mediators of HCSCRM 

(HCSCRes and HCSC 4.0); and consequences of SCRM (HCSC Performance), which 

expresses the theoretical propositions of influence among the constructs. 

 

 
 

Figure 42 - Framework for Healthcare Supply Chain Resilience analysis 

 
 
 

6.9. P1 – Healthcare Supply Chain Risk Identification Drivers 

Risk identification is the first step in the SCRM process, it involves the 

identification of risk types, factors or both (Ho et al., 2015) and is fundamental to obtain 

SCRM (Kwak et al. 2018). Risk identification involves a comprehensive and structured 

determination of potential SC risks associated with the given problem (Tummala and 

Schoenherr, 2011). To identify and classify risks according to their nature is an essential 

task before performing risk analysis and developing control strategies (Narasimhan and 

Talluri, 2009). Risks must be previously identified and mitigated before these issues 

worsen or potentially cause more harm (Vanvactor, 2016).  The identification step must 

occur before the disruption happens, allowing managers to proactively avoid the impacts 

of the disruption (Craighead et al., 2007). 
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The initial stage of risk management is to identify risks that can influence supply 

chain operations directly or indirectly (Waters, 2011). Risk identification is the first step 

to deal with SC risks and will trigger all other risk management actions. HCSC have 

specific risks that have not yet been systematically mapped, therefore, RID applied to 

HCSC is crucial. Consequently, the first proposition suggests the existence of a positive 

relationship between RID and the mediators (RES and S40).  

 

P1a. The RID positively influences RES 

 

P1b. The RID positively influences S40 

 

6.10. P2 – Healthcare Supply Chain Risk Assessment Drivers 

 

Usually, most elements in risk assessment process are intangible, due to this 

subjectivity, evaluating multiple supply chain risks together becomes increasingly 

difficulty (Dong and Cooper, 2016). RAS is concerned with the determination of the 

likelihood of each risk factor Uncertainties can be assessed by objective information, and 

probability distributions for relevant SC risks or consequences can be derived (Tummala 

and Schoenherr, 2011). Most of researchers did not prioritize nor quantify the negative 

impact of neither risk types nor risk factors (Ho et al., 2015). 

 Risk Assessment is an essential phase to decide which risks to prioritize. It helps 

answering questions like: “Which are the most relevant risks concerning SC automation? 

Initial investment? Unqualified Workforce?”. Supply chain vulnerability identification 

and evaluation are extremely important to mitigate the supply chain risk (Liu et al., 2016). 

Understanding supply chain vulnerability allows better decision-making process 

regarding risk exposure (Wagner and Bode, 2008). The understanding of correct Risk 

Assessment implies in understanding that overestimating information based on laboratory 

data can result in a misguided, misdiagnosis supply chain risks (Vanvactor, 2016). Risk 

assessment is the probability of an event occurring and the significance of the 

consequences (Ho et al., 2015). Blackhurst et al. (2008) affirm risk assessment must rely 

upon selection and definition of the categories to be weighted, compared and quantified.  
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The prioritization is a part of the Assessment and includes a prioritization process in 

which the risks with the greatest potential loss (or impact) and the greatest probability of 

occurring are handled first, and risks with a lower potential loss and lower probability of 

occurrence are handled in descending order (Ekwall et al., 2017). 

Risk assessment is vital seen that organizations still have problems in forming a 

holistic view, and clear overestimations as well as underestimations concerning the risk 

impact of their processes (Vilko and Hallikas, 2012). Therefore, the second proposition 

suggests the existence of a positive relationship between RAS and the mediators. 

 

P2a. The RAS positively influences RES 

 

P2b. The RAS positively influences S40 

 

6.11. P3 – Healthcare Supply Chain Risk Mitigation Drivers 

The risk mitigation and contingency plans component involves the development 

of risk response action plans to contain and control the risks Tummala and Schoenherr 

(2011). Supply chain professionals must try to avoid a uniform response for every crisis 

(Vanvactor, 2016). Since it is not feasible and practical to develop mitigation and 

prevention strategies for every risk identified, risk-planning begins with the examination 

of the costs required to implement each preventive action to contain and manage the 

identified SC risks (Tummala and Schoenherr, 2011). Resilience is an outcome related to 

how people consider mitigating risks versus attempting to prevent them from ever 

occurring (Vanvactor, 2016).  

Prior to risk mitigation, is essential that the risks are identified and properly 

assessed given that supply chain risk can be affected by multiple different sources and a 

firm’s supply chain risk mitigation strategy should be tailored to deal with the 

characteristics of risk contexts (Chang et al., 2015). Evaluating risk probability and 

severity is important for assessing appropriate supply chain risk mitigation strategy risk 

contexts can determine appropriate approaches for mitigation (Chang et al., 2015). 

To manage the forms of risk that a SC is exposed to, companies are increasingly 

investing in risk management tools such as mitigation practices and contingency planning 
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(Ellis et al., 2011; Wiengarten et al., 2016). In this sense, the third proposition implies in 

a positive relation between RMI and the mediators.  

 

P3a. The RMI positively influences HCSCRM 

 

P3b. The RMI positively influences S40 

 

6.12. P4 – Healthcare Supply Chain Integration Drivers 

Supply Chain Integration includes processes that allow firms achieving efficiency 

through collaborative information exchange and coordination between internal activities 

and external partners (Ellinger et al., 2015). The limited information sharing, and 

collaboration limit the visibility of risks to some practitioners generating the need to 

provide a more holistic view by studying the processes involved as an integrated system 

(Vilko and Hallikas, 2012). Tang (2006) defines SCRM as the management of supply 

chain risks through coordination or collaboration among the supply chain partners to 

ensure profitability and continuity, nevertheless, the author understands that collaboration 

and coordination are premises for SCRM. Supply Chain Integration is being a response 

that companies are developing to manage an increased level of complexity (Wiengarten 

et al., 2016).  

A lot has been discussed concerning risk identification, assessment and mitigation 

in SC-level. Nevertheless, if the SC is supposed to function as a one unique body there is 

unequivocal need of supply chain integration, given that the risks impact each tier in a 

very different way, making the risk prioritization and mitigation plans very different in 

each tier. Supply chain integration has been identified as a key practice to manage supply 

chains and achieve superior performance (Wiengarten et al., 2016). The tighter the Supply 

Chain integration, the better the performance (Kim, 2009; Wiengarten et al., 2016).  The 

integration of internal and external processes with suppliers, customers, and functional 

areas generates competitive advantage (Ellinger et al., 2015). An important premise of 

SCI is that cross-functional and inter-organizational knowledge and information sharing 

improves performance (Ellinger et al., 2015). Prior to process automation, it is crucial 

that the processes are already clearly mapped, or the automation will accelerate low value-
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added processes that could even be discontinued.  

SCRM requires supply chain members to work to a single plan (Christopher and 

Lee 2004) Thus, SCRM is strongly supported by intra-firm and inter-firm processes to 

mitigate the effects of SC disruptions (Ellinger et al., 2015). In this sense, proposition 4 

implies that there is a positive relationship between SCI and the mediators.  

 

P4a. The SCI positively influences HCSCRM 

 

P4b. The SCI positively influences S40 

6.13. P5 – Healthcare Supply Chain Resilience Drivers 

Literature provides many different definitions of Supply Chain Resilience, 

nevertheless, they converge in one concept: Resilience is the capability that a SC has of 

going through a disturbance and return to the former performance level or even a 

improved level (Carvalho et al, 2012). Supply chain risks often lead to supply chain 

disruptions. Developing resilience, through SCRM, is a way of protecting the SC or to 

help the SC to regain a performance level as quickly as possible (Blackhurst et al., 2018). 

Given the increase of global competition and Supply chains complexity, the likelihood of 

not achieving the desired supply chain (SC) performance increases, mainly due to the risk 

of SC failures (Tummala and Schoenherr, 2011). Given the level of connections that a SC 

has, it is very unlikely that a SC sustain competitivity with high performance if it lacks 

resilience. There are evidences attesting the dreadful effects of supply chain disruptions 

and ripple effects (Ivanov et al., 2018) on operational and financial performance with both 

immediate and long-term effects (Deane et al., 2009; Blackhurst et al., 2011). 

Lack of supply chain risk management may result in economic and financial losses, 

reductions in product quality, delivery delays and loss of reputation in the eyes of 

customers and suppliers making risk management a core issue in planning and control of 

any organization (Hendricks and Singhal, 2003; Finch, 2004). Therefore, proposition 5 

implies that there is a positive relationship between HCSCRM and SCP. SCRM 

effectively influences Supply Chain Performance (Wagner and Bode, 2008) 

 

P5. The HCSCRM positively influences SCP 
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6.14. P6 – Healthcare Supply Chain 4.0 

Disruptive innovations such as digitalization and Industry 4.0 influence the 

development of new paradigms, principles and models in supply chain management 

(SCM) (Ivanov et al., 2018). Since digital technology influences SCM, and SCM is 

influenced by disruption risks, it is logical to expect interrelations between digital 

technology and SC disruption risk management (Ivanov et al., 2018).  

Industry 4.0, SC 4.0 are concepts that still require more formal definition and are 

becoming a Panacea. Although a Fully automated SC can generate efficiency and 

minimize several risks, it may as well generate others. For example, charging the devices 

(battery autonomy). Additionally, it requires a considerable amount of initial investment, 

high qualified workforce, among other features.  

As a clear example of 4.0 technology applied to HCSC, Tseng et al. (2018) suggest 

a blockchain as the base of the data flow of drugs to create transparent drug transaction 

data and improve the SC performance. Software, hardware and Radio Frequency 

Identification (RFID) technology improve the track and trace of drugs in the supply chain 

and are considered relatively mature and easy to adopt (Mackey, 2017) 

Blockchain technology could create an encrypted, distributed, and immutable data 

ledger with possibility of being applied in the healthcare sector, including sharing of 

information with stakeholders while ensuring data integrity and protecting patient privacy 

(Tseng et al., 2013). Literature still lacks studies concerning more 4.0 technologies 

applied in HCSC although there is some evidence. In this sense, Proposition 6 suggests a 

positive relationship between HCSC40 and SCP.  

 

P6. The S40 positively influences SCP 

 

6.15. Qualitative interviews 

This chapter built a framework that leads to HCSCRes and Leads to HCSC 

Performance. PROF A highlights the importance of a critical item list. In the PrHN the 

items with coverage equal or smaller than 7 days are flagged as critical. The team keeps 
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a continuous work of homologating products even if they are not in stock to build a 

substitute catalogue. This work is sustained by the competence of pharmacists and nurses 

which attest the quality. Nevertheless, the ideal would be that such standardization to be 

done in a network level, nowadays, it is still done locally. 

The network already has a medicine unitarization machine, which can serve at 

about 80% of hospitals demands. The machine can automatically cut and pack pills. In 

terms of automation, they have KPIs automated via MS Power BI, which allows 

information to flow faster along the supply chain. In terms of sustainable risks mitigation, 

the PrHN has 100% of its hospitals in compliance with the law. The manager highlights 

the importance of having one employee to personally inspect the waste disposal. If the 

third party contracted to dispose the waste does not comply with the law the hospital 

network is still legally accused. The cardboard boxes (containing mainly food) is alto a 

sustainability problem in healthcare units. The manager highlights that all the cardboard 

boxes stay in the warehouse and in the nutrition department the food supplies are disposed 

as if they were in a supermarket. 

PROF B shows the PuHN side and the management differences, in the public 

sector procurement has severe regulation. The manager affirms that an essential risk 

mitigation strategy to comprise with the law is to map and standardize the demand flows 

and establishing an annual procurement calendar organizing all demands. If the public 

managers strictly comply with the law, the private suppliers also start to have fairer prices 

and create a trend of reducing costs in this chain. Respecting the combined payment dates 

with suppliers is also crucial, consecutive delays in payment generate mistrust by the 

suppliers and prices raise. The CE department plays a major role in costs mitigation, 

avoiding hospitals insolvency, the manager describes an example where a contract of 

about 150,000 BRL were cut to 50,000 BRL due to a detailed CE study about the lung 

ventilators maintenance contracts. The CE department can also precisely tell when a new 

equipment must be bought. Nevertheless, if a partnership culture with the suppliers could 

be created, the SC would be much more benefited. 

PROF B.1 affirm that the network should always incorporate new technologies, 

nevertheless, it should follow some logical steps: i) Professional training before using the 

new equipment, ii) Test phase, to evaluate performance, quality and the benefits, iii) 

approving or not the equipment, based on the test phase and benefits evaluation. 
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PROF F.1 shows the vision of an OEM and highlights the importance of 

constantly monitor possible changes in product forecast. In this case a long-term solid 

relation with the suppliers is essential to obtain flexibility. Such relation must be tailored 

with more the one supplier to mitigate supply risks. This integration and relationship must 

be supported by integrated systems which facilitate the demand understanding and lead 

times, avoiding excessive stock, delays and guarantees that the right quantities of the right 

products are bought. 

PROF H.1 also highlights the crucial importance of Supplier-buyer integration to 

avoid supply problems. When a “win-win” relationship is developed, the negotiation is 

easier and avoid SC disruptions. 

 

6.16. Discussion 

Companies must reinvent themselves, traditional retailers are investing heavily in 

technology and broadening their scope offering technological solutions. To obtain 

maximum profit from a process automation, it is imperative that the process passes 

through an optimization process (or be discontinued if the diagnosis shows it does not 

add value). If the machine or the process are defective, IoT devices may not function or 

provide low-quality imprecise data, in this sense, it is reasonable to combine automation 

with traditional process improvement methodologies such as Lean/Six-Sigma and 

Business Process Management. Concerning healthcare organizations, there are some 

extra difficulties. For example, healthcare professionals do not have training in 

management or risk mitigation techniques, moreover, concepts like Lean, Six-Sigma, 

Business Process Management and efficiency are often seen as precariousness of work 

and associated with job losses, which characterizes a cultural barrier not easy to transpose. 

Companies should not only develop isolated risk management initiatives and suppose that 

the SC is profiting from them. There should be a robust SC-level risk mitigation culture 

which permeates the entire chain, developing strategic partnerships with vendors 

searching where are the opportunities of cutting costs. Concerning process automation 

and IoT devices installation, The OEM must analyze whether is better to buy new 

machinery or adapt the existing ones to the IoT devices.  

In the next 10 years, businesses will have to reinvent themselves, reaching new quality 
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levels, while reducing costs to provide healthcare to an increasingly elderly population, 

providing mass healthcare. Human resources will have to adapt to these changes and 

training programs will have to update its syllabus to include at least the basics of how to 

deal with such technologies. Supply Chain Integration will increasingly become a 

mandatory feature. If an OEM is fully automated but the systems do not couple with the 

wholesaler or the retailer, the benefits of such automation will be reduced or in last 

analysis will not even be noted. To fully reach SCRM is essential at one hand to identify, 

assess and mitigate risks and in the other hand to increase Supply Chain Resilience. 

Industry 4.0 is still a new concept that need further definition. The lack of papers applying 

4.0 techniques to healthcare organization makes it difficult to measure the benefits (or 

hazards), therefore it needs empirical validation. Concerning HCSC automation, is it 

always viable? Which processes can be automated, and which ones should remain strictly 

made by humans? What is the human factor role in a Hospital 4.0? These questions still 

require validation. 

There is also possibility of medical impacts on patients, therefore, should exist a 

multidisciplinary team including engineers and doctors to measure the impacts for the 

treatment that the patient must deal with a machine. 

Which risks a fully automated SC could mitigate and which risks may be 

generated it is still unclear. Many papers converge to a framework that include 

Identification, Assessment e Mitigation as a way of building SCRM, nevertheless, what 

is the importance of each phase and the importance of the variables that build the 

constructs? 

Papers usually do not formally highlight integration in the Identification, 

Assessment e Mitigation framework, nevertheless, integration is essential to mitigate, for 

example, the bullwhip effect. 

Literature still does not discuss enough whether a risk mitigation strategy can 

become a risk itself. For example, the safety stock. It can prevent rupture and delivery 

fails, nevertheless, literature lacks to mention the risks of maintaining too much safety 

stock. 

Studies in SCRM are increasing in both quantity and quality, nevertheless, there 

are still not many case-studies about risk culture implementation in SC-level. Moreover, 

risk management approaches are either too general or require pieces of information not 
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regularly recorded by organizations. (Cagliano et al., 2012) 

 

6.17. Conclusions, contributions, limitations and future research 

This chapter had the objective of conducting a literature review, which revealed 

the factors that influence HCSCRes considering the antecedents, mediators and 

consequences of HCSCRes. The main theoretical contribution of this paper includes the 

framework presented in Figure 10 for further empirical validation. As a secondary 

contribution, the framework generates a discussion considering the healthcare chain and 

its relationship with new concepts such as the Industry 4.0. Although the framework is 

motivated by a Healthcare Supply Chain Analysis, it is generic enough to be adapted to 

other segments. As a research limitation, the results obtained are product of the method 

of choice, which include database selection and the stipulated period. As the research 

shows, Identify, Assess and mitigate risks seems to be a well consolidated pathway to 

Manage Supply chain risks, generating supply chain resilience and obtaining supply chain 

performance. The research results allowed the formulation of new research questions 

(NRQ): 

 

NRQ1 – What are the statistical correlation between the constructs? 

 

NRQ2 – Which variables are more important to obtain HCSCRes? 

 

However, this framework is a starting point which can be an important tool to help 

researchers formulate mathematical model as well as empirical validation.  
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7. General Discussion, Conclusion and Further Research 
 
 
 

The general objective of this thesis was to construct a conceptual framework that 

address resilience to the Healthcare Supply Chain through Supply Chain Risk 

Management. The general objective was divided into: i) Present a formal definition of 

Healthcare Supply Chain Risk Management, ii) Propose a framework that is generic 

enough to apply SCRM to Healthcare Supply Chains, iii) Identify Healthcare Supply 

Chain Risks and validate via interviews. with Healthcare Supply Chain professionals, iv) 

Identify KPIs present in the literature and mentioned by the interviewed professionals, v) 

Propose a framework to generate resilience in Healthcare Supply Chains and analyze the 

strategies used by the interviewed professionals. In this sense are addressed the following 

research questions:  

RQ1 – Which techniques have been employed by authors in the literature to 

perform SCRM? 

RQ2 – Which market segments are being approached by authors in 

the SCRM literature? 

RQ3 – What are the research gaps/unexplored opportunities respective to applying 

SCRM in Healthcare organizations? 

RQ4 – Which is the definition of Healthcare Supply Chain Risk Management? 

RQ5 – What are the more relevant Risks to the Healthcare Supply Chains? 

RQ6 – Which metrics and indicators can be used to measure Healthcare Supply 

Chain Risks? 

RQ7 – Which techniques can be used to mitigate SC Risks in Healthcare? 

 

RQ1, RQ2 and RQ3 were answered by chapter 3 and the bibliometric analysis. 

The most popular techniques to approach SCRM included Mathematical Programming, 

Simulations and Structural Equation Modeling. The papers mainly concentrate in the 

automotive segment, food industry and agriculture. There were not found any studies that 

systematically mapped a HCSC, so, were created a category that included Pharmaceutical 

and Healthcare segments and were not located any studies about distributors or OEM’s 

suppliers. In this sense there is a gap of studies in this area, which creates opportunities 

of exploring this supply chain. The RQ4 was addressed by chapter 4 via an extensive 
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literature review, generating the definition: Healthcare Supply Chain Risk Management 

is the Process of identify, Assess, Mitigate and Monitor Supply Chain Risks Aiming to provide 

the best quality of care through SC processes integration, with sustainable profit avoiding supply 

shortage, Valuing HC and Clinical Engineering professionals, having in consideration that local 

actions may generate hazards to all HCSC generating SCREs and HRHCN. Chapter 4 also 

addressed RQ5 by creating table 9, which summarizes the risks found in the literature and 

table 22 shows which risks are validated by which HCSC professional. The RQ6 is 

addressed by chapter 6 which systematically mapped KPI, validated and validated the list 

with HC experts. The answer to RQ7 was given by chapter 7, in which a complete 

framework was constructed based in prepositions found in the literature. Specific 

mitigation strategies were identified via qualitative interviews with HCSC professionals. 

First, this thesis can serve as a guide to address SCRM and SCRes in all HCSC as it 

provides a list of risks, techniques, measuring KPIs and mitigation strategies that can 

serve as an initial benchmarking to risk initiatives in a Supply Chain – level. An extensive 

systematic literature review was conducted and there were not found any similar study 

(That built a framework to address HC SCRM and approached it with solid literature basis 

and HC professional’s validation), in this sense it can be considered relevant. This thesis 

generated as results: i) A SLR methodology based on a known protocol and well-cited 

review papers, ii) a bibliometric analysis conducted using the package Bibliometrix 

(present in R software) and also an artisanal approach that included a classification of 

each paper, iii) the bibliometric analysis revealed which papers are the most cited, the 

most relevant authors and other important statistics that help to set a panorama of this 

subject, iv) The framework proposed was run, including, risk identification, where the 

risks were mapped and validated by HCSC professional and a formal definition of HC 

SCRM was proposed, v) The risk assessment topic was assessed via KPI mapping 

supported by HCSC professionals, vi) A complete SCRM framework was addressed via 

SLR and a questionnaire was prepared for further application and robust statistical 

analysis. 

As further studies opportunities, the application of the questionnaire prepared to confirm 

or to reject the hypothesis raised in chapter 7, as well as a broader KPI list validation 

(present in chapter 6). The KPI list in a larger sample to statistically affirm which KPI are 

more relevant to each HCSC organization. The next step would be to test in a specific 
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case study and see whether is possible to automate the whole framework. 
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Appendices 
 

Interview Protocol 
 

Interview Questions Português Authors    
General background  Contexto Geral 

Overview of purpose of study 
Propósito geral do estudo - Explicado no e-

mail 

Gaudenzi et al. 

(2017) 

Confidentiality assurance 

permission to audiotape 

Certificação de confidencialidade e 

permissão para gravar 

Gaudenzi et al. 

(2017) 

Background on organization, 

position, job title and 

responsibilities. 

Diga por favor Background da organização, 

sua posição, título, responsabilidades 

Fan and Stevenson 

(2018) 

What is your understanding of 

buyer-supplier relationships, SCR 

and risk identification in 

particular? 

Qual o seu entendimento da relação 

comprador-fornecedor, Riscos em Cadeias 

de Suprimentos e identificação de riscos em 

geral? 

Fan and Stevenson 

(2018) 

   
Supply chain risks and risk 

identification strategies 

Riscos em SC e estratégias de  

identificação de riscos 

Which of the following SCRs are 

most relevant to your company? 

Quais dos seguintes riscos de SC são mais 

relevantes para sua organização? 

Fan and Stevenson 

(2018)    
Inability to meet quality 

requirements; 

Incapacidade de atender requisitos de 

qualidade 

Fan and Stevenson 

(2018) 

Inability to adapt to required 

product design or technological 

changes; 

Incapacidade de adaptar os produtos 

requeridos a mudanças tecnológicas e de 

design 

Fan and Stevenson 

(2018) 

Failures to make delivery 

requirements; 
Falha ao cumprir requisitos de entrega 

Fan and Stevenson 

(2018) 

Cannot provide competitive pricing 

(including sudden hike in costs); 

Incapacidade de fornecer preços 

competitivos 

Fan and Stevenson 

(2018) 

Supplier opportunism (including 

intellectual property risk); 

Oportunismo do fornecedor (incluindo 

riscos de propriedade intelectual) 

Fan and Stevenson 

(2018) 

Contractual agreements; Acordos contratuais 
Fan and Stevenson 

(2018) 

Single source of supply; Único fornecedor 
Fan and Stevenson 

(2018) 

Selection of wrong partner; Seleção errada de parceiros 
Fan and Stevenson 

(2018) 

Financial instability, including 

bankruptcy; 
Instabilidade financeira, incluindo falência 

Fan and Stevenson 

(2018) 

Lack of supplier involvement; Falta de envolvimento do fornecedor 
Fan and Stevenson 

(2018) 

Sustainability related problems. Problemas relacionados à sustentabilidade 
Fan and Stevenson 

(2018) 

Are there any other SCRs (not 

listed) that are relevant to your 

company? 

Existem outras questões relacionas a risco 

de SC que são relevantes para sua 

organização 

Fan and Stevenson 

(2018) 

What strategies has your company 

used to identify risks, and how 

effective have these been? 

Que estratégias sua organização usa para 

identificar riscos e como essas práticas têm 

acontecido efetivamente 

Fan and Stevenson 

(2018) 
   
Types of BSR, SCR and risk 

identification 
Tipos de SCR e identificação de riscos 

What are the different types 

(characteristics) of working 

relationships with your suppliers? 

How critical is a supplier in each 

type to your overall business? 

Quais são os diferentes tipos 

(características) das relações de trabalho 

com seus fornecedores? Quão crítico é o 

fornecedor para o seu negócio em geral? 

Fan and Stevenson 

(2018) 

How do the types of relationships 

you have with suppliers affect the 

SCR? 

Como os tipos de relacionamentos que 

vocês têm com os fornecedores afetam os 

riscos em SC? 

Fan and Stevenson 

(2018) 
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How has working with your 

suppliers (with examples from 

different types of relationships) 

influenced risk identification? 

Como trabalhar com seus fornecedores 

influenciou na identificação de riscos? 

Fan and Stevenson 

(2018) 

How would you evaluate your 

working relationships with your 

suppliers regarding SCRs and 

SCRM? 

Como você avalia suas relações de trabalho 

com os fornecedores com relação a Riscos 

em SC e SCRM? 

Fan and Stevenson 

(2018) 

Final comments  Comentários finais 

Are there any further comments 

that you think are relevant to this 

research that either affect the 

company now or may do in the 

future? 

Existe mais algum comentário que você 

ache elevante para esta pesquisa que possa 

afetar sua organização agora ou no futuro? 

Fan and Stevenson 

(2018) 

 
 

Questionnaire ready to be distributed 
 

Observable Variables Reference 

SC Risk identification   

IDEN1) Acredito ser importante para uma organização promover práticas de 

identificação de riscos de maneira periódica 
Author 

IDEN2) Acho importante informar e qualificar os fornecedores sobre práticas 

de segurança na cadeia de suprimentos 
Lu et al. (2017) 

IDEN3) Considero fundamental promover práticas de identificação de risco 

para organizações que nós prestamos serviço 
Lu et al. (2017) 

IDEN4) No que diz respeito à segurança em cadeias de suprimentos, a 

estratégia deve ser focada em prevenção. As organizações da cadeia deveriam 

identificar os principais problemas de segurança. 

Lu et al. (2017) 

IDEN5) Considero importante envolver todos os fornecedores, para que estes 

se responsabilizem pela segurança da cadeia de suprimentos. 
Lu et al. (2017) 

IDEN6) Acredito que devamos trabalhar sempre procurando detectar riscos 

operacionais (Aplicando monitoramento interno e dos fornecedores, inspeção e 

rastreamento) 

Sinha et al. (2004), Zsidisin 

et al. (2004) Manuj and 

Mentzer (2008) Chaudhuri 

et al. (2018) 

Promote SC Risk Assessment   

ASSE1) Acredito que as organizações da cadeia devem ter indicadores chave 

de processos. 
Author 

ASSE2) Acredito que as organizações da cadeia devem promover a 

visibilidade de nossos indicadores - chave de processos. 

Soni and Jain (2011); 

Christopher and Peck 

(2004) 

ASSE3) Uma boa prática de avaliação consiste em saber o que fazer quando 

são encontradas falhas de segurança ou crises em uma cadeia de suprimentos. 
Lu et al. (2017) 

ASSE4) Considero uma boa prática mapear riscos relacionados a suprimentos 

(materiais de almoxarifado e medicamentos) 
Author 

ASSE5) Considero essencial mapear riscos relacionados a recursos humanos 

(absenteísmo, baixo - desempenho, entre outros.) 
Author 

ASSE6)   Considero essencial manter um registro de riscos que afetem à cadeia 

de suprimentos (riscos operacionais, riscos técnicos, riscos financeiros, riscos 

legais, riscos de marca, riscos ambientais, riscos relacionados à saúde e 

segurança, etc.) 

SCOR - BP.150 Maintain 

Supply Chain Risk Register 

ASSE7) A organização onde trabalho tem estabelecido um processo formal de 

monitoramento contínuo de mudanças na probabilidade ou impacto de eventos 

de risco 

SCOR - BP.173 Supply 

Chain Risk Monitoring 

ASSE8) A organização onde trabalho possuí um claro entendimento de onde 

os maiores riscos estão localizados de forma a priorizar os recursos de 

mitigação e gerenciamento de riscos. 

SCOR - BP.174 Supply 

Chain Risk Assessment 

Promote SC Risk Mitigation   

MITI1) Sempre que possível, a organização deveria manter uma quantidade de 

produtos maior que a necessária para utilizar como estoque-pulmão. 

 Juttner et al. (2003); 

Iakovou et al. (2007); 

Barroso et al. (2010)  
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MITI2) Considero que uma estratégia de múltiplos fornecedores deve ser 

utilizada como forma de obter flexibilidade. 

 Juttner et al. (2003); 

Iakovou et al. (2007); 

Barroso et al. (2010)  

MITI3) Acredito que se os fornecedores pudessem ser mais ágeis, seria mais 

fácil responder rapidamente a mudanças imprevisíveis na demanda e 

quantidade de suprimentos necessários. 

Christopher and Peck 

(2004) 

MITI4) Considero que organizações deveriam designar um grupo de 

colaboradores treinados para responder de forma imediata em caso de crise ou 

emergência (falta de suprimentos, recursos humanos, etc.). 

Lu et al. (2017) 

MITI5) Considero que quando uma crise acontecer deve haver comunicação 

efetiva ao longo da cadeia de suprimentos. 
Lu et al. (2017) 

MITI6) Acredito que os colaboradores deveriam receber treinamento cruzado 

como um mecanismo de lidar com rupturas na cadeia de suprimentos. 
Lu et al. (2017) 

MITI7) Considero importante prevenir riscos em operações (por exemplo, 

selecionar um fornecedor mais confiável, usar procedimentos claros de 

segurança, manutenção preventiva, etc.) 

Tomlin (2006) Chaudhuri et 

al. (2018) Chaudhuri et al. 

(2018) 

MITI8) Acredito ser relevante responder a riscos operacionais (por exemplo, 

fornecedores reserva, capacidade extra, modais alternativos de transporte, etc.) 

Sheffi and Rice (2005) 

Chaudhuri et al. (2018) 

MITI9) Acredito que a recuperação de riscos operacionais que se materializam 

é essencial (por exemplo, forças-tarefas, planos de contingência, 

responsabilidades claramente atribuídas). 

Norrman and Jansson 

(2004) Chaudhuri et al. 

(2018) 

MITI10) Acredito ser importante criar uma cultura de mitigação de riscos na 

cadeia de suprimentos que se estenda além das fronteiras organizacionais 

Christopher and Peck 

(2004); Barroso et al. 

(2010) 

MITI11) Na organização em que trabalho a estratégia de gestão de risco da 

cadeia de suprimentos pode ser classificada como proativa 
Lu et al. (2017) 

MITI12) Mitigação de riscos é um plano para reduzir a probabilidade de 

ocorrência ou minimizar o impacto do risco. 

SCOR - BP.002 Risk 

Management Strategies 

Supply Chain Integration   

INTE1) Considero uma boa prática compartilhar informações com o 

departamento de compras (por exemplo, previsão de demanda, planos de 

produção, progresso da produção e níveis de estoque). 

Ellinger (2000), Thomé et 

al. (2012), Chaudhuri et al. 

(2018) 

INTE2) Considero uma boa prática tomar decisões em conjunto com o 

departamento de compras uma boa prática por exemplo, previsão de demanda, 

planos de produção, progresso da produção e níveis de estoque). 

Thomé et al. (2012), 

Chaudhuri et al. (2018) 

INTE3) Acredito que deveria haver compartilhamento de informações com 

fornecedores - chave (por exemplo sobre previsão de vendas, planos de 

produção, rastreamento de pedidos, status da entrega e níveis de estoque). 

Cagliano et al. (2006), 

Flynn et al. (2010), 

Chaudhuri et al. (2018); 

Tang (2006); Barroso et al. 

(2010); Barroso et al. 

(2010) 

INTE4) Acredito que organizações deveriam desenvolver abordagens 

colaborativas com fornecedores - chave (por exemplo, desenvolvimento de 

fornecedores, compartilhamento de risco/receita, acordos de longo prazo e 

etc.). 

Ragatz et al., Spekman, 

Lambert et al. (1999), 

Dröge et al. (2004), 

Chaudhuri et al. (2018); 

Soni and Jain (2011) 

INTE5) Acredito que deveria haver decisões em conjunto com fornecedores - 

chave (por exemplo, sobre produtos, processos, melhoria da qualidade, 

controle de custos etc.). 

Narasimhan and Das 

(1999), Koufteros et al 

(2005) 

INTE6) Considero essencial que os sistemas de informação sejam integrados 

com fornecedores - chave (por exemplo, estoque controlado por fornecedores - 

VMI, Just-in-Time, Kanban, reabastecimento contínuo). 

Frohlich and Westbrook 

(2001), Cagliano et al 

(2006), Vereecke and 

Muylle (2006) Chaudhuri et 

al. (2018) 

INTE7) Considero relevante compartilhar informação com clientes - chave 

(por exemplo sobre previsão de vendas, planos de produção, rastreamento de 

pedidos, status da entrega e níveis de estoque). 

Zhao et al. (2008), Flynn et 

al. (2010) Chaudhuri et al. 

(2018); Tang (2006); 

Barroso et al. (2010); 

Barroso et al. (2010) 

INTE8) Deveriam existir abordagens colaborativas com clientes - chave  (por 

exemplo, compartilhamento de risco/receita, acordos de longo prazo e etc.). 

Lambert et al. (1999) 

Chaudhuri et al. (2018); 

Iakovou et al. (2007); Soni 

and Jain (2011) 
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INTE9) Considero essencial que os sistemas de informação sejam integrados 

com clientes - chave (por exemplo, estoque controlado por fornecedores - 

VMI, Just-in-Time, Kanban, reabastecimento contínuo). 

Frohlich and Westbrook 

(2001) Chaudhuri et al. 

(2018) 

INTE10) Acredito que deveria haver decisões em conjunto com clientes - 

chave (por exemplo,sobre design ou modificação de produtos, desenho ou 

melhoria de processos, melhoria da qualidade, controle de custos e etc.). 

Lengnick-Hall (1996) 

Chaudhuri et al. (2018); 

Soni and Jain (2011) 

INTE11) Acredito que o gerenciamento de risco deveria ser colaborativo, de 

forma a melhorar o entendimento e visbilidade da cadeia de suprimentos. 

Friday et al. (2018);  Juttner 

et al. (2003);Christopher 

and Peck (2004) 

SCRM   

SCRM1) Acredito que a organização onde trabalho deveria possuir acreditação 

ou outros certificados de qualidade. 
Ali et al. (2018) 

SCRM2) Considero que a organização onde trabalho deveria ter trabalhadores 

com múltiplas habilidades 
Ali et al. (2018) 

SCRM3) Acredito que a organização em que trabalho deveria ter um sistema 

de gerenciamento da qualidade. 
Ali et al. (2018) 

SCRM4) Acredito ser essencial que a organização possua um forte mecanismo 

de colaboração com agências governamentais. 
Ali et al. (2018) 

SCRM5) Acredito que uma organização resiliente deva possuir programas de 

educação continuada. 
Author 

HC SC 4.0  

SC401) Acredito que os processos da nossa cadeia de suprimentos teriam 

maior compliance e segurança se fossem suportados por blockchain 

Mylrea and Gourisetti 

(2018); Kumari et al. 

(2018); Griggs et al. (2018); 

Hiromoto et al. (2017) 

SC402) Acredito que a implementação de dispositivos de IoT (Internet das 

Coisas) otimizaria nossos processos. 

Roy et al. (2017); Griggs et 

al. (2018); Laplante et al. 

(2018); Javdani and 

Kashanian (2018); 

Rodrigues et al. (2018); 

Baker et al. (2017); Park et 

al. (2017) 

SC403) Acredito que nossa cadeia de suprimentos seria mais eficiente se 

tivesse apoio de IoT e Blockchain 
Roy et al. (2017) 

SC404) Acredito que a implementação de dispositivos IoT possa ajudar na 

melhoria dos cuidados ao paciente. 

Martínez-Caro et al. (2018); 

Griggs et al. (2018); 

Javdani and Kashanian 

(2018); RODRIGUES et al. 

(2018); Joyia et al. (2017) 

SC405) Acredito que minha organização se beneficiaria de uma base de dados 

bem estruturada (contendo informações sobre pacientes, fornecedores, clientes 

ou pacientes) 

Guha and Kumar (2018) 

SC406) Acredito que IoT tornaria nossa cadeia de suprimentos mais segura 

Kouicem et al. (2018); 

Griggs et al. (2018); 

Hiromoto et al. (2017) 

HC SC Performance   

HSCP1) Nossa organização tem tido uma melhor satisfação dos pacientes nos 

últimos 3 anos. 
Ali et al. (2018) 

HSCP2) Acredito que nossa organização esteja vivenciando uma redução dos 

roubos. 
Lu et al. (2017) 

HSCP3) A organização em que trabalho melhorou a capacidade de detectar 

peças ou produtos falsificados. 
Lu et al. (2017) 

HSCP4) Acredito que a probabilidade da nossa cadeia de suprimentos seja 

comprometida (por exemplo, rupturas, desastres, ou eventos que interrompam 

as ações) seja pequena.  

Lu et al. (2017) 

HSCP5) Acredito que a nossa probabilidade de uso indevido da carga seja 

pequena. 
Lu et al. (2017) 

HSCP6) Acredito que temos baixos níveis de vulnerabilidade na cadeia de 

suprimentos. 
Lu et al. (2017) 

HSCP7) Acredito que nossa cadeia de suprimentos tenha baixos níveis de 

segurança. 
Lu et al. (2017) 

HSCP8) Acredito que obtivemos uma redução/menor potencial de tráfico de 

drogas. 
Lu et al. (2017) 

 


